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HJEMAPHEIN.  Slood-drown.  (Simon,  Mcdicin.  Chem.  i.  328;  Handw.  d, 
Chein.  2tc.  Aufl.  ii.  [2]  157.)  A  brown  substance,  probably  a  product  of  the  decom- 
position of  hsematin,  obtained  from  blood  by  the  following  process  : — Dried  blood  is 
repeatedly  exhausted  with  boiling  water,  warm  ether,  and  lastly  with  alcohol  contain- 
ing sulphuric  acid,  and  the  latter  solution,  after  supersaturation  with  ammonia,  is 
evaporated  to  dryness.  The  residue  is  exhausted  with  alcoholic  ammonia,  the  solution 
is  again  evaporated  to  dryness,  and  the  residue  is  exhausted  with  ether,  and  then 
repeatedly  with  water,  in  which  the  hsemaphein  dissolves.  To  free  it  from  still 
admixed  hsematin,  it  is  dried,  dissolved  in  boiling  alcohol,  separated  again  by  evapo- 
ration, then  dissolved  in  cold  alcohol,  and  the  alcohol  is  evaporated.  The  product 
thus  obtained  is  a  brown  mass  difficult  to  pulverise,  soluble  with  brown-red  colour  in 
cold  alcohol,  less  soluble  in  water  and  in  ether.  It  does  not  melt  when  heated,  but 
burns  with  a  bright  flame,  without  leaving  any  ash.  The  solution  in  dilute  alcohol 
forms  brown  precipitates  with  lead,  copper,  mercurous  and  silver  salts.  Sanson 
obtained  a  body  of  similar  colour  to  the  above  by  treating  blood  successively  with 
alcohol  and  water. 

HJEMATEINT.   C16H120",  or  C16H1005.  (Erdmann,  Ann.  Ch.Pharm.xliv.  294.— 

Hesse,  ibid.  cix.  232.) — A  substance  produced  from  hsematoxylin  by  abstraction  of 
2  at.  hydrogen,  a  change  which  takes  place  by  the  action  of  oxygen  under  the  influence 
of  alkalis.  The  best  mode  of  preparing  it  is  to  sprinkle  about  20  grms.  of  hsematoxylin 
in  a  basin  with  sufficient  ammonia  to  dissolve  it,  stirring  continually,  and  warming  the 
liquid  gently  as  long  as  the  hsematoxylin  remains  in  'excess.  It  must  now  be  exposed 
to  the  air,  and  ammonia  added  from  time  to  time  by  small  quantities,  so  that  the 
liquid  may  always  smell  of  it,  care  being  however  taken  not  to  add  too  much  ammonia, 
as  it  would  cause  decomposition.  The  liquid  after  a  little  while  assumes  a  dark  red 
colour,  appearing  almost  black  when  viewed  in  a  stratum  of  moderate  depth.  It 
then  contains  hsemateate  of  ammonium,  and  on  being  slightly  supersaturated  with 
acetic  acid,  deposits  hsematein  in  the  form  of  a  bulky  brown-red  mass,  like  ferric 
hydrate,  which  by  drying  acquires  a  deep  green  colour  and  metallic  lustre :  its  powder 
in  thin  layers,  exhibits  a  red  colour. 

Haematcin  dissolves  slowly  in  cold,  more  readily  in  boiling  water.  On  quickly 
evaporating  a  solution  prepared  at  the  boiling  heat,  it  becomes  covered  with  shining 
green  scales,  which  sink  to  the  bottom  and  are  gradually  replaced  by  others.  Some- 
times also  the  solution  solidifies  in  a  gelatinous  mass,  which  yields  micaceous  laminae 
when  suspended  in  water.  Hoematein  likewise  dissolves  in  alcohol  and  very  sparingly 
in  ether.  It  dissolves  with  red-brown  colour  in  the  mineral  acids,  less  easily  in  acetic 
acid.  Sulphydric  acid  decolorises  it,  but  does  not  convert  it  into  hsematoxylin.  It  is 
carbonised  by  heat. 

Hsematein  unites  readily  with  bases.  Potash  dissolves  it,  forming  a  blue  solution, 
which  turns  brown  on  exposure  to  the  air.  Ammonia  dissolves  it,  with  a  fine  purple 
colour,  which  likewise  turns  brown  in  the  air. 
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The  last-mentioned  solution  contains  hsematcate  of  ammonium,  which  is  like- 
wise formed  when  a  solution  of  hsematoxylin  in  ammonia  is  exposed  to  the  air. 
The  salt  deposited  by  gradual  evaporation  is  a  dark  violet,  granular  powder,  which, 
when  examined  by  the  microscope,  appears  to  be  composed  of  transparent,  violet,  four- 
sided  prisms.  It  contains,  according  to  Erdmann's  analysis,  56  '26  per  cent.  C,  5'17  II, 
and  672  N  (mean),  whence  Gerhardt  (Traitc,  iv.  303)  deduced  the  formula 
CI6H10(NH4)208  (57-5  C,  5-4  H,  and  8'3  N).  Hesse,  by  leaving  the  solution  to  stand 
for  two  or  three  days  in  a  cool  place,  obtained  crystals  in  which  he  found  5T87  C,  578 
H,  and  3'55  N  (mean),  agreeing  nearly  with  the  formula  CIflH°(NH1)05.4H20,  which 
requires  6175  C,  5'66  H,  and  377  N.  Hsemateate  of  ammonium  dissolves  readily  in 
water  and  alcohol.  The  alcoholic  solution  is  red-brown,  but  becomes  purple  on  addition 
of  water.  The  salt  gives  off  water  and  ammonia  at  100°  C.  and  must  therefore  bo 
dried  over  sulphuric  acid  at  ordinary  temperatures;  even  then  it  sometimes  decomposes. 
Over  sulphuric  acid  in  vacuo,  it  gives  off  all  its  ammonia  and  leaves  hrematein 
(Erdmann).  According  to  Hesse,  it  gives  off  all  its  water  and  ammonia  at  130°  C., 
leaving  hsematein  as  a  very  hygroscopic  powder,  having  a  blackish  violet  colour  with 
green  iridescence. 

Haematein  thus  obtained  contains,  according  to  Hesse's  analysis,  67'66  per  cent. 
carbon,  and  3'50  hydrogen,  agreeing  nearly  with  the  formula  C16H1005,  which  requires 
68-08  C  and  3-54  H.  Erdmann  found  in  his  hsematein  62'66  per  cent.  C  and  4'16 
-H  (mean),  whence  he  deduced  the  formula  CtoH300}a.  Gerhardt  (Traite,  iv.  302) 
proposed  the  formula  C16H1208,  which,  however,  does  not  agree  very  well  with  Erd- 
mann's analyses,  requiring  64'0  per  cent.  C  and  4'0  H.  Hesse  suggests  that  Erdmann's 

hsematein  may  be  a  dibasic  acid,  -rp  [  O2,  and  the  product,  CI6HI005,  obtained  by 
himself,  the  corresponding  anhydride  ;  on  this  supposition,  the  two  ammonium-salts 
above  mentioned  are,  perhaps,  C/«  O2  and  °!  0'.3H20. 


The  solution  of  hsemateate  of  ammonium  forms  coloured  precipitates  with  many 
metallic  salts  :  with  acetate  of  lead  it  produces  a  deep  blue  precipitate  ;  with  sulphate 
of  copper,  violet-blue  ;  with  protochloride  of  tin,  violet  ;  with  iron-alum,  black.  With 
chloride  of  barium  it  forms  a  dark  purple  liquid,  which  becomes  brown  on  exposure  to 
the  air.  It  reduces  nitrate  of  silver,  but  has  no  action  on  mercuric  chloride.  Accord- 
ing to  Hesse,  it  forms  with  chloride  of  barium,  chloride  of  calcium,  and  especially 
with  chloride  of  sodium,  precipitates  of  various  colours  ;  no  precipitate  with  hypo- 
sulphite of  sodium;  with  acid  sulphite  of  ammonium,  a  gelatinous  precipitate,  which 
disappears  on  boiling. 

HJEMATXHT  or  HJEMATOSXTU.  The  red  colouring  matter  of  the  blood-cor- 
puscles. (See  BLOOD,  i.  607.)  Lehmann  (Compt.  rend.  xl.  385)  first  showed  that  it 
may  be  obtained  in  the  crystalline  state.  K.  Schwarz  (Zeitschr.  f.  die  ges.  Naturwis- 
sench.  xi.  225)  prepares  it  in  this  state  by  submitting  the  comminuted  clot  of  ox-blood, 
freed  as  much  as  possible  from  serum,  to  pressure,  and  agitating  the  expressed  liquid 
by  small  portions  with  a  saturated  solution  of  oxalic  acid,  with  addition  of  alcohol  and 
a  large  quantity  of  ether.  The  clear  dark  brown  solution,  decanted  after  a  few  minutes 
and  left  to  stand  for  some  weeks  over  chloride  of  calcium,  deposits  tho  hsematin  in 
small  black  nodules  made  up  of  cubes,  which  may  be  freed  from  admixed  oxalate  of 
calcium  by  means  of  dilute  hydrochloric  acid.  Less  distinct  crystals  may  be  obtained 
by  leaving  the  ethereal  solution  to  evaporate  freely  ;  but  the  quantity  is  always  small. 
A  solution  of  hsematin  obtained  as  above  from  horse-blood,  yielded,  on  standing,  small 
rush-shaped  or  spindle-shaped  crystals,  red-brown  by  transmitted  light.  Hsematin 
may  be  obtained  in  the  amorphous  state  by  distilling  off  about  a  third  of  the  ether  from 
the  solution,  and  mixing  the  residue  with  a  large  quantity  of  water.  The  black  flocks 
thus  precipitated  are  washed  with  water  by  decantation  ;  then  boiled  with  strong  acetic 
acid,  to  free  them  from  albuminous  compounds,  as  long  as  the  liquid  is  rendered  turbid 
by  ferrocyanide  of  potassium  ;  and,  lastly,  the  precipitate  is  boiled  with  water,  alcohol, 
and  ether  in  succession,  and  then  again  treated  with  water.  The  crystallised  com- 
pound may  be  subjected  to  the  same  treatment  without  undergoing  any  alteration. 
Ilsematin  thus  prepared  is  tasteless  and  inodorous,  insoluble  in  water,  cold  alcohol,  and 
ether  ;  partially  (?)  soluble  in  hot  alcohol,  easily  in  acidulated  alcohol,  whence  it  is 
precipitated  by  water.  The  solution  in  acidulated  alcohol  is  decolorised  by  peroxide 
of  leaxl  Hjematin  likewise  dissolves  easily  in  slightly  alkaline  liquids,  but  not  in 
strong  sulphuric  or  hydrochloric  acid.  Silver,  lead,  and  copper-salts  form  precipitates 
in  the  ammoniacal  solution.  Hsematin,  when  burnt,  leaves  a  residue  of  ferric  oxide 
mixed  with  small  quantities  of  calcic  phosphate. 

The  following  analyses  of  hsematin  by  Schwarz,  give  results  not  differing  greatly 
from  those  formerly  obtained  by  Mulder  (whence  the  latter  deduced  the  formula 
),  but  agreeing  better  with  the  formula 


H^EMATINONE — H^EMATOIDIN. 


Schwarz. 


Mulder. 


r 

Crystallised 

Calculation. 

Amorphous. 

from  horse- 

f 

V 

blood. 

C28         .              66-35 

64-12 

63-89 

64-03 

65-58 

H22 

5-28 

5-31 

5-28 

5-60 

5-30 

Fe 

( 

673 

6-36 

m 

t 

6-73 

N8 

, 

10-10 

10-19 

. 

10-17 

10-54 

0s 

11-54 

11-00 

t 

11-86 

Phosphate  of) 

calcium      ) 

3'02 

100-00     100-00 


100-00 


"When  an  alcoholic  solution  of  crystallised  hsematin  is  boiled  with  nitric  acid,  the 
whole  of  the  nitrogen  of  the  hsematin  is  removed,  and  a  non-azotised  acid  is  formed, 
together  with  a  substance  which  reduces  cupric  oxide  in  alkaline  solution,  and  fer- 
ments with  yeast,  yielding  alcohol  and  carbonic  acid. 

The  name  hcsmatin  is  sometimes  also  used  as  a  synonyme  of  HJEMATOXYIIN. 

HJEiyiATINOUE.  A  red  glass  known  to  the  ancients,  and  used  for  mosaics, 
ornamental  vases,  &c. ;  it  is  mentioned  by  Pliny,  and  occurs  pretty  frequently  among 
the  ruins  of  Pompeii.  Its  colour  is  a  fine  red,  intermediate  between  red  lead  and 
vermilion.  It  is  opaque,  harder  than  common  glass,  takes  a  fine  polish,  has  a  con- 
choi'dal  fracture,  and  a  specific  gravity  of  3-5.  The  red  colour,  which  is  due  to  red 
oxide  of  copper,  is  completely  destroyed  by  fusion,  and  cannot  be  restored  by  any  addi- 
tion whatever.  The  fused  mass  has  a  greenish  black  colour,  which  reducing  agents 
merely  convert  into  a  muddy  brown-red.  Hgematinone  contains  no  tin,  and  no  colour- 
ing substance  except  cuprous  oxide. 

This  antique  glass  may  be  exactly  imitated  by  the  following  process,  discovered  by 
Pettenkofer  (Dingl.  pol.  J.  cxlv.  122): — 100  pts.  of  silica,  11  lime,  1  magnesia, 
33  litharge,  and  50  carbonate  of  soda,  are  fused  together,  and  to  the  clear  white  glass 
thus  prodiiced  are  added  25  pts.  of  scale  oxide  of  copper,  somewhat  later  2  pts.  of  scale 
oxide  of  iron,  and,  lastly,  a  small  quantity  of  charcoal.  On  leaving  the  fused  mass  to 
cool  slowly,  a  liver-coloured  glass  is  obtained,  which,  when  further  heated  (for  6  to  12 
hours)  till  it  softens,  is  converted  into  hgematinone  of  a  splendid  red  colour,  in  conae- 
quence  of  the  separation  of  a  red  cuprous  compound  within  its  mass. 

A  more  fusible  glass,  made  by  melting  together  100  pts.  silica,  10  lime,  0-5  mag- 
nesia, 40  litharge,  60  carbonate  of  soda,  30  scale  oxide  of  copper,  2  alumina,  and 
3  scale  oxide  of  iron,  exhibits,  after  once  slow  cooling  in  the  air-furnace,  a  great 
number  of  red  points,  diffused  through  a  yellowish  vitreous  mass ;  on  cutting  and 
polishing  this  glass,  the  red  points  appear  as  beautiful  tufts  of  needle-shaped  crystals. 

When  part  of  the  silica  in  hgematinone  is  replaced  by  boric  anhydride  (by  adding 
borax  to  the  melted  mass),  a  dark-coloured,  dichroitic,  crystalline  compound  is  obtained, 
called  astralite  (i.  429). 

Pettenkofer  is  of  opinion  that  the  same  crystalline  cuprous  compound  (whether  pure 
cuprous  oxide,  or  more  probably  cuprous  silicate)  which  imparts  the  red  colour  to 
liEematinone,  constitutes  likewise  the  crystalline  spangles  contained  in  aventurin  glass 
(i.  477),  which  in  fact  he  has  produced  by  fusing  hsematinone  with  a  quantity  of  iron 
filings,  sufficient  to  reduce  about  half  the  copper  contained  in  it  to  the  metallic  state 
(the  metal  then  settling  down  in  the  form  of  a  regulus,  and  leaving  a  deep  greenish 
black,  scarcely  transparent  glass  above),  heating  this  glass  for  some  time  to  the  tempe- 
rature at  which  it  softens,  and  then  leaving  it  to  cool  very  slowly.  (Jahresb.  d.  Chem.  i. 
1061;  ix.  798.) 

HAEMATITE.     Native  sesquioxide  of  iron.     (See  IKON,  OXIDES  OF.) 

HJEMATO-CRirSTAXiXiXljr,  A  crystalline  substance  obtained  from  blood 
(i.  606).  It  has  the  composition  of  the  albuminoids,  and  if  quite  pure  would  probably 
be  colourless,  but  it  has  never  yet  been  obtained  perfectly  free  from  hsematin. 

HaSMATO-QEtOBITIiIN'.    Syn.  with  HJSMATO-CKYSTALLIN. 

2-IiEMja.TOIDljNT.  A  crystalline  substance  often  found  in  extravasated  blood 
(i.  607).  It  appears  to  be  produced  by  the  decomposition  of  hsematin  ;  but  the  nature 
of  the  transformation  has  not  been  exactly  made  out.  According  to  Verdeil  and 
Dollfus  (Compt.  rend.  xxx.  306),  crystals  resembling  htematoi'din  maybe  obtained 
from  ox-blood  by  filtering  it  after  coagulation  by  heat ;  evaporating  the  solution  to  a 
syrup,  and  mixing  it  with  alcohol ;  strongly  concentrating  the  liquid  filtered  from  the 
resulting  precipitate;  and  mixing  it,  when  cold,  with  dilute  sulphuric  acid.  Fat 
globules  then  separate  on  the  surface  of  the  liquid,  and  sometimes  red  crystals  re- 
sembling hsematoidiu. 
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-  IL^MATOXYLIN. 

Kobin  (Compt.  rend.  xli.  506)  found  a  considerable  quantity  of  heematoidin  in  an 
hepatic  cyst,  forming  hard,  brittle  prisms  of  118°  and  62°,  and  of  a  bright,  orange- 
red  colour.  According  to  Valentiner  (Jahresb.  f.  Chem.  1859,  p.  656),  gall-stones, 
bile,  and  the  livers  of  persons  affected  with  jaundice,  yield,  when  treated  with  tiiloro- 
form,  a  crystalline  substance  differing  from  all  previously  known  ingredients  of  bile, 
and  agreeing  in  all  respects  with  hsematoidin. 

HJEMA.TOSZN-.     See  1 1  .V.MATLX. 

HJEMATOXYLIN,  also  called  Hematin.  C18H14Ofl.  (Chevreul,  Ann.  Chim. 
Ixxx.  128. — Golfier-Besseyre,  Ann.  Ch.  Phys.  [2],lxx.  272. — Erdmann,  Ann. 
Ch.  Pharm.  xliv.  292.— Leblanc,  Traitk  de  Chimie  do  Dumas,  viii.  102.— 0.  Hesse, 
J.  pr.  Chem.  Ixxv.  218  ;  Ann.  Ch.  Pharm.  cix.  332.) — A  crystalline  substance  con- 
tained in  logwood  (H&matoxylon  Campechianum),  and  the  source  of  the  colouring 
properties  of  that  well-known  dye.  In  the  pure  state,  however,  it  has  little  or  no 
colour,  but  is  converted  into  a  colouring  matter  under  the  influence  of  alkalis  and 
oxygen. 

It  is  prepared  by  leaving  the  commercial  extract  of  logwood — previously  mixed 
with  quartz-sand  to  prevent  agglomeration — in  contact  with  5  or  6  times  its  volume 
of  ether  (not  anhydrous)  for  several  days,  agitating  from  time  to  time ;  then  decanting 
the  brownish-yellow  solution ;  distilling  off  the  ether;  mixing  the  syrupy  residue  with 
water ;  and  leaving  it  to  itself  in  a  loosely  covered  vessel.  If  no  water  were  added, 
the  liquid  would  simply  dry  up  to  a  gummy  mass ;  but,  if  a  sufficient  quantity  of  water 
is  present,  the  hsematoxylin  crystallises  in  the  course  of  a  few  days.  The  crystals  are 
washed  with  water  and  freed  from  adhering  mother-liquor  by  pressure  between 
filtering  paper.  The  mother-liquor  mixed  with  the  wash-water  yields  another  crop  of 
crystals  by  spontaneous  evaporation.  A  kilogramme  of  logwood  treated  several  times 
with  ether  yields  from  100  to  120  grms.  of  hasmatoxylin.  (Erdmann.) 

Haematoxylin  thus  prepared  has  more  or  less  of  a  yellow  colour,  but  by  recrystal- 
lisation  from  water  containing  a  little  sulphite  of  ammonium,  it  may  be  obtained  in 
colourless  crystals.  (Hesse.) 

Haematoxylin  forms  two  kinds  of  crystals  containing  respectively  3  and  1  at.  water. 
The  trihydrated  crystals,  C16HM06.3H20,  obtained  as  above,  belong  to  the  dimetric 
Bystem.  Ordinary  combination  ooPcc  .  P,  with  Poo  subordinate.  Length  of  principal 
axis  =  0'63  (nearly).  Angle  of  the  terminal  edges  of  the  primitive  octohedron, 
P  =  124°.  The  crystals  are  transparent,  generally  very  brilliant,  and  sometimes  of 
considerable  length.  They  give  off  their  water  (15'1  per  cent.)  in  vacuo  at  ordinary 
temperatures. 

The  monohydrate,  C16HI406.H20  (containing  5-6  water),  is  obtained  by  leaving  a 
solution  supersaturated  at  mean  temperature  to  stand  for  some  time,  in  crystals  of 
considerable  size,  with  smooth  and  sometimes  curved  faces,  and  consisting,  according 

to  a  preliminary  determination   by  Naumann,  of  hemihedral  trimetric  combinations, 
-p 

oP  .  -  .  mPoo .     The  same  hydrate  is  obtained  in  granular  crystals,  by  pouring  a 

solution  of  hsematoxylin,  supersaturated  at  the  boiling  heat,  into  a  cold  vessel  con- 
taining a  small  quantity  of  solution  of  acid  sulphite  of  ammonium.  (Hesse.) 

Dehydrated  haematoxylin  contains,  according  to  Erdmann's  analyses,  63'17 — 63-66 
per  cent,  carbon,  and  4-65 — 4*70  hydrogen,  whence  Erdmann  deduced  the  formula 
C*°H"0}&.  Grcrhardt,  however  ( Traite,  iv.  299),  suggested  the  more  probable  formula, 
ClfiHH0",  which  requires  63'5  per  cent.  C,  4-5  H,  and  31'9  0. 

Hsematoxylin  dissolves  slowly  and  sparingly  in  cold  water,  easily  in  alcohol  and  ether 
(Erdmann).  It  dissolves  in  a  saturated  solution  of  borax  more  easily  than  in  pure 
water,  forming  a  neutral  or  slightly  acid  liquid,  which  exhibits  a  bluish  fluorescence, 
and  from  which  the  borax  is  not  precipitated  by  alcohol.  This  solution,  mixed  with 
hydrochloric,  acetic,  or  sulphuric  acid,  solidifies  to  a  dense  mass,  in  which  granular 
crystals  of  monohydrated  haematoxylin  quickly  form  ;  but  on  addition  of  solution  of 
chloride  of  sodium,  potassium,  or  ammonium,  ferrocyanide  of  potassium,  or  acid  sulphite 
of  ammonium,  it  deposits  hscmatoxylin  as  a  white  amorphous  mass.  When  acid  sul- 
phite of  ammonium  is  added  by  drops  to  the  same  solution,  haematoxylin  is  at  first 
deposited  in  the  form  of  an  amorphous  gummy  precipitate,  which  re-dissolves  on  boiling 
the  liquid,  and  reappears  on  cooling ;  but  on  continuing  the  addition  of  the  acid  sulphite 
to  the  syrupy  liquid,  a  point  is  at  length  attained  at  which  the  amorphous  haematoxylin 
disappears,  and  crystals  of  hsematoxylin  are  soon  afterwards  obtained.  When  amor- 
phous haematoxylin  is  dissolved  in  boiling  water,  and  a  drop  of  hydrochloric  acid  added 
to  the  solution,  crystals  of  hsematoxylin,  generally  the  monohydrate,  are  soon  deposited. 
(Hesse.) 

Hasmatoxylin  dissolves  abundantly  in  a  warm  solution  of  hyposulphite  of  sodium, 
forming  a  purple  liquid,  which  deposits  amorphous  hsematoxylin  on  cooling.  It  dis- 
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solves  with  some  difficulty  in  solution  of  chloride  of  sodium,  more  easily  in  a  saturated 
solution  of  chloride  of  barium  (this  solution  at  first  depositing  crystals  of  the  trihydrate, 
which  gradually  give  place  to  those  of  the  monohydrate),  very  abundantly  in  solution 
of  ordinary  phosphate  of  sodium,  forming  a  liquid  which  behaves  like  the  solution  of 
haomatoxylin  in  borax  above  mentioned,  excepting  that  it  exhibits  a  basic  reaction. 
(Hesse.) 

Hsematoxylin  has  a  strongly  saccharine  taste,  like  that  of  liquorice,  very  persistent, 
and  without  astringence  or  bitterness.  Its  solutions  turn  the  plane  of  polarisation  to 
the  right.  It  reduces  cupric  oxide  in  an  alcoholic  solution  containing  alkali. 

An  aqueous  solution  .of  hsematoxylin  is  not  altered  by  contact  with  pure  air  or  oxygen 
gas ;  but  if  the  slightest  trace  of  ammonia  is  -present  in  the  air,  the  liquid  acquires  &  yel- 
lowish red  colour,  arising  from  the  formation  of  hsemateate  of  ammonium;  probably  thus : 
C1BIIH0G  +  0  +  NIP  -  C1GIP(NH4)05  +  2IFO. 

Hsematoxylin  melts  in  its  water  of  crystallisation  when  moderately  heated,  and  is 
completely  carbonised  at  higher  temperatures.  Chlorine  converts  it  into  an  uncrystal- 
lisable  mass.  With  nitric  acid  it  forms  oxalic  acid.  Sulphuric  and  hydrochloric  acids 
have  but  little  action  upon  it. 

With  bases,  hsematoxylin  forms  compounds  which,  on  exposure  to  the  air,  are  con- 
verted into  hsemateates.  Baryta-water,  added  to  a  solution  of  heematoxylin  freed  from 
air  by  boiling,  forms  a  white  precipitate  which  soon  turns  blue  if  the  air  has  access  to 
it.  Potash  imparts  to  the  solution  a  violet  colour,  quickly  changing  to  purple  and 
brown.  With  acetate  of  lead,  neutral  or  basic,  the  solution  yields  a  white  precipitate, 
which  quickly  turns  blue ;  with  cupric  acetate  or  sulphate,  a  greenish  grey  precipitate, 
which  soon  becomes  dark  blue  with  a  coppery  lustre.  Dichloride  of  tin  forms  a  rose- 
coloured  precipitate,  which  does  not  change  colour.  Iron  alum  forms,  after  a  while,  a 
slight  blackish  violet  precipitate.  Common  alum  colours  the  solution  light  red,  but 
does  not  produce  a  precipitate.  Chloride  of  barium  first  colours  the  liquid  red,  and 
then  forms  a  red  precipitate.  The  solution  of  heematoxylin  quickly  reduces  nitrate  of 
silver  and  chloride  of  gold. 

HJEIVIin.  A  crystallised,  intensely  red  substance,  which  may  be  prepared  from 
blood  in  various  ways,  but  is  difficult  to  obtain  in  the  pure  state,  and  has  therefore  not 
been  analysed.  The  crystals  are  obtained  immediately  on  mixing  blood,  either  fresh 
or  boiled,  with  strong  acetic  acid.  No  crystals  are  formed,  however,  when  blood  coagu- 
lated by  boiling  is  first  washed  with  water  and  then  treated  with  acetic  acid  (Teich- 
mann,  Pfeufer  and  Henle's  Zeitschr.  f.  rat.  Medicin.  iii.  357;  viii.  141).  According 
to  Krauss  (Jahresb.  f.  Chem.  1861,  p.  792),  human  blood  may  be  distinguished  with 
certainty  from  that  of  the  ox,  sheep,  pig,  mouse,  or  poultry,  by  the  characters  of  the 
hsemin-crystals  obtained  from  it. 

HAFK.EPJORDITE.     Oligoclase  from  Hafrefjord,  in  Iceland. 

HAIDII'JGERITE.  A  hydrated  arsenate  of  calcium,  2Ca"HAs04.3H20,  sup- 
posed to  be  from  Baden  or  Joachimsthal,  associated  with  pharmacolite.  Occurs  in 
minute  crystals  belonging  to  the  trimetric  system,  mostly  congregated  in  botryoidal 
forms  and  drusy  crusts.  Specific  gravity  2'848.  Hardness  1'5  to  2'5.  Lustre 
vitreous.  Colour  white.  Streak  white.  Transparent  or  translucent.  Sectile ;  their 
laminse  slightly  flexible.  (Dana,  ii.  413.) 

Crystals  having  the  form  and  composition  of  haidingerite  may  be  produced 
artificially  by  digesting  carbonate  of  calcium  at  ordinary  temperatures  with  excess  of 
aqueous  arsenic  acid.  (Debray,  Ann.  Ch.  Phys.  [3]  Ixi.  419.)  t 

HAIR.  Hair  consists  of  a  cylindrical  tube  clothed  with  minute  scales,  having 
their  points  directed  towards  the  free  extremity.  The  tube  is  filled  with  an  oil,  which 
gives  the  colour  to  the  hair ;  in  white  hair  this  oil  is  colourless. 

In  the  normal  state  hair  is  insensible,  strongly  electric,  and  a  bad  conductor  of 
heat.  ^  In  contact  with  the  air,  it  swells  and  absorbs  moisture,  but  does  not  putrefy. 
Chlorine  first  bleaches  and  then  converts  it  into  a  resinous  matter  resembling 
turpentine. 

Hair  is  insoluble  in  water.  Heated  with  water  in  a  sealed  tube,  it  is  decomposed, 
with  liberation  of  sulphydric  acid.  A  similar  decomposition  takes  place  with  aqueous 
potash.  Nitric  acid  turns  it  yellow,  forming  oxalic  acid,  sulphuric  acid,  and  a 
peculiar  bitter  substance.  Hydrochloric  and  sulphuric  acids  dissolve  it,  forming  rose- 
coloured  solutions.  Alkalis  dissolve  it.  Many  salts  and  metallic  oxides,  and  likewise 
certain  organic  substances,  change  the  colour  of  red  or  white  hair  to  black.  A  solution 
of  nitrate  of  silver  in  ether,  or  the  same  salt  mixed  with  lard,  oil,  slaked  lime,  or 
pyrogallic  acid  is  commonly  used  for  blackening  hair. 

Hair,  when  heatod,  becomes  hard,  swells  and  emits  an  odour  of  burnt  horn,  and  in 
the  open  air,  takes  fire,  burns  with  a  bright  flame,  and  leaves  a  residue  of  charcoal. 
By  dry  distillation  it  yields  oily  and  ammoniacal  products. 
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According  to  Von  Laer,  human  hair  contains  49 '8  per  cent,  carbon,  6 '4  hydrogen, 
17-1  nitrogen,  5'0  sulphur,  and  267  oxygen.  It  leaves  by  calcination  from  0'32  to 
1-85  per  cent,  of  ash,  consisting  of  0-17  to  0-93  soluble  matter,  0-658  to  0'390  oxide 
of  iron,  and  O'OOO  to  0-528  earthy  salts.  (Pelouze  et  Fremy,  Traite,  vi.  244.) 

HAIR-SALT.  A  term  applied  to  native  sulphate  of  aluminium,  AP(S04)3.9H30, 
and  to  2>o»-^wm,Ar"Fe(S04)2.12H20,  these  salts  sometimes  occurring  in  delicate 
fibrous  masses.  (See  ALUM  and  SULPHATES.) 

HALLITE.  Basic  sulphate  of  aluminium,  2(A1808.S03).3H20.  (Syn.  with 
WEBSTEEITB.) 

HAHOTTSITE  or  HAIiliOYTE.  A  hydrated  silicate  of  aluminium  contain- 
ing a  larger  proportion  of  water  than  ordinary  clay,  which  it  otherwise  resembles. 
After  drying  in  the  air  at  ordinary  temperatures,  it  retains  nearly  2H20,  but  by 
drying  in  the  kiln,  the  proportion  of  water  is  reduced  to  nearly  that  of  common  clay,  viz. 
Al2Os.Si02  +  H20.  It  occurs  in  white,  soft,  smooth  masses,  with  conchoidal  waxy 
fracture,  adhering  to  the  tongue,  opaque  or  translucent  at  the  edges  only.  When 
immersed  in  water,  it  does  not  fall  to  pieces  but  becomes  more  translucent.  It  is 
readily  decomposed  by  sulphuric  acid.  The  following  are  analyses : — 


Alumina 
Silica  . 
"Water  . 


Alumina 
Silica 
"Water 
Magnesia   . 

a,  from  Housscha,  near  Bayonne ;  (1)  kiln-dried;  (2)  air-dried; — b,  from  Anglena, 
near  Liege;  (1)  kiln-dried;  (2)  air-dried; — e,  from  Guateque,  in  New  Granada; 
(1)  dried  at  100°  C. ;  (2)  air-dried ;  this  specimen  contained  a  trace  of  sal-ammoniac ; 
— d,  from  Upper  Silesia,  containing  a  trace  of  manganese ; — e,  from  LaVouth;— /,  from 
Thiviers.  (Gm.  iii.  417.) 

HAXiOGEN.    The  electro-negative  radicle  of  a  haloid-salt. 

HAIiOXD  SAIiTS,  Berzelius  applied  this  term  to  salts  consisting  of  a  metal 
united  with  an  electro-negative  radicle,  viz.  chlorides,  bromides,  iodides,  cyanides,  &c., 
designating  by  the  term,  AMPHTD-SALTS,  those  which  were  supposed  to  result  from 
the  union  of  two  binary  compounds  containing  a  common  element,  viz.  the  oxygen- 
salts,  sulphur- salts,  selenium-salts,  and  tellurium-salts.  The  distinction  between  these 
two  classes  of  salts  is  no  longer  retained,  but  the  term  halo'id  is  still  occasionally 
applied  to  the  chlorides,  bromides,  iodides,  fluorides,  and  cyanides. 

HALOTRICHIXE.  A  silky  iron-alum,  from  the  Solfatara,  near  Naples.  (See 
SULPHATES). 

HALOTRICHITE.  A  name  applied  sometimes  to  native  iron-alum,  sometimes 
to  native  hydrated  sulphate  of  aluminium.  (See  SULPHATES.) 

HAMATHIOKTIC  ACID.  An  acid  produced  by  the  action  of  sulphuric  acid 
on  euxanthic  acid.  Its  composition  has  not  been  exactly  determined.  The  barium- 
salt  contains  31-4  per  cent,  baryta;  the  lead-salt,  61-6  to  62-4  oxide  of  lead.  (See 
EUXANTHIC  ACID,  ii.  610.) 

HAMPSHIRITE.     (See  STEATITE.) 

HARDNESS  OF  TVEIKTERALS.  A  harder  body  is  distinguished  from  a  softer 
either  by  attempting  to  scratch  one  with  the  other,  or  by  trying  each  with  a  file.  To 
give  a  definite  character  to  the  results  thus  obtained,  Mohs  introduced  a  scale  of 
hardness,  consisting  of  ten  minerals,  gradually  increasing  in  hardness  from  1  to  10,  viz. : 

1.  Talc :  common  laminated,  light-green  variety. 

2.  Gypsum :  a  crystallised  variety. 

3.  Calc-spar  ;  transparent  variety. 

4.  Fluor-spar :  crystalline  variety. 
6.    Apatite:  transparent  variety. 


Berthier. 

Boussingault. 
c  1.             c  2. 

.     39-4          35 
.     44-9           40 
.     15-7          25 

a  1. 

35-49 
4775 
16-76 

a  2.              61. 
32-4           39-06 
43-6           44-94 
23-0           16-00 

52? 
34-0     . 
39-5     . 
26-5     . 

100-00 

99-0          100-00 

Oswald. 
d. 

.     35-00     . 
.     40-25     . 
.     24-25     . 
.       0'25    . 

100-0                100-0 

Dufrenoy. 
e.                 f. 

.     33-66         32-45 
.     40-66         43-10 
.     24-83         22-30 
1-70 

100 

99-75 

99-15 

99-55 
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5'5  Scapolite:  crystalline  variety. 

6.  Felspar:  (ortkoclase) ;   white  clcavable  variety. 

7.  Quartz:  transparent. 

8.  Topaz:  transparent. 

9.  Sapphire :  cleavable  varieties. 
10.    Diamond. 

The  hardness  of  any  given  mineral  may  bo  determined  by  attempting  to  scratch  it 
with  some  of  the  above  minerals,  or  by  trying  to  scratch  a  smooth  surface  of  the  suc- 
cessive members  of  the  scale  with  a  sharp  corner  of  the  substance  to  be  examined ; 
thus,  if  it  scratches  fluor-spar  and  is  scratched  by  apatite,  the  hardness  is  between 
4  and  5. 

Or  again,  the  relative  hardness  of  a  mineral  may  be  determined  by  abrading  one  of 
its  edges  with  a  file.  If  the  file  abrades  the  mineral  under  trial  with  the  same  ease  as 
fluor-spar,  and  produces  an  equal  depth  of  abrasion  with  the  same  force,  the  hardness 
is  said  to  be  4.  If  the  mineral  is  abraded  more  easily  than  fluor-spar,  but  less  easily 
than  apatite,  the  hardness  may  be  4*25  or  4-5.  In  making  these  comparative  trials, 
care  must  be  taken  to  apply  the  file  to  edges  of  equal  obtuseness.  That  part  also 
of  the  specimen  should  be  selected  which  has  not  been  altered  by  exposure,  and  has 
the  highest  degree  of  transparency  and  compactness  of  structure.  The  pressure  for 
determination  should  be  rather  heavy,  and  the  file  should  be  passed  three  or  four  times 
over  the  specimen. 

Certain  varieties  of  some  minerals  give  a  low  degree  of  hardness  under  the  file, 
owing  either  to  impurities  or  imperfect  aggregations  of  particles,  whilst  they  scratch 
a  harder  species,  showing  that  the  particles  are  hard,  but  loosely  aggregated ;  this 
peculiarity  is  exhibited  by  certain  varieties  of  chiastolite,.  spinel,  and  sapphire. 

Many  minerals— kyanite  and  mica,  for  example — present  different  degrees  of  hard- 
ness on  dissimilar  faces.  This  inequality,  like  difference  of  colour,  lustre,  &c.,  in 
the  faces,  is  confined  to  those  primary  forms  which  are  developed  upon  unlike  axes. 
(Dana,  i.  180.) 

HARMAX.A,  ALKALOIDS  OP.  (Gerh.  iv.  9.— Handw.  d.  Chem.  iii.  769.)— 
The  seeds  of  the  Peganum  Harmala,  a  plant  growing  abundantly  on  the  steppes  of 
Southern  Eussia,  especially  in  the  Crimea,  contain  two  organic  bases  called  bar  ma- 
line  and  harmine,  probably  in  the  form  of  phosphates ;  they  are  found  in  the  seed- 
coating,  not  in  the  kernel.  To  obtain  these  alkaloids,  the  pulverised  seeds  are  exhausted 
in  a  percolating  apparatus  with  water  acidulated  with  acetic  or  sulphuric  acid ;  and 
the  brownish  yellow  extract,  which  contains  the  bases  in  the  form  of  acetates,  together 
with  earthy  phosphates,  colouring  matter,  &c.,  is  mixed  with  a  solution  of  common 
salt,  whereupon  the  hydrochlorates  of  the  alkaloids,  which  are  insoluble  in  that  liquid, 
are  precipitated  together  with  colouring  matter.  Nitrate  of  sodium  may  also  be  used 
instead  of  the  chloride,  provided  care  be  taken  that  the  extract  of  the  seeds  does  not 
contain  free  sulphuric  acid,  as  the  nitric  acid  which  would  then  be  liberated  might 
decompose  the  alkaloids.  The  precipitate  is  collected  on  a  filter,  and  washed  with 
brine  until  the  whole  of  the  mother-liquor  is  removed ;  then  dissolved  on  the  filter 
with  cold  water,  which  leaves  part  of  the  colouring  matter  undissolved.  The  solution, 
treated  with  animal  charcoal,  and  then  at  a  temperature  of  50°  to  60°  C.  with  am- 
monia added  by  small  portiqns,  yields  the  Alkaloids  in  the  pure  state,  nearly  the  whole 
of  the  harmine  being  thrown  down  before  the  harmaline  begins  to  separate.  As  soon 
as  the  latter  body  makes  its  appearance, — which  may  be  known  by  examining  the 
precipitate  from  time  to  time  with  the  microscope,  harmine  crystallising  in  needles, 
while  harmaline  forms  leafy  scales,— -the  solution  must  be  filtered  hot,  and  the  harma- 
line precipitated  from  it  by  ammonia. 

The  seeds  contain  about  4  per  cent,  of  alkaloids,  of  which  one-third  consists  of 
harmine,  and  two-thirds  of  harmaline. 

HARXKAXiA  RED.  The  seeds  of  harmala  contain  also  a  red  colouring  matter, 
which  may  be  extracted  by  digesting  them  with  alcohol  for  8 — 14  days.  It  is  insoluble 
in  water,  easily  soluble  in  ether,  and  dissolves  in  all  proportions  in  absolute  alcohol, 
It  unites  with  acids,  forming  red  salts,  and  dyes  wool  or  silk  mordanted  with  acetate  or 
sulphate  of  alumina,  from  the  lightest  rose-colour  to  the  deepest  scarlet.  The  colours 
do  not,  however,  appear  to  be  very  fast.  (G-m.  xvi.  119.) 

HARM-aLINE.  C1SH14N20.— Discovered  by  Gob  el  in  1837  (Ann.  Ch.  Pharm. 
xxxviii.  363);  afterwards  more  minutely  examined  by  Fritzsche  (ibid.  Ixiv.  360; 
Ixviii.  351,  355;  Ixxii.  306;  Ixxxviii.  327).  It  is  colourless  when  pure;  if  it  has  a 
yellowish  or  brownish  tint,  it  may  be  purified  by  suspending  it  in  water,  adding  acetic 
acid  in  sufficient  quantity  to  dissolve  it,  filtering  to  separate  colouring  matter,  then 
precipitating  with  chloride  or  nitrate  of  sodium,  or  hydrocliloric  acid,  washing  the  pre- 
cipitate on  a  filter  with  a  dilute  solution  of  the  reagent  employed,  dissolving  it  in  tepid 
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water,  treating  the  solution  with  animal  charcoal  till  it  exhibits  u  light  yellow  colour, 
and  precipitating  by  caustic  potash. 

Harmaline  crystallised  from  alcohol  forms  octahedrons  belonging  to  the  trimetric 
system,  modified  by  the  faces  ooPoo ,  oofoo ,  and  Poo .  Katio  of  the  vertical  to  the 
horizontal  axes,  1  :  1-804  :  1-415.  Angles  of  the  terminal  edges  in  P  =  116°  34'  and 
131°  18';  of  the  lateral  edges  in  the  same  =  83°  54'.  It  is  sparingly  soluble  in  water 
and  ether,  moderately  soluble  in  cold  alcohol,  and  very  freely  in  boiling  alcohol.  It 
has  a  faint  bitter  taste ;  and  colours  the  saliva  yellow. 

Harmaline,  when  heated,  melts,  gives  off  white  vapours  and  becomes  carbonised. 
Heated  in  a  tube,  it  yields  a  white  mealy  sublimate.  Oxidising  agents,  under  certain 
circumstances,  convert  it  into  a  red  colouring  matter,  insoluble  in  water,  soluble  in 
alcohol.  By  some  oxidising  agents,  however,  harmaline  is  converted  into  harmine  by 
loss  of  2  at.  of  hydrogen ;  this  change  takes  place  when  the  acid  chromate  of  harmalino 
is  heated  to  120°  C.,  or  when  harmaline  is  heated  with  hydrochloric  acid  and  alcohol, 
to  which  a  little  nitric  acid  is  added.  When  nitrate  of  harmaline  is  heated  with  alco- 
holic hydrochloric  acid,  the  harmaline  is  converted  into  harmine.  Harmaline,  boiled 
with  excess  of  nitric  acid,  yields,  first,  nitroharmaline,  then,by  longer  boiling,  n  i  t  r  o- 
harmine:  with  boiling  nitromuriatic  add,  it  forms  chloronitro harmine. 

The  salts  of  harmaline  are  yellow,  have  a  bitter  taste,  and  are  for  the  most  part 
easily  soluble  and  crystallisable. 

The  acetate  is  obtained  by  spontaneous  evaporation  of  a  solution  of  harmaline  in 
acetic  acid,  in  the  form  of  a  syrup  which  becomes  crystalline  after  a  while.  A  solution 
of  the  acetate,  mixed  with  acid  carbonate  of  potassium,  yields  acid  carbonate  of  harma- 
line, in  the  form  of  a  precipitate  composed  of  fine  needles.  The  neutral  alkaline  carbo- 
nates either  form  no  precipitate  with  the  salts  ©f  harmaline,  or  merely  throw  down  the 
base. 

The  neutral  chromate  is  a  sparingly  soluble,  yellow,  crystalline  salt,  which  may  bo 
obtained  by  adding  acetate  of  harmaline  drop  by  drop  to  a  solution  of  neutral  chromato 
of  potassium,  saturated  in  the  cold,  filtering  from  the  precipitate  of  harmaline  first 
produced,  and  adding  more  acetate  of  harmaline  to  the  filtrate.  The  acid  chromate, 
2C"HuN2O.H20.2CrOs,  is  produced  by  adding  acid  chromate  of  potassium  to  a  dilute 
solution  of  harmaline,  and  separates  immediately  in  oily  drops,  which,  after  a  while, 
become  crystalline.  When  heated  to  120°  C.,  it  is  rapidly  decomposed,  yielding  a  sub- 
limate of  harmine  and  leaving  a  dark-coloured  residue  containing  chromium. 

The  hydrocUorate,  C13H14N2O.HC1.2H20,  forms  long  prismatic  needles  containing 
12'3  per  cent,  water  of  crystallisation.  It  is  moderately  soluble  in  water  and  in  alcohol. 
The  chloroplatinate,  2(C13H14N2O.HCl).PtCl4,  is  a  yellow  precipitate. 

The  hydrocyanate  forms  a  peculiar  alkali.  The  hydroferrocyanate  is  a  brick-red 
crystalline  powder ;  the  hydroferricyanate  forms  long  dark  green  prisms.  The  sufyho- 
cyanate  forms  silky  needles,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water. 

Nitrate  of  harmaline,  obtained  by  precipitating  the  acetate  with  dilute  nitric  acid  or 
nitrate  of  ammonium,  forms  needles  sparingly  soluble  in  pure  water,  and  almost  inso- 
luble in  water  containing  nitric  acid. 

Oxalatcs. — When  aqueous  oxalic  acid  is  boiled  with  excess  of  harmaline,  crystals  of 
the  neutral  salt  separate  on  cooling ;  and  oxalic  acid,  added  to  the  solution  of  these 
crystals,  precipitates  the  acid  oxalate  of  harmaline. 

Sulphates. — By  digesting  dilute  sulphuric  acid  with  excess  of  harmaline,  and  evapo- 
rating the  filtrate,  the  neutral  sulphate  is  obtained  as  a  yellow  resin,  which,  when  left 
over  oil  of  vitriol,  changes  to  a  radio-crystalline  mass. 

Sulphite. — The  solution  of  harmaline  in  aqueous  sulphuric  acid  dries  up  to  a  yellow 
resin,  exhibiting  no  traces  of  crystallisation. 

Sulphydrate. — By  mixing  concentrated  solutions  of  sulphydrate  of  ammonium  and 
acetate  of  harmaline,  slender  prisms  are  obtained  which  quickly  decompose  on  exposure 
to  the  air,  after  separation  of  the  mother-liquor. 

Hydrocyan-harmaline,  C14H'5N30  =  C18H14N2O.HCy,  is  a  base  containing  the 
elements  of  harmaline  and  hydrocyanic  acid.  It  is  obtained  by  dissolving  harmaline 
in  dilute  boiling  hydrocyanic  acid  and  filtering  hot,  being  then  deposited  in  crystals 
on  cooling ;  or  by  pouring  a  solution  of  cyanide  of  potassium  into  a  solution  of  a  salt 
of  "harmaline!  or  caustic  potash  into  a  solution  of  a  salt  of  harmaline  previously 
mixed  with  hydrocyanic  acid.  From  aqueous  solutions  it  is  deposited  in  amorphous 
flocks,  which  give  off  hydrocyanic  acid  when  dried  in  the  air ;  the  decomposition  may, 
however,  be  prevented  by  dissolving  the  powder,  while  yet  moist,  in  hot  alcohol.  If  it 
still  contains  harmaline,  it  may  be  purified  by  suspending  it  in  water  and  adding 
acetic  acid,  which  readily  dissolves  the  harmaline,  but  exerts  little  or  no  action  on  the 
hydrocyan-harmaline. 

This  base,  when  pure,  forms  thin  rhomboi'dal  tables,  which,  when  dry,  undergo  no 
alteration  by  exposure  to  the  air,  or  in  vacuo,  or  even  at  100°  C.  At  a  higher  tern- 
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peratui'C,  or  when  boiled  with  water  or  alcohol,  it  is  resolved  into  harmaline  and  hydro- 
cyanic acid.  Suspended  in  water  and  boiled  with  a  large  excess  of  nitric  acid,  it  is 
decomposed,  giving  off  red  vapours,  and  yielding  a  purple  solution  which  deposits  non- 
crystalline  grains  of  a  fine  red  colour,  changed  to  green  by  ammonia.  Hydrocyan- 
harmaline,  heated  with  hydrochloric  acid  and  chloride  of  potassium,  yields  a  resinous 
prodiict. 

The  salts  of  hydrocyan-harmalinc  are  even  less  stable  than  those  of  har- 
maline. The  base  does  not  appear  to  combine  with  all  acids.  The  hydrochlorate, 
C13H14N2O.CyH.HCl,  is  a  crystalline  powder  composed  of  small  octahedrons  with  a 
rhombic  base  and  secondary  faces,  whereas  hydrochlorate  of  harmaline,  when  examined 
by  the  microscope,  appears  like  an  aggregation  of  long  yellow  prisms.  The  nitrate  and 
sulphate  are  also  crystalline. 

Jffitroharmaline.  C13H13N303  =  C13H13(N02)N20.  Ckrysoharjnine.—Thia  body, 
which  is  derived  from  harmaline  by  the  substitution  of  1  at.  nitryl,  NO2,  for  1  at. 
hydrogen,  may  be  prepared: — 1.  By  suspending  1  pt.  of  harmaline  in  6  or  8  pts.  of 
alcohol  of  80  per  cent.,  adding  2  pts.  of  strong  sulphuric  acid,  and,  when  the  solution 
is  complete,  2  pts.  of  moderately  concentrated  nitric  acid ;  heating  the  mixture  on  the 
water-bath;  and  as  soon  as  the  reaction,  which  is  very  brisk,  is  over,  cooling  it  quickly 
to  prevent  secondary  decompositions.  The  liquid  then  deposits  sulphate  of  nitrohar- 
maline, which  is  to  be  washed  with  alcohol  containing  sulphuric  acid,  then  dissolved 
in  warm  water,  and  precipitated  by  dilute  potash  or  ammonia.  If  the  nitroharmaline 
thus  precipitated  contains  harmine  or  undecomposed  harmaline,  it  may  be  freed  there- 
from by  means  of  sulphurous  acid,  which  forms  a  sparingly  soluble  salt  with  nitro- 
harmaline, but  very  soluble  salts  with  the  other  two  bases. — 2.  By  a  process  exactly 
similar  to  that  which  will  be  hereafter  described  for  the  preparation  of  nitroharmine, 
excepting  that  the  nitric  acid  used  must  be  weaker,  viz.  of  specific  gravity  1*12  instead 
of  1-40.  , 

Nitroharmaline,  precipitated  from  its  salts  by  an  alkali,  is  an  orange-coloured  powder 
composed  of  microscopic  prisms  ;  larger  crystals  are  deposited  from  the  alcoholic  solu- 
tion. It  is  but  sparingly  soluble  in  cold  water,  to  which,  however,  it  imparts  a  yellow 
colour ;  boiling  water  dissolves  it  much  more  freely.  It  is  more  soluble  in  alcohol  than 
harmine  or  harmaline;  sparingly  soluble  in  cold  ether,  more  soluble  in  hot  ether.  It 
dissolves  in  oils,  both  fixed  and  volatile;  also  in  hot  rock-oil.  It  melts  at  120°  C. 

Heated  with  ammoniacal  salts  it  decomposes  them,  expelling  the  ammonia.  Nitric 
acid  converts  it  into  nitroharmine. 

The  salts  of  nitroharmaline  are  yellow.  The  hydrochlorate,  C13H13(N02) 
N-O.HC1,  crystallises  in  small  prisms ;  its  soluti on,  mixed  with  tetrachloride  of  platinum, 
yields  the  chloroplatinate,  2(C13HI3(N02)N2O.HCl).PtCl4,  as  a  yellow  precipitate,  which 
ultimately  assumes  the  form  of  minute  prisms. 

The  nitrate  crystallises  in  yellow  needles,  rather  sparingly  soluble  in  water,  espe- 
cially if  it  contains  a  little  nitric  acid.  A  perfectly  neutral  solution  of  this  salt,  mixed 
with  ammoniacal  nitrate  of  silver,  yields  a  yellowish  red  flocculent  precipitate,  consist- 
ing of  argento-nitroharmaline,  C13H12Ag(N02)N2O.H20. 

A  compound  of  nitroharmaline  with  nitrate  of  silver  is  obtained  in  light  yellow 
crystalline  flakes  on  mixing  an  alcoholic  solution  of  nitroharmaline  with  nitrate  of 
silver. 

The  neutral  sulphate  is  obtained  as  a  crystalline  precipitate  on  saturating  a  solution 
of  the  acetate  with  sulphate  of  ammonium.  The  acid  sulphate,  C13H13(N02)N2O.H-S04, 
is  produced  by  dissolving  the  base  in  excess  of  sulphuric  acid,  mixed  with  alcohol,  or 
by  dissolving  it  in  strong  sulphuric  acid,  and  pouring  the  solution,  drop  by  drop,  into 
cold  water.  It  is  a  pale  yellow  crystalline  powder,  nearly  insoluble  in  cold  water. 

The  sulphite  is  very  little  soluble  in  cold  water,  especially  if  acidulated  with  sulphu- 
rous acid. 

The  acetate  is  soluble  ;  the  oxalate  cry stallis able.  The  hydroferrocyanate  is  a  yellow 
crystalline  precipitate.  The  hydroferricyanate  separates  in  oily  drops,  which  solidify, 
after  a  while,  to  a  crystalline  powder.  The  sidphocyanate  forms  sparingly  soluble 
microscopic  needles. 

Eydrocyano-nitroharmaline,  C13H13(N02)N2O.CyH,  is  obtained  by  dissolving 
nitroharmaline  in  a  hot  alcoholic  solution  of  hydrocyanic  acid ;  also,  by  leaving  a  con- 
centrated solution  of  acetate  of  nitroharmaline,  mixed  with  hydrocyanic  acid,  to  evapo- 
rate ;  or  by  adding  ammonia  to  a  salt  of  nitroharmaline  containing  hydrocyanic  acid. 
It  forms  slender  yellow  needles,  which  give  off  the  odour  of  ammonia  when  moist,  but 
are  permanent  when  dry.  By  boiling  with  water,  it  is  resolved  into  nitroharmaline 
and  hydrocyanic  acid.  Decomposed  also  by  strong  ammonia  or  potash.  It  dissolves 
in  strong  sulphuric  acid,  and  the  solution,  poured  into  a  small  quantity  of  water,  yields 
needles,  apparently  consisting  of  an  insoluble  sulj^ate. 
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HARMIWE.  CISHI2N20.  (Fritzsche,  loc.  cit.,  p.  7.)—  This  alkali,  which  con- 
tains 2  at.  H  less  than  harmaline,  may  be  obtained  either  directly  from  the  seeds  of 
Pcqanum  harmala,  in  the  manner  already  described,  or  as  a  product  of  the  oxidation 
of 'harmaline.  Acid  chromato  of  harmaline,  heated  to  120°  C.,  decomposes  suddenly 
with  evolution  of  heat,  and  produces  harmine,  part  of  which  volatilises  and  condenses 
on  the  sides  of  the  vessel.  A  better  process  is  to  heat  harmaline  with  a  mixture  of 
equal  parts  of  hydrochloric  acid  and  alcohol,  to  which  a  little  nitric  acid  is  added.  The 
conversion  of  the  harmaline  is  complete  soon  after  the  liquid  begins  to  boil,  and  on 
cooling,  hydrochlorate  of  harmaliue  is  abundantly  deposited  in  slender  needles.  The  so- 
lution of  this  salt,  decomposed  by  ammonia,  yields  the  base. 

Harmine  forms  rhomboi'dal  prisms  of  124°  18',  and  55°  42',  nearly  insoluble  in  water , 
very  sparingly  soluble,  at  ordinary  temperatures,  in  alcohol  and  in  ether.  It  is  a 
weaker  base  than  harmaline ;  nevertheless  it  expels  ammonia  from  its  salts  at  the 
boiling  heat. 

The  salts  of  harmine  are  colourless,  and  mostly  crystalline;  their  solutions 
have  a  yellow  tint  when  concentrated,  bluish  when  dilute.  Alkalis  and  alkaline  car- 
bonates decompose  them,  precipitating  the  base. 

Tho  acid  chromatc,  2C13II1-N'O.H20.2Cr203,  is  always  formed  on  mixing  an  acid 
solution  of  hannaline  with  a  soluble  chromate.  It  is  decomposed  by  heat,  yielding  a 
peculiar  base. 

The  hydrochlorate,  C18H12N2O.HC1,  forms  needles  containing  12*38  per  cent,  water, 
which  they  give  off  at  100°  C.  From  alcohol,  the  salt  is  deposited  in  the  anhydrous 
state.  The  chloroplatinatc,  2(C13H12N2O.HCl).PtCl4,  is  a  flocculent  precipitate,  becoming: 
crystalline  when  heated.  The  chloromercurate  is  deposited  as  a  curdy  precipitate  from 
cold  solutions,  and  crystalline  from  hot  solutions.  The  hydrobromate  and  hydriodate 
resemble  the  hydrochlorate. 

Thfc  hydroferrocyanate  and  hydroferricyanate  are  obtained  as  yellow  precipitates. 

The  nitrate  forms  yellow  needles,  sparingly  soluble  in  cold  water,  still  less  in  water 
acidulated  with  nitric  acid. 

The  neutral  oxalatc  is  a  crystalline  precipitate.  The  acidoxalate,  C13H12N2O.C2H204. 
H20  forms  radiating  needles,  containing  5 '67  per  cent,  water,  which  they  give  off  at 
100°  C. 

The  neutral  sulphate,  2C13H12N2O.H2S04.2H20,  obtained  by  dissolving  an  excess  of 
harmine  in  dilute  sulphuric  acid  and  evaporating,  forms  concentrically  grouped  needles 
containing  6*57  per  cent,  of  water.  The  acid  sulphate,  CI3H12N2O.H2S04,  obtained  by 
adding  excess  of  sulphuric  acid  to  a  solution  of  harmaline  in  boiling  alcohol,  forms 
crystals  similar  in  form,  but  anhydrous. 

The  sulpliocyanate  is  obtained  by  precipitation  in  yellow  needles. 

Substitution-derivatives  of  Harmine. 

Dichlorbarmine.  C13H'°C12N20.  (Fritzsche,  Petersb.  Acad.  Bull.  v.  12.)— Pro- 
duced by  the  action  of  hypochlorous  acid  on  harmine.  To  prepare  it,  a  very  dilute 
solution  (containing  l£  to  2  per  cent.)  of  hydrochlorate  of  harmine  is  heated  to  boiling ; 
10  to  15  per  cent,  of  strong  hydrochloric  acid  is  then  added  to  it,  and  afterwards,  the 
solution  being  still  kept  boiling,  chlorate  cf  potassium  is  thrown  in,  by  small  quantities 
at  a  time,  until  the  brownish  red  colour  which  the  liquid  assumes  at  first,  is  changed 
to  pure  yellow.  The  ebullition  is  maintained  a  little  while  longer,  so  as  to  destroy  a 
coloured  product ;  the  solution  is  then  allowed  to  cool ;  and  the  crystals  of  dichlor- 
harmine  which  separate  are  washed  with  dilute  hydrochloric  acid,  or  with  solution  of 
chloride  of  sodium,  and  purified  by  crystallisation  from  alcohol,  or  re-solution  in  water 
and  precipitation  by  hydrochloric  or  nitric  acid.  On  redissolving  the  hydrochlorate  of 
dichlorharmine  in  a  large  quantity  of  hot  water,  and  boiling  it  for  several  hours  with 
a  great  excess  of  soda-ley,  crystals  of  dichlorharmine  are  deposited,  which  must  be 
recrystallised  from  alcohol. 

Dichlorharmine  forms  soft  white  needles,  insoluble  in  cold,  very  slightly  soluble  in 
boiling  water.  It  dissolves  in  alcohol,  ether,  benzene,  and  sulphide  of  carbon,  much 
more  easily  when  heated  than  in  the  cold. 

Dichlorharmine  forms  a  compound  with  iodine,  corresponding  to  di-iodide  of  nitro- 
harmino  (p.  1.1),  and  containing  46'45  per  cent,  iodine. 

With  acids  it  forms  crystallisable  salts,  which,  like  those  of  harmine,  are  very  diffi- 
cultly soluble  in  water  containing  acids  or  salts.  The  mono-acid  (neutral)  salts  are 
decomposed  to  ascertain  extent,  with  separation  of  dichlorharmine,  when  a  largo 
quantity  of  water  is  poured  upon  them.  Ammonia  throws  down  dichlorharmine  from 
their  solutions,  as  an  amorphous,  colourless  jelly;  solution  of  soda  acts  in  the  same 
way,  but  in  this  case  the  precpitate  becomes  crystalline  when  long  boiled  with  a  great 
excess  of  soda  solution.  Dichlorharmine  displaces  a  trace  of  ammonia  from  a  boiling 
solution  of  sal-ammoniac  ;  part  of  the  dissolved  dichlorharmine  separates  out  on  cooling! 
but  the  rest  only  on  addition  of  ammonia  to  the  filtrate. 
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Hydrochlorate  of  Dichlorharmine  is  obtained  by  dissolving  the  base  in  water  con- 
taining hydrochloric  acid,  and  precipitating  by  excess  of  hydrochloric  acid.  It 
crystallises  from  water  in  needles,  from  alcohol  in  larger  crystals ;  chloride  of  sodium 
separates  it  from  its  solution  in  the  form  of  a  jelly  which  turns  to  needle-shaped 
crystals.  It  contains  2  at.  water,  which  it  gives  off  at  100°  C.,  but  reabsorbs  1  at.  if 
exposed  to  moist  air.  When  heated  much  above  100°,  it  becomes  yellow  and  loses 
hydrochloric  acid;  between  180°  and  200°  it  melts  to  a  brown. yellow  liquid,  which 
dissolves  in  water  and  contains  a  newly  formed  base. 

The  nitrate  is  precipitated  as  a  jelly,  which  afterwards  changes  to  crystalline  needles, 
by  addition  of  excess  of  nitric  acid  to  a  solution  of  dichlorharmine  in  water  containing 
nitric  acid.  It  is  anhydrous  and  less  soluble  in  water  than  the  hydrochlorate.  When 
melted  it  gives  off  acid  vapours  and  yields  a  brown  mass,  from  the  solution  of  which  in 
aqueous  alkalis  acids  throw  down  brown  flocks. 

Nitrate  of  dichlorharmine  precipitates  from  oxide  of  argcntammonium,  a  pale 
greenish  jelly,  containing  silver.  When  hydrochlorate  of  dichlorharmine  is  mixed 
with  nitrate  of  silver,  a  jelly  is  precipitated,  without  formation  of  chloride  of  silver, 
but,  on  adding  nitric  acid  to  the  jelly,  chloride  of  silver  is  formed. 

MTitroliarmine.  C13H"(N02)N'-!0.  Nitroharmidine.  (Fritzsche,  Petersb.  Acad, 
Bull.  xii.  33,  225  ;  Ann.  Ch.  Pharm.  Ixviii.  328  ;  xcii.  330.) — Produced  by  the  action 
of  nitric  acid  on  harmaline  or  nitroharmaline.  It  does  not  appear  to  be  formed  by  the 
action  of  nitric  acid  on  harmine.  To  prepare  it,  1  pt.  of  harmaline  is  dissolved  in  2 
pts.  of  water,  and  the  requisite  quantity  of  acetic  acid,  and  to  the  solution  12  pts.  of 
nitric  acid  of  specific  gravity  T40  are  added  in  a  thin  stream.  A  violent  evolution  of 
red  vapours  takes  place ;  and  if  the  liquid  be  kept  in  a  state  of  ebullition  till  the  action 
is  over,  then  cooled  quickly,  and  treated  with  excess  of  caustic  alkali,  nitroharmine  is 
deposited  in  the  form  of  a  deep  yellow  precipitate,  while  a  resinous  matter,  formed  at 
the  same  time,  remains  in  solution.  The  product  is  purified  by  converting  it  into  a  hy- 
drochlorate, and  decomposing  that  salt  with  ammonia.  Nitroharmine  forms  yellow 
needles,  tasteless,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water.  From 
boiling  alcohol  it  separates  in  deep  yellow  octahedrons,  which  soon  change  into  needles. 
Ether  dissolves  it  but  sparingly.  It  dissolves  in  rock-oil  and  in  coal-tar  naphtha.  Heated 
with  a  solution  of  sal-ammoniac,  it  slowly  eliminates  ammonia.  It  unites  with  iodine,  but 
is  decomposed  by  chlorine  and  bromine. 

The  salts  of  nitroharmine  have  a  slightly  bitter  taste,  and  mostly  crystallise 
in  yellow  needles.  The  hydrochlorate,  CI3HJ1(N02)N2O.HC1  +  2H20,  obtained  by 
adding  hydrochloric  acid  in  excess  to  a  solution  of  the  base  in  acetic  acid,  or  in  hot 
water  acidulated  with  a  few  drops  of  hydrochloric  acid,  crystallises  in  slender  needles, 
which  may  be  purified  by  recrystallisation  from  boiling  alcohol.  The  chloroplatinate 
is  soluble  and  crystallises  in  needles. 

The  neutral  nitrate  is  but  sparingly  soluble  in  water,  still  less  in  dilute  nitric  acid  : 
hence  nitric  acid  gradually  precipitates  nitroharmine  from  the  solutions  of  its  other 
salts.  It  crystallises  in  yellow  needles,  which,  if  left  in  the  acid  liquor,  gradually 
change  to  granular  and  rhomboi'dal  crystals  of  a  deeper  yellow  colour.  There  appears 
also  to  be  a  basic  nitrate,  somewhat  more  soluble  in  water. 

The  hydrocyanate  does  not  appear  to  exist  by  itself,  but  a  double  compound  of 
hydrocyanate  of  nitroharmine  and  mercuric  cyanide  is  deposited  in  granular  crystals 
when  cyanide  of  mercury  is  added  to  a  boiling  solution  of  acetate  of  nitroharmine 
and  the  liquid  left  to  coot 

The  hydroferrocyanate  and  hydroferricyanate  are  obtained  by  precipitation,  the 
former  in  brown  microscopic  prisms,  the  latter  in  yellow  grains.  The  sulphocyanate 
forms  nearly  colourless  needles,  sparingly  soluble  in  cold,  more  soluble  in  hot  water. 

Di-iodide  of  Nitroharmine,  C^H'^NO^N2^.!2,  separates  in  yellowish  brown 
agglomerated  microscopic  needles,  on  mixing  the  boiling  solutions  of  iodine  and  nitro- 
harmine in  alcohol  or  coal-tar  naphtha.  It  is  nearly  insoluble  at  ordinary  temperatures 
in  water,  alcohol,  ether,  and  coal-tar  naphtha ;  slightly  soluble  at  higher  temperatures. 
It  may  be  heated  to  100°  C.  without  decomposition.  It  is  resolved  into  iodine  and 
nitroharmine  by  boiling  with  alcohol,  and  more  quickly  with  dilute  sulphuric  acid.  It 
appears  to  form  a  crystalline  salt  with  hydrochloric  acid.  It  dissolves  also  in  acetic  and 
hydrocyanic  acids,  and  these  solutions  yield  crystalline  compounds. 

BROMONITROHARMINE.  C13H10BrN303  =  C13H10Br(N02)N20.  Bromonitroharmidine.— 
When  bromine-water  is  added  to  a  very  dilute  solution  of  a  salt  of  nitroharmine,  the 
smell  of  bromine  disappears  immediately,  and  on  addition  of  ammonia,  bromonitro- 
harmine  is  precipitated  and  may  be  purified  by  recrystallisation  from  alcohol.  It  re- 
sembles chloronitroharmine,  forms  salts  with  acids,  and  unites  with  bromine  and  iodine. 

The  dibromide,  C13H10BrN303.Br2,  is  formed  on  adding  bromine-water  in  moderate 
excess  to  a  solution  of  bromonitroharmine  in  weak  alcohol,  and  separates  on  cooling 
and  stirring  the  liquid,  in  yellow  microscopic  needles. 
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CHLOBONITBOHABMINE.  CI3H10C1N30S  =  CISH'°C1(N02)N20.  CMoronitroharmidine. 
(Fritzsche,  Petersb.  Acad.  Bull.  xii.  225.;  Ann.  Ch.  Fharm.  xcii.  330). — Produced 
by  the  action  of  chlorine  on  nitroharmine,  or  of  nitromuriatic  acid  on  harmaline. 

Preparation. — 1.  When  chlorine-water  is  added  to  aqueous  hydrochlorate  or  acetate 
of  nitroharmine,  or  chlorine  gas  is  passed  into  the  solution  till  the  smell  of  chlorine 
becomes  permanent,  chlorouitroharmine  separates  in  the  form  of  a  jelly.  If  the 
action  of  the  chlorine  be  too  long  continued,  a  yellow  resin  is  produced.  The  mixture 
is  heated  to  boiling,  and  the  resulting  solution  is  precipitated  by  the  cautious  addition 
of  ammonia,  drop  by  drop,  with  constant  stirring.  A  more  or  less  crystalline  product 
is  thus  obtained,  whereas,  from  cold  solutions,  a  jelly  is  precipitated,  which  is  difficult 
to  wash. — 2.  A  solution  of  1  pt.  harmaline  in  2  pts.  water  and  the  requisite  quantity 
of  acetic  acid,  is  poured  into  12  pts.  of  boiling  nitric  acid  of  specific  gravity  1-40,  and 
2  pts.  of  fuming  hydrochloric  acid  are  added  to  the  mixture ;  or  the  harmaline  solution 
is  poured  into  the  boiling  mixture  of  the  two  acids.  The  liquid  becomes  red-brown, 
froths  up  strongly,  and  evolves  a  volatile  substance  which  attacks  the  eyes,  but 
deposits  nothing  but  resin  on  cooling.  In  order  to  separate  the  dissolved  chloronitro- 
harmine,  a  solution  of  sal-ammoniac,  cooled,  by  placing  lumps  of  ice  in  it,  is  poured 
into  the  liquid ;  this  is  diluted  with  about  an  equal  bulk  of  water ;  and  caustic  soda  is 
then  added,  until  it  smells  strongly  of  ammonia,  whereby  an  abundant  precipitate  of 
impure  chloronitroharmine  is  thrown  down.  The  product  is  washed  with  dilute 
hydrochloric  acid  and  heated  with  water ;  the  solution  freed  by  filtration  from  undis- 
solved  resin,  and  precipitated  by  gradual  addition  of  ammonia ;  and  the  precipitate 
purified  by  crystallisation  from  hot  alcohol.  The  crude  chloronitroharmine  may  also 
be  dissolved  in  boiling  water,  with  addition  of  just  the  necessary  quantity  of  nitric 
acid,  and  precipitated  as  nitrate  from  the  cooled  filtrate  by  addition  of  nitric  acid  in 
excess ;  this  salt,  after  being  washed,  may  be  dissolved  in  hot  water,  and  pure  chloro- 
nitroharmine precipitated  from  the  boiling  filtered  solution  by  means  of  caustic  ammonia. 

Chloronitroharmine  forms  a  bright  yellow,  brittle  mass,  composed  of  very  fine 
needles,  which  cannot  be  distinctly  perceived,  even  under  a  magnifying  power  of  300. 
Ammonia  precipitates  it  from  cold  solutions,  as  an  almost  transparent,  deep  yellow,  very- 
bulky  jelly,  which  shrinks  very  much  on  drying.  It  is  tasteless  in  the  solid  state, 
slightly  bitter  and  rough  in  solution.  It  gives  off  11 '4  per  cent,  water  at  100°  C. 
(2  at  =  10'98  per  cent.),  and  becomes  orange-yellow.  It  dissolves  but  slightly  in 
cold  water ;  more  abundantly  in  boiling  water,  forming  a  yellow  solution ;  with 
moderate  facility  in  boiling  alcohol ;  slightly  in  ether ;  abundantly  in  boiling  coal-tar 
naphtha,  and  in  rock-oil. 

Chloronitroharmine  dried  at  100°  C.  leaves  a  reddish -yellow  residue  when 
alcohol  or  coal-tar  naphtha  is  poured  upon  it,  but  dissolves  completely  when  boiled 
with  dilute  nitric  acid. — Solution  of  iodine  converts  it  into  di-iodide  of  chloronitro- 
harmine. When  mixed  with  solution  of  iodide  of  potassium,  and  then  with  nitric 
acid,  it  deposits  a  deep  blue  precipitate. 

Chloronitroharmine  unites  with  acids,  forming  yellow  salts.  When  boiled  with 
solution  of  sal-ammoniac,  it  slowly  displaces  a  trace  of  ammonia. 

The  hydrochlorate,  obtained  by  adding  hydrochloric  acid  in  excess  to  a  solution  of 
the  base  in  hot  alcohol,  forms  fine  capillary  crystals  moderately  soluble  in  water.  It 
is  precipitated  from  its  aqueous  solution  by  a  large  excess  of  hydrochloric  acid,  as  a 
yellow  jelly ;  by  chloride  of  sodium  in  white  flocks.  On  mixing  the.  hot  alcoholic 
solutions  of  this  salt  and  tctrachloride  of  platinum,  chloroplatinaic  of  chloronitro- 
harmine, 2(ClsH'°ClNs03.HCl)PtCl4,  is  deposited  on  cooling  in  fine  yellow  prisms. 

The  nitrate ^  forms  stellate  groups  of  slender  needles.  A  perfectly  neutral  solution 
of  this  salt  mixed  with  ammonio-nitrate  of  silver,  yields  a  precipitate  consisting  of  a 
compound  of  chloronitroharmine  with  nitrate  of  silver. 

Sulphates. — A  solution  of  chloronitroharmine  in  warm  alcohol  containing  sulphuric 
acid  deposits  the  neutral  sulphate  on  cooling,  in  spherical  groups  of  capillary  needles. 
From  a  hot  aqueous  solution  the  salt  is  deposited  in  light  yellow  gelatinous  flocks. 
The  acid  sulphate  separates  slowly  in  needles  from  a  hot  concentrated  alcoholic 
solution  of  the  neutral  salt  mixed  with  excess  of  sulphuric  acid. 

Di-iodide  of  Chloronitroharmine,  CUH10C1NS0S.I2,  separates  in  slender 
needles  resembling  ^  di-iodide  of  nitroharmine,  from  a  mixture  of  the  hot  solutions  of 
iodine  and  chloronitrpharmine  in  alcohol  or  in  coal-tar  naphtha.  It  is  more  soluble 
in  alcohol  than  the  di-iodido  of  nitroharmine,  and  dissolves  easily  in  warm  alcoholic 
hydrocyanic  acid,  separating  in  rounded  granules  on  cooling. 

HARIVTOTOME.  This  term  includes  two  isomorphous  mineral  species,  identical 
in  crystalline  form,  viz. :  Baryta-har?notome,  and  Lime-harmotome. 

Baryta-harmotome,  also  called  Cross-stone,  Staurolitc,  Andrealite,  Andrcas- 
bergotite,  Morvemtc.— Crystals  belonging  to  the  triinetric  system,  being  generally 


HARMOTOME. 


13 


rectangular  prisms  with  four-sided  summits  set  upon  the  lateral^  edges.  Ordinary 
combination,  P  .  cofoo  .  coPco  .  Poo  (like  fig.  528),  often  without  ljco .  Katio  of  the 
axes:  a  :  b  :  c  =  0'97S1  :  1  :  0'684.  For  P,  the  angle  of  the  terminal  edges  in  the 
bracbydiagonal  section  =  121°  28',  in  the  macrodiagonal  section,  =  120°  1';  and  the 
angle  of  the  lateral  edges  (in  a  section  parallel  to  the  base)  is  88°  44'.  Cleavage  most 
distinct  parallel  to  coPco .  The  crystals  are  generally  twins,  inserted  crosswise  into 


Fig.  528. 


Fig.  529. 


one  another,  as  shown  in  fig.  529,  in  which  the  faces  coPco  are  denoted  by  n,  and 
ooPoo  by  m.  For  distinctness,  the  faces  of  one  of  the  crystals  are  shaded  (Kopp, 
Kryatallographie,  p.  263).  Barely  massive.  Specific  gravity  =  2-39  to  2-498.  Hard- 
ness =  4-5.  Lustre  vitreous.  Colour  white,  passing  into  grey,  yellow,  red,  or  brown. 
Streak  white.  Subtransparent  to  translucent.  Fracture  uneven,  imperfectly  conchoi'dal. 
Brittle.  Melts  without  intumescence  before  the  blowpipe,  forming  a  white  globule. 
When  finely  pounded  it  is  decomposed  completely,  though  with  difficulty,  by  hydro- 
chloric acid. 

The  following  are  analyses  of  baryta-harmotome : — a,  from  Oberstein  ;  b,  from  Stron- 
tian  (Kohler,  Pogg.  Ann.  xxxvii.  561) ;  c,  from  Strontian  (Connell,  Ed.  N.  Phil.  J,, 
1832,  July,  p.  33);  d,  Morvcnitc,  from  the  same  (Damour,  Ann.  Min.  [4]  ix.  339); 
e,  from  Andreasberg;  /,  from  Strontian  (Eammelsberg,  Mincralchcmie,  p.  821). 
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99-76 
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These  analyses  agree  pretty  nearly  with  the  formula  BaO.APO'.SSiO2  +  5H20 
(Rammelsberg),  which  requires  46-65  per  cent,  silica,,  15'56  alumina,  23*79  baryta, 
and  14-00  water  (the  other  constituents  being  regarded  as  adventitious),  and 'by  sub- 
stituting al  =  %r  Al,  and  regarding  2  at.  bvdrogen  as  basic,  this  formula  becomes 
(Ba"aZ3H2)Si501-5.4H20,  which  is  reducible  to  M2SiOa.£ H20,  the  formula  of  a  metasili- 
cate. 

The  composition  of  the  mineral  has,  however,  been  hitherto  generally  represented 
by  the  formula  21aO.APO*.3jr>i03  +  5HO,  or  2(BaO.Al203).9SiO-  +  10H20 ;  but  this 
formula  gives  only  44  per  cent,  silica,  which  is  considerably  below  that  of  all  analyses 
which  have  been  made  of  the  mineral. 

Baryta-harmotome  occurs  at  Oberstein  in  Zweibriicken,  in  siliceous  geodes  ;  at 
Andreasberg  in  the  Hartz :  at  Strontian  in  Argyleshire ;  in  Norway  on  gneiss;  and  in 
simple  crystals  with  analcime,  in  the  amygdaloid  of  Dumbartonshire.  The  variety 
called  Morvcnitc,  distinguished  by  the  greater  brilliancy  of  its  crystals,  is  also  found  at 
Strontian.  (Dana,  ii.  323  ;  G-m.  iii.  446.) 

Xiime-harmotome  or  Potash-harmotome,  Phillipsite,  Christianitc. — Isomorphous 
with  the  preceding,  occurring  also  in  twins.  Specific  gravity  =  2-2  to  2'213.  Hard- 
ness =  4  to  4-5.  Lustre  vitreous.  Colour  white,  sometimes  reddish.  Streak  unco- 
loured.  Translucent — opaque.  Before  the  blowpipe  it  intumesces  slightly,  gives  off 
water,  and  melts  to  a  translucent  glass.  Hydrochloric  acid  decomposes  it  easily,  with 
Beparation  of  gelatinous  silica. 

The  following  are  analyses  of  lime-harmotome : — a,  from  Annerode  near  GHessen 
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(Werneki  nk,  Gilb.  Ann.  Ixxvi.  171,  336);  5,  from  Stcmpel  near  Marburg  (L.  Graelin, 
Leonh.  Zeitschr.  f.  Min.  1826,  i.  8);  c,  from  the  same;  d,  from  Habichtswaldc,  near 
Cassel  (Kohler,  Pogg.  Ann.  xxxvii.  561);  c,  from  the  Giant's  Causeway  (Connoll, 
Edinb.  Phil.  J.  xxxv.  373). 

b. 
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0-99 

6-26 

6-33 
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4-85 

5-55  Na'-'O 


17-23         16-81 
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Tho  composition  of  lime-harmotome  has  been  represented  by  several  different  formulae. 
The  quantities  of  calcium  and  potassium  contained  in  it  are  somewhat  variable,  but  its 
composition  appears  to  be,  for  the  most  part,  that  which  is  expressed  by  the  formula 

2^|.3Al203.12Si02+  ISH'O  (50-2  per  cent.  SiO2,  21-3  A1208,  7'0  CaO,  6-5  K20,  and 

15-0  water),  which,  by  substitution  of  al  for  jjAl,  as  before,  becomes  (Ca2K/W)Sil2038. 
15H20,  and  is  reducible  to  the  general  formula  M24Si12036.16H>'0,  or  MsSi03.sH20, 
which  is  that  of  a  metasilicate,  and  differs  from  the  general  formula  of  baryta-harmo- 
tome  only  in  its  amount  of  water. 

Lime-harmotome  occurs  in  the  amygdaloid  of  the  Giant's  Causeway,  in  large  trans- 
parent crystals.  It  is  also  found  in  Iceland ;  among  the  Vesuvian  lavas  ;  in  sheaf-liko 
aggregations  at  Capo  di  Bove,  near  Eome ;  and  in  long  radiating  crystals  at  Aci  Castello 
in  Sicily,  and  other  localities.  (Dana,  ii.  324;  Bammelsberg,  Miner  alchemic,  p.  811.) 

HARRINGTON-ITS.     See  NATROLITE. 

HARRISITZ:.  A  variety  of  cuprous  sulphide,  Cu2S,  occurring  in  the  Canton 
mine,  Georgia,  in  crystals  belonging  to  the  regular  system,  and  cleaving  parallel  to  the 
faces  of  a  cube  (Shepard,  Jahresb.  f.  Chem.  1857,  p.  656).  Genth  (Sill.  Am.  J.  [2] 
xxii.  449)  regards  it  as  a  pseudomorph  of  copper-glance  after  galena. 

HARTinr.  C10H170.  Psatyrin. — A  fossil  resin  resembling  hartite.  Massive,  but 
crystallises  from  rock-oil  in  needles  belonging  to  the  trimetric  system.  White ;  desti- 
tute of  taste  and  smell.  Pulverises  between  the  fingers.  Melts  at  210°  C.,  and  distils 
at  260°.  Slightly  soluble  in  ether.  Gives,  by  analysis,  78'06  per  cent.  C,  10*92  H, 
and  11-02  0.  It  is  found  in  the  lignite  of  Oberhart,  Austria.  (Schrotter,  Pogg.  Ann. 
liv.  45.) 

HARTITE.  C3H8. — Another  fossil  resin  from  the  lignite  of  Oberhart.  Oblique 
prisms  belonging  to  the  monoclinic  system.  Cleavage  only  in  traces.  Specific  gravity 
1-046.  Hardness  =1.  White,  with  a  somewhat  greasy  lustre.  Translucent.  Brittle. 
Melts  at  74°  C.,  and  distils  at  higher  temperatures.  Dissolves  easily  in  ether,  less 
readily  in  alcohol,  and  crystallises  from  each  solution  by  evaporation  (Haidinger, 
Pogg.  Ann.  liv.  261).  Gives,  by  analysis,  87'47  percent.  C  and  12*05  H.  (Schrotter.) 

HATCHXZTTIX?  or  Mineral  Tallow,  a  fossil  resin  occurring  in  the  coal  measures 
of  Glamorganshire ;  crystallised  and  amorphous  in  thin  lamince ;  like  wax  or  sperma- 
ceti in  consistence.  Specific  gravity  0-916  at  15'5°  C.  White  and  transparent,  with 
nacreous  lustre,  but  becomes  black  and  opaque  by  long  exposure.  Greasy  to  the  touch. 
Molts  at  46°  C.  Distils  without  change  when  cautiously  heated.  Dissolves  sparingly 
in  boiling  alcohol,  and  separates  on  cooling ;  sparingly  also  in  cold  ether,  more  easily 
in  hot  ether.  Gives,  by  analysis,  85-9  per  cent,  carbon  and  14'6  hydrogen  (=  100-5). 
(Johnston,  Phil.  Mag.  xii.  338.) 

A  similar  substance  is  found  at  Rossitz,  in  Moravia.  Specific  gravity,  0-892.  Hard- 
ness =  1.  A  variety  from  Loch  Fyne,  near  Inverness,  melts  at  47°  C.  Another  allied 
mineral  from  Merthyr  Tydvil,  melts  at  76-6°  C. 

HAT7ERITE,  Native  disulphido  of  manganese,  MnS2,  found  at  Kalinka,  in  Hun- 
gary. (See  MANGANESE,  SULPHIDES  OF.) 

HAUSiyiAlvTWITE.  Native  manganoso-manganic  oxide,  MnO.Mnz03,  or  Mn304, 
found  at  Ilmenau  in  Thuringia,  at  Ihlefeld  in  the  Hartz,  and  one  or  two  other  locali- 
ties. (See  MANGANESE,  OXIDES  OF.) 

HATnrWE.  A  mineral  consisting  of  silicate  of  aluminium,  sodium,  and  calcium, 
with  sulphate  of  calcium,  occurring  in  the  lavas  of  Vesuvius,  on  Somma,  and  on  tho 
basalt  of  Niedermendig,  near  Andernach,  on  tho  Rhine.  It  crystallises  in  rhombic 
dodecahedrons,  with  cleavage  parallel  to  tho  faces,  sometimes  distinct ;  commonly  in 
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crystalline  grains.  Specific  gravity  2'4  to  2'5.  Hardness  5'5.  Lustre  varying  from 
vitreous  to  greasy.  Colour  bright  blue,  occasionally  asparagus-green.  Streak  bluish- 
white.  Subtrausparont  to  translucent.  Fracture  flat-conchoidal  to  uneven.  Before 
the  blowpipe  it  decrepitates  and  fuses  slowly  to  an  opaque  white  or  greenish-blue 
glass.  Effervesces  with  borax,  and  forms  a  glass  which  is  yellow  when  cold.  The 
finely  pulverised  mineral  dissolves  completely  in  hydrochloric  acid,  the  liquid  deposit- 
ing gelatinous  silica  when  evaporated. 

The  composition  of  hauyne  has  been  variously  stated.  From  the  analysis  of  the 
mineral  from  Mont  Albano,  Whitney  (Pogg.  Ann.  Ixx.  431)  deduced  the  formula 
3(Na2O.Al203.2Si02)  +  2(CaO.S03),  or  3(Naa£3)Si04.CaS04  ;  from  that  of  hauyue  from 
Somma,  Kammelsberg  calculates  the  formula  2(Na2O.Al203.2Si02)  +  (CaO.S03),  or 
4(Na«£3)Si04.CaS04.  The  following  table  exhibits  the  numbers  deduced  from  these 
formula,  together  with  the  results  of  the  corresponding  analyses  : 

Mont  Albano.              (Whitney.)                     Somma.  (Rammelsherg.) 

Calc.  Analysis."  Calc.  Analysis. 

6Si02     .     .     32-20           32-48  4Si02  .  .  34-29           34-06 

2S03      .     .     14-31           12-98  SO3  .  .  11-43           11-25 

3A1203   .     .     26-83          27-75  2AF03  .  .  28-57          27  '64 

2CaO     .     .     10-02             9-96  CaO  .  .  8'00           10-60 

3Na20    .     .     16-64           14'24  2Na20  .  .  17'71           11'79 

K20       ....              2-40  K20  .  .  _^  _  L  _Jt'96 

100-00           99-81  100-00  lOO^W 

According  to  these  formulae,  hauyne  is  allied  to  nosean,  sodalite,  and  ittnerite,  all  of 
which  are  silicates  of  the  form  M2O.Al203.2Si02,  easily  reducible  to  an  orthosilicate, 
rt^'  =  Al  =  9-l.     The  formulae  of  these  minerals  are  in  fact: 


Hauyne:  Qr        la^SiO4  .  CaSO4 

Sodalite  :         3M«Z3Si04  .  NaCl 

Nosean:  6MaZ3Si04  .  Na2S04 

Ittnerite  :         6Ma/3Si04  .  (CaSO4;  NaCl)  +  6H20 

Hauyne  from  Niedermendig  contains,  according  to  Whitney,  33'90  SiO2;  12-01  SO3; 
28-07  A1203;  7'50  CaO  and  19-28  Na20  =  100-73,  and  is  composed  of  1  molecule  of 
noscau  and  2  molecules  of  the  Albano  hauyne.  The  blue  colour  of  hauyne  appears 
to  arise  from  u  small  quantity  of  a  metallic  sulphide  similar  to  that  which  gives  the 
colour  to  ultramarine.  All  specimens  of  hauyne,  when  treated  with  hydrochloric 
acid,  give  off  at  least  a  trace  of  sulphydric  acid.  (Dana,  ii.  230  ;  Handw.  d.  Chein, 
iii.  832.) 

HAITYKTOPHYR.  A  name  applied  to  the  lava  of  Melfi  on  the  Vulturo.  This 
lava  is  black  or  brown,  and  contains  hauyne  of  various  colours,  and  augite  in  slender 
needles.  It  is  strongly  attacked  by  acids.  When  it  is  treated  with  an  equal  weight 
of  a  mixture  of  2  pts.  hydrochloric  acid  and  1  pK  water,  30-2  per  cent,  remains  unde- 
composed,  consisting  mainly  of  augite  containing  a  large  proportion  of  iron.  The 
hauyne  amounts  to  22  per  cent.  (Rammelsberg,  Jahresb.  1860,  p.  807.) 

HAYDE2MITE.  Yellowish  chabasite,  from  Jones's  Falls,  Mary  land.  (SeeCHABAsrm) 
HAITESIRTE.     (Syn.  with  BOROCALCITE.) 

HAYTORITE.  Pseudomorphous  quartz,  from  the  mine  of  magnetic  iron  at  Hay 
Tor,  in  Devonshire.  It  has  the  form  of  datholite,  and  contains  9  8  '5  per  cent,  silica 
and  0'2  ferric  oxide. 

HEAT.  The  word  Heat  is  used  in  common  language,  both  as  the  name  of  a 
particular  kind  of  sensation,  and  to  denote  that  condition  of  matter  in  which  it  is 
capable  of  producing  this  sensation  in  Us.  Any  influence  whereby  external  objects 
are  rendered  hot,  or  capable  of  exciting  the  sensation  of  heat,  causes  them  at  the  same 
time  to  undergo  other  changes,  which,  being  independent  of  the  varying  condition  of 
our  bodies,  afford  much  more  certain  and  more  exact  indications  as  to  the  condition  of 
heat  than  is  furnished  by  the  sense  of  touch.  Indeed,  strictly  speaking,  our  sensations 
bear  no  direct  testimony  with  regard  to  the  absolute  degree  of  hotness  of  external 
objects,  but  rather  to  the  fact  of  their  imparting  heat  to  our  bodies,  or  removing  heat 
from  them.  When  these  effects  are  produced  in  a  moderate  degree,  we  experience  the 
sensations  of  heat  and  cold  respectively  ;  when  the  loss  or  gain  of  heat  by  our  bodies 
is  more  rapid,  it  no  longer  produces  any  sensation  to  which  a  definite  name  can  be 
assigned,  but  simply  a  feeling  of  pain;  and  the  very  rapid  passage  of  heat  either  into 
or  out  of  our  bodies,  causes  a  wound  which  is  of  the  same  kind  in  either  case.  The 
direct  evidence  of  our  senses  with  respect  to  the  heat  of  external  objects  is  therefore 
confined  within  comparatively  narrow  limits.  Moreover,  it  is  not  always  of  the  same 
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kind,  even  with  respect  to. bodies  in  the  same  condition,  as  is  easily  proved  by  putting 
one  hand  into  hot  water  and  the  other  into  cold  water,  and  after  a  short  time  remov- 
ing  both  and  plunging  them  into  lukewarm  water,  which  will  then  feel  cold  to  the  hand 
which  was  previously  in  hot  water,  but  warm  to  the  other. 

The  most  important  of  the  other  properties  of  the  condition  of  matter  constituting 
heat,  besides  producing  the  sensation  denoted  by  the  same  word,  are  the  following : 

1.  Heat  imparted  to  any  body  raises  its  temperature,  that  is,  it  not  only  causes  tho 
body  to  produce  the  sensation  of  heat  in  a  more  marked  degree,  but  its  tendency  to 
impart  the  property  of  so  doing — in  other  words,  its  tendency  to  impart  heat— to  other 
bodies  is  increased. 

2.  It  modifies  the  relations  between  the  density  and  elasticity  of  substances,  the 
general  law  being,  that  the  hotter  a  body  is,  the  less  is  its  elasticity  offiqure,  or  tend- 
ency to  preserve  a  definite  form  and  arrangement  of  parts,  and  the  greater  is  its  elasticity 
of  volume,  or  tendency,  if  solid  or  liquid,  to  preserve  a  definite  volume,  and  if  gaseous 
to  expand  indefinitely. 

3.  Heat  causes  solid  bodies  to  become  liquid,  and  liquid  bodies  tp  become  gaseous. 
The  amount  of  heat  required  to  produce  these  changes  in  any  body  varies  with  its 
special  nature  and  with  other  circumstances,  but  they  take  place  always  and  without 
exception,  in  the  same  order ;  that  is,  the  solid  state  always  corresponds  to  the  lowest 
degree  of  heat,  the  gaseous  state  to  the  highest  degree,  and  the  liquid  state  to  an 
intermediate  degree, 

4.  Heat  causes  changes  in  the  chemical  composition  of  bodies,  and  also  in  their 
electrical,  magnetic,  and  optical  properties. 

The  capacity  of  heat  thus  to  effect  changes  characterises  it  as  a  form  of  energy, 
capable  of  being  measured  and  expressed  as  a  quantity,  in  terms  of  one  or  other  of  the 
directly  measurable  effects  which  it  produces.  When  thus  expressed  as  a  quantity, 
the  condition  of  heat  is  found  to  be  subject,  like  other  forms  of  energy  (mechanical 
energy,  for  example),  to  a  law  of  conservation;  that  is,  if  in  any  system  of  bodies, 
no  heat  is  expended _ or  produced  through  changes  other  than  changes  of  temperature, 
then  the  total  quantity  of  heat  in  the  system  cannot  be  changed  by  the  mutual  actions 
of  the  bodies,  but  what  one  loses  another  gains ;  and  if  there  are  changes  other  than 
changes  of  temperature,  then  if  by  those  changes  the  total  heat  of  the  system  is  changed 
in  amount,  that  change  is  compensated  exactly  by  an  opposite  change  in  some  other  form 
of  energy.  (See  Kankine;  A  Manual  of  the  Steam  Engine  and  other  Prime  Movers, 
ed.  1861,  §  196,  pp.  224,  225.) 

Hence  it  follows  that  heat  may  be  produced  by  the  reversal  of  its  effects  :  as,  for 
instance,  by  the  conversion  of  a  liquid  body  into  a  solid,  or  of  a  gas  into  a  liquid ;  by 
the  compression  of  a  gas,  so  as  to  make  it  occupy  a  smaller  bulk ;  by  the  transmission, 
through  the  point  of  junction  of  two  dissimilar  metals,  of  an  electric  current  opposite 
in  direction  to  that  which  would  be  produced  by  the  application  of  heat  at  the  same 
point;  by  the  Bunion  of  oxygen  and  hydrogen  so  as  to  form  water,  the  effect  of  heat 
upon  water  being  to  resolve  it  into  oxygen  and  hydrogen  gases,  &c.  &c. 

Similarly,  heat  may  be  caused  to  disappear— in  other  words,  cold  maybe  produced — 
when  a  change,  such  as  heat  is  capable  of  producing,  is  brought  about  by  other  means : 
as  when  a  solid  is  liquefied  by  solution,  or  when  a  liquid  is  vaporised ;  when  a  gas  is 
expanded;  when,  through  the  point  of  junction  of  two  dissimilar  metals,  an  electric 
current  is  transmitted  in  the  same  direction  as  that  which  would  be  produced  by  the 
application  of  heat  at  the  same  point,  &c.  &c. 

The  reversal  of  any  of  its  effects  does  not,  however,  necessarily  and  under  al^  cir- 
cumstances, cause  heat  to  be  produced :  instead  of  it  an  equivalent  of  some  other  form  of 
energy  may  be  generated;  thus,  in  Grove's  gas-battery  (ELECTRICITY,  ii.  430)  the  primary 
result  of  the  combination  of  oxygen  and  hydrogen  gases  is  not  the  evolution  of  the 
quantity  of  heat  which  would  be  required  to  decompose  the  water  formed,  but  of  an 
equivalent  amount  of  electrical  energy.  Neither  is  the  disappearance  of  heat  always 
a  necessary  consequence  of  the  production,  by  other  means,  of  changes  such  as  might 
be  brought  about  by  the  action  of  heat  itself :  for  example,  in  the  decomposition  of 
water  by  the  electric  current,  there  is  no  disappearance  of  heat,  but  there  is  expended 
an  amount  of  electrical  energy,  equivalent  to  the  heat  which  would  otherwise  have 
been  required  to  effect  the  same  decomposition.  Further,  the  most  familiar  and  most 
practically  important  processes  by  which  heat  is  produced,  such  as  combustion,  friction, 
and  percussion,  are  not  such  as  can  be  directly  reversed  by  the  action  of  heat. 

On  the  other  hand,  heat  being  a  form  of  energy,  every  source  or  store  of  energy 
may  be  considered  as,  directly  or  indirectly,  a  source  of  heat.  The  sources  of  heat 
available  to  man  may  therefore  be  classified  as  follows : 

1.  The  Sun.  According  to  Pouillet,  the  total  heating  effect  of  the  sun's  rays  fall- 
ing perpendicularly  during  1  minute  upon  one  square  centimetre  of  the  earth's  surface, 
including  the  portion  absorbed  by  the  atmosphere,  amounts  to  17633  times  the  quan- 
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tity  of  heat  required  to  raise  the  temperature  of  1  grm.  of  water  1  degree  centigrade, 
or  to  17633  gramme-degrees.  The  mean  heating  effect  on  each  square  centimetre  of 
the  earth's  surface,  for  every  minute  during  24  hours,  is  therefore  =  0-4408  gramme- 
degree  ;  or  the  total  effect  during  one  year  is  232,000  gramme-degrees.*  According 
to  these  data,  the  whole  quantity  of  heat  received  by  the  earth  from  the  sun  in  one 
year  would  be  sufficient  to  melt  a  layer  of  ice  over  the  whole  surface  of  the  earth  of 
32  metres  (or  35  yards)  in  thickness.  The  whole  of  this  supply  of  heat  (which  is  less  than 
the  2,300  millionth  part  of  the  total  heat  emitted  by  the  sun)  is  not,  however,  directly 
available  as  such.  According  to  Pouillet,  nearly  one-half  is  absorbed  by  the  atmo- 
sphere, and  of  the  heat  so  absorbed  a  considerable  proportion  goes  to  supply  the 
mechanical  energy  of  air  in  motion,  or  wind,  and  thus  ceases,  at  least  for  a  time,  to 
exist  as  heat.  Another  portion  is  expended  in  causing  the  evaporation  of  water  from 
the  ocean  and  from  the  moist  surface  of  the  land :  as  will  be  shown  in  the  sequel,  a 
great  part  of  this  heat  reappears  when  the  evaporated  water  is  returned  to  the  earth 
as  rain  or  otherwise ;  but  the  remainder  is  retained  in  a  modified  form  in  water  which 
is  deposited  at  a  higher  level  than  that  from  which  it  was  evaporated,  and  so  furnishes 
the  mechanical  energy,  or  water-power,  of  rivers  and  falling  water.  Still  another 
portion  of  the  total  energy  of  the  sun's  rays  is  absorbed  by  growing  plants,  enabling 
them  to  convert  carbonic  acid  and  water  into  woody  fibre :  our  ordinary  modes  of 
obtaining  artificial  heat — namely,  by  the  combustion  of  wood  and  coal — are  processes 
in  which  the  heat  thus  absorbed  is  liberated  by  the  reversal  of  the  chemical  changes 
which  take  place  in  plants  while  living.  The  warmth  and  mechanical  force  of  animals 
are  also  derived,  through  the  vegetable  food  which  they  consume,  from  the  same  source, 
whence  are  likewise  derived,  directly  or  indirectly,  our  chief  supplies  of  electrical  energy. 

2.  The  internal  heat  of  the  earth.     This  we  may  consider  as  of  two  kinds :  the 
actual  heat,  of  which  there  is  evidence  in  hot  springs  and  volcanoes,  as  well  as  in  the 
comparatively  high  temperature  of  deep  mines;  and  the  potential  heat  stored  up  in 
combustible  minerals.     By  far  the  most  important  store  of  potential  heat,  namely,  coal, 
represents,  as  we  have  already  seen,  a  portion  of  the  energy  of  the  sun's  rays  which 
reached  the  earth  during  the  growth  of  the  plants  from  which  it  has  been  formed. 

3.  The  tidal  wave,  caused  by  the  earth's  diurnal  rotation,  combined  with  the  mutual 
motions  of  the  earth,  moon,  and  sun,  is  a  source  of  heat  which  might  be  rendered 
practically  available,  by  causing  water-wheels,  driven  by  the  tidal  waters,  to  generate 
heat  by  friction. 

4.  The  fall  of  meteoric  stones  is  a  source  of  heat,  practically  insignificant,  so  far  as 
the  earth  is  concerned,  but  which  has  been  supposed  to  play  an  important  part  in  the 
maintenance  of  the  heat  of  the  sun. 

(On  the  possible  sources  of  energy  available  to  man,  see  W.  Thomson,  Phil.  Mag. 
[4]iv.259.) 

ON  THE  MEASUREMENT  OF  HEAT. 

Before  we  can  proceed  further  in  the  study  of  the  properties  and  effects  of  heat,  it  is 
necessary  that  we  should  have  some  means  of  measuring  and  comparing  different 
quantities  of  it.  As  already  stated,  quantities  of  heat  may  be  expressed  in  terms  of 
any  of  its  directly  measurable  effects ;  but  that  one  which  is  usually  the  most  easily 
and  accurately  observable  is  alteration  of  temperature,  and  hence  quantities  of  heat 
are  commonly  defined  by  stating  the  extent  to  which  they  are  capable  of  altering  the 
temperature  of  a  known  weight  (such  as  1  grm.)  of  a  known  substance  (for  instance, 
water).  Accordingly,  the  unit  of  heat  which  will  be  employed  in  this  article  is  the 
quantity,  already  spoken  of  as  a  gramme- degree,  which  is  required  to  raise  the 
temperature  of  1  gramme  of  water  from  0°  to  1°  centigrade.  Heat  is,  however, 
capable  of  causing  other  alterations  in  the  condition  of  bodies,  such  as  the  lique- 
faction of  solid  substances,  without  at  the  same  time  causing  any  alteration  in  their 
temperature ;  hence,  another  way  in  which  a  quantity  of  heat  may  be  defined  is 
by  stating  the  amount  of  some  known  solid  (ice,  for  example)  which  it  is  capable 
of  liquefying,  without  causing  any  change  in  its  temperature.  Quantities  of  heat 
can  also  be  expressed  in  terms  of  the  mechanical  or  electrical  energy  to  which 
they  are  equivalent ;  but  as  neither  motion  nor  electricity  can  be  generated  by  heat 
without  the  simultaneous  expenditure  of  a  greater  or  less  quantity  in  causing  a  rise  of 

*  The  total  quantity  of  heat  received  in  a  minute  by  a  hemisphere  of  the  earth's  surface  is  the  same 
as  that  which  would  Vail  on  the  grea^  circle  forming  the  projection  of  that  hemisphere— that  is  to  sny, 
1  7633  n-R2  gramme-degrees  (the  radius  being  measured  in  centimetres).  Hence,  supposing  the  heat 
to  he  uniformly  distributed  over  this  surface,  the  quantity  received  in  a  minute  by  each  square  centi- 
metre of  surface  is 

1-7633  a-R2    _  o-4408  gramme-degrees; 

and  as  the  earth  performs  its  rotation  In  24  hours  and   the  year  contains  365  days,  it  follows  that 
the  mean  amount  of  heat  received  in  a  year  by  each  square    centimetre   of  the  earth's  surface  it 
0-4408  X  60  x  24  X  365,  or  in  round  numbers,  232,000  gramme-degrees. 
VOL.  III.  C 
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temperature  in  material  substances,  and  since,  therefore,  the  whole  of  a  given  quantity 
can  never  be  transformed  without  loss  into  these  other  forms  of  energy,  they  cannot 
serve  for  the  direct  measurement  of  heat.  And  in  fact,  whatever  mode  of  measurement 
is  adopted,  it  is  always  necessary  to  take  account  of  the  temperature  of  the  bodies 
whose  heat  is  to  be  estimated,  and  of  those  which  are  influenced  by  them,  in  order 
that  we  may  know  the  extent  to  which  their  temperature  is  altered ;  or  on  the  other 
hand,  that  we  may  convince  ourselves  that  no  such  alteration  takes  place.  The  mea- 
surement of  temperature,  or  thermometry,  is  therefore  a  necessary  preliminary  to  the 
measurement  of  heat,  or  calorimetry. 

Thermo metry. — Temperature,  or  hotness,  has  already  been  defined  as  the  tendency 
of  one  portion  of  matter  to  part  with  heat  to  other  portions,  and  has  been  stated  to 
depend  on  the  quantity  of  heat  which  the  portion  of  matter  in  question  contains.  For 
the  purpose  of  defining  different  temperatures,  it  is  obviously  necessary  to  adopt  two 
standard  points,  separated  by  a  known  and  constant  interval,  which  may  serve  as  a 
measure  by  which  to  estimate  the  interval  between  any  other  two  temperatures.  The 
standard  points  usually  adopted  are  the  temperature  of  melting  ice,  and  the  tem- 

rrature  of  pure  water  boiling  freely  under  a  barometric  pressure  of  760  millimetres 
=  29-92  inches)  of  mercury  (measured  at  the  melting  point  of  ice).  When  a  quan- 
tity of  mercury  is  allowed  to  attain  equilibrium  of  temperature  with  melting  ice,  and 
afterwards  with  water  boiling  under  the  conditions  above  mentioned,  it  is  found  that 
its  bulk  in  the  latter  case  always  exceeds  its  bulk  in  the  former  case  by  a  certain  constant 
amount.  The  expansion  of  the  mercury  is  here  a  measure  of  the  quantity  of  heat 
which  the  boiling  water  imparted  to  it  after  it  had  come  to  such  a  condition  that  an 
interchange  of  heat  no  longer  took  place  between  it  and  the  melting  ice ;  and  since,  as 
already  observed,  the  mercury  always  expands  by  the  same  proportion  of  its  bulk  at  the 
temperature  of  melting  ice,  we  may  conclude  that  the  quantity  of  heat  which  boiling 
water  can  impart  to  a  given  mass  of  matter,  exceeds  that  which  melting  ice  can  impart 
to  the  same  mass,  by  a  constant  proportion ;  in  other  words,  that  the  temperature  of 
boiling  water  is  higher  than  the  temperature  of  melting  ice,  and  that  the  interval  which 
separates  them  is  always  the  same. 

It  is  upon  this  principle  that  the  use  of  the  mercurial  thermometer,  and  of  other 
instruments  in  which  expansion  is  employed  to  indicate  temperature,  depends.  The 
construction  and  use  of  this  instrument  in  its  various  forms  are  fully  described  in  the 
article  THERMOMETER,  to  which  the  reader  is  referred.  It  will  be  sufficient  here  to 
state,  that  there  are  in  frequent  use  three  different  modes  of  designating  the  two 
standard  points  of  temperature,  and  of  subdividing  the  interval  between  them :  namely, 
the  centigrade  scale  of  Celsius  employed  in  this  Dictionary,  in  which  the  temperature 
of  melting  ice  is  denoted  by  zero,  and  the  temperature  of  boiling  water  by  100 ; 
Reaumur's  scale,  in  which  the  temperature  of  melting  ice  is  likewise  denoted  by 
zero,  but  that  of  boiling  water  by  80  ;  and  Fahrenheit's  scale,  in  which  the  former 
temperature  is  marked  32,  and  the  latter  212.  The  melting  point  of  ice  is  therefore 
indicated  by  any  of  the  following  expressions : — 

0°C.,    0°R,   and   32°  F.; 
and  the  boiling  point  of  water  by  any  of  the  following : — 

100°  C.,   80°  R,   and  212°  F. ; 

accordingly,  TOO  degrees  centigrade  are  equivalent  to  80  degrees  Reaumur,  and  to  180 
(  =  212  -  32)  degrees  Fahrenheit,  or  5  degrees  C.  =  4  degrees  K.  =  9  degrees  F.  The 
simplicity  of  these  relations  makes  it  easy,  when  a  temperature  is  expressed  according 
to  any  of  the  three  scales,  to  find  an  equivalent  expression  according  to  either  of  the 
other  two.  (See  further  the  article  THERMOMETER.) 

Besides  the  mercurial  thermometer,  and  the  spirit  thermometer,  which  is  quite  similar 
to  it  in  principle  and  in  the  manner  in  which  it  is  used,  there  are  some  other  instru- 
ments, which  are  advantageously  employed  in  special  cases,  for  the  measurement  of 
temperature,  and  must  therefore  be  briefly  described  here. 

The  Weight-thermometer.— This  is  a  mercurial  thermometer  which  differs  from  the 
common  one,  inasmuch  as  the  expansion  of  the  mercury  consequent  upon  rise  of  tem- 
perature is  not  read  off  directly  from  a  divided  scale,  but  is  calculated  from  the  weight 
of  mercury  which  escapes  from  the  instrument.  It  consists  of  a  cylindrical  glass  reser- 
voir, closed  at  one  end,  and  terminated  at  the  other  by  a  short  capillary  glass  tube 
which  is  so  bent  that,  when  the  thermometer  is  placed  in  the  position  in  which  it  is  to 
be  used,  its  open  end  points  vertically  downwards.  The  mode  of  using  it  is  as  follows : 
The  thermometer  is  weighed  while  empty,  and  the  reservoir  and  tube  are  then  com- 
pletely filled  with  pure  mercury,  the  whole  of  the  air  being  carefully  expelled  by  boiling, 
and  allowing  the  instrument  to  cool  while  the  open  end  of  the  capillary  tube  dips  under 
the  surface  of  mercury,  as  in  the  usual  process  of  filling  a  barometer  or  thermometer. 
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By  surrounding  the  thermometer  with  melting  ice,  the  instrument  itself,  as  well  as  the 
mercury  contained  in  it,  is  brought  to  the  temperature  of  0°  C. :  when  this  temperature 
has  been  reached  by  every  part  of  it,  the  vessel  of  mercury  is  removed  from  under  the 
open  end  of  the  capillary  tube,  and  is  replaced  by  a  small  tared  capsule.  The  ice  is 
now  removed,  and  the  outside  of  the  thermometer  is  carefully  dried.  As  the  mercury 
contained  in  it  returns  to  the  temperature  of  the  air  (supposed  above  0°  C.),  it  expands, 
and,  consequently,  some  of  it  escapes  by  the  capillary  tube  into  the  tared  capsule.  The 
thermometer,  and  the  capsule  containing  the  mercury  which  has  escaped  from  it,  are 
now  placed  together  in  the  balance  and  weighed ;  by  deducting  from  the  gross  weight 
so  obtained  the  weight  of  the  instrument  when  empty,  and  that  of  the  capsule,  we 
obtain  the  weight  W,  of  the  quantity  of  mercury  which  fills  the  thermometer  at  0°  C. 

The  instrument  is  next  heated  to  100°  C.,  by  immersing  it  in  the  steam  of  boiling 
water,  the  same  precautions  being  taken  as  in  fixing  the  boiling  point  of  the  ordinary 
graduated  thermometer  (see  THERMOMETER),  and  the  mercury  which  escapes  is  collected 
in  .the  tared  capsule  and  weighed.  Let  w  be  the  weight  of  the  whole  quantity  of  mer- 
cury which  escapes  from  the  thermometer  when  it  is  heated  from  0°  C.  to  100°  C. ; 
then  the  coefficient  of  apparent  expansion  (see  below,  Expansion  of  Liquids}  of  the 
mercury  contained  in  the  thermometer  will  be 

w 
=  (W  -  w)100    '     '     ' 

Similarly,  if  wt  be  the  weight  of  mercury  which  escapes  from  the  thermometer  when  it 
is  heated  to  any  other  temperature,  t°,  which  it  is  required  to  determine,  we  have 


5 


r-wt}t' 
hence  we  get 


(JF-w)lOO' 


The  value  of  5,  deducible  from  equation  (a),  was  found  by  Dulong  and  Petit  (who  were 
the  first  to  employ  the  weight-thermometer)  to  be  equal  to  g™,  and  by  substituting 
this  value  in  equation  (ft)  the  value  of  t  is  given  independently  of  the  preliminary 
experiment  above  described,  in  which  the  thermometer  is  heated  to  1 00°  C. ;  but  some 
uncertainty  is  thus  introduced  into  the  determination,  inasmuch  as  the  value  of  S  varies 
to  a  slight  extent  with  the  kind  of  glass  of  which  the  thermometer  is  made. 

The  weight-thermometer  is  capable  of  giving  very  accurate  results  when  employed 
to  indicate  the  mean  temperature  of  any  considerable  space,  such  as  an  oil-  or  water- 
bath,  the  temperature  of  which  changes  so  slowly  that  it  may  be  assumed,  at  any  given 
instant,  to  be  the  same  as  that  of  the  thermometer.  The  size  of  the  instrument 
depends  upon  the  purpose  for  which  it  is  to  be  employed :  it  is  well  that  it  should  be 
of  such  a  length  as  to  reach  from  one  end  to  the  otiier  of  the  space  whose  temperature 
has  to  be  measured,  and  its  capacity  ought  to  be  such  that  the  weight  of  mercury 
driven  out  by  the  smallest  rise  of  temperature  which  it  is  required  to  estimate  may  be 
capable  of  being  accurately  determined  by  the  balance.  An  obvious  precaution  in  the 
use  of  this  instrument  is  to  keep  the  open  end  constantly  under  the  surface  of  the 
mercury  in  the  capsule,  so  that  no  air  can  enter  in  consequence  of  a  diminution  of 
temperature. 

Regnault's  Air-thermometer  is  an  instrument  which  is  applicable  in  the  same  kind 
of  cases  as  the  weight-thermometer,  but  has  the  advantage  of  giving  accurate  results 
at  all  temperatures  below  that  at  which  glass  softens,  whereas  the  indications  of  the 
weight-thermometer  are  obviously  confined  to  temperatures  below  the  boiling-point  of 
mercury.  In  construction,  it  closely  resembles  the  latter  instrument,  and  consists  of  a 
cylindrical  glass  reservoir  about  2  centimetres  (0'8  inch)  in  diameter  and  about  12  or 
1 5  centimetres  (4'8  or  6  inches)  long,  terminated  at  one  end  by  a  narrow  glass  tube  of 
1  or  2  millimetres  internal  diameter,  which  is  bent  at  a  right  angle,  at  a  short  distance 
from  the  end  farthest  from  the  reservoir,  and  drawn  out  to  a  fine  point.  In  this  state, 
the  instrument  is  placed  in  the  space  of  which  it  is  desired  to  know  the  temperature ; 
and  as  soon  as  the  instant  arrives  for  which  this  temperature  is  required,  the  drawn- 
out  point  is  sealed  by  fusion  with  the  blowpipe,  the  height  of  the  barometer  and  its 
attached  thermometer  (i.  512)  being  observed  at  the  same  time.  The  thermometer 
thus  closed  is  then  supported  in  a  vertical  position,  the  narrow  tube  downwards,  and 
with  the  bent  and  sealed  extremity  of  the  latter  under  the  surface  of  mercury ;  it  \% 
next  opened  by  breaking  off,  under  the  mercury,  as  small  a  piece  as  possible  of  the 
point ;  and  the  reservoir  is  completely  surrounded  with  melting  ice.  Owing  to  the 
contraction  of  the  air  in  the  thermometer  as  it  cools,  the  mercury  rises  in  the  tube  and 
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partially  fills  the  reservoir ;  and,  when  the  temperature  of  the  thermometer  and  its 
contents  has  been  reduced  to  0°  C.,  the  height  of  the  surface  of  the  mercury  in  the 
reservoir,  above  that  of  the  mercury  outside  the  instrument,  is  measured  by  a 
cathetometer,  the  height  of  the  barometer  being  carefully  noted  at  the  same  time.  The 
open  end  of  the  tube  is  now  closed,  while  still  under  mercury,  by  pressing  against  it 
a  pellet  of  soft  waz ;  the  ice  is  removed  from  the  reservoir ;  and  the  instrument  is  taken 
out  of  the  support/inverted,  and  weighed  together  with  the  mercury  contained  in  it. 
The  thermometer  is  next  completely  filled  with  mercury  at  0°  C.  and  weighed  again, 
and  lastly  the  weight  of  the  instrument  itself  when  empty  is  determined. 

Let  W  be  the  weight  of  mercury  which  completely  fills  the  thermometer,  and  let  w 
be  the  difference  between  this  weight  and  that  of  the  mercury  contained  in  it  at  the 
first  weighing.  These  two  weights  then  bear  to  each  other  the  same  proportion  as  the 
total  capacity  of  the  thermometer  at  0°  C.  bears  to  the  volume  occupied— at  0°  C. 
and  under  the  atmospheric  pressure  diminished  by  the  column  of  mercury  read  off  by 
the  cathetometer  —by  the  air  which  the  thermometer  contained  at  the  moment  when 
it  was  sealed  with  the  blowpipe.  They  may  therefore  be  taken  to  represent  respectively 
these  volumes :  we  shall  then  have 

W(l  +  Kt)  =  w~(l  +  at), 


where  t  is  the  temperature  required ; 

H,  the  atmospheric  pressure  at  the  moment  of  sealing  the  thermometer  with  the 
blowpipe ; 

h,  the  pressure  supported  by  the  air  in  the  thermometer  at  the  moment  of  closing 
it  with  the  pellet  of  wax  =  the  barometric  pressure  observed  at  the  same  moment 
—  the  column  of  mercury  read  off  with  the  cathetometer; 

a,  the  coefficient  of  expansion  of  air  for  1°  C  =  0-00366  ; 

K,  the  coefficient  of  cubical  expansion  of  the  glass  of  which  the  thermometer  ia 
made  =  0*0000305,  between  0°  and  300°  C.,  for  common  glass,  and  =  0'0000233 
for  crystal-glass  from  Choisy-le-Koi.  (Kegnault.) 

(For  the  derivation  of  the  above  formula,  see  the  section  Expansion  of  Gases 
in  this  article;  for  further  details  of  the  air-thermometer,  see  Eegnault,  Cours 
eUmentaire  de  Chimie,  ed.  1854,  iv.  64.) 

Deville  and  Troost's  Iodine-pyrometer. — For  the  measurement  of  temperatures 
above  that  at  which  glass  softens,  Deville  and  Troost  employ  a  method  which  depends 
on  essentially  the  same  principles  as  the  use  of  the  air-thermometer,  although  the 
mode  of  experimenting  differs  considerably.  Their  apparatus  consists  of  a  globular 
flask  of  Bayeux  porcelain  of  280  or  300  c.  c.  capacity,  with  a  neck  11  centimetres  long 
und  4  mm.  in  internal  diameter.  A  quantity  of  iodine  is  put  into  the  flask,  and  the  neck 
is  nearly  closed  by  a  small  plug  of  porcelain  which  lies  loosely  in  the  opening.  When 
the  flask  is  now  exposed  to  a  high  temperature,  the  iodine  is  vaporised  and  the 
greater  part  escapes  by  the  neck,  driving  out  at  the  same  time  nearly  the  whole  of  the 
air.  After  the  flask  has  been  exposed  for  about  twenty  minutes  to  the  temperature 
that  is  to  be  measured,  the  flame  of  an  oxy-hydrogen  blowpipe  is  allowed  to 
play  for  an  instant  upon  the  porcelain  plug  lying  in  the  neck:  the  plug  is  thus 
melted  and  closes  the  flask  hermetically.  When  cold,  the  flask  is  cleaned  and  care- 
fully weighed  ;  the  end  of  the  neck  is  broken  under  boiled  water  or  mercury,  and  the 
flask  is  weighed,  together  with  the  water  or  mercury  which  enters  ;  it  is  then  completely 
filled  with  water  or  mercury  and  weighed  again ;  lastly,  the  flask  is  weighed  when 
empty.  From  the  weights  thus  obtained  it  is  easy  to  calculate  the  capacity  of  the 
flask,  and  the  volume  of  air  which  the  iodine-vapour  has  failed  to  expel :  the  first 
weighing  gives  directly  the  excess  of  the  weight  of  the  flask  and  iodine-vapour  over 
that  of  the  empty  flask.  The  observations  which  require  to  be  made  in  each  experi- 
ment are  the  following : — 

Temperature  of  the  balance —  t° 

Atmospheric  pressure =  h  mm. 

Excess  of  weight  of  flask  after  being  heated  and  sealed  full  of 
iodine-vapour  over  weight  of  flask  filled  with  air  previous  to 

the  experiment =  i  grm. 

Capacity  of  flask =  t;  c.  c*. 

Residual  air =-  a  c.  c. 
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Besides   these   data,   the  following  constants  are  required  in  order  to  calculate  the 
temperature  at  which  the  flask  was  sealed:  — 

Weight  of  1  c.  c.  air  at  0°and  760  mm.  pressure  .         .  =     0'001293grm. 

Density  of  iodine-vapour  referred  to  air  as  unity  .         .  =     8'716 
Coefficient  of  expansion  of  air  for  1°  C  .....  0'00366 

Coefficient  of  cubical  expansion  of  Bayeux  porcelain  for  1°  C.  =     O'OOOOIOS 
The  required  temperature,  T,  can  now  be  calculated  as  follows  : 

/         (v  -  a)  -001293         h  .\    . 

let/w^   =      ~1  +    •QQ3661  —  '  T60     +    fj  to      weight  of  iodine-vapour  con- 

tained in  the  flask  at  the  moment  of  sealing,  then 

_  /„  (1  +  0-00366  T)760 

0-001293x8-716    '  h  T 

will  be  the  volume  of  this  vapour  at  the  same  moment;  but 


and  from  this  equation,  in  which  T  is  the  only  unknown  quantity,  its  value  is  easily 
found. 

It  is  obvious  that  this  method  is  applicable  only  for  the  measurement  of  maximum 
temperatures  which  can  be  maintained  stationary  for  some  time  ;  but  in  cases  where 
these  conditions  can  be  fulfilled,  as  in  determining  the  boiling  points  of  difficulty 
volatile  substances  (e.g.  sulphur,  cadmium,  zinc)  it  is  capable  of  yielding  very  accurat/ 
results. 

A  porcelain  globe  filled  with  air  may  be  employed  as  a  thermometer  in  the  same 
way  :  the  advantage  of  using  iodine  is  that  given  differences  of  temperature  correspond 
to  greater  differences  of  weight. 

(See  further  Deville  and  Troost,  Ann.  Ch.  Phys.  [3]  Iviii.  267,  275,  285,  293.) 

Mercury-pyrometer.  —  This  instrument,  proposed  byRegnault  (Ann.  Ch.  Phys.  [3] 
Ixiii.  40),  is  composed  of  a  bottle  made  of  cast  or  wrought  iron,  platinum  or  porcelain, 
having  a  capacity  of  500  to  1000  c.  c.,  and  provided  with  a  perforated  lid  which  lies 
flat  upon  the  neck  of  the  bottle,  the  under  surface  of  the  lid  (which  has  a  considerably 
greater  diameter  than  the  neck)  and  the  upper  surface  of  the  neck  being  ground 
together,  so  that  by  sliding  the  lid  a  little  to  one  side,  the  bottle  can  be  almost  com- 
pletely closed  without  removing  it  from  the  furnace,  or  other  space  whose  temperature 
is  to  be  determined.  Before  beginning  the  experiment,  10  or  15  grms.  of  pure 
mercury  are  put  into  the  bottle,  and  it  is  then  placed  in  the  furnace,  the  lid  being  laid 
on  so  that  the  hole  through  it  forms  a  continuation  of  the  orifice  of  the  neck  ;  when 
the  bottle  has  been  in  the  furnace  long  enough  to  have  thoroughly  assumed  the  tem- 
perature of  the  latter,  it  is  closed  by  drawing  the  lid  sideways,  then  removed  from  the 
furnace,  and  quickly  cooled.  The  mercury  remaining  in  the  bottle  is  poured  out  (it 
can  be  completely  detached  from  the  bottle  by  shaking  a  little  water  round  in  it), 
and  weighed,  either  in  the  metallic  state,  or,  when  necessary,  after  solution  in  an  acid 
and  precipitation.  "When  the  following  data  are  known,  namely  — 

v      =     capacity  of  the  bottle  in  c.  c.  at  0°  C.  ; 

K      =     coefficient  of  cubic  expansion  of  the  substance  of  the  bottle  ; 

h      =     atmospheric  pressure  at  the  moment  of  withdrawing  the  bottle  from  the 

furnace  ; 
d     =     density  of  mercury-  vapour  at  temperatures  at  which  it  has  the  properties  of 

a  perfect  gas  ; 
p     =     weight  of  mercury  remaining  in  the  bottle  ; 

the  required  temperature,  T,  can  be  calculated. 

The  weight  of  mercury  -vapour  which  fills  the  bottle  at  T°  is 

°-°0129S2  •d-~i 


hence 

1  +  KT  760  p  M    p 

1  +  0-00366  T    ==    v  ">0012932  .  d  '      h  '  ~ti  ' 

in  which  last  expression  Mis  a.  quantity  which  remains  constant  for  the  same  bottle  : 
we  have  therefore 


T  = 

M.  0-00366 
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Regnault's  Hydrogen-pyrometer  (Ann.  Ch.  Phys.  [3]  Ixiii.  42)  is  an  instrument 
whereby  the  temperature  of  a  furnace  or  other  heated  space  can  be  quickly  determined 
at  any  required  instant.  It  consists  of  a  wrought  iron  tube  one  or  two  inches  wide, 
and  long  enough  to  reach  from  one  side  of  the  furnace  to  the  other,  terminated  at  each 
end  by  a  capillary  tube  of  the  same  material,  provided  with  a  three-way  cock.  When 
the  temperature  of  the  furnace  is  to  be  determined,  a  current  of  pure  and  dry  hydrogen 
is  caused  to  enter  the  iron  tube  at  one  end,  and  allowed  to  issue  freely  into  the  air  at 
the  other;  when  the  current  of  gas  has  been  continued  long  enough  to  displace  all  the 
air,  and  to  reduce  any  oxide  that  may  have  formed  in  the  inside  of  the  tube,  it  is 
stopped ;  the  free  end  of  the  iron  tube  is  connected  with  a  copper  tube  filled  with  oxide 
of  copper,  and  heated  to  redness  by  a  row  of  gas-jets ;  the  current  of  hydrogen  is  then 
replaced  by  a  slow  current  of  dry  air,  which  sweeps  forward  the  hydrogen  into  the 
copper  tube,  where  it  is  completely  converted  into  water.  The  water  thus  formed 
passes  on  to  a  weighed  U-tube  containing  pumice-stone  and  sulphuric  acid,  and  from 
its  weight  the  temperature  of  the  furnace  can  be  calculated  upon  the  same  principle  as 
when  the  mercury  pyrometer  is  used.  (For  further  details,  and  for  figures  of  this 
apparatus  and  of  that  last  described,  see  Kegnault,  loc.  cit.) 

The  Thermomultiplier. — This  instrument  consists  of  a  thermo-electric  pile,  connected 
with  a  delicate  galvanometer;  its  construction,  and  the  principles  upon  which  its  action 
depends,  have  already  been  explained  in  the  article  ELECTBICITY  (ii.  413  and  443,  444). 
As  a  thermoscope,  or  instrument  for  rendering  sensible  heat  of  very  low  intensity,  this 
apparatus  is  much  more  delicate  than  any  other  that  has  been  devised,  the  heat  given 
out  by  the  human  body  producing  a  perceptible  effect  upon  it,  even  at  a  distance  of  ten 
yards  or  more  (Daguin,  Traite  de  Physique,  2nd  edit.  ii.  34).  As  a  differential  ther- 
mometer, it  is  capable  of  giving  accurate  results,  when  the  intervals  of  temperature  to 
be  measured  are  sufficiently  small.  But,  since  the  direct  indications  of  the  instrument 
are  not  generally  proportional  to  these  intervals  of  temperature,  it  is  necessary  to  con- 
struct, for  each  thermomultiplier,  a  table  showing  the  interval  of  temperature  to  which 
each  degree  read  off  upon  the  instrument  really  corresponds,  The  following  account 
of  the  method  recommended  by  Melloni  for  constructing  these  tables  is  given  by 
Tyndall  (Heat  as  a  Mode  of  Motion,  p.  355),  being  translated  by  him  from  'La  Ther- 
mocrose,'  p.  69 : — 

"  Twov  small  vessels  are  half-filled  with  mercury,  and  connected  separately  by  two 
short  wires,  with  the  extremities  of  the  galvanometer.  The  vessels  and  wires  thus 
disposed  make  no  change  in  the  action  of  the  instrument ;  the  thermo-electric  current 
being  freely  transmitted,  as  before,  from  the  pile  to  the  galvanometer.  But  if,  by  means 
of  a  wire,  a  communication  be  established  between  the  two  vessels,  part  of  the  current 
will  pass  through  this  wire  and  return  to  the  pile.  The  quantity  of  electricity  circu- 
lating in  the  galvanometer  will  be  thus  diminished,  and  with  it  the  deflection  of  the 
needle. 

"  Suppose,  then,  that  by  this  artifice  we  have  reduced  the  galvanometric  deviation 
to  its  fourth  or  fifth  part;  in  other  words,  supposing  that  the  needle  being  at  10  or  12 
degrees,  under  the  action  of  a  constant  source  of  heat,  placed  at  a  fixed  distance  from 
the  pile,  that  it  descends  to  2  or  3  degrees  when  a  portion  of  the  current  is  diverted  by 
the  external  wire ;  I  say  that  by  causing  the  source  to  act  from  various  distances,  and 
observing  in  each  case  the  total  deflection  and  the  reduced  deflection,  we  have  all  the 
data  necessary  to  determine  the  ratio  of  the  deflections  of  the  needle,  to  the  forces 
which  produce  these  deflections. 

"  To  render  the  exposition  clearer,  and  to  furnish,  at  the  same  time,  an  example  of 
the  mode  of  operation,  I  will  take  the  numbers  relating  to  the  application  of  this  method 
to  one  of  my  thermomultipliers. 

"  The  external  circuit  being  interrupted,  and  the  source  of  heat  being  sufficiently 
distant  from  the  pile  to  give  a  deflection  not  exceeding  5  degrees  of  the  galvanometer, 
let  the  wire  be  placed  so  as  to  connect  the  two  vessels  of  mercury ;  the  needle  falls  to  1'5. 
The  connection  between  the  two  vessels  being  again  interrupted,  let  the  source  be 
brought  near  enough  to  obtain  successively  the  deflections : — 

6°,  10°,  15°,  20°,  25°,  30°,  35°,  40°,  45°. 

Interposing  after  each  the  same  wire,  we  obtain  the  following  numbers : — 
1-5°,  3°,  4-5°,  6-3°,  8-4°,  11-2°,  15'3°,  22-4°,  297°. 

"Assuming  the  force  necessary  to  cause  the  needle  to  describe  each  of  the  first 
degrees  of  the  galvanometer  to  be  equal  to  unity,  we  have  the  number  5  as  the  expres- 
sion of  the  force  corresponding  to  the  first  observation.  The  other  forces  are  easily 
obtained  by  the  proportion : — 

l-6:6  =  a::r  =  ~a-  3'333a,* 

•  That  is  to  say,  one  reduced  current  is  to  the  total  current  to  which  it  corresponds,  as  any  other 
reduced  current  is  to  its  corresponding  total  current. 
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where  a  represents  the  deflection  when  the  exterior  circuit  is  closed.     We  thus  obtain 

5,  10,  15-2,  21,  28,  37-3 
for  the  forces  corresponding  to  the  deflections, 

5°,  10°,  15°,  20°,  25°,  30°. 

"  In  this  instrument,  therefore,  the  forces  are  sensibly  proportional  to  the  arcs  up  to 
nearly  15  degrees.  Beyond  this  the  proportionality  ceases,  and  the  divergence  augments 
as  the  arcs  increase  in  size. 

"The  forces  belonging  to  the  intermediate  degrees  are  obtained  with  great  ease, 
either  by  calculation  or  by  graphical  construction,  which  latter  is  sufficiently  accurate 
for  these  determinations. 
"  By  these  means  we  find, 

Degrees        .         .     13°     14°     15°     16°     17°     18°     19°     20°     21° 
Forces.         .         .     13      14-1    15-2    163    17'4    18-6    19'8    21       22'3 
Differences    .         .         M      1-1       1-1      1-1      1-2      1-2     1-2    1-3 
Degrees         .         .     22°     23°     24°     25°     26°     27°     28°     29°     30° 
Forces.         .         .     23'5    24>9  26'4   28       297    31-5    33'4    35-3    37'3 
Differences    .         .          1'4      1-5      1-6    17       1-8      1-9      1-9       2 
"  In  this  table  we  do  not  take  into  account  any  of  the  degrees  preceding  the  13th,  be- 
cause the  force  corresponding  to  each  of  them  possesses  the  same  value  as  the  deflection. 
"The  forces  corresponding  to  the  first  thirty  degrees  being  known,  nothing  is  easier 
than  to  determine  the  values  of  the  forces  corresponding  to  35,  40,  45  degrees,  and 
upwards. 

"  The  reduced  deflections  of  these  three  arcs  are, 

15-3°   22-4°,  297°. 

"  Let  us  consider  them  separately  ;  commencing  with  the  first.  In  the  first  place, 
then,  15  degrees  according  to  our  calculation,  are  equal  to  15'2 ;  we  obtain  the  value  of 
the  decimal  0*3  by  multiplying  this  fraction  by  the  difference  1-1 ;  for  we  have  evidently 
the  proportion 

1 :  1-1   =  0-3  :  x  =   0'3 

The  value  of  the  reduced  deflection  corresponding  to  the  35th  degree,  will  not,  there- 
fore, be  15-3°,  but  15-2°  +  0-3°  =  15-5°.  By  similar  considerations  we  find 
23-5°  +  0-6°  =  24-1°,  instead  of  22'4°,  and  367°  instead  of  297°  for  the  reduced 
deflections  of  40  and  45  degrees. 

"  It  now  only  remains  to  calculate  the  forces  belonging  to  these  three  deflections, 
15-5°  24-1°,  and  367°,  by  means  of  the  expression  3'333a;  this  gives  us, 

the    forces,          517,     80-3,     122-3. 
for  the  degrees,  35,        40,        45. 

"  Comparing  these  numbers  with  those  of  the  preceding  table,  we  see  that  the 
sensitiveness  of  our  galvanometer  diminishes  considerably  when  we  use  deflections 
greater  than  30  degrees." 

When  one  face  of  the  thermopile  is  exposed  to  the  action  of  heat,  the  needle  of  the 
galvanometer,  with  which  the  pile  is  connected,  immediately  leaves  its  position  of 
equilibrium  and  swings  considerably  beyond  the  new  position  in  which,  after  a  series  of 
gradually  diminishing  oscillations,  it  ultimately  comes  to  rest,  if  the  pile  continues 
exposed  to  the  same  source  of  heat ;  and  when  the  source  of  heat  is  removed,  the  face 
of  the  pile  only  gradually  loses  the  increased  temperature  which  it  had  acquired  while 
exposed  to  its  action,  so  that  the  return  of  the  galvanometer  needle  to  its  first  position 
is  likewise  gradual.  These  two  circumstances  would  occasion  a  very  considerable  loss 
of  time  in  making  a  numerous  series  of  observations  with  the  thermomultiplier,  were 
it  necessary  each  time  to  allow  the  needle  to  become  stationary  at  the  point  of  ultimate 
deflection  ;  but  Melloni  observed  that  the  arc  through  which  the  needle  swings  in  its 
first  oscillation  is  always  the  same  for  an  ultimate  deflection  of  the  same  amount,  and 
hence,  by  constructing  what  he  calls  a  Table  of  Impulses,  or  table  giving  the  ultimate 
Deflection  corresponding  to  a  first  swing,  or  impulse,  of  any  given  amount,  this  loss  of 
time  may  be  avoided.  With  such  a  table,  it  is  only  necessary  to  observe  the  arc  de- 
scribed by  the  needle  in  its  first  movement,  and  then  to  refer  to  the  table  for  the  ulti- 
mate deflection  corresponding  thereto. 

Siemens's  Eesistance  Thermometer. — In  this  instrument  the  actual  indications  of 
temperature  are  made  by  an  ordinary  mercurial  thermometer :  its  peculiarity  consists 
in  the  fact  that  it  enables  the  temperatures  of  spaces  to  be  determined  into  which  a 
thermometer  could  not  be  introduced,  or  where,  if  introduced,  it  could  not  be 
observed.  Its  action  depends  on  the  increased  resistance  which  a  metallic  wire  offers 
to  the  passage  of  an  electric  current  when  its  temperature  is  raised.  (ELBCTKICITY, 
il  467.) 
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Two  perfectly  similar  coils  of  insulated  wire  are  enclosed  in  two  hermetically  sealed 
copper  cases.  One  is  placed  in  the  space  of  which  the  temperature  is  required,  the 
other  in  a  bath  of  water;  and  the  temperature  of  the  Lathis  altered  until  the  electrical 
resistance  of  the  two  coils  is  exactly  equal,  an  equality  which  can  be  readily  tested  by 
a  differential  galvanometer.  The  temperature  of  the  bath  will  then  clearly  be  equal 
to  that  of  the  space  where  the  first  resistance  coil  is  placed.  The  connections  are 
made  with  very  thick  co  pper  wire,  so  that  their  resistance  shall  have  little  or  no  influence 
npon  the  result  The  wires  are  coiled  on  an  open  copper  cylinder  of  considerable 
diameter  and  length,  so  as  to  expose  a  large  surface  to  the  air  or  water  in  which  they 
are  placed.  They  in  consequence  take  the  temperature  of  the  surrounding  medium 
with  great  rapidity.  (Report  on  Electrical  Instruments  in  the  International  Exhibition 
of  1862,  by  Fleeming  Jenkin. — Jurors'  Reports,  Class  xiii.  p.  93.) 

This  instrument  is  obviously  adapted  for  determining  the  temperature  of  different 
depths  of  the  pea,  or  of  borings  on  land,  and  for  other  similar  purposes.  Its  sensibi- 
lity may  be  considerably  increased  by  adopting  a  suggestion  -of  Dr.  Esselbach's,  and 
constructing  one  of  the  coils,  that  one  which  is  placed  in  the  bath  of  water,  of  a  mate- 
rial whose  resistance  increases  more  slowly  with  rise  of  temperature  than  that  of  the  sub- 
stance of  which  the  other  coil  is  made.  The  temperature  of  the  bath  would  then  have  to 
be  varied  more  than  one  degree,  in  order  to  compensate  the  alteration  of  resistance  caused 
by  a  variation  of  one  degree  in  the  temperature  of  the  medium  surrounding  the  other  coil. 

Besides  the  instruments  for  measuring  temperature  which  are  described  above  and 
in  the  article  THERMOMETER,  already  referred  to,  a  great  number  of  others,  of  various 
degrees  of  utility,  have  been  suggested  from  time  to  time.  But  it  is  believed  that  the 
instruments  here  noticed  are  those  most  likely  to  be  found  practically  useful  by  the 
experimental  chemist.  A  large  number  of  the  older  contrivances  for  thermometric 
purposes  are  very  fully  described  in  the  treatise  on  The  Thermometer  and  Pyrometer, 
published  by  the  Society  for  the  Diffusion  of  Useful  Knowledge.  (Library  of  Useful 
Knowledge,  Natural  Philosophy,  vol.  ii.  1832.) 

Calorlxnetry. — The  cases  in  which  quantities  of  heat  require  to  be  measured  are 
very  numerous,  and  different  methods  and  apparatus  are  required  in  nearly  every  case. 
In  relation  to  every  one  of  the  effects  of  heat  the  question  arises :  How  much  heat  is 
needed  to  produce  this  effect  with  a  given  intensity  ?  hence  calorimetric  measurements 
have  to  be  made  in  the  study  of  each  of  these  effects,  while  the  nature  of  each  will 
determine  the  manner  in  which  such  measurements  can  best  be  made.  We  shall, 
therefore,  consider  the  different  problems  into  which  calorimetry  enters,  one  by  one  as 
they  occur,  and  shall  now  pass  at  once  to  the 

QUANTITATIVE  STUDY  OF  THE  EFFECTS  OF  HEAT. 
The  following  order  will  be  adopted  in  this  part  of  the  subject : — 

1.  Changes  of  Temperature  produced  by  Heat. 

2.  Changes  of  Volume  produced  by  Heat. 

3.  Changes  of  State  of  Aggregation  produced  by  Heat. 

4.  Relations  of  Heat  to  Chemical  Affinity. 

5.  Relations  of  Heat  to  Electricity. 

6.  Relations  of  Heat  to  Mechanical  Energy. 

1.  Changes  of  Temperature  produced  by  Heat. — Specific  Heat.— When 
equal  weights  of  two  different  substances,  say  a  pound  of  water  and  a  pound  of  mercury, 
are  placed  in  two  similar  vessels,  and  exposed  for  the  same  length  of  time  to  the  heat 
of  the  same  lamp,  or  placed  in  front  of  the  same  fire,  at  equal  distances  from  it,  or 
otherwise  treated  so  as  to  have  an  opportunity  of  taking  up,  each  exactly  as  much  heat 
as  the  other,  it  is  found  that,  if  of  equal  temperatures  at  the  beginning  of  the  experi- 
ment, they  have  no  longer  the  same  temperature  at  the  end  of  it.  The  mercury  is 
found  to  be  much  hotter  than  the  water.  Hence  it  is  proved  that  a  quantity  of  heat 
which  is  sufficient  to  raise  the  temperature  of  a  given  quantity  of  mercury  through  a 
given  number  of  degrees,  is  only  able  to  raise  the  temperature  of  the  same  quantity  of 
water  through  a  smaller  number  of  degrees ;  in  other  words,  more  heat  is  required  to 
raise  the  temperature  of  a  given  quantity  of  water  one  degree,  than  is  required  to  raise 
the  temperature  of  the  same  quantity  of  mercury  one  degree.  Again,  if  we  take  two 
equal  weights  of  water  and  mercury  which  have  been  heated  to  the  same  temperature, 
say  to  100°  C.,  and  place  them  under  such  conditions  thpjt,  in  cooling  down  to  the  tem- 
perature of  the  atmosphere,  each  shall  .give  out  exactly  as  much  heat  in  each  second  as 
the  other,  it  will  be  found  that  the  mercury  will  have  cooled  down  to  the  temperature 
of  the  atmosphere  long  before  the  water ;  hence,  when  its  temperature  is  lowered  by  a 
given  number  of  degrees,  water  gives  out  more  heat  than  an  equal  quantity  of  mercury 
does  in  undergoing  a  similar  alteration  of  temperature.  Extending  similar  experiments 
to  other  substances,  we  should  find  that  the  quantity  of  heat  needed  to  effect  a  given 
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change  of  temperature  is  different  for  almost  every  substance.  These  quantities  of 
heat,  expressed  relatively  to  the  quantity  of  heat  required  to  raise  the  temperature  of 
an  equal  weight  of  water  from  0°  to  1°  C.,  are  called  the  specif  i  c  heats  of  the  various 
substances.  Thus,  for  instance,  the  statement  that  the  specific  heat  of  lead  is  0-0314, 
implies  that  the  quantity  of  heat  which  would  suffice  to  raise  the  temperature  of  any 
given  quantity  of  lead  from  0°  to  1°  C.,  would  raise  the  temperature  of  an  equal  quan- 
tity of  water  only  from  0°  to  0*03  14°. 

The  power  of  heat,  then,  to  cause  changes  of  temperature  depends  upon  the  nature  of 
the  substance  upon  which  it  acts,  just  as  we  shall  see  in  the  sequel,  that  its  power  to 
pci  use  changes  of  volume,  or  changes  of  any  other  kind,  varies  with  the  nature  of  the 
bodies  submitted  to  its  action. 

Three  principal  methods  have  been  employed  for  measuring  the  specific  heats  of  dif- 
ferent substances.  Of  these,  much  the  most  accurate  is  that  known  as  the  method 
of  mixtures;  we  shall,  therefore,  describe  it  first.  It  consists  in  heating  a  known 
weight  of  the  substance,  whose  specific  heat  is  to  be  determined,  to  a  known  tempera- 
ture, then  plunging  into  a  known  weight  of  water,  also  at  a  known  temperature,  and 
determining  the  temperature  of  the  mixture  which  results.  In  an  experiment  of  this 
kind,  let  T  be  the  temperature  to  which  the  substance  was  heated,  t  the  initial  tem- 
perature of  the  water,  and  6  the  temperature  of  the  mixture  ;  and  let  the  weight,  in 
grammes,  of  the  substance  be  W,  and  the  weight  of  the  water,  w.  Then  it  is  plain 
that  the  heat  which  the  substance  has  given  out  in  cooling  from  T°  to  6°  is  the  same 
as  that  required  to  heat  the  water  from  t°  to  0°.  Calling  the  hitherto  unknown  specific 
heat  of  the  subs'  ance  x,  we  shall  have  for  the  former  quantity  of  heat,  the  expression 
W(T—  B)x,  and  for  the  heat  taken  up  by  the  water  (whose  specific  heat  =  1),  w(6  —  t). 
Hence 

W(T  -  0)#  =  w(6  -  t); 
or  _  w(B  -  t) 


The  most  accurate  determinations  of  specific  heat  that  have  hitherto  been  published 
are  probably  those  made  by  Regnault  (Ann.  Ch.  Phys.  Ixxiii.  5  ;  Ibid.  [3]  i.  129  ; 
ix.  322  ;  xxvi.  261  and  268  ;  xxxviii.  129  ;  xlvi.  257  ;  Ixiii.  5),  by  the  method  of 
mixtures.  Fig.  530  (see  p.  26),  which  is  copied  from  his  latest  memoir  on  this  subject, 
shows  the  disposition  of  apparatus  usually  employed  by  this  investigator.  The  sub- 
stance to  be  examined  is  contained  in  a  basket  of  fine  brass  wire,  M,  suspended  in  the 
middle  of  an  upright  cylinder,  A,  of  thin  metal.  This  cylinder  is  surrounded  by  a 
larger  concentric  cylinder,  B,  and  this  again  by  a  third  cylinder,  C.  By  the  ebullition 
of  water  in  the  boiler,  V,  the  annular  space  between  A  and  B  is  kept  constantly  full  of 
steam,  which  passes  thence  through  the  openings,  o  o,  near  the  to.p  of  B,  into  the  outer 
annular  space  comprised  between  B  and  C,  and  hence  by  the  waste-pipe  efto  the  con- 
denser Gr,  and  so  back  to  the  boiler.  That  portion  of  the  steam  which  is  liquefied  in 
the  cylinders  B  and  C,  returns  to  the  boiler  in  the  form  of  water  by  the  pipe  c.  The 
temperature  of  the  substance  in  M  is  shown  by  the  thermometer  T,  the  bulb  of  which 
occupies  a  cylindrical  space  left  for  the  purpose  in  the  middle  of  the  basket  of  brass 
wire.  The  water  into  which  the  substance  is  to  be  plunged  is  contained  in  the  calori- 
meter H,  a  small  vessel  of  very  thin  and  highly  polished  brass,  supported  upon  three 
points,  and  carried  by  a  foot  which  slides  along  a  groove,  so  that,  by  a  rapid  and  smooth 
motion,  it  can  be  brought  directly  under  A,  or  removed  to  the  farther  side  of  the 
sliding  screen,  pp't  so  as  to  be  protected  from  the  influence  of  heat  given  out  by  the 
heating  apparatus  C.  When  in  its  place  under  A,  the  calorimeter  is  protected  from 
heat  radiated  by  the  boiler  by  the  double  screen  D,  between  the  two  coatings  of  which 
a  continual  circulation  of  cold  water  is  kept  up.  The  temperature  of  the  calorimeter 
is  indicated  by  the  thermometer  t,  the  bulb  of  which  is  long  enough  to  reach  from 
just  below  the  surface  of  the  water  to  very  near  the  bottom. 

At  the  commencement  of  an  experiment,  the  calorimeter  is  drawn  back  outside  the 
screen  pp',  and  the  basket  containing  the  substance  to  be  examined  is  suspended  in  the 
middle  of  the  cylinder  A  by  a  silk  thread,  the  cylinder  itself  being  closed  at  top  and 
bottom  by  hollow  plugs  to  prevent  loss  of  heat,  one  of  which  is  shown  in  its  place  at 
the  upper  part  of  the  figure.  Steam  from  the  boiler  being  allowed  to  circulate  about  A, 
the  substance  at  M  is  gradually  heated  to  nearly  the  temperature  of  boiling  water. 
After,  in  general,  about  two  hours,  the  thermometer  T  becomes  stationary  ;  but,  for 
greater  certainty  that  the  temperature  of  the  substance  is  uniform  throughout,  the 
heating  is  continued  for  at  least  another  hour.  The  temperature  of  the  water  in  the 
calorimeter  is  then  observed  by  reading  the  thermometer  t  through  a  telescope,  the 
temperature  of  the  air  being  read  off  at  the  same  time  upon  another  thermometer.  The 
calorimeter  is  quickly  pushed  under  the  heating  apparatus;  the  plug  at  the  bottom  of 
the  cylinder  A  is  removed;  and  by  loosening  the  cork  which  supports  the  thermometer  T. 
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the  silk  thread  from  which  the  basket  M  hangs  is  liberated,  and  this  with  its  contents 
allowed  to  fall  into  the  water  contained  in  H.  The  calorimeter  is  again  drawn  back 
behind  the  screen  PP*,  and  the  basket  is  moved  about  in  the  water  by  an  assistant, 
while  the  observer  watches  through  the  telescope  the  maximum  temperature  indicated 

Fig.  530. 


by  the  thermometer  t.  This  maximum  generally  occurs  one  or  two  minutes  after  the 
immersion  of  the  substance.  Suppose  that,  in  such  an  experiment,  the  following  results 
were  obtained:  — 


Weight  of  substance     .....  M  grm 

„      „  brass  wire  basket  ........  p 

Temperature  by  thermometer  T  at  moment  of  immersion       .        .  T° 

Temperature  by  thermometer  t  at  same  moment    .         .         .  t° 

Maximum  temperature  after  immersion  by  thermometer  t  .  0° 

Weight  of  water  in  calorimeter,  calorimeter  and  thermometer  sup- 

posed included  ........  A 

Specific  heat  of  brass 
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Then,  calling  the  required  specific  heat  of  the  substance  C,  we  should  have 
MC(T  -6)  +  pc(T  -  0)  =  A(0  -  t]  • 

c  =  W-t}-Pc(T-e) 

M(T  -  6) 

In  giving  the  calculation  in  this  very  simple  form,  we  are  assuming  that  the  con- 
stant A  includes  not  merely  the  actual  water  in  the  calorimeter,  but  also  the  "  water- 
equivalents  '*  of  the  brass  of  Avhich  the  calorimeter  is  composed,  and  of  the  glass 
and  mercury  composing  the  thermometer  t,  for  these  are  all  heated  at  the  same  time  as 
the  water,  and  to  the  same  extent.  If  the  weight  of  brass  in  the  calorimeter  were  w, 
and  the  weights  of  glass  and  mercury  in  the  thermometer  t  respectively  w'  and  w",  and 
if,  further,  the  specific  heats  of  brass,  glass,  and  mercury  be  c,  c,  and  c",  the  "  water- 
equivalent"  of  the  calorimeter  (or  the  quantity  of  water  which  would  require  the  same 
quantity  of  heat  to  raise  its  temperature  one  degree)  would  be  we,  and  the  "  water- 
equivalent  "  of  the  thermometer  t  would  be  we  +  w"c".  Hence  if  a  be  the  weight 
of  actual  water  in  the  calorimeter,  the  calorimetric  value  of  the  whole  quantity  of  matter 
to  which  the  heat  of  the  body  under  experiment  is  imparted  will  be  : 

A  =  a  +  we  -f  w'c   +  w"c". 

The  values  of  the  several  terms  making  up  the  whole  value  of  A  must  obviously  be 
determined  by  preliminary  experiments. 

An  additional  correction,  the  value  of  which  has  also  to  be  found  by  preliminary 
trials,  is  required  to  compensate  the  heating  or  cooling  effect  of  the  atmosphere  upon 
the  calorimeter  and  its  contents  during  the  course  of  an  experiment.  But  as  the 
difference  between  the  two  temperatures  t  and  6  of  the  calorimeter  seldom  exceeds 
4°  or  5°,  it  is  easy,  by  keeping  the  temperature  of  the  instrument  as  much  below  the 
atmospheric  temperature  during  the  first  half  of  the  experiment  as  it  is  expected  to 
exceed  it  in  the  second  half,  to  render  the  error  introduced  by  atmospheric  heating  or 
cooling,  very  small  indeed :  in  Eegnault's  experiments,  it  amounted  to  only  three  or  four 
hundredths  of  a  degree,  but  was  nevertheless  carefully  allowed  for. 

By  means  of  the  apparatus  above  described,  the  substance  under  examination  can 
never  be  heated  quite  to  the  boiling  point  of  the  liquid  in  the  boiler  V,  so  that  when 
this  is  water,  the  temperature  of  the  substance  never  rises  above  97°  or  98°;  but  any 
other  temperature  that  may  be  desired  can  easily  be  attained  by  introducing  into  the 
boiler,  in  place  of  water,  a  liquid  which  boils  at  nearly  the  required  temperature,  and 
then  raising  or  lowering  its  temperature  of  ebullition  as  much  as  may  be  needed,  by 
connecting  the  tube  h  i  with  a  large  reservoir  of  compressed  or  rarefied  air. 

In  determining  the  specific  heat  of  substances  (such  as  phosphorus,  for  example) 
which  could  not  be  heated  without  causing  them  to  melt  or  else  to  undergo  other 
alterations  which  would  interfere  with  the  accuracy  of  the  results,  Eegnault  adopted 
an  inverse  process,  and  cooled  them  to  a  temperature  considerably  below  that  of  the 
water  in  the  calorimeter,  and  thus  observed  the  diminution  in  the  temperature  of  the 
latter  which  resulted  from  immersing  the  cooled  substances  in  it.  The  apparatus 
employed  for  producing  and  maintaining  constant  a  low  temperature,  resembles 
to  some  extent  the  heating  apparatus  already  described  and  figured.  It  consists  of 
a  central  tube,  in  the  middle  of  which  is  suspended  the  substance  to  be  cooled, 
surrounded  by  two  larger  concentric  cylinders.  The  space  between  the  central  tube 
and  the  next  is  partially  filled  with  ether  or  some  other  volatile  liquid,  and  the 
spacs  between  this  tube  and  the  outside  one  is  filled  with  air.  By  causing  a  rapid 
current  of  air  to  traverse  the  ether,  its  temperature  is  gradually  lowered,  and  with 
an  external  temperature  of  20°  C.  any  temperature  not  lower  than  —12°  can  be 
maintained  constant  by  properly  regulating  the  flow  of  air ;  the  lowest  temperature 
that  can  be  obtained  under  similar  circumstances,  by  employing  sulphide  of  carbon 
instead  of  ether  is  —  8°.  By  the  use  of  liquid  ammonia,  any  temperature  between 
—  40D  and  —80°  C.  can  be  obtained. 

In  order  to  apply  the  above  method  to  determinations  of  the  specific  heat  of  liquids, 
they  must  be  enclosed  in  tubes  of  very  thin  glass,  nearly  filled  and  hermetically 
closed.  These  tubes  are  suspended,  like  the  basket  M,  in  the  centre  of  the  tube  A, 
and  afterwards  let  down  into  the  calorimeter.  In  calculating  the  result,  allowance 
must  of  course  be  made  for  the  heat  imparted  to  the  calorimeter  by  the  tube. 

Another  apparatus  which  serves  for  the  determination  of  specific  heats  is  repre- 
sented \nfig.  531.  This  apparatus,  devised  by  Favre  and  Silbermann  (Ann.  Ch. 
Phys.  [3]  xxxvi.  33),  consists  of  a  glass  globe,  A,  of  about  1  litre  capacity,  in  which 
are  three  openings.  The  first,  b,  admits  a  thin  iron  or  platinum  tube,  closed  at  the 
lower  end,  about  1  inch  (2i  to  3  centimetres)  wide  and  4  inches  (10  or  11  centi- 
metres) long,  cemented  at  "the  top  into  the  opening  of  the  glass,  and  kept  in  its 
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place  below  by  a  piece  of  glass  rod,  one  end  of  which  is  cemented  against  the  upper 
side  of  the  tube  and  the  other  end  against  the  side  of  the  glass  globe.  Within  this 
tube,  which  is  called  the  muffle,  is  placed  another  tube  of  very  thin  glass  which 
serves  to  contain  the  substances  under  experiment.  This  is  held  in  its  place  by  a 


Fig,  531. 


cork  which  surrounds  its  neck  and  fits  tightly  in  the  mouth  of  the  muffle;  it  ia 
surrounded  by  about  100  grms.  of  mercury,  intended  to  facilitate  interchange  of  heat 
between  it  and  the  muffle. 

The  second  opening,  c,  carries  a  horizontal  capillary  tube,  tt,  about  500  millimetres 
long,  divided  into  millimetres,  and  terminated  at  the  farther  end  by  a  small  funnel 
This  tube,  which  should  be  perfectly  cylindrical,  is  cemented  to  the  glass  globe  by 
marine  glue,  so  that,  when  needful,  it  can  be  easily  removed  and  cleaned. 

The  third  opening  carries  a  steel  piston,  d,  which,  by  means  of  a  screw,  can  be 
raised  or  lowered  so  as  to  increase  or  diminish  somewhat  the  capacity  of  the  globe. 

The  globe  itself  is  supported  upon  a  thick  ring  of  cork  and  enclosed  in  a  box 
lined  with  wadding  or  swan's-down,  and  surrounded  by  a  double  casing  filled  with 
water.  It  is  filled  with  mercury,  with  the  precautions  necessary  to  exclude  any  trace 
of  air,  and  the  extremity  of  the  column  of  mercury  is  adjusted  by  moving  the  steel 
piston,  d,  up  or  down,  so  as  to  be  exactly  at  the  zero  point  of  the  divisions  of  the  tube. 

In  using  the  instrument,  the  substance  whose  specific  heat  is  to  be  determined, 
is  introduced  at  a  known  temperature  into  the  muffle,  or  into  the  glass  tube  inside 
it.  The  substance  then  parts  with  its  heat  to  the  mercury  contained  in  the  globe  of 
the  calorimeter,  causing  it  to  expand,  and  the  expansion  read  off  on  the  tube  tt  is  a 
measure  of  the  quantity  of  heat  thus  imparted  to  the  mercury.  In  order,  however, 
to  compare  the  indications  of  this  instrument  with  those  of  the  water- calorimeter,  it  is 
needful  to  know  the  number  of  divisions  of  the  tube  tt  which  correspond  to  the  effect 
of  a  unit  of  heat,  or  gramme-degree.  For  this  purpose  Favre  and  Silbermann 
graduated  their  instrument  as  follows : — A  few  scraps  of  platinum  wire,  and  4  or  5 
grammes  of  distilled  water,  are  placed  in  a  pipette  of  the  form  shown  in  fig.  532.  The 
Fia  632  pipette  is  heated  over  a  spirit- 

lamp  until  the  water  boils,  the 
flame  being  occasionally  passed 

Q^^**^  along  the  point  a,  so  as  to  heat 

^^^^"^  it  sufficiently  to  prevent  the  con- 

^^f^^^^^  densation  of  steam,  and  the  drop 

of  water  is  removed  from  the  end 
by  a  piece  of  filter-paper,  so 
that  the  steam  may  have  free 
issue  into  the  air  at  the  moment 
of  beginning  the  experiment. 
The  lamp  is  then  removed  for  an  instant ;  the  ebullition  ceases,  and  at  the  same 
moment  the  point  of  the  pipette  is  rapidly  introduced  to  the  bottom  of  the  tube  con- 
tained in  the  muffle,  the  pipette  being  simultaneously  turned  round  through  180° 
about  the  axis  ab.  The  lamp  is  then  again  brought  near  the  pipette,  and  the  cork 
which  closes  the  upper  end  is  removed,  so  that  no  steam  may  follow  the  water  into  the 
muffle.  As  soon  as  the  mercury-column  in  tt  has  reached  the  extreme  point,  the 
temperature  of  the  water  is  taken  by  a  small  and  sensitive  thermometer ;  and  the 
experiment  is  completed  by  weighing  the  glass  tube  with  the  water  contained  in  it. 

If  the  weight  of  water  be  P,  and  the  number  of  degrees  through  which  its  tem- 
perature falls  after  being  introduced  into  the  tube  of  the  muffle  be  T,  the  number  of 
units  of  heat  imparted  to  the  calorimeter  will  be  PT.  If  this  quantity  of  heat 
causes  the  mercury  to  advance  through  N  divisions  of  the  tube  tt,  the  amount  of 
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pxpansion,   C,  expressed  in  the  same  divisions,   corresponding  to  one  unit  of  heat 
will  be  ]Sf 

FT' 

Favre  and  Silbermann  found  that,  in  the  instrument  employed  by  them,  one  unit  of 
heat  caused  the  mercury  to  advance  in  it  by  0'3  millimetre. 

In  determining  the  specific  heats  of  liquid  substances  by  means  of  this  apparatus, 
they  are  introduced  into  the  tube  of  the  muffle  by  means  of  the  pipette  ab,  in  the 
manner  already  described  in  the  case  of  water,  the  weight  employed  being  determined 
after  the  experiment. 

Another  method  of  ascertaining  the  specific  heats  of  various  substances  consists  in 
determining  the  quantity  of  ice  which  can  be  melted  by  the  heat  given  off  by  a  known 
weight  of  each  while  cooling  through  the  same  number  of  degrees.  A  known  weight 
of  the  substance  to  be  operated  upon  is  heated  to  a  determinate  temperature,  as  100°, 
and  then  placed  in  a  cavity  scooped  out  of  a  block  of  melting  ice  and  covered  by  a 
second  slab  of  ice.  The  temperature  of  the  substance  is  thus  brought  down  to 
that  of  melting  ice,  and  a  quantity  of  ice  is  melted — that  is,  a  quantity  of  water 
is  formed — proportionate  to  the  quantity  of  heat  which  the  substance  gives  out  in, 
cooling  to  this  temperature. 

This  method,  however,  though  very  simple  both  in  principle  and  in  execution, 
cannot  be  made  to  give  very  accurate  results ;  for  there  is  great  difficulty  in  determin- 
ing with  exactness  the  quantity  of  water  formed,  and  a  small  error  committed  here 
will  introduce  a  large  error  into  the  estimate  of  the  quantity  of  heat  given  out  by  the 
body  in  cooling,  since  as  will  be  seen  hereafter,  the  quantity  of  heat  needed  to 
convert  one  part  of  ice  into  water  would  be  sufficient  to  raise  the  temperature  of  79^ 
parts  of  water  one  degree. 

A  thirdmethod,  called  the  method  of  cooling,  was  employed  by  Dulong and  Petit. 
It  consists  in  determining  the  length  of  time  which  the  different  substances  to  be 
examined  require  in  order  to  cool  in  a  vacuum  from  one  known  temperature  to  another, 
each  being  placed,  as  nearly  as  possible,  under  identical  circumstances. 

In  order  to  realise  the  necessary  conditions  for  determinations  of  this  kind,  the  sub- 
stances to  be  examined  are  all  reduced  to  an  impalpable  powder,  and  filled  successively 
into  the  same  cylindrical  silver  vessel,  gilded  and  highly  polished  externally,  in  the  axis 
of  which  is  the  bulb  of  the  thermometer  by  which  the  progress  of  the  cooling  is  to  be 
shown.  The  silver  vessel,  supported  by  the  stem  of  the  thermometer,  is  suspended  in 
the  middle  of  a  large  brass  receiver,  coated  internally  with  lamp-black,  from  which  the 
air  can  be  completely  removed.  This  is  immersed  in  water  at  40°  C.,  and  when  the 
thermometer  inside  the  apparatus  marks  35°,  it  is  transferred  to  melting  ice.  The 
thermometer  is  now  watched  through  a  telescope,  and  the  instants  at  which  it  marks 
20°,  15°,  10°,  and  5°,  are  noted.  If  all  other  circumstances  were  the  same,  the  time 
during  which  each  substance  underwent  the  same  fall  of  temperature,  would  be  a  mea- 
sure of  the  amount  of  heat  given  out  in  undergoing  this  change — that  is,  of  the  specific 
heat  of  the  substance ;  but  Regnault,  who  submitted  this  method  to  very  careful  ex- 
amination (Ann.  Ch.  Phys.  [3]  ix.  327),  found  that  it  was  impossible  to  obtain  results 
of  any  value  by  its  application  in  the  case  of  solid  bodies :  with  liquids,  for  which  the 
same  sources  of  error  do  not  occur  as  for  solids,  it  is  capable  of  giving  much  more  exact 
results. 

The  difficulties  attendant  on  the  exact  determination  of  the  specific  heats  of  gases  and 
Tapours  are  very  much  greater  than  in  the  case  of  solids  and  liquids.  An  extensive 
series  of  experiments  on  this  subject  has  been  made  by  Kegnault  (Me"m.  de  1'  Acad.  des 
Sciences,  xxvi.  41)  with  elaborate  care,  the  principle  of  his  method  being  to  observe  the 
alteration  of- the  temperature  of  water,  surrounding  a  spiral  tube,  caused  by  the  passage 
through  the  tube  of  a  known  quantity  of  gas  which  enters  and  issues  from  it  at  known 
temperatures.  A  description  of  the  apparatus  employed  in  these  researches  and  of  the 
methods  of  experimenting  would  occupy  too  much  space  to  admit  of  its  being  given 
here  ;  we  must  therefore  refer  for  details  to  the  paper  already  quoted.  (A  figure  of 
the  apparatus  and  a  tolerably  full  account  of  the  method  of  experimenting  are  also 
given  in  Daguin's  Traitede  Physique,  2nd  edit.  ii.  275-280.)  The  principal  results 
obtained  are  enumerated  below  (p.  35). 

In  the  following  Table  are  given  the  specific  heats  of  a  considerable  number  of  the 
elementary  bodies,  according  to  the  results  obtained  by  Eegnault  by  the  method  of 
mixtures.  When  the  specific  heat  of  the  same  element  has  been  determined  by  him 
several  times,  the  most  recent  result  is  given  in  the  Table.  The  third  column  gives  the 
temperatures  between  which  the  specific  heats  given  in  the  second  column  were  observed ; 
the  numbers  contained  in  the  fourth  and  fifth  columns  will  be  referred  to  presently. 
The  specific  heats  of  the  gaseous  elements  are  not  included  in  this  table,  but  will  be 
found  in  a  subsequent  one,  together  with  the  specific  heats  of  some  other  gases  (seep.  35). 
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Table  of  Specific  Heats  of  the  Elements. 


Name. 

Specific 
heat. 

Temperature. 

Atomic 
weight. 

frotiuet 

of  sp.  ht. 
Xat.  wt. 

Lithium 

0-94080 

100°  to      27° 

7 

6-59 

Sodium 

•29340 

6     „   -32 

23 

6-75 

Magnesium  . 

•24990 

98     „       23 

24 

6-00 

Aluminium  (sp.  heat  corrects 
for  2  p.  c.  iron  impurity) 

>    -21430 
} 

97     „       14 

27-5 

5-89 

(liquid 

•21200 

100    „       50 

} 

(6-57 

solid        . 

•18870 
•17400 

30      ,   -10 
10      ,   -78 

3, 

5-85 
5-39 

amorphous 

•17000 

98      ,       15 

) 

5-27 

Sulphur  (recently  melted) 
Sulphur  (native)  . 

•20259 
•17760 

98      ,       14 
99             14 

|       32 

J5-68 

Potassium    .... 

•16956 

0         -78 

39 

6-61 

Manganese     (containing     a 
trace  of  silicon) 

•12170 

97            14 

55 

6-69 

Iron     

•11380 

98            17 

56 

6-37 

(specimen    I.  (1840) 

•10863 

99            13 

(6-37 

NickelJ       „          11(1859) 
(       „        III.  (1859) 

•10752 
•11080 

97            17 
97            12 

58-7 

•    V    V| 

•U-31 
6-50 

(specimen     I.  (1840) 
Cobalt  J        ,          II.  (1859) 
I        ,         111(1859) 

•10696 
•10620 
•10730 

99             12 
98             10 
97              8 

t      587 

\  v   " 

(6-28 
•U-23 
(6-30 

Copper 

•09515 

98            15 

63-5 

6-04 

Zinc     .                 ... 

•09555 

99             14 

65 

6-21 

Arsenic                  .        . 

•08140 

98            13 

75 

6-11 

(metallic 
Selenium  J 
(vitreous 

;   -07616 
•07446 
•10310 

97            21 

7         -18 
82            19 

1" 

602 
588- 
8-15 

•07468 

8         —24 

) 

5-90 

(solid    . 

•08432 

-20         -78 

80 

6'75 

liquid. 

•11294 
•11094 

58             13 
48             10 

•10513 

10         -   6 

Molybdenum  (impure)  . 

•07218 

98             12 

96 

6-93 

Rhodium  58Pecimen    I-        • 
i       »         •*•-'•• 

•05527 
•05803 

98             20 
97            11 

•     104-4 

J5-77 
J6-07 

Dalladium     .... 

•05928 

98            14 

106 

6-28 

Silver  

•05701 

99            13 

108 

6-16 

Cadmium  (containing  1  per) 
cent,  impurity)  .         .         ) 

•05669 

98    „       16 

112 

6-35 

Pin       

•05623 

99     „       12 

118 

6-63 

Jranium  (impure) 

•06190 

98     „       10 

120 

7-43 

Antimony     .... 

•05077 

97     „       12 

122 

6-19 

odine  

•05412 

98     „         9 

127 

6-87 

tellurium     .... 

•04737 

98     „       18 

128 

6-06 

Tungsten      .... 

•03342 

98     „       12 

184 

6-15 

Gold    

•03244 

98     „       12 

196 

6-36 

ridium         .... 

•03259 

99     „       17 

198 

6-45 

'latinum      .... 

•03243 

99     „       12 

198 

6-42 

)smium        .... 

•03113 

98     „       19 

199-2 

6-20 

Mercury  Sf.oli(?,    ' 
J  \  liquid   . 

•03192 
•03332 

-40     „   -78 
98     „       12 

200 

j  6-66 

Thallium  5  according  to  Lamy 
(         „      Regnault 

•03250 
•03355 

100     „       17 

204 

<6-63 
J6-84 

i 

03140 

98     „       15 

(6-50 

' 

•03065 

10    „  —78 

207 

•(  6-35 

bismuth        .... 

•03084 

98    „       13 

210 

6-48 

B0™  legalised        '.         I 

•23520 
•25000 

99    „       17 
100    „       11 

11 

\  2  &y 
)2-75 

(wood  charcoal 

•24150 

98     „         8 

(2-90 

graphite 

•20083 

98     „       12 

12 

] 

diamond 

•14687 

98     „         9 

(]-7<5 

«.|.           \  crystallised    . 

•17740 

99     „       12 

(4-97 

i  fused     . 

•17500 

100     ..       22 
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The  following  short  table  gives  the  specific  heats  of  a  few  substances  which  require 
to  be  taken  into  account  in  calculating  the  results  of  the  experiments  from  which  the 
numbers  in  the  foregoing  and  subsequent  tables  are  deduced: — 


Name  of  Substance. 

Brass 

Glass 

Oil  of  turpentine 

Water 


Specific  heat. 

,  0-09391 

.  0-19768 

,  0-42593 

1-00800 


Temperatures  between  which 
the  specific  heat  was  observed. 

98°  and  12° 
99     „     14 
98     „     15 
98  13 


Numerous  determinations  have  been  made  by  Eegnault  of  the  specific  heats  of  inor- 
ganic compounds.  A  selection  from  his  results,  sufficient  to  show  their  general  nature, 
is  given  in  the  next  table.  The  temperatures  between  which  the  determinations  were 
made  are  not  given  in  the  table,  but  were  in  all  cases  a  temperature  approaching 
100°  C.,  and  a  temperature  near  that  of  the  atmosphere.  In  the  case  of  substances 
which  are  soluble  in  water,  or  capable  of  being  chemically  acted  on  by  it  in  any  way, 
the  calorimeter  was  filled  with  oil  of  turpentine.  The  different  substances  enumerated 
in  the  table  are  arranged  in  groups  according  to  their  chemical  composition. 

Table  of  Specific  Heats  of  Inorganic  Compounds. 


Name  of  Substance. 

Formula. 

Specific  heat. 

Molecular 
weight. 

Product  of 
sp-  heat 
X  mol. 
weight. 

A.—  DIATOMIC  MOLECULES. 

1    Oxides    

MO 

Protoxide  of  lead  (fused)  . 

PbO 

0-05089 

223 

11-35 

Oxide  of  mercury 

FgO 

•05179 

216 

11-19 

Protoxide  of  manganese    .         . 

MnO 

•15701 

71 

11-15 

Oxide  of  copper 
Oxide  of  nickel  (calcined) 

CuO 
NiO 

•14201 
•15885 

79-5 

74-7 

11-19 
11-87 

Magnesia  

MgO 

•24394 

40 

976 

Oxide  of  zinc    .... 

ZnO 

•12480 

81 

10-11 

2.  Sulphides         .... 

MS 

Protosnlphide  of  iron 

FeS 

•13570 

88 

11-9-1 

Sulphide  of  nickel     . 

NiS 

•12813 

90-7 

11-62 

„            cobalt     . 

Co8. 

•12512 

90-7 

11-36 

zinc 

ZnS 

•12303 

97 

11-93 

lead        . 

PbS 

•05086 

239 

12-15 

,,            mercury  . 

HgS 

•05117 

232 

11-87 

Stannous  sulphide 

SnS 

•08375 

150 

12-56 

3.  Chlorides         .... 

MCI 

Chloride  of  lithium  .         . 

LiCi 

•28213 

42-5 

11-99 

„            sodium  . 

NaCl 

•21401 

58-5 

12-52 

potassium 

KC1 

•17295 

74-5 

12-88 

*., 

„            silver 

AgCl 

•09109 

143-5 

13-07 

Mercurous  chloride 

HgCl 

•05205 

235-5 

12-26 

Cuprous           „ 

CuCl 

•13827 

99-0 

13-69 

4.  Bromides         .... 

MBr 

Bromide  of  potassium 
„            silver      .        . 

KBr 

AgBr 

•11322 
•07391 

119 

188 

13-47 
13-90 

,,            sodium  . 

NaBr 

•13842 

103 

14-26 

5.  Iodides     ..... 

MI 

Iodide  of  potassium  . 
Iodide  of  sodium 

KI 
Nal 

•08191 
•08684 

166 
150 

13-60 
13-03 

Mercurous  iodide      .         .         . 

Hgl 

•03949 

327 

12-91 

Iodide  of  silver 

Agl 

•06159 

235 

14-47 

Cuprous  iodide 

Cul 

•06869 

190-5 

13-09 

B.—  TRIATOMIC  MOLECULES. 

1.   Oxides     

M0« 

Stannic  oxide  .... 

SnO2 

•09326 

150 

13-99 

HEAT. 
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Product  of 

Name  of  Substance. 

Formula. 

Specific  heat 

Molecular 
weight. 

sp.  heat 
X  mol. 

weight. 

TRIATOMIC  MOLECULES  continued  — 

Titanic  anhydride  (artificial)     . 
„         „           (rutile) 

TiO2 

(0-17164 
j    -17032 

|      82 

1  14-07 
}  13-97 

Silicic  anhydride 
Intermediate  oxide  of  antimony 

SiO2 
SbO2 

•19132 
•09535 

60 
154 

11-48 
14-70 

2.  Sulphides        .... 

MS2 

Iron  pyrites      .... 

FeS2 

•13009 

120 

16-61 

Stannic  sulphide 

SnS2 

•11932 

182 

21-72 

Bisulphide  of  molybdenum 

MoS* 

•12334 

160 

19-73 

3.  Chlorides         .... 

Chloride  of  barium   . 

Bad2 

•08957 

208 

18-63 

„            strontium 

SrCl2 

•11990 

158-6 

19-02 

„            calcium  . 

CaCl2 

•16420 

111 

18-23 

„            magnesium 

MgCl2 

•19460 

95 

18-49 

,,            mercury 

HgCl2 

•06889 

271 

18-67 

zinc 

ZnCl3 

•13618 

136 

18-52 

lead        .         .         . 

PbCl* 

•06641 

278 

18-46 

„           manganese 

MnCP 

•14255 

126 

17-96 

Stannous  chloride 

SnCP 

•10161 

189 

19-20 

4.  Iodides    

MI2 

Iodide  of  lead  .... 

PbF 

•04267 

461 

19-65 

„         mercury    . 

HgP 

•04197 

454 

19-07 

C.  —  TETKATOMIC  MOLECULES. 

1.  Oxides     

MO3 

Tungstic  anhydride  . 

J.U.W 

WoO3 

•07983 

232 

18-52 

Molybdic  anhydride  . 

MoO3 

•13240 

144 

19-07 

2.  Chlorides          .... 

MCI3 

Chloride  of  arsenic    . 

AsCl3 

•17604 

181-5 

31-S5 

Trichloride  of  phosphorus 

PCI3 

•20922 

137-5 

28-77 

D.  —  PEXTATOMIC  MOLECULES. 

1.  Simple  oxides 

M203 

.  ,      .       {  corundum 
Mummaj  sapphire.         .         . 

|        AFO8 

•19762 
•21732 

103 

J  20-35 
j  22-38 

Specular  iron    .... 

Fe203 

•16695 

160 

26-71 

Arsenious  anhydride 

As203 

•12786 

198 

23-01 

Oxide  of  chromium  . 

Cr203 

•17960 

153 

27-47 

,,        bismuth 

Bi203 

•06053 

468 

28-33 

„        antimony    . 

Sb203 

•09009 

292 

26-31 

2.  Mixed  oxides    .... 

MNO3 

a.  Nitrates. 

Nitrate  of  potassium 

NKO3 

•23875 

101 

24-11 

„         sodium     . 

NNaO3 

•27821 

85 

23-65 

„         silver 
b.  Carbonates. 

NAgO8 

•14352 

170 

24-39 

/  Iceland  spar 

(   -20858 

,20-86 

Carbonate       Arrag°nite    . 
oSdum      -ccharoi'd  marble. 

\      CCaO» 

•20850 
•21585 

I  100 

[  20-85 
'21-58 

»»           »   grey 

•20989 

t 

20-99 

White  chalk  . 

) 

I  -21485 

J 

121-48 

Carbonate  of  barium 

CBaO8 

•11038 

197 

21-74 

„            strontium 

CSrO8 

•14483 

147-6 

21-38 

„            iron 
3.  Sulphides         .... 

CFeO8 

TW2O*l 

•19345  • 

116 

22-44 

Sulphide  of  antimony 

MZC53 

Sb2S3 

•08403 

340 

28-57 

„          bismuth 

Bi2S8 

•06002 

516 

3097 

4.   Chlorides          .... 

Stannic  chloride 
Chloride  of  titanium 

MCI4 
SnCl* 
TiCl4 

•14759 
•19145 

260 
192 

38-37 
3676 
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Table  of  Specific  Heats  of  Inorganic  Compounds — continued. 


1  — 

Name  of  Substance. 

Formula. 

Specific  heat. 

Molecular 
weight. 

Product  of 
sp.  heat 
X  mol. 
weight. 

E.  —  HEXATOMIC  MOLECULES. 

1.  Sulphates         .... 

SMO* 

Sulphate  of  barium  . 

SBaO« 

0-11285 

233 

26-28 

„         strontium 

SSrO4 

•14279 

183-6 

26-36 

„         calcium  . 

SCaO' 

•19656 

136 

26-73 

„         lead       .         .         . 

SPbCM 

•08723 

303 

26-43 

„         magnesium 

SMgO* 

•22159 

120 

26-59 

2.  Carbonates       .... 

CM20S 

Carbonate  of  potassium    . 

CK20S 

•21623 

138 

29-84 

„          sodium 

CNa203 

•27275 

106 

28-91 

F.  —  HEPTATOMIC  MOLECULES. 

1,  Sulphates         .... 

SM20* 

Sulphate  of  potassium 

SK204 

•19010 

174 

33-08 

„         sodium  . 

SNa20* 

•23115 

142 

32-82 

For  a  numerous  series  of  determinations  of  the  specific  heats  of  the  isomorphous 
sulphates  of  the  magnesian  group,  see  Pape  (Pogg.  Ann.  cxx.  337). 

With  regard  to  alloys  of  two  or  more  metals,  Regnault  found  that,  at  temperatures 
considerably  removed  from  their  melting  points,  their  specific  heats  are  the  means  of 
the  specific  heats  of  their  components.  In  the  following  table,  the  values  given  in 
the  column  headed  "Calculated  Specific  Heats"  are  obtained  by  multiplying  the 
specific  heat  of  each  constituent  into  the  percentage  amount  of  it  contained  in  the 
alloy,  and  dividing  the  sum  of  all  these  products  for  each  alloy  by  100 ;  these  values, 
therefore,  would  exactly  represent  the  specific  heats  of  the  respective  alloys  if  the 
above  rule  were  rigorously  true ;  the  correspondence  between  them  and  the  results  of 
direct  observation  is  sufficient  to  show  that  the  rule  is,  at  least,  a  close  approximation 
to  the  truth. 

Specific  Heat  of  Alloys. 


Composition  of  Alloy. 

Observed  specific 
heat. 

Calculated  specific 
heat. 

1  at.  lead 

+  1  at.  tin    . 

. 

0-04073 

0-04039 

1 

•*-  2  at.  tin    . 

•04506 

•04461 

1        ,, 

+  1  at.  antimony 

. 

•03880 

•03883 

1  at.  bismuth  +  1  at.  tin      .... 

•04000 

•03987 

1 

+  2  at.  tin      . 

•04504 

•04415 

1 

.+  2  at.  tin  +  1 

at.  antimony  . 

•04621 

•04564 

1 

+  2  at.  tin  +  1 

at.  antimony 

+  2  at.  zinc 

. 

•05657 

•05479 

In  the  case  of  alloys  which,  at  the  temperature  of  observation,  were  approaching 
their  melting  points,  the  observed  specific  heat  was  always  considerably  higher  than 
that  calculated  as  above. 

The  specific  heats  of  a  few  liquids  are  included  in  the  tables  already  given  (pp.  30 
and  32) :  we  append  here  the  results  obtained  by  Person  (Ann.  Ch.  Phys.  [3]  xxi. 
333;  xxiv.  136),  H.  Kopp  (Pogg.  Ann.  Ixxv.  98)  and  Favre  and  Silbermann 
(Comptes  rend,  xxiii.  524 ;  also  Ann.  Ch.  Phys.  [3]  xxxvii.  464-470)  for  some 
additional  liquids,  simple  and  compound.  Favre  and  Silbermann's  experiments  were 
made  by  cooling  the  liquids  in  the  mercurial  calorimeter  (p.  28),  from  their  respective 
boiling  points  to  temperatures  nearly  equal  to  that  of  the  surrounding  atmosphere. 
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Specific  Heats  of  Liquids. 


Liquids. 

Temperature. 

Specific  heat. 

Observers. 

Jxjad  f 

350°  to  450° 

0-0402 

Person 

Sulphur       .... 
Bismuth      .... 

120    „  150 

280     „  380 

•234 
•0363 

H 

Tin     

250    „  350 

•0637 

n 

Crystallised  chloride  of  cal- 
cium       .... 

33     „     80 

•555 

Nitrate  of  sodium 

320     „  430 

•413 

H 

Nitrate  of  potassium    . 
Mercury      .... 

350     „  435 
44    „     24 

•3319 
•0332 

Kopp 

•10822 

F.S. 

Bromine      .... 

45     „     11 

•107 

Andrews 

Sulphuric  acid 

46    „     21 

•343 

Kopp 

Wood-spirit 

43    „     23 

•645 

„ 

•6713 

F.  S. 

Alcohol       .... 

43    „     23 

•015 

Kopp 

•6438 

F.S: 

Fusel-oil 

44    „     26 

•564 

Kopp 

•5873 

F.  S. 

Ethal  .        ... 

•5059 

Ether  . 

•50342 

Formic  acid 

45     „     24 

•536 

Kopp 

Acetic  acid          , 

45     „     24 

•509 

M 

Butyric  acid 

45    „     21 

•503 

M 

Formate  of  ethyl  . 

39    „     20 

•513 

H 

Acetate  of  methyl 

41     „     21 

•507 

M 

Acetate  of  ethyl  . 

45     „     21 

•496 

•48344 

F."s. 

Butyrate  of  methyl     . 

45    „     21 

•487 

Kopp 

•49176 

F.  S. 

Valerate  of  methyl 

45    „     21 

•491 

Kopp 

Acetone       .... 

41     „     20 

•530 

„ 

Benzene      .        .        . 

46    „     19 

•450 

J} 

Oil  of  mustard     . 

48     „     28 

•432 

?j 

•46727 

F.  S. 

The  specific  heat  of  water  at  different  temperatures  has  been  determined  by 
Beguault  (Mem.  Acad.  Sciences,  xxi.  729)  from  whose  experiments  it  appears  that 
the  quantity  of  heat  expressed  in  heat-units  which  one  gramme  of  water  loses  in  cooling 
down  from  t°  to  0°  C.  is  given  by  the  formula, — 

Q  =  t  +  0-00002  P  +  0-0000003  t*; 

and  the  specific  heat  C  at  the  temperature  t°,  that  is  to  say,  the  quantity  of  heat 
required  to  raise  one  gramme  of  water  from  t°  to  (t  +  1)°,  by  the  formula, — 

C  =  1  +  0-00004 1  +  0-0000009  t\ 
From  this  formula,  the  following  numbers  are  obtained : 

Specific  Heat  of  Water. 


,   |     Q. 

C. 

t. 

Q. 

C. 

0° 

o-ooo 

1-0000 

150° 

151-462 

1-0262 

60 

60-087 

1-0042 

200 

203-200 

1-0440 

100 

100-500 

1-0130 

230 

234-708 

1-0568 

The  specific  heat  of  ice  is  considerably  less  than  that  of  liquid  water.  According 
to  Begnault's  experiments,  it  is  -0-474  between  —  78°  and  0°  C.,  and  0*504  between 
—  20°  and  0°,  according  to  the  experiments  of  Person  and  of  Desains. 

It  results  from  Eegnault's  determinations  of  the  specific  heats  of  gases  and  vapours, 
made  in  the  manner  already  mentioned  (p.  29),  that  the  specific  heat  of  a  given 
weight  of  a  gas  which  obeys  Boyle's  law  (  GASES,  ii.  820)  does  not  alter  with  variations 
either  of  temperature  or  of  pressure.  This  was  found  to  be  true  of  atmospheric  air 
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between  the  temperatures  of  —  20°  and  +  225°,  and  at  pressures  varying  from  1  to 
12  atmospheres.  Consequently  the  specific  heat  of  a  given  volume  of  air,  or  other 
non-condensablo  gas,  varies  directly  as  its  density.  In  gases  which  do  not  follow' 
Boyle's  law,  this  regularity  docs  not  exist :  thus  the  specific  heat  of  carbonic  anhydride 
is  found  to  increase  perceptibly  as  its  temperature  rises,  being  0' 18427  between  —30° 
and  10°,  and  0-20246  between  10°  and  100°,  and  0-21692  between  10°  and  210°,  as 
compared  with  that  of  an  equal  weight  of  water. 

The  following  table  gives  the  specific  heats  of  the  various  gases  and  vapours 
examined  by  Begnault,  compared,  first,  with  an  equal  weight  of  water  taken  as 
unity,  secondly,  with  that  of  an  equal  volume  of  air  referred  as  before  to  its  own  weight 
of  water  as  unity.  The  latter  series  of  numbers  is  obtained  by  multiplying  the  numbers 
expressing  the  specific  heats  of  equal  weights  of  the  various  gases  or  vapours,  by  their 
respective  densities  referred  to  that  of  air  as  1. 

Table  of  Specific  Heats  of  Gases  and  Vapours.     (Regnault.) 


Name. 

Specific  heats. 

Equal  weights. 

Equal  volumes. 

(Air    

0-2374 

0-2374 

Oxygen      

•2175 

•2405 

Nitrogen    
Hydrogen  ..... 

•2438 
3-4090 

•2368 
•2359 

Chlorine    

•1210 

•2965 

Bromine     

•0555 

•3040 

'Nitrous  oxide     .... 

•2262 

•3447 

Nitric  oxide        .... 

•2317 

•2406 

Carbonic  oxide  .... 

•2450 

•2370 

Compound 

Carbonic  anhydride    . 
Sulphurous  anhydride 

•2163 
•1544 

•3307 
•3414 

gases 

Hydrochloric  acid 

•1852 

•2333 

Sulphydric  acid  .... 

•2432 

•2857 

•5084 

•2996 

Marsh-gas          .... 

•5929 

•3277 

^Olefiantgas       .... 

•4040 

•3907 

rWater        

•4805 

•2989 

Sulphide  of  carbon     . 

•1569 

•4122 

Alcohol      

•4534 

•7171 

Methylic  alcohol 

•4580 

•5063 

Ether          

•4797 

1-2267 

Chloride  of  ethyl 

•2738 

•6096 

Bromide  of  ethyl 

•1896 

•7026 

Sulphide  of  ethyl 

•4008 

1-2466 

Cyanide  of  ethyl 

•4262 

•8105 

Vapours        .     • 

Chloroform         .... 
Chloride  of  ethyl  ene  . 

•1567 
•2293 

•6461 
•7836 

Acetate  of  ethyl 

•4008 

1-2184 

Acetone      

•4125 

•8264 

Benzene     ..... 

•3754 

1-0114 

Oil  of  turpentine 
Trichloride  of  phosphorus  . 

•5061 
•1347 

2-3776 
•6395 

Chloride  of  arsenic 

•1122 

•7034 

Chloride  of  silicon 

•1322 

•7778 

Stannic  chloride 

•0939 

•8416 

-Chloride  of  titanium 

•1290 

•8564 

Comparing  these  values  with  those  given  for  some  of  the  same  substances  in  pre- 
vious tables,  it  appears  that  the  specific  heat  of  the  same  body  is  commonly  greater 
in  the  liquid  than  in  the  solid  state,  and  always  less  in  the  gaseous  than  in  the  liquid 
state. 

On  examining  the  numbers  above  given  for  the  specific  heats  of  different  bodies,  it  will 
be  scon  that  the  specific  heat  of  a  substance  is  not  altogether  an  absolute  and  un- 
changeable property :  on  the  contrary,  it  will  be  evident  that  this  property,  in  one 
and  the  same  substance,  is  capable  of  considerable  variation,  depending  (a)  on  the 
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physical  structure  of  the  substance,  (b)  on  its  temperature,  (c)  on  its  state  of  aggrega- 
tion. In  illustration  of  this  remark,  it  will  be  sufficient  to  refer  to  the  specific  heats  of 
carbon,  silicon,  selenium,  sulphur,  phosphorus,  alumina,  and  carbonate  of  calcium,  as 
given  in  the  foregoing  tables,  in  evidence  of  the  influence  of  differences  of  physical 
condition ;  to  the  specific  heats  of  lead,  phosphorus,  water,  and  ice,  in  evidence  of  the 
effect  of  differences  of  temperature ;  and  to  those  of  bromine,  mercury,  tin,  lead,  bismuth, 
water,  &c.,  in  the  solid  and  liquid  states,  in  evidence  of  the  effect  of  the  state  of  aggre- 
gation. 

In  reference  to  the  connection  between  specific  heat  and  temperature,  it  may  be 
remarked  that  this  property  varies  to  a  greater  extent,  for  a  given  interval  of  tempe- 
rature, near  the  temperatures  at  which  changes  in  the  state  of  aggregation  occur, 
thau  at  a  distance  from  those  temperatures.  Thus,  the  specific  heat  of  lead,  an  easily 
fusible  metal,  is  considerably  greater  between  10°  and  100°  C.  (=0'0314)  than  it  is 
between  10°  and  —78°  C.  (  =  0*0306);  and  that  of  phosphorus,  a  still  more  fusible 
substance,  shows  even  a  greater  difference  when  compared  between  10°  and  30° 
(specific  heat  =  0-1887)  and  between  -71°  and  10°  C.  (specific  heat  =  0-1740); 
while  the  specific  heat  of  platinum,  one  of  the  most  infusible  of  all  the  metals,  varies 
to  a  scarcely  perceptible  extent  at  temperatures  below  100°  C.,  and  only  slowly  at 
temperatures  considerably  higher.  The  mean  specific  heat  of  this  metal  between  0°  C. 
and  the  temperatures  enumerated  below,  was  in  fact  found  by  Pouillet  to  be  repre- 
sented by  the  numbers  contained  in  the  second  line  of  the  following  table. 

Specific  Heat  of  Platinum. 
Interval  of  temperature|(P  and  100°|o°  and  300°|o°  and  500°JO°  and  700°!  0°  and  1000°  I  (P  and  1200° 


Mean  specific  heat       .       0-0335          0'03434         0-03518     1    0-03G02  0'03728      I         0-03308 


The  specific  heat  of  solid  bodies  therefore  increases  with  rise  of  temperature,  up  to 
their  melting  points,  and  at  this  temperature  there  is  generally  a  further  sudden 
increase  of  specific  heat  of  a  considerable  amount. 

It  may  be  further  noticed  that  in  the  table  of  the  specific  heats  of  the  elements 
(p.  30),  the  elements  are  arranged  nearly  in  the  order  of  their  specific  heats,  beginning 
•with  lithium  (specific  heat  =  0-941)  and  ending  (if  we  disregard  for  the  present  the 
three  elements  carbon,  boron,  and  silicon,  which  are  placed  together  after  the  rest)  with 
"bismuth  (specific  heat  0'031)  ;  and  that  this  order  is  also  exactly  the  inverse  order  of  their 
atomic  weights,  as  given  in  the  fourth  column,  the  atomic  weight  of  lithium  (  =  7) 
being  less  than  that  of  any  other  element  included  in  the  table,  and  that  of  bismuth 
(.=  210)  being  greater  than  that  of  any  other  element.  In  fact,  not  only  do  those 
elements  whose  atomic  weight  is  lowest  possess,  as  a  rule,  the  greatest  specific  heat, 
and  vice  versd,  but  the  specific  heats  of  the  elements  (in  the  solid  state)  are,  within 
comparatively  narrow  limits,  inversely  proportional  to  their  atomic  weights,  when 
these  are  taken  as  having  the  values  given  in  the  fourth  column  of  the  table ;  so  that 
the  product  of  the  specific  heats  of  the  elements  into  their  atomic  weights  is  nearly  a 
constant  quantity;  as  shown  by  the  numbers  in  the  fifth  column  of  the  table.  These 
numbers  may  be  taken  to  represent  the  atomic  heats  of  the  elements,  or  the  relative 
quantities  of  heat  which  must  be  imparted  to,  or  removed  from,  atomic  proportions  of 
the  several  elements,  in  order  to  cause  in  them  equal  alterations  of  temperature.  The 
table  shows  that  the  atomic  heats  of  the  elements  are  not  represented  by  an  absolutely 
constant  quantity ;  but  when  it  is  considered  that  the  two  factors  (atomic  weight  and 
specific  heat)  of  which  they  are  made  up,  vary  in  the  proportion  of  1  :  30,  it  cannot  be 
denied  that  they  are  comprised  between  comparatively  very  narrow  limits  :  for  (taking 
those  determinations  only  which  refer  to  comparable  conditions  of  the  several  elements, 
and  which  there  is  reason  to  believe  were  made  upon  nearly  pure  substances)  we  find 
that  they  are  nearly  all  included  between  5-9  (aluminium,  rhodium)  and  6 -9  (iodine), 
the  greater  number  not  differing  much  from  6'5.  (The  high  atomic  heat  of  uranium, 
7'4,  is  doubtless  to  be  explained  by  the  impurity  of  the  metal  operated  upon.)  The 
general  accordance  is  amply  sufficient  to  indicate  the  existence  of  a  general  law, 
although  the  individual  results  show  the  effect  of  some  one  or  more  disturbing  causes. 
And  even  if  it  be  admitted  that  the  true  atomic  heats  of  the  elements  under  considera- 
tion are  really  identical,  under  comparable  circumstances,  there  are  several  reasons  why 
the  experimental  atomic  heats,  deduced  like  those  in  the  foregoing  table,  cannot  be 
expected  to  exhibit  the  same  identity.  The  most  important  of  these  reasons  are :  the 
unavoidable  experimental  errors  attaching  to  the  determination  of  the  specific  heats ; 
the  imperfect  purity  of  some  of  the  elements  examined ;  the  circumstance  that,  although 
most  of  the  determinations  were  made  at  nearly  the  same  absolute  temperatures — namely. 
between  a  temperature  near  100°  and  that  of  the  atmosphere— the  different  elements 
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lire  not,  in  regard  to  their  specific  heats,  under  comparable  circumstances  at  these 
temperatures,  some  being  much  nearer  to  their  melting  point  than  others,  and 
therefore  having  in  general  relatively  higher  specific  heats  (see  p.  36) ;  lastly, 
in  a  few  cases,  the  uncertainty  of  the  experimental  data  used  in  fixing  the  atomic 
weights. 

The  relation  of  approximate  equality  among  the  atomic  heats  of  the  elements  exists, 
however,  only  when  their  atomic  weights  are  allowed  to  have  the  values  given  in 
the  table:  these  values  are  in  very  many  cases  the  double  of  those1). given  in  the 
table  of  atomic  weights,  vol.  i.  pp.  464,  465,  and  employed  in  the  first  edition  of 
this  work.  If  the  latter  scale  of  atomic  weights  be  adopted,  the  elements  would  have 
to  be  divided  into  two  classes :  those  whose  atomic  heat  is  approximately  6'5,  and 
those  whose  atomic  heat  is  approximately  3'2.  The  fact  that,  by  doubling  the  atomic 
weights  of  the  latter  class  of  elements,  their  atomic  heats  would  be  brought  into 
harmony  with  those  of  the  former  class,  is  in  itself  a  strong  argument  in  favour  of 
such  a  change ;  and  by  reference  to  the  articles  ATOMIC  WEIGHTS  (i.  468-473)  and 
CLASSIFICATION  (i.  1008, 1009,  foot-note)  and  the  article  ATOMICITY  in  the  SUPPLEMENT, 
it  will  be  seen  that  it  is  supported  by  many  other  considerations,  both  chemical  and 
physical.  In  any  case  it  is  certain  that  the  numbers  in  the  column  headed  "  Atomic 
Weights,"  in  the  table  on  p.  30,  represent  quantities  of  the  various  elements  which 
are  calorimetrically  comparable ;  and  it  is  therefore  best  to  assume  these  numbers  as 
really  representing  those  weights  of  the  elements  which,  in  relation  to  the  phenomena 
of  heat,  possess  the  properties  of  atoms.  Whether  the  chemical  atoms  of  the  elements 
are  always  identical  with  the  calorimetric  atoms,  is  a  question  that  is  perhaps  still 
open  to  discussion. 

It  is  very  important,  however,  not  to  overlook  the  fact  that  the  atomic  heats  of 
boron,  carbon,  and  silicon  form  unquestionable  exceptions  to  the  general  rule,  and  can- 
not be  brought  into  harmony  with  it,  by  the  adoption  of  any  atomic  weights  to  which, 
the  present  state  of  chemical  knowledge  lends  any  serious  support. 

The  examples  which  have  been  given  (pp.  31-33)  of  the  specific  heats  of  compound 
bodies,  show  that,  within  certain  classes  of  allied  compounds,  the  same  kind  of  relation 
subsists  between  their  specific  heats  and  molecular  weights,  as  has  been  pointed  out 
between  the  specific  heats  and  atomic  weights  of  the  elements.  Consequently,  the 
molecular  heats  of  the  substances  comprised  in  each  such  class,  or  the  products  of  their 
specific  heats  into  their  molecular  weights  (see  the  last  column  of  the  table),  are 
approximately  equal.  In  calculating  these  molecular  heats,  the  atomic  weights  of  the 
elements  are  taken  as  having  the  values  which  may  be  deduced  from  their  specific 
heats ;  those  values,  namely,  which  are  given  in  the  previous  table.  Adopting  these 
atomic  weights,  it  will  be  seen  that,  as  a  rule,  the  molecular  heat  of  solid  compound 
bodies  increases  with  the  number  of  atoms  contained  in  their  molecule.  For  instance, 
the  molecular  heat  of  the  oxides  MO  enumerated  in  the  table  averages  .about  1 1  ; 
that  of  the  oxides  MO'-,  about  14;  that  of  the  oxides  MO2,  about  19;  that  of  the 
oxides  M-'O3,  about  25'5. 

An  extensive  series  of  determinations  of  the  specific  heats  of  solid  bodies  has  been 
made  by  H.  Kopp,  but  the  individual  results  have  not  yet  been  published  (1864) ;  we 
shall,  therefore,  instead  of  discussing  any  further  the  relations  between  specific  heat 
and  chemical  composition  which  might  be  deduced  from  Regnault's  experiments  already 
given,  reproduce  here  the  substance  of  the  remarks  which  Kopp  (Ann.  Ch.  Pharm. 
cxxvi.  362),  with  his  own  results  before  him,  makes  upon  this  subject. 

This  new  investigation  has  brought  to  light  a  considerable  number  of  additional 
examples  of  solid  compounds  which,  having  an  analogous  atomic  constitution,  possess 
also  approximately  the  same  molecular  heat.  Among  these,  particular  interest 
attaches  to  the  case  in  which  an  analogy  of  constitution  is  apparent  only  when  the 
atomic  weights  of  tho  elements  are  admitted  to  have  the  values  assigned  to  them  in 
the  foregoing  tables,  and  where  the  formulae  previously  adopted  and  the  old  atomic 
weights  of  the  elements  would  never  have  caused  any  such  relations  between  specific 
heat  and  molecular  weight  to  be  suspected.  Just  as  the  molecular  heats  of  carbonates 
and  silicates,  M"CO:*  and  M"Si03,  and  of  nitrates  and  chlorates,  MNO3  and  MC103, 
are  approximately  equal,  so  also  are  the  molecular  heats  of  the  permanganates  and 
perchlorates,  MMnO4  and  MC101,  and  of  the  sulphates  and  chromates,  M"SO*  and 
M"Cr04.  The  new  investigation,  however,  also  furnishes  some  additional  examples 
to  tho  previously  known  exceptions  to  the  general  rule,  and  thus  supplies  further  evi- 
dence of  the  fact  that  it  is  possible  for  bodies  of  analogous  constitution  to  differ 
considerably  in  their  molecular  heats. 

The  molecular  heat  of  a  compound  appears  to  be  governed  only  by  its  empirical, 
and  not  by  its  rational  constitution.  Analogous  compounds,  in  one  of  which  a  complex 
group  occupies  the  place  of  an  elementary  atom,  were  found,  even  when  isomorphous, 
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to  have  unequal  molecular  heats ;  thus  the  molecular  heats  of  the  ammonium-com- 
pounds are  considerably  greater  than  those  of  the  corresponding  potassium-compounds, 
and  those  of  the  cyanogen-compounds  exceed  those  of  the  chlorine-compounds. 

The  atomic  (or  molecular)  heat  of  any  body  which  is  contained  in  a  compound,  or 
may  be  assumed  as  one  of  its  constituents,  may  accordingly  be  ascertained  indirectly, 
by  deducting  from  the  molecular  heat  of  the  compound  that  of  whatever  other  con- 
stituents it  contains  in  addition  to  the  body  in  question.  For  instance,  if  we  deduct 
from  the  molecular  heat  of  a  compound  of  the  form  MviM"04  (chromate  of  lead, 
tungstate  of  calcium,  &c.)— which,  it  may  be  remarked,  is  twice  as  great  as  that  of 
compounds  of  the  form  M|T03  (stannic  oxide,  titanic  anhydride,  &c.) — the  molecular  heat 
of  the  base  M"0,  we  get  as  remainder  the  molecular  heat  of  the  anhydrous  acid  MT|03 ; 
and  the  same  remainder  is  obtained  by  deducting,  from  the  molecular  heat  of  acid 
chromate  of  potassium,  K2Cr207,  that  of  the  neutral  chromate,  K2Cr04.  Again: 
the  molecular  heats  of  hydrated  compounds  admit  of  being  regarded  as  made  up  of 
the  molecular  heat  of  the  respective  anhydrous  substances,  together  with  that  of  the 
water  contained  in  them  in  the  solid  form. 

Such  indirect  determinations  of  the  atomic  heat  of  a  substance  are  nevertheless 
somewhat  uncertain :  not  only  .because  it  occasionally  happens  that  analogous  com- 
pounds, which  there  is  every  reason  to  expect  would  possess  equal  molecular  heats,  do 
nevertheless,  according  to  the  experimental  determinations  of  their  specific  heats,  show 
important  differences  in  their  molecular  heats ;  but  also,  and  more  particularly,  because 
the  total  uncertainty  attaching  to  the  determination  of  the  molecular  heat,  both  of  the 
original  compound  and  of  the  element  or  group  which  has  to  be  deducted  from  it,  is 
accumulated  upon  the  relatively  small  remainder.  But  when  such  inferential  deter- 
minations are  made  for  whole  series  of  corresponding  bodies,  and  not  merely  for 
individual  cases,  the  results  may  be  regarded  as  sufficiently  trustworthy  to  render 
such  considerations  as  arise  from  them  worthy  of  notice. 

This  is  especially  the  case  with  regard  to  the  inferred  specific  and  atomic  heats  of  cer- 
tain elements.  As  already  pointed  out,  nearly  all  the  elements,  when  examined  in  the  solid 
state,  are  found  to  have  approximately  the  same  atomic  heat — on  the  average,  about  6 -4. 
It  is  now  very  generally  admitted  that  this — the  so-called  law  of  Dulong  and  Petit — 
holds  good  for  all  the  elements,  and  a  scale  of  atomic  weights  of  the  elements  is  con- 
sidered  as  satisfactorily  established  if  the  products  of  these  atomic  weights  into  the 
specific  heats  are  nearly  equal.  In  the  case  of  some  elements,  however,  it  results, 
both  from  the  older  determinations  of  their  specific  heats  and  from  Kopp's  newer 
determinations,  that  this  rule  is  inapplicable ;  for  example,  the  specific  heats  of 
carbon,  boron,  and  silicon,  are  such,  that  the  products,  obtained  by  multiplying  them 
into  the  respective  atomic  weights — when  any  values  are  adopted  for  these  which  can 
possibly  be  deduced  from  chemical  considerations — are  always  decidedly  smaller  than 
the  corresponding  products  in  the  case  of  other  elements  whose  specific  heats  in  the 
;  solid  state  can  be  investigated. 

But  these  exceptional  or  accidental  results  acquire  additional  interest  when  taken  in  con- 
nection with  the  conclusions  which  may  be  drawn  from  the  molecular  heats  of  compounds. 
Compounds  of  those  elements  which  obey  Dulong  and  Petit's  law  exhibit  a  regularity 
in  their  molecular  heats  (A.  H.) :  such,  namely,  that  these  are  as  many  times  greater 
than  that  of  an  element,  as  there  are  elementary  atoms  contained  in  the  respective 

compounds  (that  is  "to  say,  — :— ^  =  6'4  nearly,  if  n  denotes  the  number  of  elementary 

atoms  in  one  molecule  of  each  compound).  This  regularity  appears,  not  only  in  alloys 
containing  atomic  proportions  of  different  metals,  but  also  in  the  metallic  chlorides, 
bromides,  and  iodides  (see  table,  pp.  31, 32),  and  has  been  found  by  Kopp  to  extend  like- 
wise to  compounds  of  which  one  molecule  contains  as  many  as  seven,  or  even  nine, 
elementary  atoms  (such  as  ZnK2Cl4  and  PtK2Cl8).  It  is  less  distinctly  recognisable 

in  the  case  of  the  compounds  of  the  metals  with  sulphur  (  ^— '-  is  here  usually  less 
than  C),  and  no  longer  exists  for  the  metallic  oxides,  which,  almost  without  exception, 
give  for  the  quotient  -^-'  a  number  decidedly  less  than  6,  and  smaller  in  proportion 

as  the  number  of  oxygen-atoms  exceeds  that  of  the  atoms  of  metal.  For  water,  con- 
sidered of  course  in  the  solid  state,  this  quotient  is  only  about  3,  and  for  the  few 
organic  compounds  which  Kopp  has  examined  (snch  as  tartaric  acid  and  cane-sugar)  it 
is  still  less. 

The  fact  that  this  regularity  is  absent  in  so  many  compounds  admits  of  only  ona 
explanation— namely,  that  they  contain  elements  which,  at  least  in  these  combinations, 
•possess  a  different  atomic  heat  from  that  which  corresponds  to  Dulong  and  Petit's  law. 

It  has  often  been  assumed  that  the  specific,  and  therefore  the  atomic,  heat  of  an  ele- 
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nient  may  be  different  in  certain  compounds  from  what  it  is  in  the  free  state,  and  that 
it  may  be  different  in  one  compound  from  what  it  is  in  another.  But,  according  to 
Kopp,  the  only  ground  for  such  an  assumption  is  that  by  means  of  it  the  calculated 
molecular  heats  of  compound  bodies  can  be  brought  into  closer  agreement  with  the 
results  of  experiment ;  for,  as  he  remarks,  the  variations  which  the  specific  heat  of  an 
element  must  be  supposed  capable  of  undergoing  when  it  enters  into  combination  (if 
Dulong  and  Petit's  law  be  taken  as  applicable  to  all  elements  in  the  free  state)  are 
much  greater  than  the  variations,  dependent  on  differences  of  physical  condition, 
which  have  ever  been  actually  observed  in  the  case  of  an  accurately  investigated 
element.  On  the  contrary,  it  appears  that,  in  many  compounds,  the  elementary  atoms 
of  which  they  are  composed  retain  the  atomic  heats  which  belong  to  them  in  the  free 
state ;  and  that,  moreover,  the  atomic  heats  which  can  bo  indirectly  calculated  for 
certain  elements,  notwithstanding  their  disagreement  with  Dulong  and  Petit's  law, 
accord  very  closely  with  the  atomic  heats  which  result  from  the  direct  investigation  of 
the  same  elements  in  the  free  state.  Kopp  accordingly  maintains  that — although  these 
last-mentioned  facts  render  the  calculation  of  the  molecular  heat,  and  thence  of  the 
specific  heat,  of  compound  bodies  from  the  atomic  heats  of  the  elements  much  more 
difficult,  and  although  they  make  the  agreement  between  the  results  of  calculation  and 
those  of  direct  observation  much  less  complete — every  element,  when  considered  in 
the  solid  state,  and  at  a  temperature  sufficiently  removed  from  its  melting  point, 
possesses  one  essentially  invariable  specific  heat,  which  it  is  true  may  vary  somewhat 
with  differences  of  physical  condition — such  as  greater  or  less  density,  amorphous  or 
crystalline  structure,  &c. — but  not  to  such  an  extent  as  some  of  his  determinations  of 
specific  heat  would  require,  if  Dulong  and  Petit's  law  were  really  applicable  to  all  the 
elements;  and  further,  that  the  specific  heat  of  each  element  in  the  free  state  is 
essentially  the  same  as  that  which  it  possesses  in  its  compounds. 

By  deducting  from  the  molecular  heats  of  the  various  oxides  the  atomic  heats  of 
the  metals  contained  in  them,  or  by  deducting  from  the  molecular  heats  of  the  oxygen- 
salts  those  of  the  groups  which  are  therein  united  with  oxygen  (taking  away  from  the 
molecular  heat  of  KC103,  for  example,  that  of  KC1,  or  from  that  of  PbSO4  the 
molecular  heat  of  PbS),  a  remainder  is  obtained  in  every  case  which  gives  for  the 
atomic  heat  of  oxygen  a  number  less  than  6.  For  the  reasons  already  stated  (p.  38), 
the  results  thus  arrived  at  do  not  agree  so  well  as  might  be  wished ;  nevertheless, 
Kopp  gives  it  as  his  opinion  that  the  atomic  heat  of  oxygen  cannot  differ  greatly 
from  4. 

When  the  molecular  heats  of  the  carbonates  M2C03  and  M"C03  are  compared  with 
the  molecular  heats  of  the  oxides  (M")303  (  =  3M"0)  and  (M'")20S,  the  molecular 
heats  of  the  carbonates  are  found  to  be  decidedly  smaller  (according  to  Eegnault's 
experiments,  as  given  in  the  table,  pp.  31-33,  the  molecular  heats  of  the  carbonates 
]VFC03  and  oxides  3M"0  are,  on  the  average,  about  29'4  and  32'85  respectively  ;  those 
of  the  carbonates  M"C03  and  exides  (M'")-03,  about  217  and  25'5  respectively).  Such 
comparisons  show  that  the  atomic  heat  of  carbon  in  these  combinations  must  be 
assumed  to  be  about  the  same  as  that  which  has  been  directly  found  for  free  carbon 
in  the  form  of  diamond;  namely,  1-8.  Similar  comparisons  applied  to  other  elements 
lead  likewise  to  the  adoption  of  atomic  heats  which  are  much  smaller  than  what 
would  correspond  to  the  law  of  Dulong  and  Petit :  for  instance,  to  the  atomic  heat  2'3 
(nearly)  for  hydrogen  ;  for  boron,  to  a  number  lying  between  2  and  3  ;  for  silicon,  to 
4  (nearly) ;  and  for  fluorine,  also  to  a  number  which  appears  to  be  distinctly  lesa 
than  6-4. 

The  specific  and  molecular  heats  of  compound  bodies  calculated  with  the  atomic 
heats  thus  arrived  at  for  the  elements,  show,  in  very  many  cases,  a  very  satisfactory 
degree  of  agreement  with  those  deduced  from  direct  experiment ;  in  many  other  cases, 
however,  they  show  important  discrepancies.  But  equal  discrepancies  may  likewise 
be  observed  among  the  molecular  heats  of  analogous  compounds,  such  even  as  contain 
elements  as  corresponding  constituents  which,  when  examined  in  the  free  state,  gave 
nearly  equal  atomic  heats.  Regnault  not  unfrcquently  found  this  difference  amount  to 
one-tenth  of  the  molecular  heats  in  question ;  occasionally  it  was  still  greater. 

Kopp  considers  that  the  results  of  his  investigation  confirm  and  widen  the  conclu- 
sion, already  adopted  by  some  philosophers,  that  Duloug  and  Petit's  law  does  not  hold 
good  for  all  the  so-called  elements  in  the  solid  state.  For  a  particular  group  of  elements 
it  is  undoubtedly  true  ;  but  if  it  is  not  a  universal  law,  and  if  there  are  some  elements 
to  which  it  certainly  does  not  apply,  it  may  be  considered  doubtful  with  regard  to 
individual  elements,  whether  they  ought  to  be  looked  upon  as  agreeing  with  or  as  de- 
parting from  it.  This  may  be  said  to  be  the  case  with  sulphur,  for  which  Kopp's 
determinations,  made  between  47°  and  the  temperature  of  the  atmosphere,  give  the 
atomic  heat  5-2,  nearly,  which  likewise  agrees  with  the  atomic  heat  of  sulphur  a3 
indirectly  deduced  from  the  molecular  heats  of  the  metallic  sulphides. 
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In  general,  the  molecular  heat  of  a  compound  increases  with  its  degree  of  complexity, 
or  with  the  rnamber  of  elementary  atoms  contained  in  one  molecule,  and  this  more 
especially  in  the  case  of  such  as  contain  only  elements  which  follow  Dulong  and  Petit's 
law.  Kopp  points  out  that  if  the  application  of  this  rule  be  extended  to  the  elements 
themselves,  the  fact  that  a  large  proportion  of  them  have  nearly  the  same  atomic  heat 
may  be  taken  as  an  indication  that,  whether  they  be  absolutely  simple  substances  or 
no,  they  are  at  least  bodies  of  a  comparable  degree  of  complexity ;  while,  on  the  other 
hand,  the  smaller  atomic  heats  of  some  elements  would  seem  to  show  that  they  are  of 
a  lower  degree  of  complexity,  or  approach  more  nearly  to  truly  simple  bodies,  than  the 
rest.  It  would  thus  appear  to  be  possible  for  a  substance  which  can  be  proved  to  be 
compound,  to  have  the  same  atomic  heat  as  a  so-called  element :  for  instance,  a  per- 
oxide, XO,  containing  an  element  whose  atomic  heat  was  equal  to  that  of  hydrogen, 
namely,  about  2'3,  would  have  &  molecular  heat  of  about  2-3  +  4  =  6-3,  that  is  to 
say,  the  same  as  that  of  chlorine,  iodine,  or  the  metals. 

With  regard  to  the  apparent  improbability  of  two  so-called  elements,  which  are 
capable  of  mutually  replacing  each  other  in  compounds,  like  hydrogen  and  the  metals — • 
or  which  even  appear  as  corresponding  constituents  of  isomorphous  substances,  like 
silicon  and  tin — having  unequal  atomic  heats,  it  must  be  borne  in  mind  that  this  is 
not  in  reality  any  more  surprising  or  improbable  than  that  an  undecomposible  substance 
and  one  known  to  be  compound,  such,  for  example,  as  hydrogen  and  peroxide  of 
nitrogen,  or  potassium  and  ammonium,  should  replace  each  other  in  compound  bodies 
without  causing  any  alteration  in  their  chemical  characters,  or  should  even  be  capable 
of  appearing  as  corresponding  constituents  of  isomorphous  substances. 

It  still  remains  to  consider,  rather  more  particularly  than  has  been  done  thus  far, 
what  it  is  that  is  measured  under  the  name  of  the  specific  heat  of  solid,  liquid,  or 
gaseous  substances,  by  the  methods  above  described. 

In  all  these  methods  of  measurement,  the  heat  imparted  to  the  various  bodies  does 
something  more  than  merely  raise  their  temperature :  it  causes  at  the  same  time,  as 
will  be  seen  by  what  follows,  an  expansion  or  increase  of  their  bulk ;  and  when  the 
bodies  are  again  cooled,  they  contract,  or  diminish  in  bulk,  to  an  equal  amount. 
Hence  the  specific  heats,  measured  as  above,  are  not,  strictly  speaking,  the  relative 
quantities  of  heat  required  to  raise  the  temperature  of  the  various  substances  to  the 
same  extent,  but  the  quantities  required  to  do  this,  and  at  the  same  time  to  cause  a 
greater  or  less  increase  of  bulk.  It  is  therefore  a  question  for  further  investigation, 
what  proportion  of  the  total  specific  heat  of  a  substance  goes  to  raise  its  tempera- 
ture, and  what  proportion  to  cause  it  to  expand,  or  possibly  to  modify  it  in  other 
ways. 

The  expansion  which  accompanies  a  given  rise  of  temperature  is  inconsiderable  in 
the  case  of  solids  and  liquids,  compared  with  that  which  takes  place  in  gases ;  but  it 
would  be  incorrect  to  conclude  that  the  proportion  of  the  total  specific  heat  of  solid, 
liquid  and  gaseous  substances  respectively,  which  is  expended  in  causing  expansion,  is 
in  proportion  to  the  amount  of  expansion  actually  produced  in  each  case.  On  the 
other  hand,  although  no  data  exist  which  make  it  possible  to  form,  a  very  definite 
estimate  of  the  ratio  of  the  real  specific  heat  to  the  total  apparent  specific  heat  of 
solids  or  liquids  (see,  however,  p.  44),  it  is  certain  that  they  oppose  a  much  greater 
resistance  to  any  force  tending  to  alter  their  bulk  than  gases  do,  and  hence  the  com- 
paratively small  amount  of  expansion  which  they  undergo  may  require  the  expenditure 
of  as  much  or  more  heat  than  the  relatively  great  expansion  which  takes  place  in 
gases :  there  is,  therefore,  no  reason  to  believe  that  the  ratio  of  the  two  specific  heats, 
in  the  case  of  solid  and  liquid  substances,  is  a  magnitude  of  a  different  order  from 
what  it  is  in  the  case  of  gases. 

The  ratio  of  the  apparent  to  the  real  specific  heat  of  a  gas,  is  the  ratio  of  its 
specific  heat  under  constant  pressure  (when,  therefore,  it  expands  as  the  temperature 
rises)  to  its  specific  heat  when  kept  at  a  constant  volume.  It  is,  of  course,  the  specific 
heat  under  constant  pressure  which  is  determined  by  the  method  already  described 
(p.  29),  and  which  is  given  for  several  gases  in  one  of  the  preceding  tables  (p.  35). 
That  the  specific  heat  of  a  gas  kept  at  a  constant  volume  is  less  than  its  specific  heat 
under  a  constant  pressure,  is  obvious  from  the  following  considerations.  Suppose  a 
quantity  of  gas  to  have  had  its  temperature  raised  t°,  while  the  pressure  to  which  it 
was  exposed  remained  constant:  the  increase  of  temperature  will  have  been  accom- 
panied by  a  corresponding  increase  of  volume.  Now,  suppose  the  gas  to  be  com- 
pressed, so  as  to  restore  it  to  its  original  bulk  :  the  result  of  this  compression  will  be 
to  raise  its  temperature  t'°  more.  The  gas  will  now  be  in  the  same  condition  as  it 
would  have  been  if  the  same  quantity  of  heat  had  been  imparted  to  it  without  its 
T>«ing  allowed  to  expand :  hence  it  is  evident  that  the  same  quantity  of  heat  that  is 
rvquired  to  raise  the  temperature  of  a  given  weight  of  gas  t°,  while  the  pressure 
remains  constant,  will  suffice  to  raise  the  temperature  of  the  gas  t  +  t'  degrees  if  it 
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is  kept  at  a  constant  volume.  The  specific  heat,  c',  corresponding  to  a  constant 
pressure,  is  therefore  to  the  specific  heat,  c,  corresponding  to  a  constant  volume,  as 
t  +  t'  to  t.  One  gramme  of  air  has  its  temperature  raised  1°  C.  when  there  is 
imparted  to  it  0'2374  of  a  unit  (gramme-degree)  of  heat,  and  it  expands  at  the  same 
time,  if  the  pressure  remains  unaltered,  by  ^  of  its  bulk  at  0°  C.  Accordingly,  if  the 
elevation  of  temperature  consequent  on  compressing  a  gas  by  ^  of  its  bulk  at  0°  be 
o°,  it  is  evident  that  the  ratio 

1  +  a 


1 

is  the  ratio  of  the  specific  heat  under  constant  pressure  to  that  at  constant  volume. 
Clement  and  Desormes  found  by  direct  experiments  upon  air  the  value  0'34°  for  a,  but 
it  is  plain  that  the  unavoidable  loss  of  heat  attending  such  experiments  must  cause 
the  result  to  be  too  low. 

A  less  direct,  but  far  more  accurate  means  of  determining  the  ratio  k  =  — , 

C 

not  only  for  air  but  for  several  other  gases  also,  is  afforded  by  the  theory  of  the  pro- 
pagation of  sound.  The  velocity  with  which  a  wave-motion,  such  as  that  which 
constitutes  sound,  is  propagated  through  a  homogeneous  medium  whose  elasticity  is 
the  same  in  all  directions,  depends  only  upon  the  elasticity,  e  (see  ii.  370),  and  the 
density,  d,  of  the  medium,  according  to  the  equation 

e 

T' 
This  expression,  applied  to  the  movement  of  a  sound-wave  through  the  air,  becomes 

.   -  </  . 

where  g  denotes  the  accelerating  force  of  gravity  (=  9-808  metres  =  32-18  feet); 
H=^  760  mm.  =  29-92  inches ;  o-  the  weight  of  1  cub.  cent,  of  mercury  at  0°  =  13-596  grm. ; 
s  the  weight  of  1  cub.  cent,  of  air  at  0°  and  under  a  pressure  of  760  mm.  mercury 
*=  0-001293  grm. ;  t  the  temperature  of  the  air,  a  its  coefficient  of  expansion  under 

constant  pressure  (=  0*00367),  and  k  the  required  ratio  —  .       Now  the  velocity  of 

sound  in  air  at  0°  has  been  experimentally  found  to  be  =  333  metres,  or  1092-6  feet 
per  second  ;  hence  the  above  equation  gives 

333  =        /1T808   x   0-76   x   13'596~ 

V    "  0-001293 

or  k  =  1-414. 

The  physical  reason  for  the  presence  of  the  magnitude  k  in  the  formula  for  the 
velocity  of  sound,  is  that  that  velocity,  being  dependent  upon  the  elasticity  of  the  air, 
varies  with  every  variation  of  the  elasticity,  and  that  the  alternate  heatings  and 
coolings,  caused  respectively  by  the  alternate  condensations  and  rarefactions  which 
constitute  the  waves  of  sound,  are  equivalent,  in  their  effect  upon  the  velocity  of 
transmission  of  the  waves,  to  an  increase  in  the  elasticity  of  the  air  in  the  proportion 
of  1 :  k  =  1 :  1-414. 

In  the  above  formula  the  magnitudes  g,  H,  ff  t,  and  a  are  all  independent  of  the 
particular  nature  of  the  gas  (at  least  in  the  case  of  perfect  gases ;  for  imperfect  gases 
the  value  of  o  varies  slightly),  hence  if  v  and  v'  represent  the  velocities  with  which 
sound  traverses  two  different  gases,  s  and  s'  their  densities,  and  k  and  k'  the  ratios 
of  the  two  specific  heats  of  each,  we  have 


fk     .      /  k' 

~  V  ~  V  7  ' 


or 


so  that  the  ratio  k'  for  any  gas  may  be  deduced  from  that  of  air,  provided  the  density 
of  the  gas  and  the  velocity  with  which  it  is  traversed  by  sound  are  known. 

Hence  the  investigation  of  this  ratio  is  reduced  to  that  of  the^  real  velocities  of 
sound  in  different  elastic  fluids.  For  any  other  gas  than  atmospheric  air,  it  is  useless 
to  think  of  measuring  directly  the  velocity  of  propagation  of  a  sonorous  wave ;  recourse 
must  obviously  be  had  to  indirect  means.  The  theory  of  wind  instruments  suggested 
a  mode,  which  was  first  indicated  and  put  in  practice  by  Chladni  and  Jacquin.  This 
method  consists  in  making  the  same  pipe,  with  a  flute  emtioiichure,  sound  successively 
with  all  the  elastic  fluids,  supposed  at  the  same  temperature,  and  in  determining  the 
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pitch  of  tone  given  by  each  gas.  Admitting  that  the  fluid  column  contained  in  the 
instrument  experiences  the  same  mode  of  subdivision  in  every  ease — that  it  corre- 
sponds, for  example,  to  what  is  called  the  fundamental  sound,  or  the  gravest  of  all 
those  which  the  theory  of  Bernouilli  indicates  for  the  same  pipe,  we  easily  come  to 
know  the  length  of  a  wave,  and  its  duration  in  each  elastic  fluid ;  and  consequently 
the  velocity  with  which  a  vibration  would  be  propagated  in  each  of  them. 

The  following  table  exhibits  the  results  of  Dulong's  researches  on  this  subject 
(Ann.  Ch.Phys.xli.  113): 


Names  of  the 
elastic  fluids. 

Tones  given 
by  the  same 
pipe  60 
centim.  long. 

Number  of 
vibrations  in 
a  sexagesimal 
second. 

Tempera- 
ture by  the 
centigrade 
therm. 

Numbers 
adopted  in 
the  calcula- 
tion for  the 
density  of 
the  fluid. 

Velocity  of 
the  propa- 
gation of 
sound  at  0°, 
deduced 
from  the 
tone  given 
by  each 

Ratio  of  the 
specific  heats 
at  a  constant 
pressure,  to 
the  specific 
heat  at  a  con- 
stant volume, 

fluid. 

=  k. 

Air. 

uti  med. 

500-4 

22° 

1 

333™ 

1-421 

f  474-9    ) 

f    1-415    ) 

Oxygen    . 

+  «'_! 

\   475-2     L 

21 

1-1026 

317-17 

1-417 

1  474-5    J 

(   1-413    J 

Hydrogen 

-si  3 

<  1883-6     ) 
J1881-      J 

17 

0-0688 

1269-5 

(    1-409     > 
j    1-405     \ 

Carbonic      an-  ) 
hydride         ) 

sol-,. 

393-18  I 
392-68  \ 

22 
20-5 

1-524 

261-6 

}    1-357     ) 
{    1-340     \ 

Carbonic  oxide 

Ut1 

501-3     ) 
503-07  J 

15 

0-974 

337-4 

]    1-423     } 
1    1-433     J 

Nitric  oxide     . 

Sol  _a 

392-7 

20-5 

1-527 

261-9 

1-343 

Olefiant  gas 

-«_a 

466-9 

16 

0-981 

314 

1-240 

The  slight  difference  between  the  value  1-421,  obtained  by  Dulong  for  the  ratio  of  the 
two  specific  heats  of  air,  and  the  number  1-414  already  given  is,  in  part,  due  to  the 
changes  which  have  taken  place,  since  the  date  of  his  experiments,  in  the  adopted  value 
of  the  constants  which  enter  into  the  calculation. 

Theoretical  views  of  the  nature  of  heat  and  the  constitution  of  gaseous  bodies, 
which  will  have  to  be  further  considered  in  a  subsequent  part  of  this  article,  lead  to  the 
conclusion  that,  for  all  perfect  gases,  the  difference  between  the  two  specific  heats  of  a 
unit  of  volume  is  expressed  by  the  equation 


7-7  =  A 


(a) 


where  A  is  a  constant  (the  thermal  equivalent  of  the  unit  of  work),  p  and  t  the  pres- 
sure and  temperature  of  the  gas,  and  —  the  coefficient  of  expansion,  and  therefore 

a  =  273  nearly.  The  right  hand  member  of  this  equation  contains  nothing  which 
depends  on  the  particular  nature  of  the  gas  to  which  it  is  applied ;  and  hence,  if  the 
temperature  and  pressure  are  taken  the  same  for  all  gases,  the  difference  7'— 7  will  bo 
the  same  for  all.  If  the  values  of  7'  and  7  applicable  to  atmospheric  air  be  dis- 
tinguished as  7/,  and  yt,  we  have 


7-  7 


7, 


an  equation  which  remains  true  whatever  unit  of  volume  is  adopted,  and  therefore 
also,  if  with  Kegnault,  we  take  this  unit  to  be  the  volume  occupied  by  a  unit  of 
weight  of  air  at  the  same  temperature  and  pressure  as  the  gas  under  consideration. 
Therefore 

7'_7  =  7/_%  =  0-2374  -  0-1680  =  0-0694  and  7  =7'  -  0-0694. 

By  means  of  this  equation,  the  specific  heats  of  the  various  gases  under  constant 
volume  may  be  calculated  from  their  specific  heats  under  constant  pressure  as  given  in 
the  table  on  p.  35.  The  numbers  so  obtained  will  refer  to  the  unit  of  volume  adopted 
by  Regnault ;  to  deduce  therefrom  the  specific  heats  which  correspond  to  a  unit  of 
weight,  these  numbers  require  merely  to  be  divided  by  the  densities  of  the  respective 
gases ;  and  to  obtain  the  specific  heats  compared  with  that  of  an  equal  volume  of  air, 
they  must  be  divided  by  0-1680. 
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According  to  equation  (a)  the  quotient  —  =  k  becomes 


»'-.!+••£. 

7 


a  +  t 


and  it  therefore  exceeds  unity  by  a  quantity  which  is  inversely  proportional  to  7. 

Further,  the  general  considerations  above  referred  to  make  it  probable  that  the  true 
specific  heat  of  equal  volumes  of  all  simple  gases  is  the  same,  and  that  the  specific 
heat  of  compound  gases  is  equal  to  that  of  the  simple  gases  multiplied  by  the  fraction 
which  represents  their  molecular  condensation  (e.g.  for  hydrochloric  acid  the  multi- 
plier would  be  — - —  =  1,  for  water  — - —  =  1/5,  for  ammonia  — - —  =  2,  &c.). 
2  «  2i 

The  following  table,  which  is  copied  with  very  slight  modifications  from  tables 
given  by  Clausius  (Ann.  Ch.  Pharm.  cxviii.  118)  and  Bu  ff  (ibid.  cxv.  312  ;  see  also 
pp.  306,  307),  and  may  be  considered  supplementary  to  the  table  on  p.  35,  gives  the 
results  of  the  application  of  these  formulae  to  the  gases  and  vapours  which  were  the 


I. 

II. 

III. 

IV. 

V. 

VI. 

VII. 

VIII. 

True  sp. 

Sp.  heat 

Specific 

heat  at 

heat 

of  equal 

constant 

volume. 

com- 

volumes 

Value  of 

pared 

Name  of  gas. 

Formula. 

Density. 

under 
constant 

Equal 
weights. 

Equal 

1'=*. 

with 
that  of 

>ressure 

Water 

volumes. 

A:..  I 

e 

the  ele- 

Air=l. 

=  1. 

ir  —  i  . 

mentary 

gases. 

Air     

i-oooo 

1-00 

0-168 

1-00 

1-413 

i-o 

Oxygen 

O2 

1-1056 

1-01 

•155 

1-02 

1-403 

i-o 

Nitrogen 

N2 

•9713 

i-oo 

•173 

1-00 

1-409 

i-o 

Hydrogen 

H2 

•0692 

•99 

2-406 

•99 

1-417 

1*0 

Chlorine 

Cl2 

2-4502 

1-25 

•093 

1-35 

t 

i-o 

Bromine 

Br> 

5-4772 

1-28 

•043 

1-39 

. 

i-o 

Nitric  oxide 

NO 

1-0384 

1-01 

•165 

1-02 

1-403 

ro 

Carbonic  oxide    . 

CO 

•9673 

1-00 

•173 

1-00 

1-416 

i-o 

Hydrochloric  acid 

HC1 

1-2596 

•98 

•130 

•98 

. 

i-o 

Nitrous  oxide 

N20 

1-5241 

1-45 

•180 

1-64 

1-243 

1-5 

Water         .... 

H20 

•6219 

1-26 

•369 

1-36 

1-302 

1-5 

Sulphydric  acid  . 

H2S 

1-1747 

1-20 

•184 

1-29 

1-5 

Carbonic  anhydride     . 

CO2 

1-5201 

1-39 

•171 

1-55 

1-265 

1-5 

Sulphurous  anhydride 

SO2 

2-2113 

1-44 

•123 

1-62 

. 

1-5 

Sulphide  of  carbon 

CS2 

2-6258 

1-74 

•131 

2-05 

. 

1-5 

Ammonia   .... 

NH3 

•5894 

1-26 

•391 

1-37 

. 

2-0 

Marsh-gas  .... 

CH* 

•5527 

1-38 

•467 

1-54 

. 

2-5 

Olefiant  gas         ... 

C2H4 

•9672 

1-65 

•332 

1-91 

1-144 

3-0 

Alcohol       .... 

C2H60 

1-5890 

3-02 

•408 

3-86 

a 

4-5 

Ether          .... 

C4H100 

2-5.373 

5-18 

•454 

6-91 

1-059 

7-5 

Sulphide  of  ethyl 
Chloride  of  ethyl 

C4H10S 
C2H5C1 

3-1101 
2-2269 

5-29 
2-57 

•378 
•242 

7-00 
3-22 

•     • 

7-5 

4-0 

Bromide  of  ethyl 

C2H5Br 

37058 

2-96 

•171 

3-77 

, 

4-0 

Cyanide  of  ethyl 

C3H5N 

1-9021 

3-41 

•332 

4-41 

. 

4-5 

Chloroform 

CHC13 

4-1244 

2-72 

•140 

3-43 

, 

2-5 

Chloride  of  ethylene    . 

C2H4C13 

3-4174 

3-30 

•209 

4-25 

m 

4-0 

Acetate  of  ethyl  . 

C4HS02 

3-0400 

5-13 

•378 

6-84 

. 

7-0 

Acetone       .... 

C3HG0 

2-0036 

3-48 

•378 

4-50 

. 

5-0 

Benzene      .... 

C6H6 

2-6943 

4-26 

•350 

5-61 

. 

G-O 

Oil  of  turpentine 

C10H16 

4-6978 

10-01 

•491 

13-74 

. 

13-0 

Trichloride  of  phosphorus  . 

PCI3 

4-7464 

2-69 

•120 

3-39 

Chloride  of  arsenic 

AsCl3 

6-2667 

2-95 

•101 

3-76 

Chloride  of  silicon 

SiCl4 

5-8833 

3-28 

•121 

4-22 

Stannic  chloride 

SnCl1 

8-9654 

3-54 

•086 

4-59 

Chloride  of  titanium  . 

TiCl* 

6-6402 

3-61 

•119 

4-68 

subject  of  Regnault's  experiments.  Column  I.  gives  the  names  of  the  gases; 
column  II.  their  chemical  composition:  the  formulae  in  this  column  represent  two 
volumes  of  the  several  gases :  hence  the  molecular  condensation  of  pach  gas  is  obtained 
"by  dividing  the  number  of  atoms  in  its  formula  by  2.  Column  III.  gives  the  densities 
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adopted  by  Ecgnault  in  his  calculations.  Column  IV.  gives  the  specific  heats  under 
constant  pressure  compared  with  that  of  an  equal  volume  of  air  taken  as  unity.  The 
numbers  in  this  column  are  obtained  from  those  in  the  last  column  of  the  table  on 
p.  35  by  dividing  each  by  0-2374  =  specific  heat  of  air  under  constant  pressure. 
Columns  V.  and  VI.  contain  the  specific  heats  corresponding  to  a  constant  volume 
compared  (V.)  with  that  of  an  equal  weight  of  water,  and  (VI.)  with  that  of  an 
equal  volume  of  air.  Column  VII.  gives  the  ratio  of  the  two  specific  heats  for  some 
of  the  most  important  gases,  obtained  by  dividing  the  specific  heats  of  equal  weights 
under  constant  pressure,  as  given  in  the  previous  table  (p.  35),  by  the  corresponding 
values  in  column  V.  of  this  table.  Column  VIII.  contains  the  theoretical  true  specific 
heats,  compared  with  the  true  specific  heat  of  an  equal  volume  of  air  or  any  simple 
gas.  These  numbers  are  calculated  upon  the  supposition  that  the  -true  specific  heats  of 
the  elementary  gases  are  the  same  in  the  combined  as  in  the  uncombined  state. 

On  comparing  the  numbers  in  columns  VI.  and  VIII.  it  will  be  seen  that 
there  is,  on  the  whole,  an  unmistakable  correspondence  between  them,  but  that  they 
exhibit  also  in  many  cases  decided  discrepancies.  These  are  probably  due,  in  part  to 
errors  of  experiment,  and  in  part  to  the  fact  that  the  method,  by  which  the 
numbers  representing  the  specific  heats  at  constant  volume  are  calculated  from  those 
representing  the  specific  heats  at  constant  pressure,  is  quite  accurate  only  in  the 
case  of  perfect  gases  ;  and  further  that,  even  if  the  numbers  in  column  VI.  repre- 
sented the  specific  heats  for  constant  volume  with  perfect  accuracy,  these  numbers 
would  not  necessarily  agree  with  those  in  column  VIII.,  except  for  perfect  gases. 

The  true  specific  heat  of  a  gas,  that  is,  its  specific  heat  under  a  constant  volume, 
is  regarded  by  Clausius  (Phil.  Mag.  [4]  xxiv.  204,  205)  as  the  true  specific  heat  of 
the  substance  in  all  states  of  aggregation,  and  in  the  combined  as  well  as  the  free 
state.  Kankine,  on  the  other  hand  (A  Manual  of  the  Steam  Engine,  &c.,  p.  307), 
while  admitting  that  the  true  specific  heat  of  each  substance  remains  constant  at 
all  densities,  so  long  as  the  substance  retains  the  same  condition,  solid,  liquid,  or 
gaseous,  supposes  that  a  change  of  real  specific  heat,  sometimes  considerable,  often 
accompanies  the  change  between  any  two  of  these  conditions.  But,  as  Clausius  has 
pointed  out  (loc.  cit.  ;  also  Pogg.  Ann.  cxx.  438),  there  is  no  obvious  reason  why  the  real 
specific  heat  of  a  body  should  be  supposed  to  undergo  alteration  on  the  passage 
from  one  state  of  aggregation  to  another,  if  it  remains  constant  within  the  same 
state  of  aggregation;  for  the  changes  of  density  and  elasticity,  which  accompany 
changes  of  temperature  within  one  and  the  same  state,  do  not  differ  in  kind,  but  only 
in  degree,  from  those  which  constitute  the  passage  from  one  state  to  another. 
Assuming,  therefore,  that  the  specific  heat  under  constant  volume  of  a  substance  in 
the  -gaseous  state  is  its  real  specific  heat  under  all  conditions,  we  have,  for  water,  for 
instance, 

Ratio  of  apparent  to  real  specific  heat  in  the  solid  state  (be-  ,-n  , 

twaen  -20°  and  0°)     .        .        ......     »    __*  =  1-367 

•369 

Ratio  of  apparent  to  real  specific  heat  in  the  liquid  state  (be-        .  nAQ 
tween  0°  and  100°)      ........    =  i!i  ,    2732 


Ratio  of  apparent  to  real  specific  heat  in  the  gaseous  state        .    =  —  -  —  =    1-302 

oby 

2.  Changes  of  Volume  produced  by  Heat. 

It  is  an  almost  universal  law  that,  when  heat  is  imparted  to  any  body,  the  body 
expands  or  augments  in  bulk,  unless  prevented  from  doing  so  by  a  corresponding 
increase  of  external  pressure,  and  that  any  body  from  which  heat  is  withdrawn  con- 
tracts or  diminishes  in  bulk.  The  exceptions  to  this  law  are  extremely  few,  and  occur 
only  within  particular  limits  of  temperature:  the  most  important  will  be  specially 
pointed  out  hereafter.  Admitting  the  atomic  hypothesis  of  the  constitution  of  matter, 
it  is  impossible  to  conceive  of  expansion  otherwise  than  as  a  movement  of  the  mole- 
cules of  a  mass,  which  has  for  its  effect  to  increase  their  mean  distance  from  each 
other.  Hence  when  heat  causes  a  body  to  expand,  it  acts  in  opposition  to  the  forces 
which  tend  to  prevent  the  further  separation  of  the  molecules  ;  and  the  bulk  of  the 
body  at  any  given  temperatxire  is  the  result  of  an  equilibrium  between  these  forces  and 
the  expansive  force  of  the  heat  contained  in  it  at  that  temperature.  The  forces  by 
which  the  particles  of  a  mass  are  held  together  consist  in  part  of  the  pressure  to 
which  it  is  subjected  from  without,  and  partly  of  the  pressure  arising  from  the  mutual 
attractions  of  the  particles  themselves.  This  latter  pressure,  which  is  known  as 
cohesive  force,  has  a  much  greater  effect  in  determining  the  bulk  of  solid  and  liquid 
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bodies  than  any  pressure  which  acts  upon  them  from  without,  and  it  varies  not  only 
in  different  bodies,  but  even  in  the  same  body  its  value  is  different  at  different  tem- 
peratures. Hence  it  is  not  surprising  that  the  relations  subsisting  between  the 
temperature  and  bulk  of  solid  and  liquid  substances  should  be  somewhat  complex. 
In  perfect  gases,  however,  cohesion  does  not  exist,  and  hence  the  only  opposing  force 
which  heat  has  to  overcome  in  order  to  cause  them  to  expand  is  the  external  pressure. 
Consequently  it  is  found  that  the  rate  of  expansion  of  gases  bears  a  much  more  simple 
relation  to  the  heat  by  which  it  is  caused,  than  that  observed  in  solid  and  liquid 
bodies.  It  is,  therefore,  convenient  to  consider  the  laws  of  the  expansion  of  gaseous 
substances  before  examining  those  which  regulate  the  expansion  of  matter  in  the  two 
other  states  of  aggregation. 

Expansion  of  Gases.  —  In  a  perfect  gas,  volume,  elasticity,  and  temperature 
would  be  related  to  each  other  in  the  manner  expressed  by  the  equation 

pv  =  J(a  +  £),     ......    (a) 

where  v  is  the  volume  of  a  given  weight  of  the  gas  at  the  temperature  t  and  under  the 
pressure  p,  and  J  and  a  are  constants.  Hence,  if  v'  were  the  volume  of  the  same 
weight  of  the  same  gas  corresponding  to  any  other  pressure,  p,  and  temperature,  t'  ,  we 
should  have 


~  = 

p'v'         a  + 


No  absolutely  perfect  gas,  however,  is  known  in  nature,  so  that,  according  to  the 
best  experiments,  the  values  of  a  which  correspond  to  different  values  of  p,  v,  and  t, 
are  not  quite  constant,  but  vary  slightly,  not  only  with  variations  of  these  factors, 
but  also  according  to  the  nature  of  the  gas.  The  properties  of  air,  however,  and 
the  other  non-condensable  gases  accord  so  nearly  with  the  above  formulae  —  which  are 
in  fact  nothing  more  than  a  statement  of  the  laws  of  Boyle  and  Gay-Lussac 
(GASES,  ii.  819  *)  —  that,  except  in  cases  where  extreme  accuracy  is  required,  the  accord 
may  be  considered  perfect. 

If  in  the  above  equation  (£)  we  make  p  =  p'  we  get 

1         v  —  v'  ,  N 

a  =  *rrri''  '  •  •  .....  (c) 

that  is,  -  is  the  coefficient  of  expansion  of  the  gas  under  constant  pressure,  or  the  amount 

by  which  that  quantity  of  gas  which  occupies  a  unit  of  volume  at  0°  C.  expands,  under 
constant  pressure,  when  its  temperature  is  raised  one  degree.  Similarly,  by  making 
v  =  v't  we  have 

a  =  p't  -  pt"    ...... 

or  —  is  also  the  coefficient  of  expansion  of  the  gas  under  constant  volume,  or,  more  cor- 

rectly (since  when  v  =  v'  no  actual  expansion  can  take  place),  -  is  the  coefficient  of 

increase  of  elasticity,  or  the  increment  of  elasticity,  under  a  constant  volume,  for  a  rise 
of  temperature  of  one  degree,  of  a  gas  whose  elasticity  at  0°  C.  is  unity.  For  a  perfect 

gas,  it  is  obvious  that  these  two  values  of  -  would  be  equal. 

The  first  tolerably  accurate  determinations  of  the  coefficients  of  expansion  of  gaseous 
bodies  were  made  by  Gay-Lussac.  He  used  in  his  experiments  a  vessel  shaped  much  like 
a  thermometer,  having  a  bulb  about  1  centimetre  in  diameter,  and  a  tube  about  30  or  40 
centimetres  long,  and  1  or  1'5  millimetres  wide.  The  tube  was  divided  into  lengths  of 
equal  capacity,  and  the  proportion  between  the  total  capacity  of  the  bulb  and  that  of  one 
division  of  the  tube  was  accurately  determined.  The  apparatus  having  been  filled  with 
air  dried  by  passing  through  a  chloride-of-calcium  tube,  a  drop  of  mercury,  occupying 
a  short  length  of  the  divided  tube,  was  employed  to  cut  off  the  enclosed  air  from  com- 
munication with  the  atmosphere,  and  at  the  same  time  to  serve  as  an  index  whereby  to 
read  off  its  volume.  The  bulb  was  then  fixed,  with  the  stem  horizontal  and  projecting 
through  the  side,  in  a  vessel  filled  with  water,  through  the  medium  of  which  it  could 
be  heated  to  various  temperatures.  The  volumes  occupied  by  the  air  at  each  tempera- 
ture could  be  read  off  upon  the  divided  tube  by  noting  the  position  of  the  little  column 
of  mercury  ;  but  the  volumes  thus  determined  required  to  be  corrected  (a)  for  the 

p'      a  +  t 
*  Equation  (6)  may  obviously  be  put  into  the  form  »  =  »'  —  .   fl  +  </t  and  is  then  identical  with  that 

by  which  these  laws  are  represented  at  the  place  quoted. 
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expansion  of  the  glass,  (b)  for  the  lower  temperature  of  the  portion  of  air  contained  in 
the  part  of  the  tube  outside  the  water-bath,  and  (c)  for  the  possible  alterations  of  baro- 
metric pressure  during  the  experiment.  Independently  of  these  latter  alterations,  which 
were  always  very  inconsiderable,  the  pressure  upon  the  gas  remained  constant  during 
the  experiment:  it  was  the  volume  which  changed.  Applying  the  same  method  tc 
other  gases  and  to  vapours,  Gray-Lussac  concluded  that  all  gases  and  vapours  (at  tem- 
peratures sufficiently  removed  from  their  points  of  liquefaction)  expanded  by  heat  to 
the  same  extent;  that,  namely,  when  heated  from  0°  to  100°  C.  they  expanded  in  the 
proportion  of  1  :  1-375,  or  for  1°  C.  by  0-00375  =  ^  of  their  volume  at  0°. 

The  confidence  which  these  results  naturally  excited,  in  consequence  of  the  high 
reputation  of  the  author,  was  still  further  increased  by  the  confirmation  which  they 
received  at  the  hands  of  Dulong  and  Petit,  and  also  because  it  was  considered  pro- 
bable, on  theoretical  grounds,  that  in  substances  in  which  cohesive  force  no  longer 
existed,  the  expansive  action  of  heat  should  be  independent  of  chemical  composition. 
Hence,  when  the  Swedish  physicist  Kudberg  announced,  as  the  result  of  his  own  more 
accurate  experiments,  that  the  coefficient  of  expansion  found  by  Gray-Lussac  was 
considerably  too  high,  the  statement  was  at  first  received  with  hesitation. 


Kudberg  determined  the  value  of  the  coefficient  of  expansion  of  air     -     between 

0°  and  100°  C.  by  two  series  of  experiments.  In  the  first  he  determined  the  contrac- 
tion undergone  by  a  given  quantity  of  air  on  cooling  from  100°  to  0°  under  a  nearly 
constant  pressure;  in  the  second,  the  difference  in  the  elastic  force  at  0°  and  100°  of  a 
quantity  of  air  kept  at  the  same  volume  at  the  two  temperatures.  Making  t  and  t'  in 
equations  (c)  and  (d)  respectively  =  100  and  0,  the  results  of  his  experiments  may  be 
stated  as  follows  :  —  The  mean  of  twelve  experiments  by  the  first  method  gave  for  the 
coefficient  of  expansion  under  constant  pressure  — 


the  mean  of  ten  experiments  by  the  second  method  gave  for  the  coefficient  of  expansion 
at  constant  volume— 


a  result  identical  with  the  preceding. 

More  recently  (1841)  the  expansion  of  air  and  other  gases  has  been  again  made  the 
subject  of  elaborate  experiments  by  Regnault  (Relation  des  Experiences  ....  pour 
determiner  les  prindpales  lois  et  les  donnees  numeriques  qui  entrent  dans  le  calcul  dcs 
Machines  a  Vapeur,  Me'm.  Acad.  Roy.  des  Sciences,  xxi.  15-120  (1847)  ;  also  Ann.  Ch. 
Phys.  [3]  iv.  5  and  v.  52)  and  by  Magnus  (Pogg.  Ann.  Iv.  1,  and  Ivii.  177). 

Regnault  made  five  series  of  experiments  by  methods  more  or  less  distinct.  His 
first  method  was  the  same  as  the  first  method  employed  by  Rudberg.  It  consisted  in 
heating  a  cylindrical  glass  vessel  of  known  capacity,  about  2-5  or  3  centimetres  wide, 
and  about  11  centimetres  long,  filled  with  dry  air,  to  100°;  sealing  it  hermetically  at 
that  temperature  ;  then  cooling  it  to  0°,  and  observing  the  quantity  of  mercury  which 
entered  on  breaking  off  the  point  of  the  instrument  under  the  surface  of  that  metal. 
The  apparatus  employed  and  the  method  of  experimenting  were,  in  fact,  exactly  the 
same  as  in  determining  a  temperature  by  means  of  the  air-thermometer  in  the  manner 
already  described  (pp.  19  and  20):  for  it  is  obvious  that  the  same  experiment  which, 
the  coefficient  of  expansion  of  air  being  known,  serves  to  determine  the  temperature  at 
which  the  air-thermometer  is  sealed,  would,  if  this  temperature  were  known,  serve  for 
the  determination  of  the  coefficient  of  expansion. 

The  second  set  of  determinations  were  made  by  a  method  only  slightly  different 
from  the  first,  the  only  essential  difference  in  the  apparatus  being  that  the  tube  con- 
nected with  the  air-reservoir  was  about  40  centimetres  (16  inches)  long,  and  that  a 
portion  of  it,  about  two  inches  long  and  separated  from  the  air-reservoir  by  about 
four  inches,  was  wide  enough  to  produce  only  a  very  slight  capillary  depression 
in  a  column  of  mercury.  The  effect  of  this  modification  of  the  apparatus  was 
that  when,  after  being  heated  to  100°  and  sealed  at  that  temperature,  the  instru- 
ment was  placed  with  the  tube  pointing  vertically  downwards  and  with  the  point 
dipping  into  mercury,  the  mercury  rose  only  as  far  as  the  wide  part  of  the  tube,  on 
breaking  off  the  point,  and  did  not  reach  the  reservoir  at  all.  Hence  the  space  occur 
pied  by  the  air  at  zero  differed  from  that  which  it  had  occupied  at  100°,  only  by  the 
capacity  of  that  portion  of  the  tube  which  became  filled  with  mercury  on  opening 
the  point  ;  and  since  the  diameter  of  the  tube  was,  with  the  exception  of  the  wider 
portion  already  mentioned,  very  small,  this  capacity  bore  a  small  proportion  to  the  total 
capacity  of  the  instrument.  The  experiment  consisted  therefore  essentially  in  a  deter- 
mination of  the  difference  of  the  elastic  force  of  the  air  at  the  two  temperatures. 
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In  the  third  and  fourth  sets  of  experiments,  the  air-reservoir  was  made  to  communi- 
cate with  a  manometer,  whereby  the  pressure  upon  the  enclosed  air  could  bo  varied  at 
will  and  accurately  measured.  The  pressures  were  so  regulated  that  the  air  was  caused 
to  occupy  accurately  the  same  volume  at  0°  and  100°,  and  the  differences  of  pressure 
required  were  determined.  The  apparatus  for  the  third  series  of  experiments  was 
copied,  with  some  improvements  of  detail,  from  that  employed  by  Eudberg  in  his 
second  series.  The  apparatus  for  the  fourth  series  was  the  same  in  principle,  but  its 
construction  was  such  that  the  pressure  upon  the  air  could  be  determined  with  still 
greater  accuracy  than  was  possible  with  the  preceding  apparatus. 

In  the  fifth  set  of  experiments,  the  pressure  upon  the  air  remained  constant,  and  the 
alteration  of  volume  was  determined  Toy  weighing  the  quantity  of  mercury  which  filled 
the  space  into  which  it  expanded. 

The  mean  results  of  numerous  experiments  made  by  each  of  these  processes  were  as 
follows :— If  p0  and  v0  represent  respectively  the  pressure  and  volume  of  the  air  at  0°, 

and  pi  and  VL  its  pressure  and  volume  at  100°,  the  value  of  •- — - 


By  the  first  series .         . 1-36623 

„        second  series 1-36633 

„        third  series 1-36679 

„       fourth  series 1-36650 

„       fifth  series 1-36706 

In  the  second,  third,  and  fourth  series,  the  expansion  was  calculated  from  the  change 
of  elastic  force  undergone  by  the  same  volume  of  air  when  its  temperature  changed 
between  0°  and  100°;  in  the  experiments  made  by  the  first  method,  both  pressure  and 
volume  changed  considerably,  so  that  they  gave  a  mixed  result.  From  the  considera- 
tion of  all  the  experiments  by  the  first  four  methods,  Eegnault  adopts  for  the  coefficient 
of  expansion  of  air,  under  constant  volume,  for  1  degree  centigrade  between  0°  and  100°, 
the  number 

O-OOSMS-gjLj-gk  nearly.* 

This  result  agrees  precisely  with  that  obtained  by  Magnus. 

For  the  coefficient  of  expansion  of  air  under  constant  pressure,  Eegnault  adopts  the 
number 

0-00367 
given  by  the  experiments  of  the  fifth  series. 

Similar  experiments  extended  to  other  gases  gave  the  mean  results  recorded  in  the 
following  table,  in  which  are  also  included  the  results  obtained  by  Magnus :  — 

Table  of  EXPANSION  OF  GASES  between  0°  and  100°  at  Ordinary  Pressures. 


Value  of  a^l  =  l  +  !W. 

POVQ               a 

Name  of  gas. 

Constant  volume. 

Constant  pressure. 

Regnault. 

Magnus. 

Regnault. 

Hydrogen 

•3667 

1-3657 

1-3661 

Air         ... 

•3665 

1-3665' 

1-3670 

Nitrogen 

•3668 

Carbonic  oxide 

•3667 

, 

1-3669 

Carbonic  anhydride 

•3688 

1-3691 

1'3710 

Nitrous  oxide 

•3676 

. 

1-3719 

Sulphurous  anhydride     . 

1-3845 

1-3856 

1-3903 

Cyanogen 

1-3829 

•     • 

1-3877 

The  foregoing  results  are  all  deduced  from  experiments  in  which  the  gases  operated 
upon  were  subject  to  pressures  differing  but  little  from  the  ordinary  pressure  of  the 
atmosphere.  In  another  investigation  (Op.  cit.  pp.  96-120)  Eegnault  determined  the 
coefficients  of  expansion  of  air  and  some  other  gases  at  pressures  considerably  different 
from  that  of  the  atmosphere.  The  following  table  gives  the  mean  results : 

*  If  the  coefficient  of  expansion  of  air  be  taken  =  0-0036GGG  ....  it  may  be  represented  by  the 
vulgar  fraction  -^,  a  number  which  is  very  convenient  for  the  purposes  of  calculation. 
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Table  of  EXPANSION  OF  GASES  between  0°  and  100°  at  Various  Pressures. 

AIR. 


Constant  Volume. 

Constant  Pressure. 

Penalty. 
(Density  of  air  at  0°  and 
760  mm.  pressure  =  1.) 

£1=1  +  !22. 
Po               a 

Pressure, 
mm. 

^=1+1^. 
t>0                a 

0-1444 

1-36482 

760 

1-36706 

0-4937 

1-36572 

2525 

1-36944 

1-0000 

1-36650 

2620 

1-36964 

2-2084 

1-36760 

2-8213 

1-36894 

4-8100 

1-37091 

CARBONIC  ANHYDRIDE. 


Constant  Volume. 

Constant  Pressure. 

Density. 
(Density  of  carbonic 
anhydride  at  0°  and  760 
mm.  pressure  =  1.) 

*•=  1+122. 
Po              a 

Pressure, 
mm. 

a.i>K 

»o              a 

1-0000 
1-1879 
2-2976 
4-7318 

1-36856 
1-36943 
1-37523 
1-38598 

760 
2520 

1-37099 
1-38455 

HYDROGEN. 


SULPHUROUS  ANHYDRIDE. 


Constant  Pressure. 

Constant  Pressure. 

Pressure, 
mm. 

S.-+T- 

Pressure, 
mm. 

a«i+£t, 

VQ                     « 

760 
2545 

1-36613 
1-36616 

760 
985 

1-3903 
1-3984 

The  following  general  conclusions  may  be  drawn  from  these  results : 

1°.  The  coefficients  of  expansion  of  air,  hydrogen,  nitrogen,  and  carbonic  oxide, 
between  0°  and  100°,  are  sensibly  equal. 

2°.  The  coefficients  of  expansion  of  the  condensable  gases,  carbonic  anhydride,  nitrous 
oxide,  sulphurous  anhydride,  and  cyanogen,  are  slightly  greater  than  the  coefficient  of 
expansion  of  the  permanent  gases.  For  the  condensable  gases  also  the  coefficient  of 
expansion  (under  constant  pressure)  slightly  exceeds  the  coefficient  of  increase  of  elas- 
ticity (the  gas  being  kept  at  constant  volume),  a  difference  which  is  likewise  observed, 
though  in  a  less  degree,  in  the  case  of  air. 

3°.  The  coefficient  for  hydrogen  is  not  influenced  by  a  change  of  pressure  from  1  to  3 
atmospheres.  The  coefficients  for  air,  carbonic  anhydride,  and  sulphurous  anhydride 
are  greater  at  high  densities  and  pressures  than  at  low  ones. 

Notwithstanding  the  differences  in  the  absolute  values  of  the  coefficients  of  expansion 
of  air  at  different  densities,  and  of  air,  hydrogen,  and  carbonic  anhydride,  Begnault 
found  by  direct  experiments  (Op.  tit.  pp.  171-190)  that  the  elastic  force  of  air,  of  any 
initial  pressure  at  0°  between  400  mm.  and  1300  mm.,  and  the  elastic  force  of  hydrogen 
and  carbonic  anhydride  increased  according  to  the  same  law  at  all  temperatures  between 
0°  and  350°  C.  Hence  gas-thermometers  filled  with  air  of  any  density,  or  with  hydrogen, 
or  carbonic  anhydride,  would  give  perfectly  similar  indications,  provided  that,  in  cat  cu- 
lating  the  temperatures,  the  coefficient  proper  to  each  gas  were  employed.  The  coeffi- 
cient of  expansion  of  sulphurous  anhydride  was  found  to  diminish,  relatively  to  that  of 
air,  in  proportion  as  the  temperature  rose,  being  0-0038251  at  98-12°  of  the  air-ther- 
mometer, and  0-0037893  at  310-31°. 

Hence  as  a  general  conclusion:  Although  no  gas  appears  to  follow  absolutely  the  law 
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of  expansion  expressed  by  the  equations  (a)  and  (b\  page  45,  the  permanent  gases 
follow  this  law  so  closely  that,  in  all  except  the  most  refined  calculations,  these  formulae 
may  be  taken  as  strictly  applicable  to  them,  the  value  of  a  being  for  all  a  number 
sensibly  equal  to  273. 

The  following  consequences  of  these  equations  are  of  importance  in  calculating  the 
changes  of  yolume  and  elastic  force  of  gases  corresponding  to  given  changes  of  tem- 
perature :  Let  v  bo  the  volume  of  a  given  weight  of  gas  at  0°  C.,  and  p  its  elastic  force 
at  the  same  temperature;  let  v{  and_p,  be  the  volume  and  elastic  force  of  the  same 
quantity  of  gas  at  any  other  temperature,  tf  ;  and  let  v2  and  p2  be  the  volume  and 
elastic  force  corresponding  to  any  third  temperature,  t2°:  then,  the  volume  at  £lf 
expressed  in  terms  of  the  volume  at  0°,  will  be  — 


a  +  t, 
' 


Pi,        1     \ 
—  .  (  I  +  -  M, 


the  volume  at  0°,  in  terms  of  the  volume  at  t°t  will  be — 

,..,,  a.  _i_  _„,&..__!_. 
!>    iT|     '*    1+i, 

or  ,    p,         273  p.  1  .    p. 


1  p  '  273  +  ^         '  #  '  1  +  2-1-5  £,          l  p  '  1  +  0-003665 1 
and  the  volume  at  t2°,  in  terms  of  the  volume  at  tft  will  be — 


a  +  tn  v,      1  +  n 


or 


'  1  +  0-003665  *t 
The  elastic  force  at  J,0,  in  terms  of  the  elastic  force  at  0°,  will  be  — 


or  «      273  +  ^,v/l\'y/ 

*• =?^  •  -^r1  -  PT,-  I1  +  273  <<)  =PV,  •  (l  +  °-°03665 

the  elastic  force  at  0°,  in  terms  of  the  elastic  force  at  ^°,  will  be — 


273 


=  JPl 


"l  v   •  273  +  t,       [l  v    '  I  +  ^  tl   '    ri  v  '  i  +  0-003665 
and  the  elastic  force  at  t2°,  in  terms  of  the  elastic  force  at  ^°,  will  be — 


Z>2 


or 


*1  a  +  *•  . 

-T*>  1+-«'- 

**  <v,  '  a  +  t, 

Plv,  '  1  • 

1+s'- 

-y,  1  +  0-003665  t2 

'  273  +  t,  '   * 

1  v  '  1  +  0-003665  *. 

It  is  very  important  to  bear  in  mind,  with  reference  to  all  calculations  of  this  kind, 
that  when  the  coefficient  of  expansion  of  the  permanent  gases  is  said  to  be  uniform  at 
all  temperatures,  and  equal  to  ^,  it  is  not  meant  that  1  vol.  of  a  gas  at  any  tempera- 
ture, t°,  becomes  1^  vol.  at  the  temperature  (t  +  1)°  ;  but  that  1  vol.  at  0°  becomes 

14y  vol.  at  1°,  and  1  +  — —  vol.  at  t°.  and  that  consequently  1  vol.  at  tP  becomes 
2?o 
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The  irregularities  in  the  expansion  of  the  more  condensable  gases,  particularly  sul- 
phurous anhydride,  which  are  brought  to  light  by  Regnault's  experiments,  are  met  with 
to  a  greater  or  less  extent  in  the  case  of  all  liquefiable  gases  or  vapours,  and  are  more 
marked  in  proportion  as  the  gases  are  examined  nearer  to  their  points  of  liquefaction. 
The  law  with  regard  to  the  expansion  of  vapours  appears  to  be,  that  their  coefficients 
of  expansion  are  considerably  greater  than  ^  at  temperatures  near  to  the  boiling 
points  of  the  liquids  from  which  they  are  formed,  and  that  they  continue  to  diminish 
as  the  temperature  rises,  so  as  to  approach  more  and  more  closely  to  a  constant  value  of 
nearly  5^.  Hence,  at  sufficiently  high  temperatures,  all  vapours  and  liquefiablo  gases 
acquire  the  properties  of  sensibly  perfect  gases.  The  rapidity  with  which  the  coeffi- 
cients of  expansion  of  different  vapours  approach  their  limiting  values,  varies  greatly. 
Some  vapours,  as  that  of  ether,  have  a  nearly  uniform  rate  of  expansion  within  twenty 
or  thirty  degrees  of  the  boiling  point  of  the  liquid,  whereas  others  show  a  sensibly 
diminishing  rate  of  expansion  throughout  a  much  wider  interval  of  temperature :  for 
instance,  acetic  acid  through  upwards  of  120  degrees,  and  sulphur- vapour  through 
400  degrees  above  the  boiling  point  of  sulphur.  This  property  of  vapours  is  of  great 
importance  in  relation  to  the  experimental  determination  of  their  densities.  (For 
further  details,  see  SPECIFIC  GRAVITY;  also  ii.  811.)  The  fact  of  a  vapour  having 
reached  a  temperature  at  which  its  rate  of  expansion  is  the  same  as  that  of  air,  is 
indicated  by  its  density,  compared  with  that  of  air  at  the  same  temperature  and  pres- 
sure, remaining  constant  for  any  further  rise  of  temperature :  thus  the  density  of  acetic 
acid  vapour  (boiling  point  118°)  was  found,  by  Cahours,  to  be, 

at    125°,      150°,      180°,      200°,      240°,      270°,      310°,      336°  C., 
-  3-180,     2-727,     2-438,     2-248,     2-090,     2-088,     2-085,     2-083. 

That  is  to  say,  it  expands  more  rapidly  than  air  up  to  about  240°,  but  above  that 
temperature  its  expansion  is  very  nearly  the  same  as  that  of  air. 

Relation  between  the  Expansion  of  a  perfect  Gas  and  the  Quantity  of  Heat  required 
to  produce  it. — Equation  (a)  (page  45)  may  be  written — 

pv  =  m(l  +  at), (e) 

if  we  put  m  for  Ja,  and  a  for  —  =  coefficient  of  expansion.    Let  the  volume,  v,  be 

expressed  in  cubic  metres,  the  pressure,  p,  in  kilogrammes  per  square  metre,  and  the 
temperature,  t,  in  degrees  of  the  centigrade  thermometer.  Then,  since  m  is  a  constant, 
its  value  is  independent  of  the  variations  of  v,  p,  and  t,  and  in  order  to  find  it,  we 
may  make  any  suppositions  we  please  with  regard  to  these  factors.  To  determine  its 
value,  let  p  be  the  normal  atmospheric  pressure  of  0'76  metre  referred  to  1  square 
metre,  =  10,333  kilogr.,  let  v  be  one  cubic  metre,  and  let  t  be  0°  C.  Then  we  see  that 
m  must  be  the  atmospheric  pressure  on  1  square  metre  =  10,333  kilogr.  =  H,  and  we 
have*— 

pv-H(l  +  at) (/) 

In  fig.  533  let  distances  measured  parallel  to  the  axis  of  abscissse,  0V,  represent 
volumes,  and  distances  measured  parallel  to  the  axis  of  ordinates,  OP,  represent  pres- 
Fig.  533.  sures.     Then,  since  the  condition  of  a  gas  is  de- 

fined if  p  and  v,  two  of  the  three  variable  quantities 
upon  which  it  depends,  are  known,  that  condition 
may  be  represented  by  the  position  of  a  point  rela- 
tively to  the  lines  OP  and  0V.  Let  the  point  A 
represent  the  initial  condition  (p  .  v)  of  a  gas :  we 
will  consider  the  quantities  of  heat  which  must  be 
imparted  to,  or  withdrawn  from,  the  gas,  in  order  to 
make  it  pass  through  the  series  of  conditions  repre- 
•  sonted  by  the  sides  of  the  rectangle  ADBCA,  parallel 
to  OP  and  0V. 

1.  When  the  gas  passes  from  the  state  A  to  the 
"  C  state  D,  its  elastic  force  increases  while  its  volume, 

v,  remains  unaltered;  to  produce  this  change,  its 
temperature  must  be  raised  from  t  to  the  temperature 

t^  which  is  given  by  the  equation  p'v  =  H(l  +  a£,), 

"V"  *  which, -combined  with  (/),  pv  =  #(1  +  a  t),  gives 
(p'—p)v  *=Ha(tl  —  t).  Hence,  putting  D  for  the  weight  of  a  cubic  metre  of  the  gas 
at  0*,  andc  for  its  specific  heat  when  kept  at  a  constant  volume,  wo  have  for  tho 
quantity  of  heat  which  must  be  imparted  to  the  gas  to  produce  the  change  in  question, 
the  expression—  " . " 


EXPANSION   OF   GASES.  51 

but,  by  the  last  equation,  tl  —  t  =  v^  v^  >  therefore  — 

q  ~  IT*  C  V  (p'  ~  ^    ........    ^ 

2.  When  the  gas  passes  from  the  condition  D  to  the  condition  B,  it  remains  under 
the  constant  pressure  p',  but  its  volume  increases  from  v  to  v'  :  its  temperature  must 
therefore  be  still  further  raised  to  t',  which  is  given  by  the  formula  p'  v'  =  H(l  +  at'). 
This,  combined  with  p'  v  =  H(l  +  a  z!,),  gives  p'  (v  —  v)  =  Ha(t'  —  £,)  ;  hence  the 
quantity  of  heat  required  will  be  <?,  =  Do'  (f  —  t^),  c'  denoting  the  specific  heat  under 
constant  pressure.    Putting  for  t'  —  tl  its  value  deduced  from  the  previous  equation, 
this  becomes  — 

qi  =  'H~a.  °'P'  0'  -  ^)    ........     C*) 

3.  In  passing  from  the  condition  B  to  the  condition  C,  the  gas  is  cooled  without 
change  of  volume  ;  the  corresponding  temperature  ty  is  therefore  given  by  the  formula 
pv'—H(l  +  a  t2),  which,  combined  with  p'v  =H(  1  +  at'),  gives  (p1  —  p)v'  =  H  a(t'—t^). 
The  heat  that  must  be  withdrawn  will  therefore  be  </  =  DC  (f  —  tfa),  or,  by  substitution  — 

q>  =  iTa  °  V'  ^  ~~  ^     ........     ® 

4.  Lastly,  when  the  gas  passes  from  the  condition  C  to  its  original  condition  A, 
it  cools  under  the  constant  pressure  p,  and  its  temperature  again  becomes  t,  defined 
by  the  formula  pv  =  H  (I  +  at),  which,  combined  with  pv'  =  H(l  +  atf2),  gives 

t).     The  quantity  of  heat  to  be  withdrawn,  to  cause  th 


—  v}  =  Ha(t%  —  t).     The  quantity  of  heat  to  be  withdrawn,  to  cause  the  tem- 
peratiire  to  fall  from  t2  to  t,  will  be  j',  =  J)c'(t2  —  t),  which,  by  substitution,  becomes  — 


The  general  result  is  that,  during  the  passage  of  the  gas  from  the  state  A  to  the  state 
B;  a  quantity  of  heat  is  expended  which  (by  g  and  h)  is  represented  by  — 

Q  =  2  +  2i  =  J^  [c  v  (?'  -  &  +  C'P'  (v>  -  *)]  ;  •  •  •  •  (0 

and  that,  during  the  return  of  the  gas  from  the  condition  B  to  the  condition  A,  a 
quantity  of  heat  is  evolved,  which  (by  i  and  k)  is  expressed  by  — 

Q'  =  2   +  2i'  =  JTa  ^  V>  ^  ~  ^  +  °'P  ^  ~  V^  .....    ^ 
Consequently,  there  is  an  ultimate  expenditure  of  a  quantity  of  heat  equal  to  — 


a  quantity  which  is  necessarily  positive,  so  long  &s  p'—p  and  v'—  v  are  positive  (that 
is,  so  long  as  any  actual  increase  of  pressure  and  volume  takes  place),  being  propor- 
tional to  the  product  of  these  two  quantities,  and  represented  by  the  area  of  the 
rectangle  ADBCA. 

By  tracing  in  the  same  way  the  heat  expended  and  evolved  in  the  cycle  of  changes 
represented  by  the  passage  of  the  point  A  about  the  same  rectangle,  but  in  the  opposite 
direction,  ACBDA,  it  would  be  found  that,  as  a  final  result,  a  quantity  of  heat  =  Q—  Q 
would  be  evolved  by  the  process  instead  of  expended.  Hence  we  see  that  the  quantity 
of  heat  necessary  to  change  the  condition  of  a  gas  from  A  (p  .  v)  to  B  (p'  .  v'),  depends 
not  only  on  the  nature  of  the  conditions  A  and  B,  but  also  on  the  manner  in  which  the 
passage  from  -one  to  the  other  takes  place. 

If  B  approaches  indefinitely  near  to  A,  the  quantity  of  heat,  Q  —  Q',  expended  or 
evolved  as  the  point  A  passes  round  the  rectangular  circuit  approaches  indefinitely  to 
the  value  0.  That  is,  in  order  to  cause  a  gas  to  pass  from  the  condition  A  to  the  condi- 
tion B,  infinitely  near  to  it,  the  same  infinitely  small  quantity  of  heat  must  be  expended 
whether  the  passage  is  in  the  direction  ADB,  the  direction  ACB,  or  that  of  the  diameter 
of  the  rectangle,  AB.  Hence,  an  element,  AB,  of  any  curve  may  be  replaced  by  its  two 
projections  DA  and  DB  parallel  to  the  axes,  and  changes  of  condition  represented  by 
curve-lines  may  be  considered  as  made  up  of  rectangular  elements  parallel  to  these 
axes,  so  that  the  result  derived  from  the  consideration  of  the  rectangular  circuit  ADBCA 
may  be  extended  to  a  closed  circuit  of  any  form  whatever.  (Bourget,  Ann.  Ch.  Phys. 
[3]  Ivi.  257  ;  also  Daguin's  Traite  de  Physique,  2nd  ed.ii.  512.—  See  further  the  section 
uf  this  article:  Eelations  of  Heat  to  Mechanical  Energy.) 

Attention  must  here  be  drawn  to  an  important  consequence  of  the  relations  that  we 
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hare  found  to  exist  between  the  pressure,  volume,  and  temperature  of  a  gas.  The 
consequence  referred  to  will  be  most  easily  deduced  from  the  above  equations  (ft)  and  (&), 
which  show  that,  when  a  gas  expands  from  the  volume  v  to  the  volume  t/,  under  the 
constant  pressure  p,  a  quantity  of  heat  is  absorbed  equal  to 

q  =  j^c '  p(v'  -  v\ 

and  that  when  the  gas  contracts  from  the  volume  v'  to  the  volume  v,  under  the  same 
pressure,  an  equal  quantity  of  heat  is  evolved.  It  is  plain,  however,  from  the  above 
equation,  that  if  p,  the  pressure  upon  the  gas,  is  nothing,  the  quantity  of  heat,  q,  needed 
to  cause' the  gas  to  expand  will  also  be  nothing.  This  condition  is  actually  fulfilled 
when,  instead  of  having  to  force  up  a  piston  or  overcome  the  pressure  of  the  atmosphere 
in  its'  expansion,  a  gas  is  allowed  to  expand  into  a  vacuous  space ;  and  it  has  been 
experimentally  proved  by  Joule  that  the  expansion  of  a  gas,  under  these  circumstances, 
is  not  attended  with  expenditure  or  absorption  of  heat.  He  immersed  two  copper 
vessels  in  water,  and  removed  the  air  from  one  and  compressed  an  additional  quantity 
of  air  into  the  other,  until  the  pressure  amounted  to  22  atmospheres :  on  opening  a 
communication  between  the  two,  air  rushed  from  the  latter  vessel  into  the  exhausted 
one  until  the  pressure  in  both  was  11  atmospheres.  Nevertheless,  the  water  by  which 
they  were  surrounded  indicated  no  alteration  of  temperature. 

Absolute  Zero  of  Temperature. — It  results  from  the  fundamental  formula  of  gaseous 
expansion, 

pv  =  J(a  +  t), 

that,  if  the  temperature,  t,  of  a  gas  were  reduced  until  it  became  =»  —  a  =  —  273,  the 
gas  would  cease  to  have  any  gaseous  elasticity — the  product  of  elastic  force  into  volume 
would  be  =  0.  The  temperature  —  273°  C.  is  therefore  called  the  absolute  zero  of 
temperature,  and  temperatures  reckoned  from  it  are  called  absolute  temperatures. 
These  are  obviously  obtained  in  any  case  by  adding  273  to  the  number  of  _  degrees  by 
which  a  temperature  is  expressed  on  the  centigrade  scale ;  and  by  employing  them  in 
the  expression  of  the  laws  regulating  the  relations  between  temperature  and  other 
properties,  the  resulting  expressions  are  often  much  simpler  than  those  required  when 
temperatures  are  expressed  according  to  any  ordinary  thermometric  scale.  Thus,  for 
instance,  by  using  r  (  =  t  +  273)  to  denote  the  absolute  temperature  corresponding  to  the 
centigrade  temperature  t,  we  have  for  the  fundamental  formulae  (a)  and  (6)  (page  45) 
relating  to  pressure,  volume,  and  temperature,  the  expressions 

T        .  p'  v'      T' 

p  v  =  J  T  and  — —  =  — . 
p  v        r 

and  corresponding  simplifications  will  be  found  to  result  in  many  other  cases. 

Expansion  of  Liquids. — The  relation  between  the  volume  of  a  given  weight  of 
liquid  and  its  temperature  follows  no  simple  general  law,  such  as  that  which,  as  we 
have  seen,  applies,  at  least  approximately,  in  the  case  of  gases.  On  the  other  hand, 
not  only  has  almost  every  liquid  a  coefficient  of  expansion  different  from  that  of  any 
other,  but  the  coefficient  of  the  same  liquid  varies  to  an  important  extent  with  changes 
of  temperature. 

In  consequence  of  the  small  extent  to  which  the  volume  of  liquid  substances  is 
influenced  by  external  pressure  (ELASTICITY,  ii.  370),  it  may,  in  all  ordinary  cases,  be 
-considered  as  a  function  of  their  temperature  alone,  instead  of  as  a  function  of  tem- 
perature and  pressure  combined,  as  with  gases.  It  results  also  from  the  cohesion  of 
liquids,  which  causes  them  always  to  have  a  definite  limiting  surface,  that  their  volumes 
•  can  be  determined  by  observations  of  a  more  direct  kind  than  those  which  can  be  made 
on  gaseous  bodies.  Hence,  an  obvious  method  of  determining  the  expansion  of  a  liquid, 
is  to  observe  how  many  divisions  of  a  vessel  graduated  into  parts  of  equal  capacity,  are 
filled  by  the  same  weight  of  it  at  various  temperatures.  Such  a  method,  however, 
would  only  be  exact  if  the  capacity  of  the  containing  vessel  were  known,  not  merely  at 
some  one  temperature,  but  at  each  temperature  at  which  an  observation  of  the  liquid 
was  made.  Thus,  it  would  be  inaccurate  to  conclude  that  the  expansion  of  a  liquid 
between  0°  and  100°  amounted  to  1  per  cent.,  because  the  same  quantity  which  filled 
100  divisions  at  the  former  temperature  occupied  101  divisions  at  the  latter;  for  it  is 
impossible  to  raise  the  temperature  of  a  liquid,  without  at  the  same  time  raising  the 
temperature,  and  so  altering  the  capacity,  of  the  vessel  in  which  it  is  contained.  It  is 
therefore  necessary  to  distinguish  between  the  apparent  expansion  of  liquids,  or  that 
which  would  result  from  observations  made  in  the  manner  that  has  been  described, 
without  taking  account  of  the  changes  of  capacity  of  the  containing  vessel,  and  their 
real,  or  absolute  expansion,  which  is  the  apparent  expansion  corrected  for  the  simul- 
taneous expansion  of  the  vessel.  Of  course,  in  measuring  the  changes  of  volume  of 
gaseous  bodies,  the  expansion  of  the  containing  vessel  requires  to  be  similarly  taken 
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into  account,  but  in  this  case  it  is  of  much  less  relative  consequence  than  it  is  in  the 
case  of  liquids :  thus,  for  example,  the  apparent  expansion  of  air  in  a  glass  vessel  would 
only  differ  from  its  real  expansion  about  in  the  proportion  of  140  :  141 ;  whereas,  in  the 
case  of  mercury,  the  difference  would  amount  to  one  seventh  of  the  total  effect  to  be 
observed. 

Relation  between  the  Absolute  and  Apparent  Expansion  of  Liquids. — From  what  has 
been  already  said,  it  will  be  evident  that  the  apparent  expansion  of  a  liquid  is  equal  to 
its  absolute  expansion  for  the  same  interval  of  temperature  diminished  by  the  corre- 
sponding expansion  of  the  containing  vessel.  That  is,  if  A  be  the  coefficient  of  absolute 
expansion  of  a  liquid,  and  8  its  coefficient  of  apparent  expansion,  the  relation  between 
these  two  quantities  will  be  the  following : — Let  V  be  the  volume  of  the  liquid,  and 
consequently  of  that  portion  of  the  vessel  which  it  fills,  at  0° ;  and  let  V  be  the  capa- 
city, estimated  at  0°,  of  so  much  of  the  vessel  as  it  fills  when  its  temperature  has  been 
raised  1°.  Then  the  real  volume  of  the  liquid  at  the  latter  temperature  will  be 
V(\  +  A),  and  the  real  volume  of  the  portion  of  the  vessel  occupied  by  it  will  be 
V (\  +  K)  (putting  K  for  the  coefficient  of  cubical  expansion  of  the  material  of  the 
vessel) :  hence  we  have — 

V'(l  +  «)  =  V(l  +  A), 

or  V  -  V  =  A  -K 

but  V  —  V  is  the  apparent  increase  of  volume  of  the  liquid,  for  a  rise  of  temperature  of 
one  degree ;  — ^ —  is  therefore  its  coefficient  of  apparent  expansion  =  8.  Accordingly — 

S  -  A  ""  K        A  -  S 
1  +  «'  OI 

but  as  d  and  K  are  always  small  fractions,  we  may  disregard  their  product,  8  K,  and  put 
A  =  8  +  K:  that  is,  the  coefficient  of  absolute  expansion  of  a  liquid  is  equal  to  its  coeffi- 
cient of  apparent  expansion  in  a  vessel  of  any  material,  increased  by  the  coefficient  of 
cubical  expansion  of  the  material  of  which  the  vessel  is  made. 

By  far  the  most  accurate  method  of  measuring  the  capacity  of  a  vessel,  and  of  finding 
the  relative  values  of  divisions  which  may  be  marked  upon  it,  is  to  determine  the 
weight  of  mercury  which  fills  it  up  to  the  zero  point  of  the  scale,  and  also  the  weight 
which  corresponds  to  the  interval  between  any  two  divisions.  But  since  both  the 
capacity  of  the  vessel  and  the  specific  gravity  of  mercury  vary  with  variations  of  tem- 
perature, the  different  weights  of  mercury  which  fill  the  vessel  at  different  temperatures 
do  not  at  once  enable  its  relative  capacities  at  these  temperatures  to  be  calculated ;  for 
this  it  is  necessary  that  the  absolute  expansion  of  mercury  should  be  previously  known. 
Hence  the  absolute  expansion  of  mercury  (which,  on  account  of  its  inalterability  and 
its  property  of  not  wetting  glass,  is  better  adapted  for  measuring  purposes  than  any 
other  liquid)  is  a  necessary  preh'minary  datum  for  the  determination  of  the  absolute 
expansion  of  liquids  in  general. 

Determination  of  the  Absolute  Expansion  of  Mercury. — Enough  has  already  been 
said  to  make  it  eyident  that,  in  order  to  obtain  a  trustworthy  determination  of  this 
constant,  some  method  must  be  devised  whose  results  are  wholly  unaffected  by  changes 
in  the  capacity  of  the  vessel  in  which  the  mercury  is  contained.  A  satisfactory  solution 
of  this  apparently  very  difficult  problem  was  first  given  by  Dulong  and  Petit  (Ann. 
Ch.  Phys.  [2]  vii.  124  (1817);  Daguin's  Traite  de  Physique,  2nd  ed.  ii.  187;  see  also 
Eegnault,  Relation  des  Experiences,  $c.,  pp.  277-280.  Paris,  1847).  Their  method 
consisted  in  measuring  the  heights  of  columns  of  mercury  at  different  temperatures, 
which  produced  equilibrium  with  another  column  of  the  same  liquid  of  constant  height, 
and  kept  always  at  0°. 

If  h  denotes  the  height  of  the  column  at  0°,  d  the  density  of  mercury  at  this  same 
temperature,  h'  the  height  of  the  column  at  t°,  which  produces  equilibrium  with  the 
first,  and  d'  the  density  of  mercury  at  the  temperature  ty  we  have — 

h'  _  d 

h  ~  d" 

Representing  by  v  and  t>'  the  volumes  of  the  same  weight  of  mercury  at  0°  and  at  t°t 
we  get — 

d       v'        ,  ,    if       h' 

rr==  -,  and  consequently  -  =  — . 

The  mean  coefficient  of  expansion  between  0°  and  t°  is  therefore — 

t,'  -  *       k'  -  h 
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and  its  determination  requires  only  that  the  difference  of  height  of  the  two  columns, 
and  the  absolute  height  of  the  column  at  zero,  should  be  accurately  measured. 

The  apparatus  employed  by  Dulong  and  Petit  for  the  purpose  of  putting  this  method 
into  practice  is  represented  in  fig.  534.  It  consisted  of  a  kind  of  inverted  glass  syphon, 
the  two  vertical  branches  of  which  (A  and  B)  were  about  0-55  metre  long,  and  com- 
municated below  by  a  horizontal  tube  of  very  small  diameter.  The  branch  A  was 
Burrounded  by  a  cylinder  of  tinned  iron  which  was  kept  full  of  ice ;  the  other  branch,  B, 
accupied  the  middle  of  a  cylindrical  copper  vessel  filled  with  oil  and  built  into  a  furnace. 

Fig.  534. 


(In  the  figure,  the  front  wall  of  the  furnace,  as  well  as  a  part  of  the  cylinders  surround- 
ing each  branch  of  the  syphon,  is  represented  as  having  been  removed.)  The  quan- 
tity of  mercury  in  the  apparatus  was  so  adjusted  that  the  meniscus  in  the  tube  B 
was  a  little  above  the  cover  of  the  oil-bath,  and  the  difference  in  the  height  of  the  two 
columns  was  measured  by  a  cathetometer  (an  instrument  devised  by  Dulong  and  Petit, 
and  first  used  in  this  investigation).  The  temperature  of  the  oil-bath  was  indicated 
by  an  air-thermometer  and  a  mercurial  weight-thermometer  (pp.  18, 19),  the  reservoirs 
of  which  were  of  the  same  length  as  the  mercury-column  in  the  tube  B,  and  were 
placed  near  to  and  parallel  with  it. 

The  following  table  gives  the  general  results  of  a  great  number  of  determinations 
made  with  this  apparatus : 

Absolute  Expansion  of  Mercury  (Dulong  and  Petit). 


Temperatures  by  the 
air-thermometer. 

Mean  coefficient  of  Expansion  counted  from  0°. 

Maximum 
values. 

Minimum 
values. 

Mean' 
values. 

100°  C. 
200°     . 
300°     . 

I&T     - 

62*89        ' 

6~&52        ' 

•     JTsoU     • 

655O    == 

•   dW  = 

0-00018018 
•00018433 
•00018868 

Notwithstanding  the  great  approach  to  accuracy  which  was  undoubtedly  made  in 
these  experiments,  the  results  were  still  affected  by  sources  of  error  which,  in  the 
determination  of  a  physical  constant  of  such  primary  importance  as  the  one  in  question, 
cannot  be  considered  as  immaterial  The  chief  of  these  are :  the  uncertainty  of  the 
determinations  of  the  temperature  of  the  heated  column,  arising  (1)  from  the  employ- 
ment of  the  old  (and  inaccurate)  coefficient  for  the  expansion  of  air,  namely  0-00375, 
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Fig.  535. 


in  reducing  the  indications  of  the  air-thermometer;  (2)  the  cooling  effect  of  the 
external  air  upon  the  portion  of  the  heated  column  which  rose  above  the  cover  of  the 
oil-bath;  (3)  the  want  of  uniformity  in  the  temperature  of  the  oil-bath  at  different 
depths ;  and  the  comparative  shortness  of  the  two  mercury-columns,  whereby  a  very 
small  absolute  error  in  the  measurement  of  h  and  h'  comes  to  have  a  considerable  effect 

on  the  value  of  the  fraction  — ,-r-  =  8. 
nt 

In  order  to  obtain  results  which  should  be,  as  far  as  possible,  free  from  the  errors 
thus  arising,  Eegnault  (Eclation  des  Experiences,  cfc.,  pp.  271-328.  Paris,  1847)  repeated 
the  determination  of  the  absolute  expansion  of  mer- 
cury, by  a  method  similar  in  principle  to  that  of 
Dulong  and  Petit,  but  somewhat  different  in  execution. 
The  arrangement  of  his  apparatus  will  be  intelligible 
from  fig.  535.  AB  and  CD  are  two  iron  tubes,  1-5 
metre  long  and  10  mm.  in  internal  diameter  (in  the 
figure  the  diameter  is  greatly  exaggerated  in  pro- 
portion to  the  length),  connected  above  by  the  ho- 
rizontal iron  tube  AC.  of  2'5  mm.  (O'l  inch)  internal 
diameter,  and  respectively  communicating  below  with 
the  horizontal  tubes  BE  and  DF,  likewise  of  2'5  mm. 
diameter,  which  in  their  turn  carry  the  vertical  glass 
tubes  EG  and  FG.  The  apparatus  having  been 
adjusted  so  that  the  tubes  AB  and  CD  are  exactly 
vertical,  and  the  tubes  AC,  BE,  and  DF  exactly 
horizontal,  mercury  is  poured  into  it  through  one 
of  the  short  tubes,  open  at  both  ends,  by  which  both 
AB  and  CD  are  surmounted,  and  in  proportion  as 
the  liquid  rises  in  the  glass  tubes  EG  and  FG,  air  is 
compressed  into  a  copper  receiver  communicating 
with  them  by  the  leaden  pipe  G,  so  as  to  keep  the 
level  of  the  mercury  near  the  bottom  of  the  glass 
tubes.  The  addition  of  mercury  is  continued  until 
it  begins  to  run  out  at  a  hole,  0,  bored  in  the  upper 
side  of  the  tube  AC.  The  vertical  tube  AB  is  placed 
in  the  centre  of  an  oil-bath ;  CD  is  surrounded  by  a  constant  current  of  cold  water. 

On  heating  the  tube  AB,  the  density  of  the  mercury  contained  in  it  was  of  course 
diminished,  and  consequently  equilibrium  of  pressure  in  the  tubes  EG  and  FG  could 
only  be  maintained  by  the  sinking  of  the  mercury-column  in  the  former.  The  elastic 
force  of  the  compressed  air  in  the  receiver  was  therefore  balanced— on  the  one  hand, 
by  the  pressure  of  the  heated  column  of  mercury  of  the  height  AB,  =  H,  diminished  by 
that  of  the  column  in  E,  =  h ;  on  the  other  hand,  by  the  pressure  of  the  cold  column 
CD,  =  H',  diminished  by  that  of  the  column  in  F,  =  h'.  The  temperature  of  the  column 
AB  was  indicated  by  an  air-thermometer,  that  of  CD  by  three  mercurial  thermometers 
in  the  water-vessel  which  surrounded  it,  and  that  of  the  mercury  in  E  and  F  by  a 
thermometer  placed  between  them  as  shown  in  the  figure.  When  the  necessary  cor- 
rections for  the  differences  of  temperature  of  the  several  mercury-columns  had  been 
applied,  the  formula  for  the  absolute  expansion  became — 
(H'-k')-(H-h)_ 


But  since  the  required  corrections  involved  the  knowledge  of  the  very  coefficient  sought, 
the  calculation  could  only  be  made  by  the  method  of  successive  approximations :  that 
is,  Dulong  and  Petit's  coefficient  was  first  assumed  in  order  to  calculate  an  approximate 
result ;  then  the  number  so  obtained  was  substituted  for  the  old  coefficient,  and  so  a 
still  more  accurate  result  was  arrived  at. 

In  another  series  of  experiments,  the  tubes  AB  and  CD  were  connected  at  the  bottom 
by  a  continuous  horizontal  tube,  and  the  tube  AC  was  cut  across,  vertical  glass  tubes 
being  inserted  into  the  two  halves,  wherein  the  different  heights  attained  by  the  mer- 
cury-columns could  be  observed.  In  this  state,  the  apparatus  was  merely  a  modified 
form  of  that  employed  by  Dulong  and  Petit. 

The  results  ultimately  arrived  at  are  given  in  the  following  table,  the  temperatures 
in  the  first  column  of  which  are  those  measured  by  the  air-thermometer. 

The  numbers  in  the  last  column  of  this  table  represent  the  amounts  by  which  a  unit 
volume  of  mercury  expands  for  a  rise  of  temperature  of  one  degree  centigrade  at  various 
temperatures  between  0°  and  350°.  Thus,  100,000,000  cubic  millimetres  of  mercury, 
measured  at  0°,  occupy  100,017,905  cubic  millimetres  at  1°;  100,000,000  cubic  milli- 
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Absolute  Expansion  of  Mercury  (Eegnault). 


Temperature  =  /. 

Volume  at  t°. 

Mean  coefficient  of  expan- 
sion between  0°  and  t°. 

True  coefficient  of  expan- 
sion at  t°. 

0° 

1-000000 

•  o-oooooooo 

0-00017905 

10 

1-001792 

0-00017925 

0-00017950 

20 

1-003590 

0-00017951 

0-00018001 

30 

1-005393 

0-00017976 

0-00018051 

40 

1-007201 

0-00018002 

0-00018102 

60 

1-009013 

0-00018027 

0-00018152 

60 

1-010831 

0-00018052 

0-00018203 

70 

1-012655 

0-00018078 

0-00018253 

80 

1-014482 

0-00018102 

0-00018304 

90 

1-016315 

0-00018128 

0-00018354 

100 

1-018153 

0-00018153 

0-00018405* 

110 

1-019996 

0-00018178 

0-00018455 

120 

1-021844 

0-00018203 

0-00018505 

130 

1-023697 

0-00018228 

0-00018556 

140 

1-025555 

0-00018254 

0-00018606 

150 

1-027419 

0-00018279 

0-00018657 

160 

1-029287 

0-00018304 

0-00018707 

170 

1-031160 

0-00018329 

0-00018758 

180 

1-033039 

0-00018355 

0-00018808 

190 

1-034922 

0-00018380 

0-00018859 

200 

1-036811 

0-00018405 

0-00018909 

210 

1-038704 

0-00018430 

0-00018959 

220 

1-040603 

0-00018456 

0-00019010 

230 

1-042506 

0-00018481 

0-00019061 

240 

1-044415 

0-00018506 

0-00019111 

250 

1-046329 

0-00018531 

0-00019161 

260 

1-048247 

0-00018557 

0-00019212 

270 

1-050171 

0-00018582 

0-00019262 

280 

1-052100 

0-00018607 

0-00019313 

290 

1-054034 

0-00018632 

0-00019363 

300 

1-055973 

0-00018658 

0-00019413 

310 

1-057917 

0-00018683 

0-00019464 

320 

1-059866 

0-00018708 

0-00019515 

330 

1-061820 

0-00018733 

0-00019565 

340 

1-063778 

0-00018758 

0-00019616 

350 

1-065743 

0-00018784 

0-00019666 

metres,  measured  at  300°,  become  100,019,413  cubic  millimetres  at  301°.  Accordingly, 
the  t  r  u  e  c  o  e  f  f  i  c  i  e  n  t  of  expansion  increases  as  the  temperature  rises.  The  third  column 
contains  the  quotients  obtained  by  dividing  the  difference  between  the  volume  ( Ft)  of 
mercury  at  t°  and  the  volume  of  the  same  weight  at  0°  ( V0  =  1)  by  the  number  of 
degrees  of  temperature  (=<),  that  is  to  say,  the  mean  coefficient  of  expansion 


between  0°  and  t°, 


Between  0°  and  100°,  the  mean  coefficients  vary  so  little 


that  the  real  expansion  of  mercury,  and  much  more  therefore  its  smaller  apparent 
expansion  in  glass,  may  be  taken  as  proportional  to  the  temperature  measured  by  the . 
air-thermometer.  A  careful  comparison  of  an  air-thermometer  and  a  mercurial  ther- 
mometer, upon  which  the  points  0°  and  100°  had  been  determined  under  the  samo 
circumstances,  and  which  therefore  necessarily  agreed  at  these  temperatures,  showed 
the  following  differences  between  the  indications  of  the  two  instruments : 
Temperatures  by  air-thermometer — 

-36°    0°     +100°     129-9°     148-7°     197'0°     245°    292'7°     340°; 
Temperatures  by  mercurial  thermometer — 

-36°    0°     +100°     130°        150°       200°       250°    3000>       350°. 
From  Kegnault's  table  it  results  that,  if  the  real  expansion  of  mercury  be  taken  as 
the  measure  of  temperature,  the  following  readings  of  the  air-  and  mercurial  thermo- 
meters will  indicate  the  same  temperatures — 

*  In  Regnault'*  original  paper,  the  true  coefficient  of  expansion  at  100°  Is  given,  doubtless  in  conse- 
quence of  a  misprint,  as  0*00018305,  and  the  same  number  is  repeated  in  various  other  places :  c  e- 
Handworterb.  der  Chemle,  2nd  ed.  ii.  [1],  567,  article  Ausdehnung ;  also  Daguin's  Traite  de  Physique, 
ii.  1U3.  Paris,  1861. 
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Air-thermometer — 

0°      50°       100°       130°       150°       200°      250°      300°      350°; 
Mercurial  thermometer — 

0°      49-6°    100°       130-5°    151°       202-8°    255-2°    308'3°   362-2°. 
By  a  series  of  observations  of  the  heights  of  two  mercurial  barometers,  one  of  which 
was  kept  at  a  temperature  near  0°  C.,  while  the  other  was  heated  to  a  higher  tempera- 
ture, Militzer  (Pogg.  Ann.  Ixxx.  55)<obtained  for  the  mean  coefficient  of  absolute 
expansion  of  mercury  between  0°  and  100°,  the  number 

0-00017405  +  0-00000082  =       *       (l  ±  JL  V 
o74o"4  \         212y 

which  differs  considerably  from  Eegnault's  result,  and  is  probably  less  accurate. 

Apparent  Expansion  of  Mercury,  and  determination  of  tfie  Cubical  Expansion  of 
Glass  vessels. — By  help  of  the  foregoing  table  of  the  absolute  expansion  of  mercury, 
the  cubical  expansion  of  glass  vessels  may  be  determined.  For  this  purpose  the  neek  of 
the  vessel  is  drawn  out  to  a  capillary  point ;  it  is  filled  with  mercury,  care  being  taken 
to  exclude  all  moisture  or  air;  exposed  successively  to  the.  temperatures  0°  and  100°,  and 
weighed  with  the  quantity  of  mercury  which  fills  it  at  each  of  these  temperatures.  Let 

the  weight  of  the  empty  glass  vessel  be =  w, 

the  weight  of  the  vessel  filled  with  mercury  at  0°         .         .         .         .         =  W, 
the  weight  of  the  vessel  filled  with  mercury  at  100°    .         .         .        .         =  W, 
let  A  be  the  absolute  expansion  of  mercury,  and  K  the  cubical  expansion  of  glass 
between  0°  and  100° ;  then  we  have 

„.., ""  W  =  - ,  and  therefore  »c  =  _„  ""  w  (1  +  A)  —  1. 

W  —  w       1  +  K  W  —  w^  ' 

When  once  the  cubical  expansion  of  a  glass  vessel  is  known,  the  absolute  expansion 
of  any  liquid  can  be  deduced,  in  the  manner  already  explained  (p.  53),  from  its 
apparent  expansion  as  observed  in  this  vessel.  Hence  a  problem  of  frequent  occur- 
rence is  to  determine  the  expansion  of  the  glass  of  a  vessel  shaped  like  a  thermometer, 
and  provided  with  a  divided  stem,  for  which  the  relative  capacities  of  the  bulb  and  of 
one  division  of  the  stem  have  been  previously  determined.  In  such  a  case,  it  is  only 
necessary  to  fill  the  apparatus  to  some  particular  point  of  the  scale  with  well-boiled 
mercury,  and  to  observe  the  apparent  volumes  of  the  mercury,  v  and  v',  at  0°  and  100°, 
expressed  in  divisions  of  the  scale :  the  expansion  of  the  glass  can  then  be  calculated. 
For  (p.  53)  the  apparent  volume  of  the  mercury  at  100°  is  equal  to  its  volume  at  0° 
increased  by  the  amount  of  its  absolute  expansion  between  0°  and  100°  ;  that  is : — 

v'  (1  +  K)  =  v  (1  +  A),  or  K  =  ~  (1  +  A)  -  1. 

The  apparent  expansion  of  mercury  in  glass  varies  with  the  kind  of  glass  employed, 
but  may  be  taken  on  an  average  =  0-0001545  for  each  degree  centigrade.  This  value 
may  be  used,  for  instance,  without  hesitation  in  calculating  the  corrected  length  of  the 
portion  of  the  thread  of  mercury  in  a  thermometer  which  is  not  exposed  to  the  tem- 
perature that  is  to  be  measured.  (See  below,  Determination  of  Boiling  Points.)  Between 
0°  and  100°  the  apparent  volume  of  mercury  in  glass  increases  in  the  proportion  of 
1 :  1-01545,  while  the  real  volume  increases  in  the  proportion  of  1 :  1*01815;  hence  the 
cubical  expansion  of  glass  is 

R  -  1  =  0-002663. 

Another  case  in  which  the  absolute  expansion  of  mercury  requires  to  be  taken  into 
account,  is  in  reducing  barometric  observations  to  0°  C.  (BAKOMETER,  i.  512,  513.) 

Expansion  of  other  Liquids. — The  absolute  expansion  of  any  liquid  can  now  be 
ascertained  by  filling  with  it  a  small  glass  bottle,  whose  cubical  expansion  has  been 
previously  ascertained  in  the  manner  already  described,  and  weighing  the  bottle  with 
the  quantity  of  liquid  which  fills  it  at  different  temperatures.  But  a  more  rapid 
method,  and  therefore  one  more  frequently  adopted,  is  to  observe  the  apparent  expan- 
sion of  the  liquid  in  a  dilatomcter,sai  instrument  shaped  just  like  a  common  mercurial- 
thermometer,  and  then  to  correct  these  observations  for  the  previously  known  cubical 
expansion  of  the  glass.  In  this  way  very  numerous  determinations  have  been  made  by 
Isidore  Pierre  (Ann.  Ch.  Phys.  [3]  xv.  325;  xix.  193;  xx.  5;  xxi.  336;  xxxi.  118; 
xxxiii.  199)  and  by  Hermann  Kopp  (Pogg.  Ann.  Ixxii.  1  and  223;  Ann.  Ch.  Pharm. 
xciv.  257  ;  xcv.  307;  xcvi.  153  and  303  ;  c.  19).  The  principal  results  of  these  inves- 
tigations arc  given  below. 
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Expansion  of  Water.     (K  o  p  p. ) 


Temperature. 

Volume. 
(Volume  at  0°  =  1.) 

Density. 
(Density  at  0°  =  1.) 

Volume. 
(Volume  at  4°  =  I.] 

Density. 
(Density  at  4°  =  1.) 

0° 

i-ooooo 

i-oooooo 

1-00012 

0-999877 

1 

0-99995 

1-000053 

1-00007 

0-999930 

2 

0-99991 

1-000092 

1-00003 

0-999969 

3 

0-99989 

1-000115 

1-00001 

0-999992 

4 

0-99988 

1-000123 

1-00000  . 

1-000000 

5 

0-99988 

1-000117 

1-00001 

0-999994 

6 

0-99990 

1-000097 

1-00003 

0-999973 

7 

0-99994 

1-000062 

1-00006 

0-999939 

8 

0-99999 

1-000014 

1-00011 

0-999890 

9 

1-00005 

0-999952 

1-00017 

0-999829 

10 

1-00012 

0-999876 

1-00025 

0-999753 

11 

1-00021 

0-999785 

1-00034 

0-999664 

12 

1-00031 

0-999686 

1-00044 

0-999562 

13 

1-00043 

0-999572 

1-00055 

0-999449 

14 

1-00056 

0-999445 

1-00068 

0-999322 

16 

1-00070 

0-999306 

1-00082 

0-999183 

16 

1-00085 

0-999155 

1-00097 

0-999032 

17 

1-00101 

0-998992 

1-00113 

0-998869 

18 

1-00118 

0-998817 

1-00131 

0-998695 

19 

1-00137 

0-998631 

1-00149 

0-998509 

20 

1-00157 

0-998435 

1-00169 

0-998312 

21 

1-00178 

0-998228 

1-00190 

0-998104 

22 

1-00200 

0-998010 

1-00212 

0-997886 

23 

1-00223 

0-997780 

1-00235 

0-997657 

24 

1-00247 

0-997541 

1-00259 

0-997419 

25 

1-00271 

0-997293 

1-00284 

0-997170 

26 

1-00295 

0-997035 

1-00310 

0-996912 

27 

1-00319 

0<996767 

1-00337 

0-996644 

28 

1-00347 

0-996489 

1-00365 

0-996367 

29 

1-00376 

0-996202 

1-00393 

0-996082 

30 

1-00406 

0-996008 

1-00423 

0-995787 

35 

1-00570 

40 

1-00753 

45 

1-00954 

50 

1-01177 

55 

1-01410 

60 

1-01659 

65 

1-01930 

70 

1-02225 

75 

1-02541 

80 

1-02858 

85 

1-03189 

90 

1-03540 

95 

1-03909 

100 

1-04299 

The  numbers  in  the  second  column  of  the  above  table,  compared  with  that  represent- 
ing the  volume  of  the  same  quantity  of  water  at  0°,  give  the  following  four  interpola- 
tion-fonnulse — 

Between  0°  and  25°  C.  • 

V  =*  1  -  0-000061045  t  +  0-0000077183  t*  -  0-00000003734  t\ 

Between  26°  and  50°. 
V  =  1  -  0-000065416  t  +  0-0000077686  t-  -  0'000000036408  ts. 

Between  60°  and  75°. 
V  =  1  -  0'00005916  t    +  0-0000031849  P  +  0-0000000072848  *». 

Between  75°  and  100°. 

r  =  1  -  0-00008646  t    +  0-0000031892  &  +  0-0000000024487  t*. 
It  will  be  seen  that,  between  0°  and  a  temperature  of  about  +  4°,  water  presents  the 
exceedingly  rare  phenomenon  of  a  substance  which  contracts  when  heated  and  expands 
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when  cooled,  so  that  at  about  4°  it  is  more  dense  than  at  any  other  temperature. 
According  to  the  first  of  the  above  formulae,  the  exact  temperature  at  which  water 
possesses  its  maximum  density  would  be  4'08°.  The  results  of  other  experimenters 
indicate  in  general  very  nearly  the  same  temperature  for  this  point.  For  example, 
Hallstrom  fixed  it  at  4/1°,  Despretz  at  4°,  Playfair  and  Joule  at  3'95°,  Hagon  at  3'87°, 
Frankenheim  at  3-86°,  Pliicker  and  Geissler  at  3'8°  (nearly),  C.  v.  Neumann  at  3-68°. 
Although  the  melting  point  of  ice  (0°  C.)  is  also  the  point  at  which  water  freezes  under 
ordinary  circumstances,  it  may  by  special  precautions  be  cooled  much  lower  without 
becoming  solid  (p.  74).  It  is  then  found  that  the  expansion  which  takes  place  when 
water  is  cooled  from  4°  to  0°,  continues  as  the  temperature  sinks  below  the  latter  tem- 
perature. This  is  shown  in  the  following  table  by  Despretz  (Daguin's  Traite  de  Phy- 
sique, ii.  205.  Paris,  1861),  which  gives  the  volumes  and  densities  of  water  for  each 
degree  from  —  9°  to  +  4°,  compared  with  its  volume  and  density  at  4°  as  unity.  The 
complete  table,  which  extends  from  -  9°  to  100°,  agrees  in  general  very  closely  with 
that  already  given  by  Kopp ;  it  is  therefore  not  necessary  to  reproduce  it  here  entire : 
the  portion  given  corresponds  to  the  last  two  columns  of  Kopp's  table. 

Expansion  of  Water  between  —  9°  and  +  4°.     (Despretz.) 


Tempera- 
tures. 

Volumes. 

Densities. 

Tempera- 
tures. 

Volume*. 

Densities. 

-9° 

1-0016314 

0-998371 

-2° 

1-0003077 

0-999692 

-8 

1-0013734 

0-998628 

-  1 

1-0002138 

0-999786 

-7 

1-0011354 

0-998865 

0 

1-0001269 

0-999873 

-6 

1-0009184 

0-999082 

+  1 

1-0000730 

0-999927 

-  5 

1-0006987 

0-999202 

2 

1-0000331 

0-999966 

-  4 

1-0005619 

0-999437 

3 

1-0000083 

0-999999 

-  3 

1-0004222 

0-996577 

4 

1-0000000 

1-000000 

Frankenheim  (Jahresber.  iib.  Chcmie,  u.  s.  w.,  1852,  51)  calculated  from  Pierre's 
observations  the  following  empirical  formulae,  to  express  the  volume  of  wa^er  at  t°, 
compared  with  its  volume  at  0°  taken  as  unity : 

Between  -  13°  and  0°. 
1  -  0-00009417  t  +  0-000001449  t-  -  0'000000o085  P. 

It  is  not  necessary  to  give  the  other  six  similar  formulae  which  lie  calculated  for  other 
intervals  of  temperature  up  to  +  98°,  nor  to  reproduce  any  part  of  the  table  which  he 
calculated  by  means  of  them,  except  the  following  numbers  ref  spring  to  temperatures 
below  0°: 


Temperatures     -15°  -10°  -5° 

Volumes          1-0037584         1-0016851         1-0005819 


'a -ooooooo. 


Tables  of  the  expansion  of  water  between  0°  and  100°  have  also  been  constructed  by 
Hagen  (gee  Jahresber.  iib.  Chemie,  u.s.  w.,  1856,  50),  Kremers  (ibid.  1861,  62),  and 
others. 

Kopp's  table  further  shows  that  water  expands  more  and  more  rapidly  as  the  tem- 
perature rises.  This  property  likewise  is  found  to  remain  the  same  "when,  by  increasing 
the  pressure  upon  it,  water  is  kept  liquid  at  temperatures  abovte  100°.  Thus,  for 
example,  by  observing  under  the  microscope  the  apparent  expansion  of  water  in  ther- 
mometer-tubes, Sorby  (Phil.  Mag.  [4]  xviii.  81)  obtained  results  from  which  he 
calculated  the  following  formula  for  its  expansion  between  0°  and  200° : 

V=  0-9977  4-  0-000123  t  +  0-00000330  t\ 

which  accords  closely  with  the  formula  which  he  calculated  for  the  same  interval  of 
temperature  from  Kopp's  experiments,  namely, 

V  =  0-997696  +  0-0001101  t  +  0-00000343  t\ 

Mendelejeff  also  (Zeitschr.  Chem.  Pharm.  1861,  33;   Ann.  Cli.  Pharm.  cxix.  1) 
investigated  the  expansion  of  water  above  100°  with  the  following  results: — 


Temperatures. 

Densities. 
(Density  of  water  at  4°  =  1.) 

Volumes. 
(Volume  of  water  at  0°  =  1.) 

Volur.if  s  calculated  by 
Kopp's  formula. 

99-8° 
131-0 
156-8 

0-95903 
0-93079 
0-90770 

1-0426 
1-0722 
1-1016 

1-0429 
1-0716 
1-1014 
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The  presence  of  saline  substances  in  solution  in  water  renders  its  rate  of  expansion 
more  uniform,  both  below  and  above  100°.  [For  determinations  of  the  rate  of  expan- 
sion of  aqueous  solutions,  see  Kremers  (Pogg.  Ann.  c.  394;  Jahresber.  lib.  Chemie, 
u.  s.  w.,  1857  [1]  44:  chlorides  of  potassium,  sodhim,  lithium,  and  barium. — Further, 
Pogg.  Ann.  cv.  360 ;  Jahresber.  1858,  41 :  chlorides  of  calcium,  cadmium,  strontium, 
zinc,  magnesium;  bromides  of  potassium,  sodium,  lithium,  barium,  strontium. — Further, 
Pogg.  Ann.  cviii.  115;  Jahresber.  1859,  48:  bromides  of  strontium,  calcium,  magne- 
sium, zinc,  cadmium ;  iodides  of  potassium  and  sodium ;  hydrochloric  acid.— Further, 
Pogg.  Ann.  cxi.  60;  Jahresber.  1860,  45:  iodides  of  lithium,  barium,  strontium,  cal- 
cium, magnesium,  zinc,  cadmium. — Further,  Pogg.  Ann.  cxiv.  41 ;  Jahresber.  1861,  60 : 
nitrates  and  sulphates  of  potassium,  sodium,  lithium;  aqueous  nitric  and  sulphuric 
acids),  Grerlach  (Jahresber.  1859,  42-48:  chlorides  of  potassium,  sodium,  lithium, 
ammonium,  magnesium,  calcium,  barium,  aluminium;  sulphates  of  potassium  and 
sodium ;  carbonates  of  potassium  and  sodium ;  tartaric  acid,  citric  acid,  cane-sugar), 
and  Sorby  (loc.  cit. :  chlorides  of  potassium  and  sodium,  sulphate  of  sodium).] 

The  temperature  of  maximum  density  of  aqueous  solutions  is  lower  than  that  of  pure 
water.  In  fact,  with  solutions  of  many  substances,  this  temperature  lies  lower  than  the 
ordinary  freezing-point  of  the  solution,  and  is  in  general  (as  well  as  the  freezing-point) 
lower  the  larger  the  proportion  of  saline  matter  contained  in  the  solution. 


Points  of  Maximum  Density  and  Congelation  of  Agueous  Solutions.    (Despretz.) 


Substances. 

Weight  of  substance 
in  997*45  parts  of  water. 

Temperature  of  maxi- 
mum density. 

Freezing-point  of  the 
solution  when  shaken. 

Sea-water 

. 

-    3-7° 

-  1-88° 

Chloride  of  sodium 

12-3 

+     1*2 

-  0-8 

»s                >>      • 

24-9 

-    17 

-1-4 

37'0 

-    475 

-  2'1 

»>                ?>      • 

74-1 

-  16-0 

-  4-3 

Chloride  of  calcium 

6-2 

+     3-2 

-  0-2 

j>                »      •        • 

12-3 

+     2-05 

-  0-5 

»                »      • 

24-7 

+     0-06 

-  1-0 

»                » 

37-0 

-    2-4 

-  3-9 

>»                >» 

74-1 

-  10-4 

-  5-3 

Sulphate  of  potassium   . 

6-2 

+     2-9 

-  o-i 

»»                  »    •        • 

12-3 

+     1*9 

-  0-3 

»                  ii    •• 

247 

-  o-i 

-0-55 

it                  »    •        • 

37'0 

-    2-3 

-  2*1 

74-1 

-    8-4 

-  4*1 

Sulphate  of  sodium 

6-2 

+    2-5 

-  0-2 

»               i»  '  •        • 

12-3 

+     1-15 

-  0-4 

»               u     •• 

24-7 

-    1*5 

-07 

>»               »»     • 

37-0 

-    4-3 

-  1-3 

Carbonate  of  potassium  . 

37-0 

-    3-95 

-  3-2 

1 
i          j>                   if     •    • 

74-1 

-  12-4 

-  2-25 

Carbonate  of  sodium 

371 

-    7-0 

-  2-85 

5>                                  J»                          ' 

74-1 

-  17-3 

-  2-2 

Sulphate  of  copper 

58-0 

-    0-6 

-  1-3 

Potash  .... 

37'4 

-    5-6 

-  2-1 

74-1 

-  15-95 

—  4-3 

Alcohol 

74-1 

+    2-3 

-  2-8 

Sulphuric  acid 

12-3 

+    0-6 

-  0-4 

>»          >»          •        • 

247 

-    1*9 

-  1*1 

»»          »          •        • 

37'0 

-    5-0 

-  1*3 

In  the  tables  which  follow,  Kopp  has  collected  together  the  results  of  his  own  and 
Pierre's  determinations  of  the  expansion  of  nearly  ninety  other  liquids,  chiefly  organic. 
In  each  table,  the  several  substances  are  arranged  in  the  order  of  their  boiling-points, 
beginning  with  the  lowest.  Except  where  the  contrary  is  stated,  the  volume  of  each 
liquid  at  0°  C.  is  taken  as  the  unit,  -with  which  its  volume  at  higher  temperatures  is 
compared. 

Table  A  (Ann.  Ch.  Pharm.  c.  21)  gives  the  expansion  of  seven  nitrogenous  com- 
pounds from  the  determinations  of  Kopp  and  Pierre. 
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Table  B  (ibid.  xcvi.  163)  gives  the  expansion  of  forty-two  liquids,  containing  no 
other  elements  than  carbon,  hydrogen,  and  oxygen,  according  to  the  experiments  of 
H.  Kopp: — Table  C  (ibid.  xcvi.  304)  gives  the  expansion  of  thirty-eight  compounds 
containing  sulphur,  iodine,  bromine,  and  chlorine,  according  to  the  experiments  of 
Kopp  and  Pierre. 


TABLE  A. 


0  C. 

KOPP. 

FIGURE. 

KOPP. 

°c. 

Cyanide  of 
methyl 
(acetoni- 
trile). 
C-H3N. 

Nitrate  of 
ethyl. 
C2K5NO3. 

Sulphocy- 
anatc  of 
methvl. 

C2H3NS. 

Oil  of 
mustard. 
C*H»NS. 

Aniline. 
CGH?N. 

Cyanide  of 
phenyl 
(benzoni- 
.  trile). 
C^H'N. 

Nitroben- 
zene. 
C«H»NO2. 

0 

1-0000 

10000 

10000 

10000 

10000 

10000 

10000 

0 

10 

101-22 

10117 

10098 

10107 

10083 

10093 

10084 

10 

20 

10250 

10244 

10200 

10215 

10167 

10186 

10168 

20 

30 

10384 

10377 

10305 

10324 

10253 

10279 

10253 

30 

40 

10523 

10517 

10416 

10434 

10342 

10373 

10340 

40 

50 

10669 

10661 

10531 

10546 

10433 

10467 

10428 

50 

60 

10824 

10810 

10653 

10660 

10525 

10562 

10518 

60 

70 

10988 

10962 

10781 

10777 

10619 

10659 

10609 

70 

80 

11161 

11116 

10909 

10897 

10716 

10757 

10701 

80 

90 

11270 

11042 

11021 

10815 

10857 

10796 

90 

100 

11178 

11148 

10915 

10961 

10892 

100 

110 

11318 

11280 

11018 

11067 

10990 

110 

120 

11462 

11418 

11124 

11177 

11090 

120 

130 

11609 

11561 

11231 

11289 

11192 

130 

140 

11760 

11708 

11341 

11406 

11297 

140 

150 

11862 

11454 

11528 

11404 

150 

160 

11569 

11652 

11512 

160 

170 

11686 

11783 

11623 

170 

180 

11806 

11919 

11736 

180 

190 

11928 

12061 

11853 

190 

200 

12209 

11972 

200 

210 

12093 

210 

220 

12218 

220 

From  the  inspection  of  these  tables  it  will  be  seen  that,  as  a  general,  though  not 
universal,  rule,  those  substances  expand  most  rapidly  at  ordinary  temperatures  whose 
boiling-points  are  lowest;  that  isomeric  compounds  having  the  same  boiling-point, 
expand  at  the  same  or  very  nearly  the  same  rate  (e.  g.  formate  of  ethyl  and  acetate  of 
methyl,  C3HC02;  propionate  of  ethyl  and  butyrate  of  methyl,  C5H1002;  butyrate  of 
ethyl  and  valerate  of  methyl,  C8HI202) ;  that  the  rate  of  expansion  of  each  liquid 
increases  as  the  temperature  rises.  This  last  fact  becomes  still  more  apparent  on 
comparing  the  coefficients  of  expansion  at  different  temperatures  (for  a  table  of  the  true 
and  mean  coefficients  of  expansion  of  the  liquids  examined  by  Pierre,  see  Gmelin's 
Handbook,  i.  226),  and  a  consequence  of  it  is  that,  when  the  volumes  of  different  liquids 
are  compared  at  the  same  number  of  degrees  below  their  several  boiling-points,  the 
volume  of  each  liquid  at  its  boiling-point  being  taken  as  unity,  the  alterations  corre- 
sponding to  equal  intervals  of  temperature  are  found  to  be  often  much  more  uniform 
than  when  the  comparison  is  made  (as  in  the  tables  which  follow)  for  the  same  absolute 
temperatures.  (Tables  of  Pierre's  results,  calculated  for  equal  distances  from  the 
boiling-points,  are  given  in  Gmelin's  Handbook,  i.  227-230.) 

Observations  of  the  expansion  of  liquids  by  the  methods  already  described  are 
limited  to  temperatures  below  the  ordinary  boiling-points,  but  by  special  methods  such 
observations  can  be  extended  to  higher  temperatures,  and  it  is  then  found  that  the 
increasing  rate  of  expansion  continues  up  to  the  highest  points  at  which  determinations 
can  be  made,  so  that,  under  such  circumstances,  liquids  may  expand  as  rapidly  as 
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gases,  or  even  more  rapidly,  for  equal  increments  of  temperature.  Determinations  of 
the  expansion  of  water  above  100°,  by  Mendelejeff,  have  already  been  given  (p.  59) ; 
the  preceding  table  (p.  66)  contains  the  results  of  the  observations  of  Drion  (Ann. 
Ch.  Phys.  [3]  hi.  5),  Andreeff  (ibid.  Ivi.  317),  and  Mendelejeff  (loc.  tit.)  on 
some  other  liquids  at  temperatures  above  their  usual  boiling  points.  To  serve  as  a 
standard  of  comparison,  the  expansion  of  air  is  given  in  the  last  column  of  the  table. 

Expansion  of  Solids. — In  speaking  of  the  expansion  of  solid  bodies,  it  is  needful 
to  distinguish  between  linear  expansion,  or  the  increase  in  length  of  a  linear  unit ; 
siiperficial  expansion,  or  the  increase  in  the  area  of  a  unit  of  surface;  and  cubical 
expansion,  or  the  increase  in  bulk  of  a  unit  of  volume.  If  a  solid  body,  whose  length 
is  A  linear  units,  expands,  when  heated  from  0°  C.  to  1°,  so  as  to  measure  A  +  a  at  the 
higher  temperature,  a  portion  of  its  surface  containing  A2  superficial  units  at  the  lower 
temperature  will  become  (A  +  a)2  when  expanded,  and,  at  the  same  time,  the  volume  A3 
will  become  (A  +  a)3.  We  have  therefore  for  the  increase  in  length,  or 

linear  expansion,          A  +  a     —A    =  a ;  for  the 
superficial  expansion,  (A  +  a)2  —  A2  =  2Aa   +  a2 ;  for  the 
cubical  expansion,       (A  +  a)3  —  A3  =  ZA-a  +  ZAa2  +  a3. 

But  since  a  is  always  a  very  small  fraction  of  A,  a?  is  also  a  very  small  fraction 
of  a ;  hence  the  second  and  third  terms  of  these  expressions  may  be  omitted.  Accord- 
ingly, the  expansion  of  A  linear  units  may  be  taken  as  a,  the  expansion  of  A2  superficial 
units  as  2Aa,  and  the  expansion  of  A3  cubical  units  as  3A2a.  The  coefficients  of  linear, 
superficial,  and  cubical  expansion,  or  the  expansion  of  one  unit  of  each  kind,  will 
therefore  be  respectively 

a      2Aa  a          _  3A~a          a 

Z.-f-*?    and-r  =  3-; 

that  is  to  say,  the  coefficient  of  superficial  expansion  is  twice  as  great,  and  the  coeffi- 
cient of  cubical  expansion  three  times  as  great  as  the  coefficient  of  linear  expansion. 

When  a  hollow  vessel  is  heated,  its  capacity  increases  to  exactly  the  same  extent  as 
it  would  do  if  filled  with  the  substance  of  which  its  sides  are  composed ;  that  is,  its 
expansion  is  the  same  as  the  cubical  expansion  of  a  solid  mass  of  the  same  material 
and  dimensions.  If  K  be  the  coefficient  of  cubical  expansion  of  any  kind  of  glass  for 
a  rise  of  temperature  of  1°  C.,  a  vessel  made  of  this  glass  and  having  the  capacity  V0 
at  0°,  would  have  at  t°  the  capacity  Vl  =  V0  (1  +  K  t).  Similar  considerations  are 
applicable  in  the  case  of  a  glass  vessel  which  is  divided  into  parts  of  equal  capacity  by 
a  scale  etched  upon  the  side,  when  the  space  comprised  between  two  consecutive  divi- 
sions at  0°  is  taken  as  the  unit  of  capacity.  The  apparent  volume  Vlt  read  off  at  t°, 
would  then  correspond  to  the  real  volume  V0  (1  +  K  t)  referred  to  the  unit  adopted. 

Determinations  of  Linear  Expansion. — The  linear  expansion  has  been  measured  for 
the  greater  number  of  such  substances  as  can  be  obtained  in  the  form  of  rods  or  bars 
of  considerable  length.  For  the  purpose  of  such  measurements,  one  end  of  the  bar 
is  fixed  immovably,  and  its  length  is  measured,  by  means  of  micrometric  apparatus 
attached  to  the  other  end,  at  two  known  temperatures,  such  as  0°  and  100°  C.,  which 
can  be  maintained  constant  sufficiently  long  to  make  it  certain  that  they  have  been 
attained  by  the  bar  throughout  its  whole  mass.  The  following  table  of  linear  expansions 
between  0°  and  100°  C.  is  from  lire's  Dictionary  of  Chemistry,  ed.  1836,  pp.  271,  272. 


Linear  Expansion  of  Solids  by  Heat. 

Dimensions  which  a  bar  takes  at  100°  C.  whose  length  at  0°  is  1  '000000.                Expan- 
sion. 
Glass  tube        Smflaton     ....     1'00083333 

Eoy 

.  1-00077615 

1 

TT\2 

1090 

ii  o7 
TTal 

,,                ... 

Deluc's  mean 
.     Dulong  and  Petit 

.  1-00082800 
.  1-00086130 
.  1-00081166 
.  1-00089089 
.  1-00087572 
.  1-00089760 
.  1-00091751 
.  1-00080787 

Plate  glass 
„     crown  glass 

!     rod 
Deal 

•             »                   » 
.         .             ,,                   » 

Rov 

i»,uj  . 
Rov  . 

as  glass 

Platinum 

.     Borda 
.     Dulong  and  Petit 

.  1-00085655 
.  1-00088420 
.  1-00099180 
.  1-00110000 

.     Trough  ton 

and  glass      . 

.     Berthoud  . 

F.  2 
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Dimensions  which  a  bar  takes  at  100°  C.  whose  length  at  0°  is  1-000000.                Exprm 
ROB. 

Wollaston  . 

.    1-00100000 

Smeaton    .         .         . 

.     1-00108300 

Cast-iron  prism         .... 

Roy  . 

1'00110940 

Cast-iron          

Lavoisier,  by  Dr.  Young 

.     1-00111111 

Steel        

Troughton 

.     1-00118990 

Steel  rod          

Roy  .... 

.     100114470 

Blistered  steel          .... 

Phil.  Trans.  1795,  428 

•00112500 

Smeaton    . 

.       -00115000 

Steel  not  tempered   .... 

Lavoisier  and  Laplace 

.       -00107875 

i 

»27 

JJ                                »                        •                  •                 *                  • 

»                   » 

.       -00107956 

1 

„    tempered  yellow 

»                   >» 

.       -00136900 

... 

» 

.       -00138600 

„            „    at  a  higher  heat 

»                   » 

.     1-00123956 

SUY 

Steel        

Troughton 

.     1-00118980 

Hard  steel        .         .        .        .  ;    r  . 

Smeaton    . 

.     1-00122500 

Annealed  steel          .         .         .  ^    «•  . 

Muschenbroek   . 

.     1-00122000 

Tempered  steel         .... 

»> 

.     1-00137000 

Iron         

Borda 

.     1-00115600 

, 

Smeaton     . 

.     1-00125800 

Soft  iron,  forged       .... 

Lavoisier  and  Laplace 

.     1-00122045 

Hound  iron,  wire  drawn  . 

»> 

.     1-00123504 

Troughton 

.     1-00144010 

Dulong  and  Petit 

.     1-00118203 

¥58 

Bismuth  

Smeaton    . 

.     1-00139200 

Annealed  gold          .... 

Muschenbroek   . 

.     1-00146000 

Gold        

„    procured  by  parting       *  . 
„    Paris  standard,  unannealed 

Ellicot,  by  comparison 
Lavoisier  and  Laplace 

.     1-00150000 
.     1-00146606 
.     1-00155155 

i 

„        „          „         annealed  . 

» 

.     1-00151361 

Copper    

Muschenbroek   . 

.     1-00191000 

Lavoisier  and  Laplace 

.     1*00172244 

i 

>j                  » 

.     1-00171222 

5^4 

„         ...... 

Troughton 

.     1-00191880 

Dulong  and  Petit 

.     1-00171821 

1 

Brass       

Borda 

.     1-00178300 

Lavoisier  and  Laplace 

.     1-00186671 

»                  » 

.     1-00188971 

Brass  scale,  supposed  from  Hamburg 

Roy  . 

.     1-00185540 

Cast  Brass       

Smeaton     . 

.     1-00187500 

English  plate-brass,  in  rod 

Roy  .... 

.     1-00189280 

„              „           in  a  trough  form 

„ 

.     1-00189490 

Brass       

Troughton 

.     1-00191880 

„     wire        ..... 

Smeaton    .        .        . 

.     1-00193000 

Muschenbroek   . 

.     1-00216000 

Copper  8,  tin  1 

Smeaton    . 

.     1-00181700 

Silver       ......... 

Herbert     .         . 

.     1-00189000 

Ellicot,  by  comparison 

.     1-00210000 

Muschenbroek    . 

.     1-00212000 

„     of  cupel  

Lavoisier  and  Laplace 

.     1-00190974 

Fp 

,,     Paris  standard 

» 

.     1-00190868 

.ri  . 

"'" 

Silver      

Troughton 

.     1-00208260 

Brass  16,  tin  1 

Smeaton    . 

.     1-00190800 

. 

1-00193300 

Spelter  solder  ;  brass  2,  zinc  1  . 

„ 

.     1-00205800 

Lavoisier  and  Laplace 

.     1-00193765 

5jR 

Tin  from  Falmouth  . 

»                  »       * 

.     1-00217298 

|.  . 

Smeaton    . 

.     1-00228300 

, 

1-00248300 

Tin  

Muschenbroek   . 

.     1-00284000 

Soft  solder  ;  lead  2,  tin  1 

Smeaton     . 

.     1-00250800 

Zinc  8,  tin  1,  a  little  hammered 

Smeaton     . 

.     1-00269200 

Lead       .... 

Lavoisier  and  Laplace 

.     1-00284836 

ah 

Smeaton    . 

.     1-00286700 

Zinc                

... 

1-00294200 
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Linear  Expansion  of  Solids  by  Heat. 
Dimensions  which  a  bar  takes  at  100°  C.  whose  length  at  0°  is  I'OOOOOO.  Expan- 

7Auc,  hammered  out  £  inch  per  foot  .     Smeaton    ....  1-00301100 

Glass,  from  0°  to  100°      .         .         .     Dulong  and  Petit       .  1-00086130    ^ 

„     from  100°  to  200°  .                                              „  1-00091827    3u 

„     from  200°  to  300°.         .                                     „  1-000101114  ]ff 
The  last  two  measurements  by  an  air-thermometer. 

Messrs.  Calvert,  Johnson,  and  Lowe  have  determined  the  linear  expansion  of  a  con- 
siderable number  of  metals  and  alloys  by  a  modification  of  the  method  above  described, 
for  the  details  of  which  we  must  refer  to  the  original  paper  published  in  the  Mechanics' 
Magazine. 

The  following  are  the  linear  expansions  of  simple  metals  between  0°  and  100°  C. 
thus  determined : — 

Cadmium  (pure) 0-00332 

Lead  (pure) 0-00301 

Tin  (pure) 0'00273 

Aluminium  (commercial) 0-00222 

Zinc,  forged  (pure) 0'00220 

Silver  (pure) 0'00199 

Gold  (pure) 0*00138 

Bismuth  (pure) 0-00133 

Wrought  iron 0*00119 

Cast  iron 0-00112 

Steel  (soft) 0-00103 

Antimony  (pure) ;  0-00098 

Platinum  (commercial) 0  00068 

From  the  preceding  table  it  will  be  seen  that  the  coefficients  of  expansion  of  the  metals 
vary  with  their  physical  condition,  being  different  for  the  same  metal  according  as  it  has 
been  cast,  hammered  and  rolled,  hardened,  or  annealed.  As  a  general  rule,  those 
operations  which  increase  the  density,  appear  also  to  increase  the  rate  of  expansion  by 
heat.  But  even  for  substances  in  apparently  the  same  condition,  different  observers 
have  found  very  unequal  amounts  of  expansion ;  this  may  arise,  in  the  case  of  com- 
pound substances,  such  as  glass,  brass,  or  steel,  from  a  want  of  uniformity  in  chemical 
composition,  and  in  simple  bodies  from  slight  differences  of  physical  state.  Hence,  in  all 
cases  where  great  accuracy  is  required  in  the  determination  of  the  linear  expansion,  as  in 
rods  employed  for  pendulum  observations,  or  for  the  measurement  of  the  base-lines  of 
surveys,  it  is  impossible  to  rely  upon  the  results  of  previous  determinations  of  the 
expansion  of  the  material  in  question  ;  but  the  linear  expansion  of  each  individual  rod 
must  be  determined  by  a  special  experiment :  this  was  done,  for  instance,  by  De  Borda, 
with  each  of  the  four  platinum  measuring  rods  (each  two  toises,  or  twelve  French  feet 
long),  which  were  employed  in  the  measurement  of  the  arc  of  meridian,  from  which  the 
length  of  the  metre  was  deduced. 

Copper  rods  were  laid  upon  the  platinum  rods,  and  both  were  firmly  fixed  together 
at  one  end ;  the  copper  rods  carried  a  divided  scale  at  the  other  end,  which  indicated 
directly  the  twenty-thousandth  part  of  their  length,  while  by  means  of  a  vernier 
attached  to  the  corresponding  end  of  the  platinum  rods,  tenths  of  these  divisions,  or 
about  the  one-hundredth  part  of  a  French  line,  could  be  read  off.  In  this  way,  the 
difference  in  the  expansion  of  two  rods  of  the  same  length  but  different  materials  can 
be  determined  with  great  accuracy,  and  if  the  coefficient  of  expansion  for  the  material 
of  one  rod  is  known,  the  coefficient  of  that  of  the  other  can  be  calculated. 

If  both  rods  have  the  same  length,  L,  at  0°,  and  at  t°  one  has  the  length  L'=  L 
(1  +  a  t},  the  other  the  length  L"  =  L  (1  +  a  t),  we  have  L'—  L"  =  Jj  t  (a  —  a').  But 
L'  —  L"  is  the  observed  difference  of  length  at  the  temperature  t° ;  and  hence  if  o  is 
known,  a  is  easily  calculated.  In  this  way,  Dulong  and  Petit  deduced  the  linear  ex- 
pansion of  copper  from  that  of  platinum. 

If,  on  the  other  hand,  the  expansion  of  the  material  of  two  rods  thus  united  is 
known,  and  can  be  taken  as  proportional,  within  certain  limits  of  temperature,  to  the 
indications  of  the  mercurial  thermometer,  the  combination  of  the  two  rods  may  be 
employed  as  a  metallic  thermometer.  The  measurement  of  temperatures  in  this  way 
is  specially  valuable  in  the  case  of  standard  measures  of  length,  which  can  thus  be 
made  to  indicate  their  own  temperature.  If,  for  instance,  the  two  rods  have  the  same 
length  at  0°,  and  differ  at  100°  by  the  amount  D,  and  at  t°  by  the  amount  d,  the  tem- 
perature is  given  by  the  equation  t-—  -.  100. 
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The  unequal  expansion  of  different  metals  has  been  taken  advantage  of  for  the  con- 
struction of  thermometers  of  another  kind.  If  two  straight  strips  of  different  metals 
are  fastened  together  throughout  their  whole  length,  any  variation  of  temperature  must 
cause  the  compound  strip  to  bend,  so  that  the  least  expanded  metal  will  be  on  the  con- 
cave side,  and  the  most  expanded  metal  on  the  convex  side  of  the  curve.  Breguet's 
thermometer,  constructed  upon  this  principle,  is  made  from  a  compound  plate  of  platinum, 
gold,  and  silver,  soldered  together,  the  gold  in  the  middle.  This  is  rolled  out  very  thin, 
and  cut  into  very  narrow  strips,  which  are  coiled  round  into  spirals.  The  thermometer 
consists  of  such  a  spiral  suspended  by  one  end  from  a  support,  and  carrying  a  needle 
which  swings  round  a  divided  circle  at  the  other. 

Supposing  the  silver  to  be  inside  of  the  spiral,  any  rise  of  temperature  will  be  indi- 
cated by  the  untwisting  of  the  spiral,  and  a  fall  of  temperature  by  its  twisting  more 
tightly.  The  small  mass  of  this  instrument,  and  the  low  specific  heat  of  the  materials 
composing  it,  cause  it  to  indicate  changes  of  temperature  very  rapidly,  and  to  be  affected 
by  very  small  quantities  of  heat. 

Determinations  of  Cubical  Expansion. — When  the  coefficient  of  linear  expansion  of 
a  substance  is  known,  its  coefficient  of  cubical  expansion  is  obtained  by  multiplying 
the  linear  coefficient  by  3,  as  already  explained  (p.  67).  The  cubical  expansion  can 
also  be  ascertained  by  direct  measurement.  The  following  method  was  employed 
by  Dulong  and  Petit  for  this  purpose:  Into  a  glass  tube,  18  millimetres  wide,  6 
decimetres  long,  and  closed  at  one  end,  they  introduced  a  rod,  previously  weighed,  of 
a  metal  not  attacked  by  mercury.  Let  W  be  its  weight.  The  tube  was  then  drawn 
out  at  the  open  end  and  bent  as  in  fy.~536,  after  which  it  was  filled  with  pure  mer- 

cury,  and  boiled 
out  to  remove 
every  trace  of  air, 
exactly  as  in  filling 
a  mercurial  ther- 
mometer. In  this 
state  the  appara- 
tus was  placed  ho- 
rizontally, and 
surrounded  with 

melting  ice,  the  point  dipping  below  the  surface  of  mercury  contained  in  a  small 
capsule.  It  was  thus  filled  with  mercury  at  0°.  The  capsule  was  next  emptied, 
replaced  under  the  point,  and  the  apparatus  allowed  again  to  assume  the  temperature 
of  the  atmosphere.  Then,  by  weighing  together  the  tube  and  capsule,  and  deducting 
from  the  gross  weight  their  weight  before  the  introduction  of  the  mercury,  they  ob- 
tained the  weight,  W,  of  the  mercury  which  exactly  filled  at  0°  so  much  of  the  capacity 
of  the  tube  as  was  not  occupied  by  the  metal  rod.  The  experiment  was  completed  by 
heating  the  instrument  in  an  oil-bath  to  a  high  temperature,  t,  and  weighing  the 
quantity  of  mercury  which  escaped  from  the  point,  as  in  the  determination  of  a  tem- 
perature by  means  of  the  weight-thermometer  (p.  18). 

If  D0  and  D0'  represent  the  densities  at  0°  of  mercury  and  of  the  metal ;  A,  x,  and  K, 
the  coefficients  of  cubical  expansion  of  mercury,  of  the  metal,  and  of  glass  respectively, 
their  volumes  at  0°  will  be  represented  by 

W     W  /JF        W'\ 

IV  *.•  and  Gr+2f.')J 

and  if  w  is  the  weight  of  mercury  which  escapes  from  the  tube  between  0°  and  2°,  the 
•weight  of  mercury  remaining  in  the  tube  at  the  latter  temperature  will  be  W—  w. 
Then  putting  the  volume  of  this  weight  of  mercury  at  the  temperature  t,  together  with 
that  of  the  metal  rod  at  the  same  temperature,  equal  to  the  capacity  of  the  tube  which 
contains  them,  we  have 


whence 


*=A    Ml  +  At)  -  W(At  -  «Q  +     \ 

It  is  of  course  necessary  that  the  values  of  A  and  «  should  have  been  determined  by 
previous  experiments  in  the  way  already  described. 

Another,  to  some  extent  similar,  method  of  measuring  the  cubical  expansion  of  solid 
bodies,  consists  in  determining  their  specific  gravities  at  various  temperatures,  the  bulk 
of  a  given  weight  of  a  substance  being  inversely  as  its  density. 

In  applying  this  method,  the  weight  of  water  free  from  air  which  fills  a  specific- 
gravity  bottle  at  various  temperatures  is  first  ascertained;  then,  tfie  weight  of  the 
bottle  is  determined  at  the  same  temperatures  after  a  known  weight  of  the  substance 
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under  examination  has  been  put  into  it,  and  the  interstices  filled  with  water.  Let  W 
be  the  weight  of  water  which  fills  the  bottle  at  the  temperature  t,  W  the  weight  of  the 
solid  substance,  and  S  the  weight  of  water  and  solid  substance  which  together  fill  the 
bottle  at  t° ;  then  the  density  of  the  substance  at  t°,  compared  with  that  of  water  at 


the  same  temperature,  is  Dt  = 


-;  and  if  Ft  represents  the  bulk  which  a 


W-(S-W') 
unit-  volume  of  water  measured  at  0°  assumes  at  tf°,  the  density  of  the  substance  at  t°, 

compared  with  that  of  water  at  0°,  is  -^  =  D0.     Lastly,  if  the  density  D0'  of  the  sub- 

'  t 
stance  at  some  other  temperature  t'°,  has  been  determined  in  the  same  way,  its  mean 


coefficient  of  cubical  expansion  for  one  degree  between  f  and  t'°  is 


p  —  —  --,  . 


Table  of  Coefficients  of  Cubical  Expansion  of  Solids  for  1°  C. 


Substance. 

Coefficient. 

Interval  of 
Temperature. 

Observer. 

Glass        .... 

55^55    =0-0000258 

0°  to  100° 

Dulong 

Tupijffi  =    -0000275 

0     „  200 

363000 

5^=    -0000304 

0     „  300 

» 

Soft  French  glass 

•0000260 

17     „  99 

Kopp 

„         „          another  kind 

•0000253 

7     „  99 

' 

Hard  potash  glass     . 
Common  glass  . 

•0000209 
Set™    =    '0000276 

16     „  100 
0     „  100 

Eegnault 

»           »      •         •         • 

^   =    -0000305 

0     „  300 

ri 

Crystal  glass  from  Choisy-  ) 
le-Eoi                            { 

ialee    =     "0000228 

0     „  100 

„ 

»             )»             i> 

Z&;    =    "0000233 

0     „  300 

» 

Iron          .... 

seioo    =    -0000355 

0     „  100 

Dulong 

^    =    -0000441 

0     „  300 

jf 

„    (soft  wire). 

•0000370 

13     „  100 

Kopp 

Copper      .... 

Taloo    =    -0000515 

0     „   100 

Dulong 

. 

^   =    -0000565 

0     „  300 

}j 

(wire)   . 

•0000518 

11     „  99 

Kopp 

Platinum  .... 

amo    =    -0000265 

0    „  100 

Dulong 

5^   =    -0000275 

0     „  300 

Lead 

•0000889 

11     „  100 

Kopp 

Tin  

•0000689 

12     „  99 

»> 

Zinc         .... 

•0000893 

11     „  44 

„ 

Cadmium.          .        . 

•0000936 

12     „  43 

H 

Bismuth  .... 

•0000400 

12     „  41 

fl 

Antimony 

•0000331 

12     „  43 

n 

Sulphur    .... 

•0001826 

14     „  46 

» 

Lead-glance 

•0000680 

14     „  48 

n 

Zinc-blende 

•0000358 

15     „  45 

„ 

Iron  -pyrites 

•0000338 

15     „  47 

»» 

Kutile       .... 

•0000322 

14     „  46 

„ 

Tin-stone  (SnO2) 

•0000163 

16     „  46 

„ 

Specular  iron    . 

•0000404 

13     „  47 

„ 

Magnetic  iron  ore     . 

•0000291 

17     „  50 

n 

Fluor-spar         ... 

•0000623 

14    „  47 

„ 

Arragonite 

•0000647 

10     „  43 

H 

Calc-spar  .... 

•0000175 

9     „  42 

» 

Bitter-spar 

•0000352 

13     „  43 

„ 

Spathic  iron-ore 

•0000350 

14    „  45 

„ 

Heavy  spar 

•0000581 

12     „  42 

,, 

Ccelestine 

•0000608 

12     „  45 

,, 

Orthoclase 

•0000225 

13     „  99 

;) 

Quartz      .... 

•0000403 

18     „  100 

Bayeux  porcelain 

•0000108 

0     „  860 

JDeville  and 
1     Troost 

>»             >»            •         • 

•0000108 

0     „  1000 

it 
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The  cubical  expansion  of  a  considerable  number  of  crystallised  compounds  has  also 
been  determined  by  Joule  and  PI  ay  fair  (Chem.  Soc.  Qu.  J.  i.  121;  for  a  table 
of  the  results,  see  also  Gmelin's  Handbook,  i.  234). 

From  the  determinations  given  at  the  beginning  of  this  table,  it  will  be  seen  that 
the  coefficients  of  expansion  of  solid  bodies  become  greater  as  the  temperature  rises ; 
but  that  the  coefficient  of  expansion  of  platinum,  which  at  the  temperatures  of  the 
experiments  is  very  far  from  the  point  at  which  fusion  or  softening  occurs,  increases 
much  less  than  the  coefficients  of  expansion  of  the  more  fusible  metals,  copper  and  iron. 
The  rule  thus  indicated  has  been  found  to  be  verified  in  other  cases  also,  so  that  with 
solids,  as  well  as  with  liquids,  the  coefficients  of  expansion  remain  sensibly  constant  at 
temperatures  far  removed  from  those  at  which  change  of  state  occurs,  and  vary  more  and 
more  rapidly  as  these  latter  temperatures  are  approached. 

The  expansion  of  amorphous  solids,  and  of  those  which  crystallise  in  the  regular 
system  (CRYSTALLOGRAPHY,  ii.  121),  is  the  same  for  all  dimensions,  unless  when  they 
are  subject  to  a  mechanical  strain  in  some  particular  direction.  A  fragment  of  such  a 
substance  varies  in  bulk  with  variations  of  temperature,  but  retains  always  the  same 
shape. 

Crystals  not  belonging  to  the  regular  system  exhibit  when  heated  an  unequal  ex- 
pansion in  the  direction  of  their  axes,  in  consequence  of  which  the  magnitude  of  their 
angles  becomes  altered  (Mitscherlich,  Pogg.  Ann.  i.  125;  x.  137).  In  crystals  be- 
longing to  the  trimetric  system,  the  expansion  is  different  in  the  direction  of  all  three 
axes;  in  arragonite,  on  raising  the  temperature  from  0°  to  100°,  the  inclination  of  the 
lateral  faces  increases  by  2'  46",  and  that  of  the  terminal  faces  diminishes  by  5'  29" ; 
gypsum  is,  according  to  Fresnel  (Bull,  des  Sc.  Mathem.  1824,  100  ;  also  Pogg.  Ann. 
ii.  109),  more  expanded  by  heat  in  the  direction  of  the  principal  axis  than  in  that  of 
the  lateral  axes.  In  crystals  belonging  to  the  hexagonal  system,  'the  expansion  is  the 
same  in  the  directions  of  the  three  secondary  axes  ;  but  different  from  that  according 
to  the  principal  axis.  The  obtuse  angles  of  the  primitive  rhombohedron  of  calcspar 
diminish  by  8£'  when  the  crystal  is  heated  100°,  and  the  acute  angles  increase  by  the 
same  quantity.  Hence  it  may  be  calculated  that  the  relative  expansion  of  the  principal 
axis  (compared  with  that  of  the  secondary  axes)  amounts  to  0-00342 ;  moreover  since, 
according  to  Mitscherlich  and  Dulong,  the  cubical  expansion  of  calcspar  between  0°  and 
100°  is  only  0*001961,  it  may  likewise  be  determined  that  calcspar,  when  thus  heated, 
does  not  expand  in  the  direction  of  the  secondary  axes,  but  contracts  by  0-00056,  and 
that  the  absolute  expansion  of  the  principal  axis  may  be  estimated  at  0-00286.  In  bitter- 
spar,  the  obtuse  angle  of  the  primitive  rhombohedron  diminishes  when  the  temperature 
is  raised  from  0°  to  100°  by  4'  6",  in  ferruginous  bitter-spar  by  3'  29";  in  iron-spar 
containing  a  considerable  quantity  of  manganese,  by  3'  31",  and  in  pure  iron-spar  by 
2'  22".  Since  now,  among  all  these  minerals,  calcspar  forms  the  least,  and  ferruginous 
bitter-spar  the  most  obtuse  rhombohedron,  it  follows  that  the  expansion  in  the  direc- 
tion of  the  principal  axis  does  not  increase  in  the  same  proportion  as  the  relative 
length  of  the  axis  itself  diminishes  (Mitscherlich). 

The  following  direct  determinations  of  the  linear  expansion  of  several  crystallised 
substances,  between  0°  and  100°,  made  by  Pfaff  (Jahresber.  1858,  7),  show  very 
distinctly  the  inequality  in  the  amounts  of  expansion  in  the  direction  of  the  different 
axes. 

Linear  Expansion  of  Crystals  between  0°  and  100° 


Monometric  Crystals. 

Dimetric  or  Hexagonal  Crystals. 

Substance. 

Expansion. 

Substance. 

Expansion. 

Principal  Axis. 

Secondary  Axes. 

Garnet    . 
Iron-pyrites    . 
Magnetic  iron 
Lead-glance    . 
Fluor-spar 

0-0008478 
•0010084 
•0009540 
•0018594 
•0019504 

Tin-stone 
Vesuvian 
Zircon    . 
Beryl      . 
Corundum 
Quartz    . 
Tourmaline     . 
Calc-spar 

0-0004860 
•0007872 
•0006264 
•0001721 
•0006876 
•0008073 
•0009369 
•0026261 

0-0004526 
•0009629 
•0011054 
-0-0000132 
•0006551 
•0015147 
•0007732 
-0-0003105 

NOTE.— A  minus  sign  (  —  )  in  the  last  column  denotes  contraction,  instead  of  expansion. 

This  alteration  of  shape  caused  by  change  of  temperature  is   most  easily  rendered 
evident  in  gypsum,  of  which  substance  twin-crystals  often  occur,  having  pretty  nearly 
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the  form  shown  in  fig.  537.  From  such  a  crystal,  a  portion  a  b,  c  d  is  cut,  so  that  the 
new  surfaces  are  perpendicular  to  the  surface  of  combination,  m  n,  of  the  two  halves  of 
the  crystal,  and  the  face  a  b  is  ground  and  polished.  At  the  temperature  of  the  atmo- 

Fiff.  537. 


sphere,  this  surface  then  constitutes  a  single,  unbroken  plane ;  but  when  it  is  heated 
to  about  60°  or  80°  C.,  the  shape  of  the  crystal  alters  in  the  manner  shown  in  Jig.  538, 
and  now  parallel  rays  of  light  falling  on  the  two  halves  from  a  distant  object  are 
reflected  in  different  directions,  so  that  two  distinct  images  of  the  object  may  be  seen 
simultaneously  by  reflection  from  the  surface  ab. 

One  or  two  solid  bodies  are  known  which,  at  least  within  certain  limits  of  tempera- 
ture, form  exceptions  to  the  general  rule  of  expansion  by  heat,  and  contract  as  their 
temperature  is  raised.  For  example,  the  alloy  of  2  pts.  bismuth,  1  pt.  tin,  and  1  pt. 
lead,  expands  when  heated  from  0°  to  44°  C. ;  when  still  further  heated,  it  contracts, 
so  that  at  56°  its  density  is  the  same  as  it  was  at  0°,  and  at  69°  still  greater ;  beyond 
this  temperature,  expansion  again  takes  place ;  at  87'5°  the  alloy  has  once  more  the 
same  density  as  at  0°,  and  at  94°,  at  which  it  fuses,  the  same  as  at  44°.  (Erman,  Pogg. 
Ann.  ix.  557.  For  the  not  quite  concordant  results  of  H.  Kopp,  see  below,  p.  78.) 

Again,  a  piece  of  vulcanised  caoutchouc,  which  is  stretched  by  a  weight  to  double  its 
length,  is  shortened  by  a  tenth  when  its  temperature  is  raised  50°  C.,  and  the  shorten- 
ing effect  increases  rapidly  with  the  stretching  weight  employed.  (Joule,  Proc.  Eoy. 
Soc.  viii.  356.) 

Relation  between  the  Specific  Heats  of  Liquid  and  Solid  Bodies,  and  their  Coefficients  of 
Expansion  at  different  temperatures. — It  has  been  pointed  out  above  (p.  40),  that  the 
specific  heat  of  any  substance  includes,  not  only  the  portion  of  heat  required 
to  cause  in  it  a  given  alteration  of  temperature,  but  also  the  quantity  of  heat  which 
is  expended  in  modifying  its  condition  of  molecular  equilibrium,  and  whose  most 
obvious  external  effect  is  an  alteration  of  the  volume  of  the  substance.  We  have  also 
seen  (p.  44),  that  although  no  certain  data  exist  for  calculating  the  ratio  of  these  two 
parts  of  the  total  specific  heat,  except  in  the  case  of  gases,  it  is  nevertheless  probable 
that  the  former  part,  or  the  real  specific  heat  of  a  substance,  remains  the  same  for  all 
conditions.  Hence  variations  in  the  total  or  apparent  specific  heat  must  be  supposed 
to  result  from  variations  in  the  amount  of  heat  expended  in  overcoming  the  molecular 
forces.  In  sensibly  perfect  gases,  the  consumption  of  heat  in  this  manner  is  the  same 
at  all  temperatures,  and  so  small  as  to  be  negligible ;  accordingly,  both  the  real  and 
apparent  specific  heats  of  gases  are  constant  at  all  temperatures  (pp.  34  and  42).  On 
the  other  hand,  the  molecular  changes  which  accompany  alterations  of  temperature  in 
liquid  and  solid  bodies  are  such  as  require  the  expenditure  of  very  considerable  quan- 
tities of  heat  to  produce  them.  These  changes  doubtless  consist  in  alterations  of  the 
relative  position  or  arrangement  of  the  molecules,  but  of  what  precise  kind  we  have  no 
means  of  ascertaining,  since  the  only  measurable  portion  of  the  total  effect  is  the 
externally  visible  change  of  volume. 

This  change  of  volume  cannot  be  taken  as  in  every  case  a  measure  of  the  amount  of 
molecular  work  performed  by  the  heat  independently  of  causing  alteration  of  tempera- 
ture ;  for,  as  we  have  seen  (p.  59),  the  communication  of  heat  to  water  below  4°  C. 
causes  a  change  of  bulk  of  the  opposite  kind. to  that  which  it  occasions  above  that  tem- 
perature; but  we  may  nevertheless  probably  admit  without  great  error  that,  as  a 
general  rule,  the  proportion  of  the  total  quantity  of  heat  required  to  raise  the  tempera- 
ture of  a  given  substance  1°,  which  is  consumed  in  producing  molecular  changes,  is 
greatest  at  those  points  of  the  thermometric  scale  at  which  the  greatest  amount  of 
expansion  accompanies  a  rise  of  temperature  of  1°,  and  is  least  at  those  points  at 
which  the  corresponding  expansion  is  least.  If  this  supposition  be  admitted,  it  accounts 
satisfactorily  for  the  fact  that  both  the  specific  heats  of  solid  and  liquid  bodies  and  their 
coefficients  of  expansion  increase,  as  a  rule,  with  rise  of  temperature ;  and  that  both 
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these  properties  vary  most  rapidly  in  the  neighbourhood  of  those  temperatures  at . 
which  changes  of  the  state  of  aggregation  occur  (Comp.  Verdet,  Expose  de  la  Theorie 
Mecanique  de  la  Chaleur,  Paris,  1863,  note  G,  pp.  133  tt  seq. ;  also  Kegnault,  Mem. 
Acad.  Sciences,  xxvi.  285  et  seq.)  On  the  relations  between  changes  of  volume  produced 
by  external  forces  and  the  corresponding  evolution  or  disappearance  of  heat,  see  below : 
Eolations  of  Heat  to  Mechanical  Energy. 

3.  Changes  of  State  of  Aggregation  produced  by  Heat. 

Fusion  and  Solidification. — When  the  temperature  of  a  solid  body  is  raised 
continuously,  a  point  is  reached  sooner  or  later  at  which  it  melts,  or  exchanges 
the  solid  for  the  liquid  form ;  and  when  a  liquid  is  cooled,  a  point  is  in  like  manner 
attained  at  which  it  solidifies.  With  most  homogeneous  substances,  the  passage  from 
the  one  state  to  the  other  takes  place  suddenly  at  some  particular  temperature ;  thus 
ice,  when  heated  from  a  lower  temperature  to  0°  C.,  becomes  only  very  slightly  softer 
or  less  solid,  while  if  more  heat  still  is  imparted  to  it,  it  changes  at  once  into  perfectly 
liquid  water.  This  temperature  forms  a  definite  limit  below  which  we  have  solid  ice, 
and  above  which  we  have  liquid  water,  and  it  is  therefore  called  the  melting  point  of 
ice.  Some  substances,  however,  pass  when  heated  from  the  solid  to  the  liquid  state 
without  showing  any  definite  melting  point;  for  example,  glass  and  iron  become 
gradually  softer  and  softer  when  heated,  and  pass  by  imperceptible  stages  from  the 
solid  to  the  liquid  condition.  Such  substances  may  be  said  to  begin  to  melt  at  the 
lowest  temperature  at  which  perceptible  softening  occurs,  and  to  be  fully  melted  when 
further  elevation  of  temperature  does  not  make  them  sensibly  more  fluid ;  but  no  pre- 
cise temperatures  can  be  given  as  their  melting  points. 

Subject  to  the  qualifications  hereafter  stated,  the  following  general  laws  may  be 
taken  as  applicable  to  the  phenomena  of  fusion  and  solidification : — 

1°.  The  state  of  aggregation  of  every  substance  is  always  the  same  at  the  same 
temperature :  when  its  temperature  is  raised,  it  melts  at  a  certain  fixed  point,  or  passes 
from  the  solid  to  the  liquid  state,  and  when  its  temperature  is  lowered,  it  solidifies,  or 
passes  from  the  liquid  to  the  solid  state,  at  a  point  which  is  also  fixed,  and  is  the  same 
as  its  melting-point.  (For  substances  which  melt  gradually,  a  certain  fixed  interval 
must  be  substituted  for  a  fixed  point  of  temperature  in  the  enunciation  of  this  rule.) 

2°.  The  communication  of  heat  to  a  solid  body  at  its  melting  point  causes  it  to  melt, 
but  does  not  raise  its  temperature ;  so  also  the  withdrawal  of  heat  from  a  liquid  at  its 
freezing  point  causes  it  to  solidify,  but  does  not  lower  its  temperature. 

3°.  As  a  general  rule,  a  sudden  change  of  volume  (usually  an  increase)  accompanies 
the  passage  from  the  solid  to  the  liquid  state. 

We  will  proceed  to  consider  each  of  these  laws  and  the  exceptions  and  modifications 
to  which  they  are  subject. 

Melting  and  Freezing  Points. — Though  the  temperature  at  which  the  passage 
from  the  solid  to  the  liquid  state  takes  place,  and  vice  versa,  is  constant  (under  the 
same  circumstances)  for  each  substance,  the  melting  and  freezing  points  of  different 
substances  vary  within  very  wide  limits.  Thus  sulphurous  anhydride  melts  at  —  80° 
(Mitchell,  Berzel.Jahresber.xxii.  59),  mercury  at—  40°,  bromine  at  —  7'3°,  ice  at  0°, 
phosphorus  at  +  44°,  tin  at  235°,  silver  at  1000°,  platinum  at  2000°  (Deville  and 
Debray).  (For  the  melting  points  of  particular  substances,  see  the  articles  in  this 
Dictionary  where  they  are  respectively  described.) 

These  differences  are  sufficient  to  justify  the  conclusion  that  even  those  substances 
which  have  never  been  seen  to  melt,  would  do  so  at  a  sufficiently  high  temperature,  and 
conversely  that  all  liquids,  even  such  as  have  never  yet  been  frozen,  would  solidify  if 
exposed  to  a  still  more  intense  degree  of  cold.  Indeed,  in  proportion  as  new  methods  of 
producing  extreme  temperatures  have  been  discovered,  the  number  of  infusible  solids 
and  non-solidifiable  liquids  has  gone  on  diminishing  continually.  The  only  substances 
which  can  be  considered  really  infusible  are  those  which,  when  heated,  undergo  chemical 
alteration  before  their  melting  point  is  reached.  The  most  infusible  of  all  substances 
which  are  chemically  inalterable  by  heat  is,  probably,  carbon  in  the  form  of  graphite, 
and  even  this  body  was  found  by  Despretz  to  soften  when  exposed  to  the  heat  produced 
by  the  electric  current  generated  by  600  Bunsen's  cells  arranged  in  six  series  of  100. 
On  the  other  hand,  absolute  alcohol,  sulphide  of  carbon,  and  some  other  liquids  have 
never  been  solidified,  but  at  the  temperature  produced  by  a  mixture  of  liquid  nitrous 
oxide,  solid  carbonic  anhydride,  and  ether,  Despretz  found  that  absolute  alcohol  became 
BO  viscid  that  it  did  not  run  out  on  inverting  the  vessel  that  contained  it. 

In  very  many  cases,  it  happens  that  a  mixture  of  two  or  more  substances  melts  at  a 
lower  temperature  than  either  of  its  components  taken  separately :  thus,  a  mixture  of 
1  part  chloride  of  sodium  with  2 \  or  2|  parts  ice,  melts  at  about  —  20° ;  mixtures  of 
fatty  acids  melt  at  lower  temperatures  than  the  pure  acids;  the  carbonates  of  potassium 
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and  sodium  melt  more  easily  when  mixed  than  either  salt  does  alone ;  Rose's  fusible 
alloy  of  2  parts  bismuth,  1  part  tin,  and  1  part  lead,  melts  between  95°  and  98°;  an 
alloy  of  1  or  2  parts  cadmium  with  2  parts  tin,  4  parts  lead,  and  7  or  8  parts  bismuth, 
melts  between  66°  and  71°  (B.  Wood) ;  &c. 

In  homologous  series  of  analogous  organic  compounds,  the  melting  point  of  each 
term  usually  rises  with  its  atomic  weight. 

Under  particular  circumstances  liquids  may  be  cooled  below  the  melting  point  of  the 
corresponding  solid  body,  without  solidifying.  This  occurs  especially  when  they  are 
cooled  very  slowly,  and  are  at  the  same  time  protected  from  all  mechanical  disturbance. 
For  instance  water- at  perfect  rest,  and  under  a  pressure  somewhat  greater  than  that  of 
the  atmosphere,  may  be  cooled  to  — 16°  without  freezing,  but  contact  with  a.solid  body 
or  the  slightest  agitation  is  then  usually  sufficient  to  cause  solidification  to  commence. 
The  smaller  the  quantity  of  liquid  operated  upon,  the  lower  is  the  temperature  to 
which  it  can  be  cooled,  and  the  greater  the  mechanical  disturbance  which  it  will  support 
without,  freezing.  Thus,  Fournet  (Ann.  Ch.  Phys.  [3]  xlvi.  203)  has  remarked  the 
frequent  occurrence  of  mists  formed  by  particles  of  liquid  water  suspended  in  an  atmo- 
sphere of  which  the  temperature  was  10,  12,  or  even  15  degrees  below  zero;  and  Sorby 
found  that  in  glass  tubes  of  O'l  millimetre  in  diameter,  water  could  be  maintained  in 
the  liquid  state  as  low  as  —17°. 

Some  remarkable  phenomena  of  this  kind  have  been  also  observed  by  Dufour 
(Ann.  Ch.  Phys.  [3]  Ixviii.  370)  in  the  case  of  liquids  cooled  without  contact  with  any 
solid  body.  His  method  of  experimenting  was  to  suspend  globules  of  the  liquid  under 
examination  in  some  other  liquid  of  the  same  specific  gravity,  but  of  lower  freezing  point, 
and  in  which  it  was  insoluble.  Water  was  examined  while  suspended  in  a  mixture-  of 
chloroform  and  sweet  oil  of  almonds ;  sulphur  and  phosphorus,  in  an  aqueous  solution  of 
chloride  of  zinc ;  and  naphthalene,  in  water.  In  the  experiments  with  water,  the  spheres 
of  this  liquid  which  floated  in  the  mixture  of  chloroform  and  oil  were  very  rarely  seen 
to  freeze  at  0°;  in  general,  solidification  occurred  between  —4°  and  —12°,  the  smallest 
globules,  as  a  rule,  remaining  liquid  to  a  lower  temperature  than  the  larger  ones,  some 
of  them  having  been  repeatedly  seen  still  liquid  at  — 18°  or  —  20°.  Agitation  and  the 
contact  of  solid  bodies  appears  to  have  much  less  effect  in  causing  the  solidification  of 
liquids  cooled  in  this  way  than  when  they  are  cooled  to  the  same  extent  in  glass  vessels. 
For  instance,  Dufour  found  that  the  globules  of  water  in  his  experiments  often  did  not 
solidify  when  displaced  or  violently  deformed  by  a  glass  rod,  and  even  that  crystals  of 
chloride  of  sodium,  sulphate  or  nitrate  of  potassium,  sugar,  &c.,  would  sometimes  fall 
through  a  globule  of  water  5  millimetres  in  diameter,  and  cooled  to  at  least  —  8°,  without 
producing  any  effect.  Contact  with  a  fragment  of  ice,  however,  invariably  caused 
immediate  congelation. 

By  operating  as  above  described,  Dufour  obtained  globules  of  sulphur  (melting 
point  115°)  of  6  millimetres  diameter  still  liquid  at  40°,  and  globules  of  0'5  millimetre 
diameter  remained  liquid  for  several  days  at  5°  or  10°.  Globules  of  phosphorus  of 
considerable  size  were  cooled  to  20°,  and  globules  of  1  or  2  millimetres  diameter  to  0° 
without  solidifying.  Globules  of  naphthalene  (melting  point  79°)  were  obtained  still 
liquid  at  40°. 

When  a  liquid  solidifies  after  having  been  thus  cooled  below  its  normal  freezing 
point,  the  solidification  takes  place  very  rapidly,  and  is  accompanied  by  a  disengage- 
ment of  heat  often  sufficient  to  raise  its  temperature  from  the  point  at  which  solidifi- 
cation begins  up  to  its  ordinary  freezing  point.  This  is  well  seen  with  crystallised 
hyposulphite  of  sodium  (S2Na203,  5H'*0),  which  melts  in  its  water  of  crystallisation  at 
45°,  but  when  carefully  cooled  will  remain  liquid  for  a  long. time  at  the  temperature  of 
the  atmosphere.  If  it  be  then  caused  to  solidify,  by  agitation,  or  by  throwing  in  a 
small  fragment  of  the  solid  salt,  the  resulting  rise  of  temperature  is  such  as  to  be 
distinctly  felt  by  the  hand. 

This  phenomenon  of  continued  liquidity,  though  seldom  observed  in  so  marked  a 
degree  as  in  the  cases  above  mentioned,  occurs  so  frequently  to  a  less  extent,  that, 
when  the  temperature  of  transition  from  the  solid  to  the  liquid  state  or  vice  versa  is  to 
be  used  as  a  mark  of  the  chemical  identity  of  a  substance,  it  is  much  safer  to  deter- 
mine the  melting  point  than  the  freezing  point,  for  the  former  temperature  is  not  subject 
to  variations  of  the  same  kind. 

The  following  method  is  convenient  for  taking  the  melting  points  of  substances  in 
chemical  investigations.  Three  or  four  glass  tubes  are  drawn  out  till  their  sides 
become  very  thin  and  their  bore  nearly  capillary,  and  into  each  is  introduced  a  small 
quantity  of  the  substance  to  be  examined.  They  are  then  sealed  at  the  bottom  and 
placed  in  a  beaker-glass  containing  water  (or,  if  the  substance  melts  above  100°, 
paraffin  or  sulphuric  acid),  and  standing  upon  a  small  sand-bath  by  means  of  which  its 
temperature  can  be  slowly  raised.  The  liquid  is  heated  until  the  substance  melts ; 
then  allowed  to  cool  slowly  to  the  point  of  solidification ;  it  is  then  again  wanned,  and 
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these  operations  are  repeated,  the  temperatures  of  liquefaction  and  solidification  being 
noted  each  time,  until  several  closely  concordant  observations  of  each  have  been 
obtained,  the  means  of  which  are  the  melting  and  solidifying  points  required. 

Influence  of  Pressure  upon  Melting  Points. — The  variations  which  occur  in  the  pres- 
sure of  the  atmosphere  are  without  perceptible  effect  in  altering  the  melting  points  of 
solids  or  freezing  points  of  liquids,  but  greater  differences  of  pressure  are  found  to 
produce  a  very  sensible  effect.  This  was  first  observed  by  Prof.  W.  Thomson,  who 
found  that  pressures  of  8*1  and  16*8  atmospheres  caused  a  lowering  of  the  melting 
point  of  ice  to  the  extent  of  0%059°  and  0'129°  respectively.  These  results,  therefore, 
verified  the  previous  theoretical  conclusions  of  Prof.  J.Thomson,  according  to  which  an 
increase  of  pressure  amounting  to  n  atmospheres  must  lower  the  melting-point  of  ice 
by  t°  =  n .  0-0075°, — a  formula  which  gives  0-061°  and  0'126°  as  the  differences  of 
melting  point  corresponding  to  8-1  and  16 '8  atmospheres  pressure.  By  a  still  greater 
pressure,  Mousson  (Ann.  Ch.  Phys.  [3]  Ivi.  252)  succeeded  in  maintaining  water  in  the 
liquid  state  at  5  degrees  below  zero,  and  by  a  pressure  estimated  at  13,000  atmospheres 
he  caused  ice  to  melt  at  — 18°.  Analogous  effects  have  been  observed  with  other  sub- 
stances by  Bun  sen  (Jahresber.  iiber  Ohemie,  u.  s.  w.,  1850,  48)  and  Hopkins  (ibid. 
1854,  48).  Their  results  are  given  in  the  following  table.  Bunsen  considers  that  the 
observations  of  temperature  in  his  experiments  were  correct  within  0'1°,  but  that 
there  may  be  an  error  of  one  or  two  atmospheres  in  the  estimation  of  the  pressures. 

Freezing  and  Melting  Points  under  increased  Pressure. 


Observer. 

Hopkins. 

Bunsen. 

Name  of 
Substance. 

Sperma- 
ceti. 

Wax. 

Sulphur. 

Stearin. 

Spermaceti. 

Paraffin. 

Pressure  in 
Atmo- 
spheres. 

Melting  point. 

Pressure  in 
Atmo- 
spheres. 

Freezing 
point. 

Pressure  in 
Atmo- 
spheres. 

Freezing 
point. 

1 

51-1° 

64-7° 

107-2° 

67-2° 

1 

47.70 

1 

46-3° 

520 

60-0 

74-7 

135-2 

68-3 

29 

48-3 

85 

48-9 

793 

80-2 

80-2 

140-5 

73-8 

96 

49-7 

100 

49-9 

141 

60-5 

156 

50'9 

Latent  Heat  of  Fluidity. — It  has  been  pointed  out  already  (p.  73)  that  the 
specific  heats  of  solid  bodies  increase  as  they  approach  their  melting  points,  and  this 
fact  has  been  connected  with  the  increase  of  the  coefficient  of  expansion  which 
generally  occurs  simultaneously.  In  order  to  raise  the  temperature  of  a  solid  body 
1  degree  in  the  neighbourhood  of  its  melting  point,  more  heat  is  needed  than  would 
suffice  to  cause  an  equal  rise  of  temperature  at  a  lower  part  of  the  thermometric  scale ; 
in  other  words,  of  a  given  quantity  of  heat  imparted  to  a  body  near  its  melting  point, 
a  larger  proportion  goes  to  produce  molecular  modifications  (expansion,  softening,  &c.), 
and  a  smaller  proportion  to  produce  rise  of  temperature,  than  is  the  case  at  a  lower 
part  of  the  scale.  From  this  point  of  view,  it  becomes  quite  conceivable  that,  at  some 
particular  temperature,  depending  on  the  nature  of  the  substance  under  consideration, 
the  whole  quantity  of  heat  communicated  to  a  body  might  be  expended  in  causing 
molecular  changes  (change  of  the  state  of  aggregation,  with  or  without  change  of 
volume,  &c.),  so  that  its  effect  in  producing  a  rise  of  temperature  would  be  imper- 
ceptible. This  is  exactly  what  takes  place  during  the  melting  of  solid  bodies. 

From  these  considerations  we  see  that  the  phenomenon  indicated  in  the  second  law 
of  the  passage  from  the  solid  to  the  liquid  state  of  aggregation  (p.  74),  is  one  which 
attains  its  maximum  degree  of  development  at  the  point  of  actual  liquefaction,  but  is 
the  same  in  kind  as  what  occurs  at  lower  temperatures.  We  see  also  that  the  fusion 
of  glass  and  other  bodies  which  have  no  definite  melting  point,  but  in  which  liquefac- 
tion occurs  gradually  and  extends  over  a  greater  or  less  interval  of  temperature,  does 
not  differ  in  any  essential  respect  from  the  sudden  melting  of  ice  at  the  fixed  tempera- 
ture of  0°  C.  In  the  case  of  glass,  a  certain  small  proportion  of  the  total  quantity  of 
heat  imparted  to  it  during  its  liquefaction,  is  expended  in  causing  elevation  of  tempera- 
ture; in  the  case  of  ice,  this  proportion  is  so  small  as  to  be  imperceptible  in  comparison 
with  that  which  goes  to  cause  liquefaction. 

It  was  formerly  supposed  that  the  temperature  of  a  body  was  always  proportional  to 
the  heat  contained  in  it,  and  therefore  that  heat  could  not  be  communicated  to  a  body 
without  raising  its  temperature.  The  cessation  of  the  rise  of  temperature  during  the 
fusion  of  solids  was  first  observed  by  Black,  while  Professor  of  Chemistry  in  the 
University  of  Glasgow.  He  ascertained  that,  during  this  process,  a  considerable  -quan- 
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tity  of  heat,  different  for  different  substances,  disappears  so  far  as  the  production  of 
thermometric  effects  is  concerned — or,  as  he  expressed  it,  becomes  latent — and  that  an 
equal  quantity  of  heat  appears  during  solidification.  According  to  modern  views,  the 
expression  latent  (or  hidden)  heat  is  not  strictly  correct,  for  the  effect  of  heat  imparted 
to  ice  at  the  melting  point  is  just  as  visible,  though  not  the  same,  as  that  which  it  pro- 
duces at  other  temperatures.  Nevertheless,  the  expression  is  convenient  from  the  fact 
of  its  being  universally  recognised  and  employed.  The  latent  heat  of  fluidity  is, 
then,  the  quantity  of  heat  which  must  be  imparted  to  one  gramme  of  a  solid  at  its 
melting  point  in  order  to  melt  it  without  raising  its  temperature,  or  which  must  be 
withdrawn  from  a  liquid  at  its  freezing  point,  in  order  to  render  it  solid  without  lowering 
its  temperature. 

The  following  table  gives  the  melting  points  and  latent  heats  of  fluidity,  expressed 
in  ordinary  heat-units  (gramme-degrees),  of  various  substances,  according  to  the 
determinations  of  Person  (Ann.  Ch.  Phys.  [3]  xxvii.  250): — 

Latent  Heats  of  Fluidity. 


Substance. 

Melting 
Point. 

Latent 
Heat. 

Substance. 

Melting 
Point. 

Latent 
H.at. 

Mercury 

—  39° 

2-82 

Tin          ... 

235° 

14-25 

Phosphorus 

44 

5-0 

Silver     . 

1000 

21-1 

Lead 

332 

5-4 

Zinc 

433 

28-1 

Sulphur  . 

115 

9-4 

Chloride  of  calcium  ) 

Iodine     . 

107 

11-7 

(CaCl.  3H20)     \ 

28'5 

40'7 

Bismuth 

270 

12-6 

Nitrate  of  potassium 

339 

47-4 

Cadmium 

320 

13-6 

Nitrate  of  sodium    . 

310-5 

63-0 

The  latent  heat  of  water  was  found  by  Regnault  and  by  Provostaye  and  Desains  to 
be  79°  C.  According  to  Person,  this  number  denotes  the  quantity  of  heat  required  to 
convert  ice  at  0°  C.  into  water,  but  not  the  total  quantity  of  the  latent  heat  in  the 
water,  inasmuch  as  a  certain  additional  portion  of  heat  is  rendered  latent  as  the  tem- 
perature of  the  ice  rises  from  -  2°  to  0°  (Ann.  Ch.  Phys.  [3]  xxx.  73).  In  six  experi- 
ments on  the  fusion  of  ice  previously  cooled  to  between  —2°  and  —21°  C.,  the  latent 
heat  was  found  to  vary  between  79'9°  and  80*1°,  the  mean  quantity  being  80°.  Eegnault 
also  found  greater  values  for  the  latent  heat  of  water,  as  the  ic,e  had  been  cooled  to 
a  lower  temperature.  According  to  Hess,  the  true  latent  heat  of  water  is  80'34°  C. 
It  has  been  proved  by  E.  Desains  (Ann.  Ch.  Phys.  [3]  Ixiv.  419)  that  when  water  is 
cooled  below  0°  without  freezing,  the  quantity  of  heat  needed,  in  order  to  raise  the 
temperature  of  a  given  weight  from  u°  below  zero  to  t°  above  zero,  is  the  same  whether 
the  water  remains  liquid  all  the  time,  or  whether  it  first  freezes  and  afterwards  melts 
again. 

It  is  interesting  to  compare  these  values  of  the  latent  heat  of  water  with  those  found 
by  Black  in  1762  (Lectures  on  the  Elements  of  Chemistry,  2  vols.  4to.  Edinburgh, 
1803  ;  vol.  i.  pp.  120-127).  In  one  experiment,  this  philosopher  measured  the  time 
required  for  the  conversion  of  a  known  quantity  of  ice  at  32°  F.  into  water  at  40°  F.  in 
a  room  of  which  the  temperature  remained  constantly  at  47°  F.,  and  compared  it  with 
the  time  during  which  the  temperature  of  an  equal  weight  of  water  rose  under  similar 
circumstances,  from  33°  F.  to  40°  F.  He  thus  obtained  for  the  latent  heat  of  water 
the  number  139°  F.,  equal  to  77*2°  C.  In  another  experiment,  he  melted  119  parts  of 
ice  at  32°  F.  by  immersing  it  in  135  parts  of  water  at  190°  F.,  and  so  obtained  254 
parts  of  water  at  53°  F.  Hence,  taking  into  account  the  different  specific  heats  of  the 
water  and  of  the  glass  in  which  it  was  contained,  he  deduced  the  number  143°  F., 
equal  to  79 '44°  C. 

The  method  adopted  by  Black  in  the  second  of  these  experiments  is  essentially  the 
eame  as  that  still  employed  for  the  determination  of  latent  heats  of  fluidity.  A  known 
weight  of  the  substance  to  be  examined  is  heated  to  a  known  temperature,  and  then 
immersed  in  the  water  (or  other  liquid)  of  a  calorimeter,  the  temperature  of  which  is 
such  as  to  cause  the  substance  to  melt  if  solid,  or,  if  liquid,  to  solidify ;  and  when 
uniformity  of  temperature  is  established  in  the  calorimeter,  this  temperature  is  deter- 
mined. The  experiment  is  therefore  quite  similar  to  the  determination  of  the  specific 
heat  of  a  substance  by  the  method  of  mixtures ;  the  same  apparatus  may  be  used  and  the 
same  precautions  require  to  be  taken  in  the  two  cases  (see  pp.  25-29). 

In  such  an  experiment  let 

A  be  the  weight  of  water  in  the  calorimeter,  the  water-equivalents  of  the  calori- 
meter and  thermometer  supposed  included ; 
W,  the  weight  of  substance  operated  upon ; 
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t,  the  initial  temperature  of  the  calorimeter  ; 

6,  the  final  temperature  of  the  calorimeter  ; 

T,  the  initial  temperature  of  the  substance  ; 

C,  its  melting  (or  freezing)  point  ; 

C,  the  specific  heat  of  the  substance  in  the  solid  state  between  the  temperatures 
C  and  6  ; 

c,  its  specific  heat  in  the  liquid  state  between  the  temperatures  T  and  {£  ;  and 

L  its  latent  heat  of  fluidity. 
Suppose  that  the  experiment  is  made  upon  a  melted  substance  which  gives  out  heat  to 

calorimeter  and  solidifies  in  it:  then  it  is  plain  that  the  quantity  of  heat  A(6  —  t) 
absorbed  by  the  calorimeter  is  made  up  of  three  parts  —  first,  the  heat  lost  by  the 
substance  in  cooling  from  its  original  temperature  to  its  freezing  point  ;  secondly, 
the  heat  given  out  by  it  during  solidification  ;  thirdly,  the  heat  which  it  loses  while 
cooling  from  its  freezing  point  to  the  final  temperature  of  the  calorimeter.  That  is, 
A6-t=WcT-  +  L 


whence  L  =  ~  (e-f)-c(T-®)-C(1&-e). 


The  manner  in  which  this  formula  will  require  to  be  modified,  in  order  that  it  may 
apply  to  the  case  of  a  solid  substance  which  is  melted  in  the  calorimeter  by  absorbing 
heat  from  it,  need  not  be  specially  pointed  out. 

Changes  of  Volume  accompanying  Fusion  and  Solidification. — The 
accelerated  rate  of  expansion  exhibited  by  most  solids  as  they  approach  their 
melting  points,  is  in  most  cases  followed  by  a  further  expansion  during  the  actual 
process  of  liquefaction,  so  that  the  melted  substance  occupies  a  greater  bulk  than  the 
solid  of  the  same  temperature  from  which  it  is  formed.  This  phenomenon  has  been 
particularly  studied  by  Kopp  (Ann.  Ch.  Pharm.  xciii.  129),  whose  principal  results  are 
as  follows : 

Phosphorus  (the  yellow  modification  of  specific  gravity  1-826  at  10°),  expands 
uniformly  up  to  its  melting  point  (44°),  at  which  temperature  its  volume  is  T017  of 
what  it  was  at  0°;  when  melted,  its  volume  at  the  same  temperature  is  1-052  of  the 
volume  at  0°.  Hence  100  vols.  solid  phosphorus  at  44°  become  103-4  vols.  liquid 
phosphorus  at  the  same  temperature. 

Sulphur  (native  crystals,  specific  gravity  2'069)  expands  irregularly  near  its  malting 
point  (115°).  Its  volume  being  1  at  0°,  is  1-010  at  50°;  1-037  at  100°;  1-096  at 
115°  ;  at  the  moment  of  fusion,  the  expansion  amounts  to  5  per  cent.,  the  volume  then 
increasing  to  1-150. 

Wax  (bleached  bees' -wax,  specific  gravity  0*976  at  10°)  expands  very  rapidly  as  it 
approaches  its  melting  point  (64°),  but  only  0'4  per  cent,  more  at  the  moment  of  fusion. 
If  the  volume  atO°is  1,  the  volume  at  50°  is  1-068;  at  60°,  is  1-128  ;  at  64°,  is  1-161, 
and  increases  by  fusion  to  1'166. 

Stearic  acid  (pure,  specific  gravity  nearly  I'O  at  10°)  expands  less  than  wax  before 
melting,  but  then  expands  as  much  as  1TO  per  cent.  The  volume  at  0°  being  1,  it  is 
1-038  at  50° ;  1-054  at  60°;  and  1'079  at  70°,  at  which  temperature  the  acid  melts,  its 
volume  increasing  to  T198. 

Rose 's  fusible  metal  (2  pts.  bismuth,  1  pt.  tin,  and  1  pt.  lead ;  specific  gravity  8'906  at 
10°)  expands,  when  heated  from  0°  to  59°,  in  the  ratio  of  1  to  1-0027  ;  but  contracts  when 
further  heated,  its  volume  at  82°  being  equal  to  that  at  0°,  and  at  95°  equal  to  0'99-t7  ; 
in  melting,  between  95°  and  98°,  it  expands  by  T55  per  cent.,  so  that  at  98°  its  yolume 
is  equal  to  T0101.  This  alloy,  therefore,  contracts  from  59°  up  to  its  melting  point. 

Water  presents  a  remarkable  exception  to  the  general  rule,  and  expands  at  the  mo- 
ment of  fusion,  or  contracts  on  melting  by  about  10  per  cent.  One  volume  of  ice  at  0° 
gives  0'918  volume  of  water  at  the  same  temperature,  or  1  volume  of  water  at  0°  gives 
1*102  volume  of  ice.  Dufour  found,  as  the  mean  of  24  experiments,  the  density  of 
ice  at  0°  equal  0*9175,  that  of  water  at  the  same  temperature  being  1.  Brunner 
found  for  the  density  of  ice  the  number  0'918. 

Solid  hydrated  salts,  on  the  contrary,  expand  at  the  moment  of  fusion,  e.g. 
chloride  of  calcium  (CaCl2.6H20),  by  9'6  per  cent.;  ordinary  phosphate  of  sodium 
(PNa2H04.12H20)  and  hyposulphite  of  sodium  (S2Na203.5H-0)  each  by  5-1  per  cent. 

The  expansion  which  takes  place  in  water  at  the  moment  of  solidification  affords  an 
explanation  of  several  important  phenomena.  In  the  first  place,  it  enables  us  to  under- 
stand why  increase  of  pressure  should  retard  the  freezing  of  water,  instead  of  faci- 
litating it,  as  it  does  that  of  most  other  liquids.  Since  the  tendency  of  both  heat  and 
pressure  is  to  diminish  the  bulk  of  water  at  0°,  and  therefore  to  oppose  the  change  of 
volume  that  occurs  on  freezing,  it  is  easily  conceivable  that  the  one  influence  may  (at 
least  within  certain  limits)  replace  the  other,  and  that  a  strong  pressure  applied  to 
water  at  or  below  0°  may  as  effectually  prevent  its  solidification,  as  the  communication 
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of  heat  which  would  raise  its  temperature  above  the  freezing  point.  In  the  case  of 
substances  whose  volume  in  the  solid  state  is  less  than  their  volume  in  the  liquid  state, 
pressure  acts  in  the  opposite  sense  to  heat,  and  therefore  retards  liquefaction  and  pro- 
motes solidification. 

This  same  phenomenon  is  the  cause  of  the  powerful  mechanical  effects  which  occur 
•when  water  freezes  in  a  confined  space.  The  bursting  of  water-pipes,  and  the  breaking 
of  jugs  containing  water,  during  frosty  weather,  are  among  the  most  familiar  of  these 
effects  ;  and  to  these  may  be  added  the  splitting  of  rocks  by  the  freezing  of  water  in 
their  fissures  and  the  swelling  up  of  moist  ground  during  frost. 

The  force  with  which  water  expands  when  cooled,  and  at  the  moment  of  becoming 
ice,  is  strikingly  illustrated  in  the  experiments  made  by  Major  Williams,  at  Quebec. 
Having  filled  a  13-inch  iron  bomb-shell  with  water,  he  closed  the  hole  left  for  intro- 
ducing the  fusee  by  driving  firmly  in  an  iron  plug  weighing  nearly  31bs.,  and  exposed 
it  in  this  state  to  the  frost.  After  some  time,  the  iron  plug  was  forced  out  with 
a  loud  explosion  and  thrown  to  a  distance  of  415  feet,  and  a  cylinder  of  ice,  8 
inches  long,  issued  from  the  opening.  In  another  experiment,  the  shell  burst  before 
the  plug  was  driven  out,  and  in  this  case  a  sheet  of  ice  spread  out  all  round  by  the 
crack.  If  we  take  into  consideration  the  experiments  of  W.  Thomson  and  Mousson 
already  recorded  (p.  75),  it  seems  probable  that  some  of  the  water  must  have  re- 
mained liquid  in  these  experiments,  up  to  the  moment  when  the  resistance  was  over- 
come ;  that  it  then  issued  from  the  shell  in  the  liquid  state,  but  at  a  temperature  below 
0°,  and  therefore  instantly  began  to  solidify  when  the  pressure  was  removed,  and  so 
retained  the  shape  of  the  orifice  whence  it  issued. 

Bismuth,  cast  iron  and  antimony  expand  like  water  on  becoming  solid. 

Solution  of  Solid  Bodies  in  Water. — Very  many  solid  substances  are  capable 
of  dissolving  in  water,  and  thus  forming  with  it  a  uniform  mixed  liquid.  As  a  general 
rule,  the  solvent  power  of  water  increases  with  its  temperature,  but  this  is  not  uni- 
versally the  case  ;  for  example,  chloride  of  sodium  has  very  nearly  the  same  solubility 
in  cold  water  that  it  has  in  boiling  water ;  lime-water  saturated  at  0°,  contains  nearly 
twice  as  much  lime  as  can  be  dissolved  by  the  same  quantity  of  water  at  100°.  Several 
other  calcium-compounds  exhibit  similar  properties  ;  thus  the  sulphate  is  more  soluble 
in  cold  than  in  boiling  water,  and  becomes  quite  insoluble  in  water  between  140°  and 
150°  (Couste",  Ann.  des  Mines,  [5]  v.  143).  Sulphate  of  sodium  is  more  soluble  in  water 
at  33°  than  at  other  temperatures,  higher  or  lower,  and  has  about  the  same  solubility 
at  0°  that  it  has  at  100°.  From  the  experiments  of  Sullivan  (Rep.  Brit.  Association, 
1859,  p.  292)  it  appears  that  the  solubility  of  very  many  salts  attains  a  maximum  at 
some  particular  temperature,  above  which  it  diminishes.  Hence,  perhaps,  the  reason 
why  the  solubility  of  most  solids  is  commonly  supposed  to  increase  continuously  as 
the  temperature  rises,  is  that  it  has  been  determined  only  at  temperatures  below  100°, 
and  that  the  points  of  maximum  solubility  for  most  substances  lie  higher.  If  this  be 
so,  the  solubility  of  sulphate  of  sodium, — and  of  the  few  other  salts  (selenate  of  sodium, 
sulphate  of  iron)  in  which  similar  properties  have  been  observed, — is  only  in  so  far 
anomalous,  that  its  temperature  of  maximum  solubility  is  lower  than  that  of  most  other 
substances.  Water  which  is  saturated  at  a  given  temperature  with  one  substance  can 
usually  dissolve  an  additional  quantity  of  another. 

The  liquefaction  of  solid  bodies  by  solution  in  liquids,  obeys  essentially  the  same  laws 
as  their  liquefaction  by  the  direct  application  of  heat.  It  is  facilitated  or  retarded  in 
the  same  way  by  great  variations  of  pressure,  and  is  attended  by  the  absorption  of  a 
certain  quantity  of  heat,  which  is  evolved  again  when  the  dissolved  substance  separates 
from  solution  in  the  solid  form;  usually  also  the  volume  of  the  solution  differs  from 
the  combined  volumes  of  solid  substance  and  water  at  the  same  temperature ;  and, 
lastly,  solutions  present  the  phenomenon  of  supersaturation,  analogous  to  that  of  the 
deferred  solidification  of  liquids. 

As  might  be  expected  from  the  analogy  with  the  liquefaction  of  solid  bodies  in 
general,  increased  pressure  favours  solution  in  cases  where,  as  is  usual,  the  volume  of  I  he 
water  and  dissolved  substance  is  less  after  solution  than  the  volume  of  the  water  and 
substance  when  separate ;  and  diminishes  the  solubility  of  substances  whose  volume 
when  dissolved  is  greater  than  their  volume  in  the  solid  state,  together  with  that  of  the 
water.  (Comp.  Sorby,  Proc.  Eoy.  Soc.  xii.  538,  also,  Moller,  Jahresber.  1862, 
pp.  11-13.) 

The  absorption  of  heat  which  occurs  during  solution  is  taken  advantage  of  by  the 
chemist  for  the  artificial  production  of  low  temperatures.  The  table  on  the  next  page 
gives  a  few  of  the  most  frequently  useful  freezing  mixtures,  with  the  reduction  of 
temperature  which  can  be  produced  by  means  of  each.  In  order  to  obtain  the  greatest 
possible  effect  by  the  use  of  any  of  these  mixtures,  it  is  necessary  to  use  a  considerable 
quantity  of  the  materials  (2  or  3  pounds  at  least);  otherwise  the  whole  heat  required  for 
the  liquefaction  is  furnished  by  the  containing  vessel,  and  the  whole  of  the  mixture 
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becomes  liquid  before  its  temperature  has  been  much  reduced.  It  is  also  of  importance 
that  the  materials  should  be  mixed  as  intimately  as  possible.  Other  more  powerful 
freezing  mixtures,  depending  on  the  employment  of  condensed  gases,  will  be  described 
hereafter. 

Table  of  Freezing  Mixtures. 


Ingredients  of  the  Mixture. 

Parts  by 
Weight. 

Temperature 
produced,  start- 
ing from  10°. 

Diminution  of 
Temperature. 

("Water      

1 

> 

\  Nitrate  of  ammonium 

1 

>      -16° 

26° 

(Water      ...                  .         . 

16 

•j  Nitrate  of  potassium 
(  Chloride  of  ammonium 

5 
5 

-12° 

22° 

(Water      ...                  . 

1 

•\ 

<  Nitrate  of  ammonium 

1 

f      -19° 

29° 

(  Carbonate  of  sodium 

1 

) 

(  Snow,  or  pounded  ice                . 
(  Chloride  of  sodium  . 

5 
2 

r 

20° 

\  Snow,  or  pounded  ice 
1  Crystallised  chloride  of  calcium 

1 
2 

45° 

<  Crystallised  sulphate  of  sodium 
V  Hydrochloric  acid    .... 

8 
5 

|      -20° 

30° 

From  a  table  already  given  (p.  60),  it  will  be  seen  that  water  containing  saline 
substances  in  solution  freezes  at  a  lower  temperature  than  pure  water,  and  that  the 
depression  of  the  freezing  point  increases  with  the  quantity  of  substance  in  solution. 
This  latter  point  is  proved  still  more  distinctly  by  the  more  recent  experiments  of 
Rudorff  (Phil.  Mag.  [4]  xxii.  552),  from  which  it  appears  that  the  depression  is  very 
nearly  in  exact  proportion  to  the  quantity  of  salt  dissolved.  The  ice  which  forms  from 
a  dilute  solution  of  a  salt  yields  nearly  pure  water  when  melted. 

When  a  saturated  solution  is  cooled,  the  excess  of  dissolved  substance,  beyond  that 
which  saturates  the  liquid  at  the  lower  temperature,  generally  separates  out  in  the 
crystalline  form ;  sometimes,  however,  especially  if  the  solution  is  cooled  slowly  and  is 
kept  at  perfect  rest,  a  condition  of  unstable  equilibrium  may  arise,  like  that  of  liquids 
cooled  below  their  ordinary  freezing  points  without  solidifying,  in  which  a  greater 
quantity  of  substance  is  retained  in  solution  than  the  liquid  would  be  capable  of 
dissolving  if  it  were  put  in  contact  with  it  in  the  solid  form.  In  this  state,  solutions 
are  said  to  be  supersaturated;  and  the  same  causes  are  in  general  sufficient  to 
cause  the  separation  of  the  excess  of  dissolved  substance,  as  cause  the  solidification  of 
over-cooled  liquids. 

If  an  aqueous  solution  of  a  salt  is  boiled  in  a  flask  of  which  the  neck  is  drawn  out  to 
a  fine  point,  and  if  the  point  is  then  hermetically  sealed  when  all  the  air  has  been 
expelled,  the  solution  very  frequently  remains  supersaturated  when  cold;  but  on 
breaking  the  point,  so  as  to  readmit  the  air,  even  if  this  is  done  without  shaking  the 
solution  in  the  least,  or  allowing  the  smallest  fragment  of  glass  to  fall  into  it,  crystalli- 
sation in  most  cases  begins.  If,  however,  the  air  that  enters  the  flask  has  been 
previously  passed  through  a  red-hot  tube,  or  even  if  it  has  been  merely  filtered  through 
a  column  of  cottonwool,  crystallisation  does  not  take  place  (comp.  Loewel,  Jahresber. 
1852,  p.  359;  Schroder,  Ann.  Ch.  Pharm.  cix.  45;  also  particularly  Gmelin's  Hand- 
book, i.  9-11).  The  most  probable  explanation  of  this  difference  is  that  the  solid 
particles  of  soluble  matter  contained  in  the  unheated  or  unfiltered  air,  disturb  the 
molecular  equilibrium  of  the  solution  by  dissolving  in  it,  and  so  cause  crystallisation 
to  begin.  This  explanation  is  confirmed  by  the  fact  that  a  supersaturated  solution 
frequently  does  not  crystallise  if  stirred  with  a  glass  rod  or  platinum  wire  which  has 
been  recently  heated  to  redness,  but  crystallises  instantly  if  touched  with  a  rod  that 
has  lain  long  exposed  to  the  air. 

By  cooling  supersaturated  solutions  below  0°,  they  may  be  brought  into  such  a  con- 
dition, that  either  ice  or  the  dissolved  salt  will  crystallise  out  according  to  circumstances. 
Thus  Kudorff  found  (loc.  cit.  and  Pogg.  Ann.  cxvi.  55)  that  a  small  fragment  of  ice, 
thrown  into  a  strongly  cooled  solution  of  platinocyanide  of  magnesium  or  sulphate  of 
sodium,  caused  a  crystallisation  of  ice,  the  whole  of  the  salt  remaining  dissolved,  until 
a  very  large  proportion  of  the  water  had  been  transformed  into  ice ;  while  a  fragment 
of  the  solid  salt  thrown  in  caused  the  salt  to  crystallise,  but  no  ice.  The  crystals  of 
ice  and  of  the  salts  used  in  these  experiments  were  easily  distinguishable  "by  their 
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different  colours  and  specific  gravities.    These  results  are  quite  analogous  to  the  simul- 
taneous separate  crystallisation  of  two  or  more  salts  contained  in  the  same  solution. 

Vaporisation  and  Condensation.— When  a  quantity  of  water  or  alcohol  is  left 
exposed  to  the  air,  it  gradually  disappears,  owing  to  its  transformation  into  a  transparent, 
invisible  vapour,  which  diffuses  into  the  atmosphere.  This  formation  of  vapour  at  the 
free  surface  of  a  liquid  constitutes  evaporation.  It  takes  place  more  or  less  rapidly 
with  all  liquids,  except  some  of  those  which  are  easily  decomposed  by  heat  when  their 
temperature  is  sufficiently  high.  Some  liquids,  such  as  water,  evaporate  at  all  tempe- 
ratures, but  this  is  not  the  case  with  all :  for  instance,  mercury  gives  off  no  sensible 
quantity  of  vapour  at  —  10°,  and  two  basins  may  be  placed  near  each  other,  under  an 
exhausted  receiver,  at  the  ordinary  temperature,  one  containing  oil  of  vitriol  and  the 
other  a  solution  of  chloride  of  barium,  without  the  smallest  precipitate  being  formed  in 
the  latter.  Some  solid  bodies,  e.g.  ice.  iodiae,  camphor,  give  off  vapour  without 
previously  passing  into  the  liquid  state ;  and  it  is  proved  by  Eegnault's  experiments 
(upon  benzene,  bromide  of  ethylene,  glacial  acetic  acid,  chloride  of  cyanogen,  and 
chloride  of  carbon),  that  substances  which  are  capable  of  existing  at  the  same  tem- 
perature either  as  solids  or  liquids,  produce,  in  both  states  of  aggregation,  vapours  of 
equal  tension  (see  next  paragraph). 

Fig.  540. 


Fig.  539. 


Tension  of  Vapours.— -The  quantity  of  any  given  liquid  which  can  evaporate  in 
an  enclosed  space,  either  previously  vacuous  or  already  containing  a  gas  or  vapour,  is 
limited,  and  depends  on  the  nature  of  the  liquid,  on  the  temperature,  and  on  the 
extent  of  the  enclosed  space.  When  the  liquid  is  in  excess,  that  is,  when  some  of  it 
remains  after  the  formation  of  the  largest  quantity  of  vapour  that  is  possible  under 
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the  circumstances,  evaporation  ceases  when  the  vapour  exerts  a  certain  pressure  upon 
the  sides  of  the  containing  vessel.  The  laws  of  evaporation  are,  therefore,  most  easily 
arrived  at  by  studying,  in  the  first  instance,  the  phenomena  of  the  formation  of  vapour 
in  a  vacuum,  in  which  case  the  pressure  exerted  by  the  vapour  itself  is  the  only  one  to 
which  the  sides  of  the  vessel  are  exposed. 

If  a  glass  tube,  closed  at  one  end.  about  a  yard  long  and  three-quarters  of  an  inch 
wide,  is  filled  with  mercury  and  inverted  in  a  basin  of  that  liquid,  as  shown  in  fig.  539, 
a  vacuous  space,  about  six  inches  in  length,  is  formed  at  the  top  of  the  tube.  On 
now  passing  up  a  drop  or  two  of  ether  or  alcohol  into  this  space,  the  liquid  will  imme- 
diately evaporate,  so  that  the  surface  of  the  mercury  and  of  the  tube  will  remain  dry, 
but  the  mercury  column  will  be  depressed  by  the  elastic  force  of  the  vapour  which  has 
been  formed.  The  amount  of  this  elastic  force,  or  of  the  pressure  which  the  vapour 
exerts  upon  the  sides  of  the  tube  and  upon  the  top  of  the  column  of  mercury,  is  evi- 
dently measured  by  the  difference  between  the  height  of  this  column  and  that  of  the 
barometer  at  the  time  of  the  experiment.  On  transferring  the  tube  in  this  condition 
to  a  mercury-trough  provided  with  a  deep  cylindrical  well  (fig.  540),  and  depressing 
it  slightly,  the  space  occupied  by  the  vapour  above  the  mercury  will  be  diminished ; 
the  tension  of  the  vapour  will  therefore  increase,  and  the  mercury  column  AC  will  be 
still  further  depressed.  But  on  continuing  to  diminish  in  this  way  the  volume  of  the 
vapour,  a  point  will  soon  be  reached  at  which  part  of  it  returns  to  the  liquid  state  and 
condenses  as  a  dew  upon  the  inside  of  the  tube  and  on  the  mercury ;  and  if  the  height 
of  the  column  A  C  be  measured,  as  soon  as  the  first  trace  of  condensed  liquid  becomes 
visible,  it  will  be  found  to  remain  the  same  until  the  tube  has  been  depressed  so  far 
that  the  whole  of  the  vapour  has  been  converted  into  liquid, 
Fig.  541.  and  the  tube  becomes  filled  with  mercury,  surmounted  by  a 

drop  of  liquid  ether  or  alcohol.     The  progress  of  the  experi- 
ment in  this  stage  will  bo  easily  understood  from  fig.  541, 
where  C  D  represents  the  tube  when  the  liquid  first  begins 
to  appear  in  the  space  above  the  mercury,  and  A  B  the  level 
of  the  mercury  in  the  tube  above  that  in  the  trough.     As 
the  tube  is  depressed  successively  to  the  positions  Cx  DT,  and 
C2  D2,  more  and  more  of  the  vapour  is  liquefied,  but  the  re- 
.j.....   maining  portion  exerts  neither  more  nor  less  pressure  than 
the  quantity  which  existed  in  the  tube  at  the  instant  when 
liquefaction  first  began  to  take  place ;  and  hence  the  sur- 
face of  the  mercury  remains  immovably  at  the  level  AB. 
Again,  if  the  tube  is  raised  up  out  of  the  mercury,  the  top  of 
the  mercury  column  will  still  remain  at  the  level  AB,  until 
g^  the  whole  of  the  liquid  has  again  evaporated  into  the  space 
§|pl?-  above  it,  but  from  this  point  it  will  begin  to  rise  higher  and 
Pf    higher  as  the  tube  is  still  further  raised ;  if,  however,  when 
the  tube  has  attained  its  highest  position  (so  that  the  open 

end  is  only  just  covered  by  the  mercury  in  the  trough),  an  additional  quantity  of  ether 
or  alcohol  is  passed  up  into  it,  the  column  of  mercury  will  sink ;  and  if  the  quantity  of 
liquid  passed  up  is  more  than  can  evaporate  in  the  portion  of  the  tube  unoccupied  by 
the  mercury,  the  surface  of  the  latter  will  sink  again  to  the  level  AB  (fig.  541). 

These  experiments  prove  that  when  a  vapour  is  compressed,  its  temperature  remain- 
ing always  the  same,  its  elastic  force  increases  up  to  a  certain  limit  which  it  cannot 
exceed,  the  effect  of  any  further  compression  being  to  change  it  to  a  liquid ;  and  that 
when  a  vapour  is  in  contact  with  any  portion  of  the  corresponding  liquid,  in  a  space 
otherwise  vacuous,  its  elastic  force  always  attains  this  limit,  whatever  may  be  the 
relative  volumes  of  vapour  and  liquid.  In  this  condition,  a  vapour  is  said  to  be  satu- 
rated, or  to  exert  its  maximum  tension. 

Maximum  Tension. — The  maximum  tension  which  the  vapour  of  any  liquid  can  exert 
depends  upon  the  nature  of  the  liquid,  and  upon  its  temperature. 

If  we  pass  up  into  the  first  of  three  barometric  tubes,  like  that  represented  in 
fig.  539,  a  small  quantity  of  ether,  into  the  second  some  alcohol,  and  into  the  third 
some  water,  taking  a  larger  quantity  of  each  liquid  than  can  evaporate  completely 
within  th~e  tube,  the  mercury  column  will  be  depressed  to  a  different  level  in  each, 
supposing  all  three  to  have  the  same  temperature.  If,  for  instance,  the  temperature  is 
10°  C.,  the  mercury  will  be  depressed  about  11^  inches  in  the  first  tube,  nearly  1  inch 
in  the  second  tube,  and  a  little  more  than  \  inch  in  the  third. 

If  the  three  tubes  are  now  gradually  heated,  by  surrounding  them  with  warm  water  or 
otherwise,  more  vapour  will  be  formedfrom  the  liquid  contained  in  each  of  them ;  the  elastic 
force  or  tension  of  each  vapour  will  accordingly  increase,  and  the  mercury  will  descend 
lower  and  lower  in  the  tubes  as  the  temperature  rises.  At  about  35°,  the  tension  of 
the  ether-vapour  will  have  become  equal  to  that  of  the  atmosphere,  and  hence  at  this 
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temperature,  the  mercury  in  the  tube  containing  it  will  have  been  driven  down  so  as  to 
be  at  the  same  level  as  that  in  the  reservoir ;  at  about  78'5°  the  same  will  be  the  caso 
with  the  mercury  in  the  alcohol- tube ;  and  at  about  100°  with  that  contained  in  the 
water-tube. 

When  a  saturated  vapour  is  cooled,  the  pressure  upon  it  remaining  unaltered,  com- 
plete liquefaction  takes  place,  just  as  it  does  when  the  pressure  is  increased  and  the 
temperature  remains  the  same.  The  condition  of  saturation,  or  maximum  tension,  is 
therefore  a  limiting  condition,  beyond  which  a  vapour  can  neither  be  compressed  nor 
cooled  without  returning  to  the  state  of  liquid. 

On  the  other  hand,  when  a  saturated  vapour  not  in  contact  with  an  excess  of 
liquid  is  heated,  it  ceases  to  be  saturated  (unless  the  pressure  upon  it  is  increased  at 
the  same  time  to  a  corresponding  extent).  Hence,  when  a  further  quantity  of  liquid  is 
brought  in  contact  with  a  vapour  which  has  been  thus  heated,  more  vapour  is  formed  in 
the  same  space,  until  saturation  is  again  produced,  and  the  tension  increases 'at  the  same 
time  till  it  reaches  the  maximum  tension  corresponding  to  the  higher  temperature. 

Distinction  between  Vapours  and  Gases. — It  has  been  already  stated,  that  when  the 
space  into  which  a  liquid  can  evaporate  is  increased  until  the  whole  quantity  of  liquid 
has  become  vapour,  the  tension  of  the  vapour  diminishes  with  any  further  increase 
of  volume ;  and  that  when  a  vapour,  not  in  contact  with  the  liquid  from  which  it  is 
formed,  is  compressed,  its  tension  augments  until  liquefaction  begins.  In  proportion 
as  a  vapour  under  these  conditions  is  expanded,  its  tension  becomes  more  and  more 
nearly  inversely  proportional  to  the  volume  which  it  occupies ;  that  is,  its  properties 
approach  more  and  more  nearly  to  those  of  a  perfect  gas.  Similarly,  when  a  saturated 
vapour,  not  in  contact  with  an  excess  of  liquid,  is  heated,  its  elastic  force  increases, 
and  it  expands  if  the  pressure  upon  it  is  not  proportionably  augmented ;  and  as  the 
temperature  rises,  the  relation  between  the  tension  or  elastic  force,  p,  of  the  vapour, 
its  volume,  v,  and  its  temperature,  t,  comes  to  be  more  and  more  nearly  expressed  by 
the  equation 

pv  =  J(a  +  t) ; 

which,  as  we  have  already  seen  (p.  45),  expresses  the  relation  between  these  three 
quantities  in  the  case  of  a  perfect  gas  (see  also  p.  50). 

Hence  the  physical  properties  of  vapours,  when  sufficiently  expanded,  and  at  suffi- 
ciently high  temperatures,  are  identical  with  those  of  the  permanent  gases. 

From  this  it  is  natural  to  conclude,  conversely,  that  the  so-called  permanent  gases 
themselves  are  only  vapours  which,  at  ordinary  pressures  and  temperatures,  are  very 
far  removed  from  their  points  of  saturation,  and  that  by  exposing  them  to  lower  tem- 
peratures and  increasing  the  pressure,  a  point  might  be  reached  for  each  of  them,  at  which 
the  pressure  would  be  equal  to  the  maximum  tension  which  it  was  capable  of  exerting  at 
the  temperature  of  the  experiment,  and  therefore,  that  any  further  diminution  of  tem- 
perature or  increase  of  pressure  would  cause  it  to  become  liquid.  This  conclusion  has 
been  actually  verified  in  the  case  of  many  gases  formerly  regarded  as  permanent,  the 
only  gases  which  have  hitherto  resisted  all  attempts  to  liquefy  them  being  hydrogen, 
oxygen,  nitrogen,  nitric  oxide,  carbonic  oxide  and  marsh-gas.  (The  methods  em- 
ployed for  the  liquefaction  of  gases  will  be  further  considered  in  connection  with  the 
processes  adopted  for  obtaining  great  reductions  of  temperature.) 

Tension  of  Vapours  in  presence  of  Permanent  Gases. — The  familiar  fact  of  the 
evaporation  of  water  in  the  open  air  affords  sufficient  proof  that  the  presence  of  a  per- 
manent gas  in  any  given  space  does  not  prevent  volatile  liquids  giving  off  vapour  into 
the  same  space.  By  measuring  the  volume  and  elastic  force  of  a  given  quantity  of  dry 
tiir,  or  other  gas,  then  introducing  a  little  more  of  any  liquid  than  can  completely 
evaporate  in  it,  and  when  equilibrium  has  been  re-established,  again  measuring  the 
volume  and  elastic  force  of  the  mixture  of  gas  and  vapour,  the  tension  of  the  latter  can 
be  ascertained.  In  this  way  it  has  been  found  that,  when  the  liquid  exerts  no  solvent 
or  chemical  action  upon  the  gas,  the  combined  tension  of  gas  and  vapour  is  nearly  equal  to 
the  separate  tension  of  the  gas,  increased  by  the  maximum  tension  which  the  vapour 
is  capable  of  exerting  in  an  otherwise  vacuous  space  at  the  temperature  of  the  experi- 
ment. In  other  words,  the  vapour  given  off  by  a  liquid  at  any  temperature  has  nearly 
the  same  maximum  tension,  whether  it  is  formed  in  a  space  previously  vacuous  or  filled 
with  a  permanent  gas.  The  only  essential  difference  between  the  evaporation  of  a 
liquid  in  a  vacuum,  and  its  evaporation  in  a  gas,  is  that,  in  the  former  case,  the  vapour 
attains  the  condition  of  saturation  in  an  inappreciably  short  time,  while  in  the  latter, 
this  condition  is  arrived  at  more  slowly.  Eegnault's  experiments  (Me'm.  Acad. 
Sciences,  xxvi.)  prove,  however,  that  liquids  do  not  give  off  vapour  of  quite  so  great  a 
tension  in  a  space  occupied  by  a  permanent  gas,  as  they  do  in  a  vacuum,  and  that  the 
difference  increases  as  the  temperature  rises. 

Boiling  Points.— -Ebullition.— From  the  facts  stated  in  the  last  paragraph,  it  follows 
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that  the  temperature  at  which  the  vapour  of  a  liquid  introduced  into  the  barometric 
vacuum  would  exert  sufficient  elastic  force  to  drive  the  mercury  down  to  the  bottom  of 
the  tube,  so  as  to  make  it  stand  at  the  same  level  inside  and  outside,  is  also  the  tem- 
perature at  which  the  vapour  formed  on  heating  the  liquid  in  the  air  would  exert  an 
elastic  force  equal  to  the  atmospheric  pressure.  As  already  stated,  the  first  of  these 
effects  is  produced  by  ether-vapour  at  35°,  by  alcohol  at  78'5°,  and  by  water  at  100° ; 
these  temperatures,  however,  are  those  at  which  the  liquids  respectively  boil  when  heated 
in  the  open  air,  the  barometer  being  at  its  average  height  The  boiling  point  of  a 
liquid  is,  therefore,  the  temperature  at  which  the  tension  of  its  vapour  becomes  equal  to 
the  atmospheric  pressure.  This  temperature  is  evidently  not  absolutely  constant  for  each 
liquid,  but  varies  more  or  less  with  alterations  of  the  pressure  of  the  atmosphere.  A 
liquid  at  its  boiling  point  is  in  a  limiting  condition,  comparable  to  that  of  a  saturated 
vapour ;  any  diminution  of  pressure  or  increase  of  temperature  equally  causes  it  to 
pass  from  the  liquid  to  the  vaporous  state.  The  two  conditions  are  in  fact  conter- 
minous ;  and  the  temperature  at  which  a  liquid  produces  vapour  of  any  given  maxi- 
mum tension,  is  also  the  temperature  at  which  the  liquid  would  boil  under  an  atmo- 
gpheric  pressure  equal  to  that  tension.  Hence  the  observation  of  the  pressures  under 
which  a  liquid  boils  at  various  temperatures  constitutes  a  method  of  determining  the 
maximum  tension  of  its  vapour  at  those  temperatures. 

The  phenomenon  cf  ebullition,  which  presents  itself  when  heat  is  applied  to  the 
lower  part  of  a  mass  of  liquid,  already  at  such  a  temperature  that  the  tension  of  its 
vapour  is  equal  to  the  pressure  of  the  atmosphere,  results  from  the  transformation  of 
the  liquid  into  vapour  at  the  points  where  the  heat  is  applied,  and  the  escape  of  this 
vapour  in  the  form  of  bubbles  through  the  superincumbent  liquid. 

The  temperatures  at  which  different  liquids  boil,  under  the  ordinary  atmo- 
spheric pressure,  vary  very  greatly.  They  will  be  found  given  for  each  liquid  in  the 
article  of  this  dictionary  wherein  it  is  specially  described ;  in  the  following  table  a  few 
boiling  points  are  given  in  order  to  illustrate  the  range  of  temperature  through  which 
they  occur. 

Table  of  Soiling  Points. 


Liquid. 

Boiling  Point. 

Pressure  in  millimetres 
of  mercury. 

Authority. 

Nitrous  oxide     . 

-87-9° 

759 

Kegnault 

Carbonic  anhydride    . 

-78-2 

767-3 

M 

Ammonia  . 

-33-7 

749-3 

Bunsen 

Sulphurous  anhydride 
Chloride  of  ethyl 

-10-5 
+  11-0 

744 
758 

Pierre 

Oxide  of  ethylene 

13-5 

746-5 

Wurtz 

Aldehyde  . 

19-8 

734 

Kopp 

Ether 

34-2 

742 

H 

Sulphide  of  carbon 

47-9 

755-8 

Pierre 

Methylic  alcohol 

61-0 

754 

Delffs 

Bromine     . 

63-0 

760 

Pierre 

Alcohol      . 

78-4 

760 

Gay-Lussac 

Benzene     . 

'     80-4 

752 

Kopp 

Water 

100-0 

760 

if 

Acetic  acid 

116-9 

750 

it 

Cymene     . 
Naphthalene 

177-5 
216-8 

744 
747-6 

Phosphorus 

290 

m 

Pelletier 

Oil  of  vitriol 

325 

f    f 

Mercury     . 

350 

. 

Regnault 

Sulphur 

440 

.     . 

(  Dumas  ;  Deville 
I     and  Troost 

Cadmium  . 

860 

t 

Deville  and  Troost 

Zinc  .... 

1040 

•    • 

» 

Determination  of  Soiling  Points. — The  boiling  points  of  different  liquids  being  among 
their  most  characteristic  properties,  the  determination  of  them  becomes  a  very  frequent 
and  important  operation  in  chemical  research.  The  method  recommended  by  Kopp,  in 
order  to  ensure  as  much  accuracy  as  possible  in  these  observations,  is  as  follows :  — 

The  liquid  to  be  examined  is  placed  in  a  cylindrical  glass  vessel,  containing  a  few 
scraps  of  freshly  ignited  platinum  foil,  the  diameter  of  which,  when  the  quantity  of  liquid 
is  small,  need  not  much  exceed  that  of  the  bulb  of  the  thermometer.  This  vessel  is 
closed  by  a  cork,  through  the  centre  of  which  the  thermometer  is  inserted,  in  such  a 
way  that  it  can  be  raised  or  lowered,  so  that  the  bulb  may  dip  either  into  the  liquid  or 
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merely  into  the  vapour.     It  is  generally  advisable  to  give  the  thermometer  the  latter 

position,  since,  as  will  be  seen  by  what  follows,  the  temperature  of  the  liquid  may, 

under  circumstances   which   not   unfrequently   occur,  rise  somewhat  above  the  true 

boiling  point  ;  but  even  when  this  is  the  case,  a  thermometer  in  the  vapour  will  show 

the  real  boiling  point  of  the  liquid  :  under  nearly  all  circumstances,  the  thermometer  will 

stand  lower  in  the  vapour  than  it  does  in  the  liquid,  if  this  is  a  mixture  of  two  or  more 

liquids  of  different  boiling  points  instead  of  a  pure,  homo- 

geneous substance.      Through  a  second  hole  in  the  cork  is  Fig.  642. 

inserted  a  glass  tube,  open  at  both  ends,  and  bent  at  a  right 

angle,  as  shown  in  fig.  542  ;  by  connecting  this  tube  with  a 

condenser,  the  loss  of  the  liquid  used  for  the  experiment  can 

be  prevented.       The   liquid  is  heated  either  by  applying  a 

small  flame  to  the  outside  of  the  vessel,  or  by  means  of  a 

water-bath  or  sand-bath,  care  being  taken  that  the  sides  of  the 

vessel  above  the  liquid  do  not  get  over-heated.     The  indications 

of  the  thermometer  are  observed  during  the  whole  time  that 

the  liquid  is  being  slowly  boiled  away,  until  only  a  small  quan- 

tity remains.      The  temperature  thus  observed  is  not,  how- 

ever, in  most  cases,  the  true  boiling  point  of  the  liquid  :  usually, 

part  of  the  mercury  column  in  the  thermometer  rises  above 

the  cork,  and  is  therefore  exposed  to  a  lower  temperature  than 

that  of  the  boiling  liquid  ;  consequently,  the  upper  extremity 

of  the  column  stands  at  a  lower  point  than  it  would  do  if  the 

thermometer  were   completely  immersed  in  the   liquid.     In 

order  to  find  the  correction  which  it  thus  becomes  necessary 

to  apply,  a  second  thermometer  is  placed  so  that  its  bulb  is  in 

contact  with  the  stem  of  the  thermometer  inserted  into  the 

cork  of  the  boiling  vessel,  and  is  half  way  between  the  top.  of 

the  mercury  column  of  the  latter  thermometer  and  the  middle 

of  the  cork.     The  temperature  indicated  by  this  second  thermometer  may  be  taken 

as  the  mean  temperature  of  that  portion  of  the  mercury  column  of  the  principal  ther- 

mometer which  is  not  heated  by  the  vapour  of  the  boiling  liquid.    Let  this  temperature 

be  t°  ;  let  the  unconnected  boiling  point,  directly  indicated  by  the  principal  thermometer, 

be  T°  ;  let  N  be  the  difference  between  T  and  the  point  of  the  scale  situated  at  the 

middle  of  the  cork,  that  is  to  say,  the  length,  expressed  in  degrees  of  the  scale,  of  that 

portion  of  the  mercury  column  of  the  principal  thermometer  of  which  the  mean  tem- 

perature is  IP  ;  lastly,  let  8  be  the  coefficient  of  apparent  expansion  of  mercury  in  the 

glass  of  which  the  thermometer  is  constructed.     The  correction  to  be  applied  to  the 

directly  observed  temperature  T°  is  then 


As  already  stated  (p.  57),  S  may  always  be  taken,  in  calculating  the  value  of  this 
expression,  as  =  0'0001545. 

The  table  which  follows  on  p.  86  gives  the  amounts  of  the  correction  in  question  for 
various  values  of  N  and  of  T—  t.  The  amounts  corresponding  to  other  values  of  these 
factors  can  be  easily  deduced  by  interpolation  from  the  numbers  given  in  the  table. 

This  table  sufficiently  shows  that  the  correction  in  question  can  never  be  neglected  in 
accurate  experiments,  and  that  in  the  case  of  liquids  of  high  boiling  points,  its  value 
may  become  very  considerable.* 

Since  the  boiling  point  of  a  liquid  depends  on  the  pressure  to  which  the  liquid  is 
subjected,  another  correction  becomes  necessary  in  order  to  reduce  determinations 
made  under  the  varying  pressure  of  the  atmosphere,  to  the  values  which  would  be 
found  if  the  atmosphere  exerted  always  its  normal  pressure,  equal  to  that  of  760 
millimetres  of  mercury  at  0°.  Strictly  speaking,  the  correction  to  be  applied  to  the 
boiling  point  of  a  liquid  observed  under  an  atmospheric  pressure  differing  by  a  given 
amount  from  the  above  standard  pressure,  varies  with  the  nature  of  the  liquid  ;  since 
equal  alterations  of  pressure  do  not  cause  precisely  equal  changes  in  the  boiling  points 
of  different  liquids.  Nevertheless,  the  greatest  variations  which  ever  occur  in  the 
pressure  of  the  atmosphere  are  relatively  so  small,  that  they  may,  without  any  appre- 
ciable error,  be  regarded  as  affecting  the  boiling  points  of  all  liquids  equally:  to  the 
extent,  namely,  of  0'1°  for  a  variation  of  pressure  of  2'7  millimetres  of  mercury,  this 
number  being  deduced  from  direct  determinations  of  the  boiling  point  of  water  under 
different  pressures. 

In  what  follows,  whenever  the  boiling  point  of  a  liquid  is  spoken  of  without  further 
explanation,  it  is  to  be  understood  to  mean  the  boiling  point  under  a  pressure  equal  to 
that  of  760  millimetres  of  mercury  at  0°. 

*  It  is  obvious  that  a  precisely  similar  correction  ought  to  be  applied  to  all  thermometric  observations 
in  which  any  portioc  of  the  mercury  in  the  stem  of  the  thermometer  Is  at  a  different  temperature  from 
that  in  the  bulb. 
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Circumstances  which  modify  the  Boiling  Point. — Although,  when  a  liquid  is  heated 
in  such  a  manner  that  vapour  can  escape  freely  from  some  part  of  its  surface,  the 
vapour  so  formed  has  a  tension  equal  to  the  pressure  upon  the  free  surface  of  the  liquid 
as  soon  as  the  temperature  of  the  latter  reaches  the  boiling  point,  this  temperature 
may  nevertheless  be  attained,  and  even  considerably  exceeded,  without  the  formation 
of  a  trace  of  vapour,  if  no  portion  of  the  surface  of  the  liquid  is  freely  exposed.  These 
conditions  can  be  realised  by  suspending  the  liquid  to  be  examined  in  a  second  liquid 
of  equal  specific  gravity,  but  higher  boiling  point. 

The  phenomena  which  take  place  under  these  circumstances  have  been  particularly 
studied  by  Du four  (Ann.  Ch/Phys.  [3]  Ixviii.  378).  In  order  to  examine  them  in 
the  case  of  water,  he  employed  a  mixture  in  the  requisite  proportions  of  oil  of  cloves 
(previously  heated  alone  to  about  200°)  and  linseed  oil.  The  water,  already  heated 
to  80°  or  90°,  was  dropped  gently  into  the  mixture  of  oils,  so  as  not  to  disturb  the 
film  which  coated  the  bottom  of  the  vessel,  and  the  temperature  of  the  bath  was 
gradually  raised.  Under  these  circumstances  the  ordinary  boiling  point  of  water,  100°, 
was  passed  without  the  occurrence  of  any  perceptible  change,  and  traces  of  ebullition 
scarcely  began  to  show  themselves  below  110°  or  115°.  Even  at  these  temperatures, 
ebullition  seldom  began  except  when  the  globules  of  water  came  in  contact  with  the 
sides  of  the  vessel  or  with  the  thermometer.  A  burst  of  vapour  then  occurred,  and  the 
globule,  more  or  less  diminished  in  size,  was  driven  rapidly  away,  like  a  pith  ball  after 
touching  an  electrified  conductor.  These  contacts  were  of  course  more  difficult  to  avoid 
in  the  case  of  large  than  of  small  globules ;  hence  the  latter  remained  liquid,  as  a  rule, 
to  higher  temperatures  than  the  former. 

In  these  experiments,  it  was  a  rare  exception  when  ebullition  occurred  between  100° 
and  110°;  very  commonly  globules  of  10  mm.  in  diameter  reached  120°  or  130°,  and 
in  one  experiment  the  last  temperature  was  attained  by  a  globule  of  18  mm.  dia- 
meter, and  therefore  containing  more  than  3  c.  c.  of  water.  Spheres  of  10  or  12 
mm.  diameter  often  reached  140°;  those  of  5  or  6  mm.  reached  165°;  and  others 
of  from  1  to  3  mm.  attained  175°  or  even  178°,  temperatures  at  which  the  elastic  force 
of  the  vapour  which  forms  at  the  freely  exposed  surface  of  water  is  between  8  and  9 
atmospheres. 

At  these  high  temperatures,  the  contact  of  a  solid  body  very  generally  occasioned 
the  sudden  partial  or  complete  vaporisation  of  the  globules,  accompanied  by  a  hissing 
sound  like  that  produced  on  immersing  red-hot  iron  in  water.  This  invariably 
occurred  when  the  globules  were  touched  with  pieces  of  wood  or  chalk,  shreds  of  cotton, 
paper,  &c.,  but  not  always  on  contact  with  a  glass  rod  or  metallic  wire,  the  difference 
appearing  to  depend  on  the  porous  structure  of  the  former  substances.  A  platinum 
wire  appeared  to  lose,  to  some  extent,  by  frequent  usage,  the"  power  of  causing  sudden 
vaporisation. 

Sudden  ebullition,  amounting  even  to  an  explosion,  if  the  temperature  was  above 
120°,  invariably  occurred  on  passing  the  discharge  of  a  Leyden  jar  or  induction 
coil  through  a  globule.  A  similar,  but  less  violent,  effect  was  produced  by  the  passage 
of  a  weak  galvanic  current.  These  results  are  attributed  by  Dufour  less  to  the  contact 
of  the  globules  with  the  conducting  wires,  than  to  the  disengagement  of  gas  at  tho 
extremities  of  the  latter. 

Saturated  aqueous  solutions  of  various  salts — for  example,  chloride  of  sodium,  sulphate 
of  copper,  nitrate  of  potassium,  &c. — also  remained  liquid  at  temperatures  much  above 
their  boiling  points,  when  immersed  in  melted  stearic  acid  resting  on  a  layer  of  melted 
sulphur.  In  like  manner,  globules  of  chloroform  (boiling  point  61°),  suspended  in  a 
solution  of  chloride  of  zinc,  often  remained  liquid  up  to  97°  or  98° ;  and  globules  of 
liquid  sulphurous  anhydride  (boiling  point  — 10'5°)  could  be  heated  in  diluted  sulphuric 
acid  as  high  as  +  8°.  In  all  these  cases,  the  same  causes  that  operated  in  the  case  of 
water,  sufficed  to  occasion  the  sudden  complete  or  partial  conversion  of  the  overheated 
globules  into  vapour. 

These  results  throw  important  light  upon  the  nature  of  ebullition,  and  seem  to 
indicate  that  it  is  to  some  extent  an  accidental  phenomenon.  In  order  to  understand 
them,  we  must  remember  that,  the  globules  being  surrounded  on  all  sides  by  liquid, 
evaporation  cannot  go  on  at  their  surface  in  the  ordinary  way.  They  are,  however,  in 
a  state  of  tension,  or  unstable  equilibrium,  such  that  a  very  slight  cause  may  occasion 
the  sudden  formation  of  vapour  of  more  than  the  atmospheric  tension.  The  most 
effectual  of  such  causes  would  obviously  be  the  contact  of  a  minute  globule  of  air  or 
other  gas :  this  globule,  however  small,  would  be  a  space  into  which  vapour  could  be 
given  off,  and  this  vapour,  having  an  elastic  force  greater  than  the  pressure  (that  of  the 
atmosphere  and  the  upper  layers  of  the  liquid)  whereby  the  globule  was  prevented  from 
expanding,  would  force  back  the  liquid  walls  of  the  bubble  of  gas,  suddenly  converting 
it  into  a  large  bubble  of  steam.  Hence  the  unfailing  efficacy,  in  causing  the  ebullition 
of  the  overheated  globules  of  liquid,  of  the  passage  of  an  electric  current  or  the  contact 
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of  porous  substances,  such  as  chalk,  wood,  paper,  &c.,  which  either  allow  air  to  escape 
from  their  pores  when  immersed  in  the  heated  liquid,  or  carry  down  into  it  small 
globules  of  air  adhering  to  them.  These  globules  afford  space  for  the  commencement  of 
the  formation  of  vapour,  and  this  process  being  once  begun,  the  space  is  increased  by 
the  force  of  the  vapour  already  formed  within  it.  In  the  absence  of  any  such  space, 
the  liquid  globule  is  in  a  condition  somewhat  analagous  to  that  of  a  drop  of  melted  glass 
•which  has  been  suddenly  cooled  in  water  (Rupert's  drops),  and  which  falls  to  powder 
on  receiving'  the  smallest  scratch :  there  is  no  reason  why  the  formation  of  vapour 
should  begin  at  one  point  of  the  mass  rather  than  at  another,  and  thus  the  whole  remains 
in  a  state  of  molecular  tension  until  something  occurs  at  some  particular  point  to  weaken 
the  effect  of  the  forces  which  oppose  the  formation  of  vapour,  or  until  the  tension 
increases  (in  consequence  of  rise  of  temperature)  to  such  a  degree  that  these  forces  are 
overcome  simultaneously  throughout  the  whole  mass.  It  will  be  seen  further  on  that 
these  considerations  exactly  agree  with  the  explanation  which  the  mechanical  theory 
of  heat  affords  of  the  passage  from  the  liquid  to  the  gaseous  state. 

Even  when  liquids  are  heated  in  open  vessels,  the  occurrence  of  ebullition,  or  the 
formation  of  vapour  in  the  interior  of  the  mass,  appears  to  depend  on  like  accidental 
causes.  Thus  the  influence  of  the  nature  of  the  vessel  wherein  a  liquid  is  contained 
has  been  long  recognised.  It  has  been  observed,  for  instance,  that  water,  which  will 
boil  steadily  at  100°  in  a  metallic  vessel,  may  often  be  heated  to  105°  or  106°  without 
boiling,  in  a  glass  vessel  previously  washed  with-  strong  sulphuric  acid.  Under  these 
circumstances,  ebullition  generally  takes  place  very  irregularly :  at  a  certain  tempera- 
ture a  sudden  burst  of  vapour  occurs,  and  the  temperature  of  the  liquid  falls  at  the  same 
time  to  nearly  the  normal  boiling  point ;  the  liquid  then  remains  tranquil  for  a  time, 
until  the  temperature  having  again  risen  considerably,  another  burst  of  vapour  takes 
place,  and  so  on.  The  "bumping"  of  heated  liquids  which  results  from  this  inter- 
mittent formation  of  vapour,  is  familiar  to  every  chemist.  It  may  be  prevented  to  some 
extent  by  putting  into  the  liquid  a  few  scraps  of  platinum,  or  a  globule  of  mercury  ;  a 
small  piece  of  charcoal  is,  however,  much  more  effectual  than  either  of  these,  though  not 
always  admissible.  This  irregular  ebullition  occurs  much  more  frequently  in  some 
liquids  than  others,  and  to  a  greater  extent  in  certain  glass  vessels  than  in  others.  For 
instance,  methylic  alcohol  (boiling  point  61°)  may  show  a  difference  in  its  temperature 
of  ebullition  amounting,  according  to  Kopp,  to  5  or  6  degrees,  depending  on  the  vessel 
in  which  it  is  examined.  When  a  liquid  is  boiling  steadily  in  a  glass  flask  or  retort, 
it  may  almost  always  be  noticed  that  the  bubbles  of  vapour  start  from  one  or  two 
particular  points  of  the  surface  of  the  glass,  indicating  the  existence  of  some  irregularity 
of  the  glass  at  those  points  favourable  to  the  formation  of  vapour.  Another  illustration 
of  the  necessity  of  some  other  cause  than  mere  temperature  in  order  to  bring  about  the 
ebullition  of  liquids,  is  afforded  by  the  remarkable  observation  of  Professor  Donny,  of 
Ghent,  that  water  thoroughly  deprived  of  air  and  sealed  up  in  a  rather  long  glass  tube 
quite  free  from  air,  may  be  heated  to  138°  at  one  end  of  the  tube  without  boiling,  and 
is  then  suddenly  and  violently  thrown  to  the  other  end  by  a  burst  of  vapour.  An 
additional  fact  of  the  same  kind  may  sometimes  be  observed  during  the  distillation  of 
liquids  under  the  ordinary  pressure.  The  writer  has  occasionally  seen  a  liquid  distil 
very  rapidly,  thus  showing  that  vapour  was  being  formed  rapidly  at  the  surface,  although 
ebullition  could  not  be  maintained  by  the  use  of  a  more  powerful  flame  than  that 
which  had  sufficed,  at  an  earlier  stage  of  the  experiment,  to  boil  a  larger  quantity  of 
the  same  liquid. 

The  whole  of  these  phenomena  cease  to  be  unintelligible  if,  with  Dufour,  we  distin- 
guish between  the  boiling  point  of  a  liquid,  and  the  temperature  at  which  the  elastic 
force  of  its  vapour  becomes  equal  to  the  pressure  of  the  atmosphere,  and  define  the 
boiling  point  as  the  lowest  temperature  at  which  ebullition  can  occur,  instead  of  as  the 
temperature  at  which,  under  normal  conditions,  it  must  occur. 

Sphero'idal  State. — When  a  drop  of  water  is  allowed  to  fall  upon  a  piece  of  iron,  the 
temperature  of  which  considerably  exceeds  100°,  it  retains  its  globular  form,  moves 
about  rapidly  on  the  surface  of  the  iron  without  wetting  it,  and  evaporates  with  com- 
parative slowness.  As  the  iron  cools,  a  point  is  reached  at  which  the  globule  of  water 
wets  it,  spreads  over  its  surface,  boils  and  quickly  disappears.  The  condition  of  the 
globule  first  described  has  been  distinguished  as  the  spheroidal  state.  This 
condition  can  be  assumed  by  all  volatile  liquids  when  they  come  in  contact  with  the 
surface  of  either  a  solid  or  a  liquid  body  heated  considerably  above  their  boiling  points. 
The  temperature  of  a  liquid  in  the -spheroidal  state  is  always  below  its  ordinary  boiling 
point,  notwithstanding  the  higher  temperature  of  the  surface  on  which  it  rests.  The 
absence  of  ebullition  is  therefore  due  in  this  case  to  some  other  cause  than  that  which 
produces  the  phenomena  of  deferred  ebullition  which  were  considered  in  the  last  paragraph. 
It  is  the  result  of  a  want  of  perfect  contact  between  the  liquid  and  the  heated  surface. 
Many  experiments  prove  that  the  liquid  globule  rests  upon  a  sort  of  cushion  of  its  own 
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vapour,  produced  by  the  heat  radiated  from  the  hot  surface  against  its  under  side.  As 
fast  as  this  vapour  escapes  from  under  the  globule,  its  place  is  supplied  by  a  fresh 
quantity  produced  in  the  same  way,  so  that  the  globule  is  constantly  buoyed  up  by  it, 
and  never  comes  into  actual  contact  with  the  heated  surface.  If,  however,  the  tempe- 
rature of  the  latter  is  allowed  to  fall,  the  formation  of  vapour  becomes  less  and  less 
rapid,  until  at  last  it  is  not  supplied  fast  enough  to  prevent  the  globule  touching  the 
hot  metal  or  liquid  on  which  it  rests :  as  soon  as  contact  occurs,  heat  is  rapidly  im- 
parted to  the  globule,  it  enters  into  ebullition,  and  quickly  boils  away. 

According  to  Boutigny's  experiments,  the  lowest  temperature  at  which  a  metallic 
vessel  will  cause  the  spheroidal  state  to  be  assumed  by  water  is  142° ;  for  alcohol  the 
lowest  temperature  is  134°,  and  for  ether  61°. 

Solid  bodies  which  evaporate  without  becoming  liquid  also  assume  a  condition 
analogous  to  the  spheroidal  state  of  liquids,  when  they  are  placed  upon  a  surface  whoso 
temperature  is  sufficiently  high  to  vaporise  them  very  rapidly.  This  is  very  distinctly 
seen  on  throwing  a  piece  of  solid  carbonate  of  ammonium  into  a  red-hot  platinum 
crucible,  and  when  a  fragment  of  solid  carbonic  anhydride  is  placed  upon  any  good 
conducting  surface  at  the  ordinary  temperature. 

Effect  of  Substances  in  Solution  on  the  Boiling  Point  of  Liquids. — Liquids  holding 
solid  bodies  in  solution  boil  generally  at  higher  temperatures  than  they  do  in  tin; 
pure  state.  On  the  other  hand,  the  boiling  point  of  water  is  lowered  by  mixing  it 
with  alcohol,  and  that  of  alcohol  by  mixing  it  with  ether;  the  boiling  point  of  a  mix- 
ture being  always  intermediate  between  the  boiling  points  of  its  components.  The 
effect  of  salts  in  raising  the  boiling  point  of  water  may  be  considered  as  also  coming 
under  this  rule.  The  following  table  gives  the  " 
several  salts,  according  to  Legrand. 


boiling  points  of  saturated  solutions  of 


Table  of  Boiling  Points  of  Saturated  Saline  Solutions. 


Weight  of 

Weight  of 

Salt. 

salt  dis- 
solved in 

Boiling 
Point. 

Salt. 

salt  dis- 
solved in 

Boilin? 

Pt\\nt 

100  parts 

100  parts 

0  1  Hi  . 

of  water. 

of  water. 

Acetate  of  potassium    . 

798-2 

169° 

Tartrate  of  potassium  . 

296-2 

114-7° 

Nitrate  of  calcium 

362-2 

151 

Chlorate  of  potassium  . 

61-5 

104-2 

Carbonate  of  potassium 

205-0 

135 

Chloride  of  sodium 

41-2 

108-4 

Acetate  of  sodium 
Nitrate  of  sodium 

209-0 
224-8 

124-4 
121 

Phosphate  of  sodium  £ 
(dried)                     J 

112-6 

106-6 

Chloride  of  strontium  . 

117-5 

117-8 

Carbonate  of  sodium    . 

48-5 

104-6 

Nitrate  of  potassium    . 

335-1 

115-9 

Chloride  of  barium 

60-1 

104-4 

Chloride  of  ammonium 

88-9 

114-2 

(For  Legrand's  determinations  of  the  boiling  points  of  weaker  solutions  of  these  and 
some  other  salts,  and  for  the  similar  experiments  of  Griffiths  and  Faraday,  see  Gmelin's 
Handbook,  i.  269,  270.) 

Very  contradictory  opinions  have  been  maintained  by  different  observers  with  regard 
to  the  temperature  of  the  vapour  which  issues  from  boiling  saline  solutions.  It  has 
been  said,  on  the  one  hand,  to  be  the  same  as  that  of  pure  water  boiling  under  the 
same  pressure;  and,  on  the  other  hand,  to  be  equal  to  that  of  the  highest  stratum  of 
the  solution.  According  to  the  recent  experiments  of  Magnus  (Pogg.  Ann.  cxii.  408), 
the  latter  statement  appears  to  be  nearest  the  truth.  These  experiments  prove  de- 
cisively that  the  vapour  of  boiling  solutions  is  hotter  than  that  of  pure  water,  and  that 
its  temperature  rises  as  the  solutions  become  more  concentrated,  and  therefore  boil  at 
higher  temperatures ;  nevertheless,  the  vapour  was  always  found  a  little  colder  than 
the  mass  of  the  boiling  solution,  and  the  difference  was  greater  at  high  temperatures 
than  it  was  at  low  ones. 

Relations  between  the  Boiling  Point  of  substances  and  their  Chemical  Composition. — 
Many  attempts  have  been  made  to  trace  some  connection  between  the  boiling  points  of 
different  liquids  and  their  chemical  composition.  The  most  extensive  and  important 
series  of  observations  that  have  been  made  upon  this  point  are  due  to  Kopp  (Ann. 
Ch.  Pharm.  xcvi.  2,  330 ;  xcviii.  267,  367  ;  Phil.  Trans.  1860,  257).  The  principal 
conclusions  deducible  from  these  investigations  are  as  follows : — 

1.  Analogous  compounds,  presenting  the  same  difference  of  composition,  very  fre- 
quently differ  by  the  same  amount  in  their  boiling  points,  or  the  interval  betwrcn  their 
boiling  points  is  proportional  to  their  difference  of  composition.  A  compound  con- 
taining A'C  more  or  less  than  another  of  analogous  function,  generally  boils  at  a 
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temperature  x  x  29  degrees  higher  or  lower  than  the  latter,  and  if  it  contains  ;rH  more 
or  less  it  commonly  boils  at  x  x  6  degrees  lower  or  higher.  A  particular  instance  of 
the  application  of  this  rule  is  to  homologous  compounds :  in  the  homologous  acids 
C"H2n02  (Acros,  i.  60),  and  in  the  corresponding  alcohols  and  compound  ethers,  the 
addition  of  CH2  to  the  formula  of  a  compound  raises  its  boiling  point  on  an  average  by 
19°,  agreeing  with  the  above  rule. 

2.  An  acid,  CnH2n02,  boils  at  a  temperature  40°  higher  than  the  alcohol,  OH2"*^ 
(ALCOHOLS,  i.  97),  the  oxidation  of  which  may  give  rise  to  the  acid. 

3.  A  compound  ether  (ETHERS,  ii.  612),  OH2n02,  boils  at  a  temperature  82°  lower 
than  the  acid,  CnHZn02,  isomeric  with  it. 

If  we  start  from  the  boiling  point  of  ethyl-alcohol,  =  78°,  these  three  propositions 
enable  us  to  calculate  the  boiling  points  of  a  large  number  of  organic  substances, 
alcohols,  acids,  and  compound  ethers,  represented  by  the  above  general  formulae.  The 
following  tables  serve  to  show  how  far  the  boiling  points  thus  calculated  correspond 
with  those  actually  observed. 

Soiling  Points  of  Alcohols,  OH2"  *  20. 


Calcu- 

Name* 

Formula. 

lated 
Boiling 

Observed  Boiling  Point. 

Point* 

Methylic  alcohol    » 

CE<0 

69° 

(Kane,  60°;  Delffs,  60-6°;  Kopp,  65°;  Pierre, 
J66°;  Dumas  and  Peligot,  66-6°. 

Ethylic  alcohol      . 

C2H80 

78 

(  Dumas  and  Boullay,  76°  ;  Gay-Lussac,  Pierre, 
{Kopp,  Delffs,  Andrews,  78°. 

Tritylic  alcohol 

C»H80 

97 

Chancel,  96°. 

Tetrylic  alcohol 

C4H100 

116 

Wurtz,  109°. 

Amylic  alcohol 

C5H120 

136 

(Pasteur,  127°—  129°;  Cahours,  Pierre,  Kopp, 
I  Delffs,  132°;  Eieckher,  135°. 

Hexylic  alcohol 

C6H140 

164 

Faget,  148°—  164°. 

Heptylic  alcohol     . 
CetyKc  alcohol 

C7H160 
C16H340 

173 
344 

Stadeler,  177°—  177'5°. 
Favre  and  Silbermann,  366°? 

Soiling  Points  of  Acids,  OH*»02. 


Name. 

Formula. 

Calcu- 
lated 
Boiling 
Point. 

Observed  Boiling  Point. 

Formic  acid  . 

CH202 

99° 

\Liebig,  99°;  Bineau,  Favre  and  Silbermann, 
}100°;  Kopp,  105°. 

Acetic  acid    . 

C-H408 

118 

Delffs,    116°;   Kopp,    117°;   Sebille-  Auger, 
119°;  Dumas,  120°. 

Propionic  acid 

C3H602 

137 

Dumas,  Malaguti,  and  Leblanc,  about  140°; 
Limpricht,  Kopp,  142°. 

Butyric  acid  . 

C4H80« 

156 

Kopp,  Delffs,  156°;  Pierre,  163°;   Pelouze 
and  Gelis,  about  164°. 

Valeric  acid   . 

C5H1002 

175 

Dumas  and  Stas,  Delffs,  175°;  Kopp,  176°. 

Caproic  acid  . 

C«H1!02 

194 

(Brazier  and  Gossleth,  Wurtz,  198°;  Fehling, 
\  202°—  209°. 

(Enanthylic  acid    . 

C7H1402 

213 

Stadeler,  218°. 

Caprylic  acid  . 

C8HI602 

232 

Fehling,  236°  ;  Perrot,  238°. 

Pelargonic  acid 

C°H'«02 

251 

Perrot,  225°;  Cahours,  260°. 

In  other  gronps  of  compounds,  a  difference  of  CH2  in  the  composition  of  analogous 
substances  corresponds  frequently  to  a  nearly  constant  difference  of  boiling  point :  but 
this  difference  sometimes  amounts  to  more  than  19  degrees,  and  sometimes  to  less. 
For  instance,  in  the  series  of  hydrocarbons  CnIFn~6,  homologous  with  benzene,  CBH6,  a 
difference  of  CH2  in  composition  corresponds  to  an  average  difference  of  about  24°  in 
boiling  point;  in  the  series  of  alcohol-radicles  (or  hydrides)  C"H2n+2,  homologous 
with  ethyl,  C2H'°,  (or  marsh-gas,  CH4)  the  difference  of  boiling  point  corresponding  to 
the  same  difference  of  composition,  is  also  nearly  24° ;  in  the  series  of  acetones 
CnH2uO,  it  is  about  22°.  On  the  other  hand,  the  difference  of  boiling  point,  corre- 
sponding to  a  difference  of  CH2  in  composition,  is  less  than  19°  in  the  anhydrides 
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Soiling  Points  of  Compound  Ethers,  OH2"02. 


Name. 

Formula. 

Calcu- 
lated 
Boiling 
Point. 

Observed  Boiling  Point. 

Formate  of  methyl     . 

C2H402 

36° 

Kopp,  Andrews,  33°  ;  Liebig,  36°—  38°. 

(Andrews,  55°;  Kopp,  66°;  Dumas  and 

Acetate  of  methyl  . 
Formate  of  ethyl    . 

C3Hfl02 

55 

Peligot,  58°. 
Liebig,  Delffs,  63°;  Kopp,  55°;  Lowig, 

Acetate  of  ethyl    .     . 

C4H"02 

74 

j  Dumas  and  Boullay,  Pierre,  Kopp,  Delffn, 

/Favre  and  Silbermann,  Delffs,  93°  :  Kopp, 

Butyrate  of  methyl     \ 

95°;  Pierre,  102°. 

Acetate  of  trityl     .     f 
Formate  of  tetryl  . 

C5H'°02 

93 

I  Berthelot,  about  90°. 
I  Wurtz,  about  100°. 

Propionate  of  ethyl    j 

Kopp,  96°—  98°;  Limpricht  and  Uslar, 

V     101°. 

Valerate  of  methyl.     ] 
Butyrate  of  ethyl  . 
Acetate  of  tetryl    . 
Formate  of  amyl    .    J 

C6H1202 

112 

Kopp,  114°—  115°. 
Pelouze,  110°;  Delffs,  113°;  Kopp,  115°; 
-      Pierre,  119°. 
Wurtz,  114°. 
VDelffs,  114°;  Kopp,  about  116°. 

Valerate  of  ethyl    .     ] 
Butyrate  of  trityl  .     I 
Acetate  of  amyl     .     j 

CTH1402 

131 

(Delffs,  132  ;  Otto,  Kopp,  Berthelot,  133°— 
134°. 
1  Berthelot,  about  130°. 
ICahours,  125°;  Kopp,  Delffs,  133°. 

Caproate  of  ethyl  .     / 
Propionate  of  amyl      \ 

C8H1602 

150 

(Lerch,  120°;  Fehling,  162°. 
jWrightson,  about  155°. 

Butyrate  of  amyl  .     . 

C9H'802 

169 

Delffs,  173°—  176°. 

Valerate  of  amyl    . 

p          2 

1  QO 

Kopp,  188;  Balard,  about  196°. 

Acetate  of  capryl  . 

loo 

Dachauer,  191—192°;  Bouis,  193°. 

Pelargonate  of  ethyl 
Caproate  of  amyl   . 

C»H2202 

207 

Cahours,  216°—  218;  Delffs,  224°. 
/Brazier  and  G-ossleth,  211°. 

Laurostearate  of  ethyl 

C14H2802 

264 

G-orgey,  264°  ;  Delffs,  269°. 

C2nH4n-203,  homologous  with  acetic  anhydride,  C'HC03  (namely,  about  12-5°);  in  the 
ethers  of  the  acids  OH2n— 204,  homologous  with  oxalic  acid,  C2H20*  (namely,  about 
14°) ;  also  in  the  carbonates,  sulphocyanates  and  borates  of  the  alcohol-radiclesCnH2n'fl. 

These  results  seem  to  show  that,  as  a  rule,  the  greater  the  quantity  of  oxygen  con- 
tained in  any  series  of  compounds,  the  smaller  is  the  effect  on  the  boiling  point  of  a 
difference  of  composition  amounting  to  CH2. 

In  the  chlorides,  bromides  and  iodides  of  the  alcohol-radicles  CnH2n+1,  a  difference  in 
composition  of  CH2  causes  a  difference  in  boiling  point  of  from  24  to  31  degrees ;  in 
the  corresponding  sulphides  and  sulphydrates  (mercaptans)  the  difference  also  consider- 
ably exceeds  19°. 

Measurement  of  the  Tension  of  Vapours. — The  various  methods  that  have 
been  employed  for  measuring  the  maximum  tension  of  vapours  at  different  temperatures, 
depend  upon  principles  already  explained.  We  have  here  to  describe  briefly  the 
manner  in  which  these  principles  were  put  in  practice,  and  to  state  the  most  important 
results  obtained. 

The  tension  of  vapours  at  temperatures  below  the  ordinary  boiling  points  of  the 
corresponding  liquids,  and  therefore  at  pressures  less  than  that  of  the  atmosphere,  have 
been  measured  by  determining  the  depression  of  the  mercury  column  of  a  barometer 
produced  by  the  saturated  vapours  at  known  temperatures.  Fig.  543  represents  the 
apparatus  employed  by  Kegnault  (Relation  dcs  Experiences,  &c.  p.  489)  in  his  prin- 
cipal series  of  experiments  made  by  this  method.  The  liquid  whose  vapour  is  to  be 
examined  is  contained  in  a  small  bulb  almost  completely  filled  by  it,  and  hermetically 
sealed  without  any  trace  of  air.  This  bulb  is  introduced  into  a  glass  globe,  the  neck 
of  which  is  then  drawn  out,  bent  at  a  right  angle,  and  cemented  into  a  narrow  T-tube  of 
copper,  the  other  branches  of  which  communicate,  one  of  them  through  a  drying  tube 
containing  pumice-stone  and  sulphuric  acid,  with  an  air-pump,  the  other,  by  a  capillary 
tube,  with  the  top  of  a  wide  glass  tube  open  below  and  dipping  into  mercury.  This 
last  tube  forms  the  barometer,  the  depressions  of  which  are  observed ;  its  upper  part 
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is  inside  a  metal  water-bath,  one  face  of  which  is  formed  by  a  sheet  of  plate  glass,  and 
in  \7hich  are  also  contained  the  upper  part  of  an  ordinary  barometer,  to  serve  as  a 


Fia.  543. 


standard  of  comparison,  and  the  glass  globe 
spoken  of  above;  this,  as  shown  in  the  figure, 
rests  on  a  metal  ring  carried  by  a  support 
rising  from  the  bottom  of  the  bath.  Pre- 
vious to  beginning  the  experiments,  the  in- 
side of  the  glass  globe  and  of  the  tubes  com- 
municating with  it  is  rendered  absolutely  dry 
by  repeatedly  pumping  out  the  air,  and  each 
time  allowing  it  to  be  filled  again  by  air  dried 
by  passing  through  the  sulphuric  acid  drying 
tube.  Then,  by  bringing  a  piece  of  hot  char- 
coal near  the  outside  of  the  globe,  the  bulb 
containing  the  liquid  is  burst,  and  the  experi- 
ments are  proceeded  with  by  observing  simul- 
taneously the  temperature  of  the  bath  in  which 
the  globe  is  immersed,  and  the  difference  in 
height  of  the  two  barometers. 

The  same  apparatus,  slightly  modified, 
served  for  the  determination  of  the  tension 
of  vapours  in  presence  of  air  or  other  gases. 

For  the  determination  of  the  tension  of 
the  vapour  of  water  at  higher  temperatures, 
Kegnault  (ibid.  p.  515)  employed  the  ap- 
paratus represented  in  fig.  544,  an  apparatus 
which  enabled  him  to  measure  the  pressure 
under  which  water  boiled  at  various  tempe- 
ratures (see  p.  83).  The  apparatus  consists 
of  a  copper  retort,  containing  the  water  to 
be  experimented  upon,  and  communicating, 
through  a  tube  surrounded  by  cold  water 
(whereby  the  steam  produced  is  condensed  and  whence  it  continually  flows  back  as 
water  into  the  retort),  with  a  copper  globe  of  24  litres  capacity.  This  globe  is  con- 
nected with  a  manometer  which  indicates  the  pressure  inside  the  whole  apparatus,  and 

Fig.  544. 


also  with  a  branch  tube  by  means  of  which  air  can  be  withdrawn  from  or  forced  into 
the  apparatus,  so  as  to  bring  the  pressure  to  the  required  amount.  The  temperature 
of  the  boiling  water  in  the  retort  is  indicated  by  four  thermometers,  two  of  which  dip 
into  the  water,  and  two  into  the  steam.  In  order  to  preventany  alteration  in  the  capa- 
cities of  the  bulbs  of  the  thermometers,  resulting  from  the  pressure  of  the  vapour  upon 
them,  they  are  enclosed  in  iron  tubVs,  closed  at  the  bottom  and  containing  mercury. 
The  following  table  gives  the  results  obtained  at  intervals  of  five  degrees  between 


TENSION   OF  VAPOURS. 


93 


—  32°  and  +  230°.  (For  tables  of  the  tensions  of  water- vapour  at  each  degree  centi- 
grade between  these  limits,  and  at  each  tenth  of  a  degree  between  — 10°  and  -t-  35° 
and  between  85°  and  101°,  see  Eegnault,  loo.  cit.  pp.  624-633.) 


Maximum  Tension  of  Water-vapour 


-32°  and  +230°.     (Regnault.) 


Temperature. 

Tension, 
millimetres. 

Temperature. 

Tension, 
millimetres. 

Temperature. 

Tension, 
millimetres. 

-32° 

0-320 

55° 

117-478 

145° 

3125-55 

30 

0-386 

60 

148-791 

150 

3581-23 

25 

0-605 

65 

186-945 

155 

4088-56 

20 

0-927 

70 

233-093 

160 

4651-62 

15 

1-400 

75 

288-517 

165 

5274-54 

10 

2-093 

80 

354-643 

170 

5961-66 

5 

3-113 

85 

433-041 

175 

6717-43 

0 

4-600 

90 

525-450 

180 

7546-39 

+   5 

6-534 

95 

633-778 

185 

8453-23 

10 

9-165 

100 

760-000 

190 

9442-70 

15 

12-699 

105 

906-410 

195 

10519-63 

20 

17-391 

110 

1075-370 

200 

11688-96 

25 

23-550 

115 

1269-410 

205 

12955-66 

30 

31-548 

120 

1491-280 

210 

14324-80 

35 

41-827 

125 

1743-880 

215 

15801-33 

40 

54-906 

130 

2030-280 

220 

17390-36 

45 

71-391 

135 

2353730 

225 

19097-04 

50 

91-982 

140 

2717-630 

230 

20926-40 

Determinations  of  the  tension  of  water- vapour  up  to  111  degrees  have  also  been 
made  by  Magnus  (Pogg.  Ann.  Ixi.  225)  by  a  method  essentially  similar  to  the  first 
of  those  above  described.  His  results  agree  closely  with  those  of  Eegnault.  (For  the 
older  determinations  of  the  pressure  of  steam  at  high  temperatures  by  Arago  and 
Dulong,  see  Grmelin's  Handbook,  i.  262.) 

The  following  table,  by  Fairbairn  and  Tate  (Phil.  Trans.  1860,  p.  220),  gives  the 
temperatures  at  which  water  is  completely  converted  into  saturated  steam  under 
various  pressures,  together  with  the  volume  of  steam  formed  under  these  circumstances 
compared  with  that  of  the  water  from  which  it  is  produced. 

Pressure,  Temperature,  and  Volume  of  Saturated  Steam. 


Pressure. 

Temperature. 

Volume. 

Inches. 

Millimetres. 

Fahrenheit. 

Centigrade. 

5-35 

135-9 

136-77° 

58-20° 

8275-3 

8-62 

219-9 

155-33 

68-51 

6333-5 

9-45 

240-0 

159-36 

70-76 

4920-2 

12-47 

316-7 

170-92 

77-18    . 

3722-6 

12-61 

320-2 

171-48 

77-49 

3715-1 

13-62 

345-9 

174-92 

79-40 

3438-1 

16-01 

406-6 

182-30 

83-49 

3051-0 

18-36 

466-3 

188-30 

86-83 

2623-4 

22-88 

581-2-  , 

198-78 

92-66 

2149-5 

53-61 

1361-7 

242-90 

117-16 

943-1 

55-52 

1410-1 

244-82 

118-23 

908-0 

55-89 

1419-6 

245-22 

118-45 

892-5 

66-84 

16977 

255-50 

124-16 

759-4 

76-20 

1935-4 

263-14 

128-41 

649-2 

81-53 

2070-8 

267-21 

130-67 

635-3 

84-20 

2138-9 

269-20 

131-77 

605-7 

92-23 

2342-6 

274-76 

134-86 

584-4 

90-08 

2287-9 

273-30 

134-05 

543-2 

99-60 

2529-8 

279-42 

137-45 

515-0 

104-54 

2655-2 

282-58 

139-21 

497-2 

112-78 

2864-6 

287-25 

141-80 

458-3 

122-25 

3105-1 

292-53 

144-74 

433-1 

114-25 

2901-9 

288-25 

142-36 

449-6 
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The  following  tables  contain  the  results  of  some  of  Eegnault's  experiments  on  the 
tension  of  the  vapours  of  other  liquids.     (Mem.  Acad.  Sciences,  xxvi.  349-658.) 

Tension  of  Vapours. 


Temperature. 

Alcohol. 

Ether. 

Sulphide  of 
carbon. 

Chloroform. 

Benzene. 

on  of 

turpentine. 

°C. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm 

-  20 

3-3 

67-5 

43-5 

. 

4-9 

10 

6-6 

113-3 

81-0 

t 

13-4 

0 

12-8 

183-3 

132-0 

t 

26-6 

2-1 

+    10 

24-3 

286-4 

203-0 

t 

46-6 

2-9 

20 

44-5 

433-3 

301-8 

160-5 

76-3 

4-4 

40 

133-6 

909-6 

617-0 

366-2 

182-3 

10-8 

60 

350-3 

1728-5 

11637 

751-0 

388-6 

26-5 

80 

812-8 

3024-4 

2033-8 

1404-6 

756-6 

61-3 

100 

1694-9 

4950-8 

3329-5 

2426-5 

1352-3 

131-1 

120 

3219-7 

7702-2 

5145-4 

3916-2 

2256-3 

257-2 

140 

5637-0 

.      . 

7556-9 

5965-8 

3537-0 

464-0 

150 

7258-7 

•      • 

•      • 

7226-5 

4336-7 

605-2 

Tension  of  Vapours — continued. 


Liquefied  Gases. 

Mercury. 

Tempera- 
ture. 

Sulphurous 
anhydride. 

Ammonia. 

Sulphydric 
acid. 

Tempera- 
ture. 

Tension. 

Tempera- 
ture. 

Tension. 

°C. 

mm. 

mm. 

mm. 

°c. 

mm. 

°c. 

mm. 

-78-2 

4     0 

240-0 

441-4 

0 

0-0200 

120 

1-534 

40 

.     . 

528-6 

. 

10 

•0268 

150 

4-266 

30 

287-5 

876-6 

2808-6 

20 

•0372 

180 

11-00 

20 

479-5 

1397-7 

4273-0 

30 

•0530 

200 

19-90 

10 

762-5 

2149-5 

5945-0 

40 

•0767 

250 

7575 

0 

1165-1 

3162-9 

7709-3 

50 

•1120 

300 

242-1 

+  10 

1719-5 

4612-2 

10896-3 

60 

•1643 

350 

663-2 

20 

2462-0 

6467-0 

14151-5 

70 

•2410 

400 

1587-9 

30 

3431-8 

8832-2 

18035-3 

80 

•3528 

450 

3384-3 

40 

4670-2 

11776-4 

22582-5 

90 

•5142 

500 

6520-2 

50 

6220-0 

•     • 

27814-8 

100 

•7455 

520 

8264-9 

It  was  supposed  by  Dalton  that  the  tension  of  the  vapours  of  all  liquids  is  the  same 
at  temperatures  equally  distant  from  their  respective  boiling  points.  The  observations 
from  which  the  above  tables  are  constructed  show  that  this  rule  is  not  strictly  true,  but 
is  nearly  so  in  most  cases  for  small  intervals  of  temperature  above  or  below  the  boiling 
points :  hence,  in  order  to  correct  boiling  point  observations  for  the  variations  of 
atmospheric  pressure,  it  may  be  assumed  without  sensible  error  that  a  difference  of 
pressure  equal  to  2*7  millimetres  of  mercury  causes  a  difference  in  the  boiling  points 
of  all  liquids,  equal  to  that  which  it  produces  in  the  case  of  water, — namely,  0-1°  C. 
(see  pp.  85  and  92.) 

Tension  of  the  Vapours  of  Mixed  Liquids  and  of  Saline  Solutions. — Regnault's 
experiments  on  the  tension  of  the  vapour  of  mixed  liquids  prove  that :  (1)  when  two 
liquids  exert  no  solvent  action  upon  each  other,  as  water  and  sulphide  of  carbon,  water 
and  bichloride  of  carbon  (CC14),  or  water  and  benzene,  the  tension  of  the  vapour  which 
rises  from  a  mixture  of  them  is  very  nearly  equal  to  the  sum  of  the  tensions  of  the  two 
separate  liquids  at  the  same  temperature ;  (2)  with  water  and  ether,  which  dissolve 
each  other  to  some  extent,  but  not  in  all  proportions,  the  tension'  of  the  vapour  of  the 
mixture  is  much  less  than  the  sum  of  tensions  of  the  separate  liquids,  being  scarcely 
equal  to  that  of  ether  only;  (3)  when  the  two  liquids  dissolve  each  other  in  all  pro- 
portions, as  ether  and  sulphide  of  carbon,  benzene  and  alcohol,  water  and'  alcohol,  the 
tension  of  the  vapour  of  the  mixed  liquid  is  intermediate  between  the  tensions  of  the 
separate  liquids. 

The  tension  of  the  vapour  of  saline  solutions  has  been  examined  byEegnault  and 
by  Wu liner  (Jahresber.  1858,  42-47;  1860,  47-49).  Regnault's  experiments  were 
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made  by  means  of  the  apparatus  represented  in  fig.  543,  p.  92 ;  Wullner  employed 
a  differently  arranged  apparatus,  but  one  which  depended  on  essentially  the  same 
principles.  It  results  from  these  investigations  that  the  tension  of  the  vapour  of  a 
solution  is  less  than  that  of  the  vapour  of  pure  water  at  the  same  temperature,  and  that 
in  the  case  of  efflorescent  salts  and  of  salts  that  are  permanent  in  the  air,  the  diminu- 
tion of  the  tension  of  the  vapour  emitted  by  the  solution  is  exactly  proportional  to  the 
quantity  of  salt  dissolved  in  a  constant  weight  of  water,  but  in  the  case  of  deliquescent 
salts  it  is  proportional  to  the  quantity  of  hydrated  salt  dissolved :  e.  g.,  for  a  solution 
of  potash,  to  the  quantity  of  KH0.2IFO  ;  for  a  solution  of  soda,  to  the  quantity  of 
NaHO.l£H20  ;  for  a  solution  of  chloride  of  calcium,  to  the  quantity  of  CaCP.GH'O. 
The  absolute  amount  of  diminution  of  tension  depends  on  the  temperature,  and  becomes 
greater  as  the  temperature  rises. 

Tension  of  Vapours  in  an  unevenly  heated  space. — In  an  enclosed  space,  the  tempe- 
rature of  which  is  different  at  different  parts,  the  vapour  of  a  liquid  can  assume  a  state 
of  statical  equilibrium  only  when  its  tension  is  equal  to  the  maximum  tension  corre- 
sponding to  the  temperature  of  the  coldest  part  of  the  space.  If  the  vapour  has,  to 
begin  with,  a  greater  tension  than  this,  liquefaction  will  take  place  in  the  coldest  part, 
since  the  pressure  is  greater  than  that  which  the  vapour  can  support  at  the  tempe- 
rature of  this  part,  and  this  process  will  continue  until  the  tension  throughout 
the  whole  space  is  reduced  to  the  point  already  stated.  It  is  upon  this  principle 
that  the  process  of  distillation,  and  the  action  of  the  condenser  of  the  steam  engine, 
depend. 

Complete  Vaporisation  of  Liquids  under  great  pressures. — When  the  temperature  of 
a  liquid  is  raised  sufficiently  high,  vaporisation  occurs  under  the  highest  pressure  to 
which  the  substance  can  be  subjected.  Alcohol,  ether,  or  rock-oil,  enclosed  in  a  tube 
of  strong  glass  or  iron,  is  completely  converted  into  vapour  only  when  the  space  not 
occupied  by  the  liquid  is  somewhat  greater  than  the  volume  of  the  liquid  itself.  With 
rock-oil  the  empty  space  may  be  somewhat  smaller  than  with  alcohol,  and  with  ether 
still  less.  Alcohol  when  thus  heated  acquires  increased  mobility,  expands  to  twice  its 
original  volume,  and  is  then  suddenly  converted  into  vapour.  This  change  takes  place 
at  207°  C.  (404-6°  Fab.),  when  the  alcohol  occupies  just  half  the  volume  of  the  tube  ; 
if  the  tube  is  more  than  half  filled  with  alcohol,  it  bursts  when  heated.  A  glass  tube 
one-third  filled  with  water  becomes  opaque  when  heated,  and  bursts  after  a  few 
seconds.  If  this  chemical  action  of  the  water  on  the  glass  be  diminished  by  the  addi- 
tion of  a  little  carbonate  of  soda,  the  transparency  of  the  glass  will  be  much  lesg 
impaired ;  and  if  the  space  occupied  by  the  water  be  £  of  the  whole  tube,  the  liquid  will 
be  converted  into  vapour  at  about  the  temperature  of  melting  zinc  (Cagniard  de  la 
Tour). — If  liquid  carbonic  anhydride  sealed  in  a  glass  tube  occupies  |§  of  the  volume  of 
the  tube  at  0°,  it  neither  increases  nor  diminishes  in  bulk  when  heated,  because  the 
increase  of  volume  produced  by  heating  is  just  compensated  by  the  diminution  caused 
by  vaporisation.  If  it  occupies  £  of  the  space  at  0°,  its  volume  diminishes  when  it  is 
heated,  and  increases  when  it  is  cooled,  because  the  loss  by  evaporation  preponderates 
over  the  expansion.  If  it  takes  up  §  of  the  space,  its  volume  increases  by  heat  and 
contracts  by  cold,  as  in  a  thermometer ;  but  at  +  30°  (86°  Fah.)  the  whole  is  converted 
into  vapour.  The  gas,  which  at  0°  occupies  the  space  above  the  liquid  carbonic  anhydride 
would,  if  condensed,  yield  ~  of  its  volume  of  liquid  acid ;  and  that  which  is  produced 
at  +  30°  would  give  |  (§  ?  Gmelin)  of  its  volume  of  liquid  carbonic  anhydride  at  0°. 
(Thilorier.) 

When  chloride  of  ethyl  was  heated  in  a  very  thick  sealed  tube,  the  upper  surface  ceased 
to  be  distinctly  marked  at  about  170°,  and  was  replaced  by  an  ill  defined  nebulous  zone 
possessing  no  reflecting  power ;  as  the  temperature  rose,  this  zone  increased  in  width  in 
both  directions,  becoming  at  the  same  time  more  and  more  transparent.  After  a  time, 
the  liquid  was  entirely  converted  into  vapour,  and  the  tube  became  quite  transparent 
and  apparently  empty.  As  the  temperature  fell,  the  same  phenomena  were  reproduced 
in  the  opposite  order  (Drion,  Ann.  Ch.  Phys.  [3]  Ivi.  33).  Similar  appearances  were 
observed  on  heating  ether  in  a  sealed  tube  to  about  190°.  According  to  Drion,  the 
temperature  at  which  ether  is  completely  vaporised,  in  a  space  nearly  three  times 
its  original  volume,  is  190-5°.  The  precise  temperatures  observed  in  these  experiments 
are,  however,  of  no  real  significance,  unless  they  are  accompanied  by  accurate  determi- 
nations of  the  corresponding  real  volumes  of  the  liquid  and  vapour. 

It  has  been  similarly  observed  by  Andrews  that  when  liquid  carbonic  anhydride  was 
gradually  heated  to  31°,  the  surface  of  demarcation  between  the  liquid  and  gas  became 
fainter,  lost  its  curvature,  and  at  last  disappeared.  The  space  was  then  occupied  by  a 
homogeneous  fluid,  which  exhibited,  when  the  pressure  was  suddenly  diminished,  or 
the  temperature  slightly  lowered,  a  peculiar  appearance  of  moving  or  flickering  striae 
throughout  its  entire  mass.  At  temperatures  above  31°  no  apparent  liquefaction  of 
carbonic  anhydride  or  separation  into  two  distinct  forms  of  matter  could  be  effected, 
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even  when  a  pressure  of  300  or  400  atmospheres  was  applied.  Nitrous  oxide  gave 
similar  results.  (Andrews,  in  Miller's  Chemical  Physics,  ed.  1863,  pp.  328,  329.) 

Latent  Heat  of  Vaporisation. — When  heat  is  imparted  to  a  volatile  liquid,  its 
effect  is,  at  most  temperatures,  twofold.  Part  of  it  goes  to  increase  the  temperature  of 
the  liquid,  and  part  to  cause  vaporisation.  But  when  a  liquid  is  boiling  under  constant 
pressure,  however  much  heat  is  communicated  to  it,  the  whole  of  it  is  absorbed  in  pro- 
ducing the  second  of  these  effects  only.  Conversely,  when  heat  is  withdrawn  from  a 
saturated  vapour,  under  a  pressure  which  is  maintained  constant,  the  vapour  is  changed 
into  a  liquid,  without  alteration  of  temperature.  The  consumption  of  heat  in  vaporisa- 
tion, without  the  production  of  a  corresponding  elevation  of  temperature,  and  its  evolu- 
tion during  condensation,  unaccompanied  by  a  corresponding  fall  of  temperature,  were 
first  observed  by  Black.  These  phenomena  were  described  by  him  by  saying  that 
during  the  former  process,  a  certain  quantity  of  sensible  heat  became  latent,  and  that 
this  latent  heat  became  sensible  again  during  condensation.  The  quantity  of  heat  that 
must  be  given  to  a  liquid  to  convert  it  into  vapour,  or  which  must  be  withdrawn  from 
a  vapour  to  convert  it  into  liquid,  without  causing  change  of  temperature,  is  still  spoken 
of  as  the  latent  heat  of  vaporisation. 

The  determination  of  this  quantity  is  made  by  determining  the  specific  heat  of  the 
substance  for  an  interval  of  temperature  within  which  it  passes  from  the  liquid  to  the 
vaporous  state,  or  vice  versa,  and  is  therefore  in  principle  similar  to  the  determination 
of  the  latent  heat  of  fluidity  (p.  77).  The  following  table  gives  the  number  of  units  of 
heat  which  must  be  imparted  to  a  unit  of  weight  of  various  liquids  at  their  respective 
boiling  points,  in  order  to  convert  them  into  vapours  at  the  same  temperatures.  The 
letters  F  S  in  the  third  and  sixth  columns  denote  that  the  determinations  were  made 
byFavreand  Silbermann  (Ann.  Chun.  Phys.  [3]  xxxvii.  464-470);  the  letter  A 
denotes  determinations  by  Andrews  (Chem.  Soc.  Qu.  J.  i.  27);  and  Bg,  by 
Hegnault. 

Latent  Heat  of  Vapours. 


Substance. 

Latent 
Heat  of 
Vapour. 

Observers. 

Substance. 

Latent 
Heat  of 
Vapour. 

Observers. 

"Water    . 

535-77 

FS 

Valeric  acid  . 

103-52 

FS 

|p                *                 •                 • 

535-90 

A 

Butyric  acid  . 

114-67 

536-67 

Bg 

Acetate  of  ethyl     . 

105-80 

i 

Bromine 

45-60 

A 

»»          j>            • 

92-68 

A 

Trichloride  of  phos- 
phorus 

51-42 

H 

Acetate  of  methyl  . 
Formate  of  ethyl    . 

110-20 
105-30 

Sulphide   of  car- 
bon   .        .         j 

86-67 

II 

Formate  of  methyl 
Iodide  of  ethyl 

117-10 
46-87 

I 

| 

Tetrachloride  of  tin 

3-053 

M 

Iodide  of  methyl    . 

46-07 

}} 

Alcohol  . 

208-92 

FS 

Oxalate  of  ethyl     . 

72-72 

99             *                 * 

202-40 

A 

Butyrate  of  methyl 

87-33 

FS 

Methylic  alcohol 

263-86 

FS 

Ethal     . 

58-44 

)y 

U                             M 

263-70 

A 

Oil  of  turpentine    . 

68-73 

Amylic  alcohol 

121-37 

FS 

Terebene 

67-21 

j» 

Ether    . 

91-11 

ii 

Oil  of  lemons 

70-02 

99                 * 

90-45 

A 

Hydrocarbons  from 

Amylic  ether 

69-40 

FS 

amylic  alcohol  : 

Acetic  acid 

101-91 

l> 

(a).  (B.  P.  205°) 

59-91 

Formic  acid 

120-72 

(b).  (B.  P.  250°) 

59-71 

»» 

The  latent  heat  of  vaporisation  varies  with  the  temperature  at  which  the  vapour  is 
formed ;  more  heat  is  for  instance  required  to  convert  a  given  quantity  of  water  at 
50°  into  vapour  of  the  same  temperature  than  to  produce  the  same  change  in  water  at 
100°.  It  was  supposed  by  Watt  that  the  latent  heat  of  vaporisation  diminished  exactly 
at  the  same  rate  as  the  sensible  heat  increased,  so  that  the  sum  of  the  two  remained 
constant  at  all  temperatures.  But  Kegnault  (Relation  des  Experiences^  &c., 
>p.  635—728 ;  also  Works  of  the  Cavendish  Society,  vol.  i.  p.  294)  has  shown  that 
is  is  not  the  case.  He  finds  that  the  total  quantity  of  heat  X  (expressed  in  heat-units) 
which  a  unit  of  weight  of  saturated  aqueous  vapour  contains  at  the  temperature  2°  C., 
exceeds  the  amount  contained  in  the  same  weight  of  water  at  0°  by  the  quantity 
A.  »  606-5  +  0-305*. 

If  from  this  \te  subtract  the  quantity  of  heat  which  a  unit  of  weight  of  water  at  t° 
contains,  beyond  that  which  is  contained  in  the  same  weight  of  water  at  0°  (see  Keg- 
nault's  determinations  of  the  specific  heat  of  water  at  different  temperatures,  p.  34), 
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we  shall  obtain  the  latent  heat  L  of  the  vapour  of  water  at  the  temperature  t°.  The 
values  of  A  and  L  for  various  temperatures  are  given  in  the  next  table,  together  with 
the  tensions  expressed  in  millimetres  and  atmospheres. 

Latent  Heat  of  Water-Vapour. 


Temperature. 

Tension. 

A 

L. 

mm. 

atm. 

0°C. 

4-60 

0-006 

606-5 

606-5 

50 

91-98 

1-121 

621-7 

571-6 

100 

760-00 

1-000 

637-0 

536-5 

150 

3581-23 

4712 

652-2 

500-7 

200 

11688-96 

15-380 

667-5 

464-3 

230 

20926-40 

27-535 

676-6 

441-9 

The  following  formulae  represent  in  like  manner  the  results  of  Regnault's  deter- 
minations (Mem.  Acad.  Sciences,  xxvi.  881)  of  the  total  heats  of  vaporisation  of  several 
other  substances  at  various  temperatures : 

Sulphide  of  carbon:  A  =    90-0  +  0-14601  t  -  0-0004123  t\ 

Ether:  A  =    94'0  +  0-4500  t    -  0-0005555  z?. 

Benzene:  A  =  109-0  +  0-2443  t    -  0-0001315  t\ 

Chloroform:  A  =    67'0  +  0-1375  t. 

Perchloride  of  carbon  (CC14):  A  =    52-0  +  0-1463  t    -  0-000172  t\ 
Acetone:  X  =  140-5  +  0-3664  t    —  0-000516  t2. 

The  following  table  gives  the  total  heats  of  vaporisation  of  some  additional  liquids 
at  the  temperatures  at  which  they  boil  under  the  ordinary  atmospheric  pressure 


Total 

Total 

Substance. 

Boiling 
Point. 

He.it  of 
Vaporisa- 

Substance. 

Boiling 
Point. 

Heat  of 
Vaporisa- 

tion. 

tion. 

Alcohol 

78-26° 

265-52 

Bromine  . 

60° 

60-95 

Amylic  alcohol 

132 

211-78 

Chloride  of  tin 

114 

46-84 

Oil  of  lemons 

174-80 

160-49 

Chloride  of  arsenic  . 

133 

69-74 

Oil  of  turpentine  . 
Petrolene 

159-15 

139-15 
194-87 

Trichloride  of  phos-  ) 
phorus         .           ( 

73-80 

67-24 

Chloride  of  ethyl  . 

12-50 

97-70 

Acetate  of  ethyl 

74 

154-49 

Iodide  of  ethyl 

71 

58-95 

Regnault  finds,  as  the  result  of  direct  experiments  (ibid.  903),  "  that  the  total  heat 
of  vaporisation  of  a  liquid  in  a  current  of  gas  is  equal  to  that  which  the  same  liquid  ab- 
sorbs when  it  boils  in  an  atmosphere  formed  by  its  own  vapour,  and  exerting  an  elastic 
force  equal  to  that  actually  acquired  by  the  vapour  of  the  liquid  in  the  current  of  gas." 

Cold  produced  by  Vaporisation.  Liquefaction  of  Gases. — When  the  evaporation  of 
a  liquid  is  hastened  by  reducing  the  pressure  upon  it  and  continually  removing  the 
vapour  which  forms,  or  by  exposing  a  large  surface  and  rapidly  renewing  the  atmo- 
sphere in  contact  with  it,  the  consequent  absorption  of  heat  is  such,  in  the  case  of  the 
more  volatile  liquids,  as  to  produce  a  very  considerable  fall  of  temperature.  Water, 
for  instance,  may  be  frozen  by  placing  it  under  the  exhausted^receiver  of  an  air-pump 
near  a  vessel  of  strong  sulphuric  acid  (Leslie).  The  rapid  volatilisation  of  more 
volatile  liquids  produces  still  more  striking  results,  and  in  fact  constitutes  the  most 
effectual  means  known  of  producing  extremely  low  temperatures. 

By  causing  a  rapid  stream  of  dry  air  from  the  bellows  of  a  glass-blowers'  lamp  to 
bubble  by  several  tubes  at  once  through  about  200  grammes  of  ether,  Loir  andDrion 
(Bull.  Soc.  Chim.  Paris,  i.  184  ;  Seance  du  22  Juin,  1860)  succeeded  in  reducing  the 
temperature  of  the  liquid  to  —  34°  in  4  'or  5  minutes,  and  maintaining  this  temperature 
very  nearly  constant  for  at  least  15  or  20  minutes.  At  this  temperature  considerable 
quantities  of  cyanogen  can  be  condensed  at  the  atmospheric  pressure.  The  condensa- 
tion of  this  gas  begins  under  these  circumstances  at  about  —  22° ;  by  blowing  gently 
on  the  surface  of  the  condensed  liquid  with  a  common  pair  of  bellows  it  is  immediately 
caused  to  solidify.  By  similar  means,  sulphurous  anhydride  is  easily  liquefied. 
Chlorine  does  not  condense  under  the  common  pressure  at  —34°,  but  by  using  liquid 
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sulphurous  anhydride  in  place  of  ether,  a  temperature  of  -  50°  can  be  produced,  and 
this  is  amply  sufficient  for  the  liquefaction  of  both  chlorine  and  ammonia.  Lastly,  by 
evaporating  liquid  ammonia  (which  boils  in  the  air  at  —  35'7°)  in  an  exhausted  receiver 
over  sulphuric  acid,  they  attained  the  temperature  of  about  —  87°,  at  which  point  the 
ammonia  solidified,  and  carbonic  anhydride  condensed  to  a  liquid  at  the  common  atmo- 
spheric pressure. 

An  apparatus  for  the  liquefaction  of  ammonia,  to  be  used  for  refrigeration,  has  been 
described  by  Kegnault  (M6m.  Acad.  Sciences,  xxvi.  609),  and  a  very  simple  con- 
trivance for  the  same  purpose  was  exhibited  by  Carre  at  the  International  Exhibition 
in  London  in  1862.  (For  a  description  and  figure  of  the  last  apparatus,  see  Miller's 
Chemical  Physics,  ed.  1863,  p.  298,  footnote.) 

Several  gases  can  be  liquefied  by  increased  pressure  alone,  without  reducing  their 
temperature  below  that  of  the  atmosphere.  The  necessary  pressure  can  often  be 
attained  by  evolving  the  gas  in  an  enclosed  space  (as  in  a  sealed  glass  tube) ;  under 
these  circumstances,  the  elastic  force  continues  to  increase  until  the  point  of  maximum 
tension  is  reached,  and  then  liquefaction  occurs.  In  this  way,  carbonic  anhydride  may 
be  liquefied  by  its  own  pressure  when  it  is  evolved  from  acid  carbonate  of  sodium  and 
diluted  sulphuric  acid  in  a  strong  wrought  iron  bottle  connected  with  a  wrought  iron 
receiver.  "When  the  liquid  carbonic  auhydride  thus  produced  is  allowed  to  escape  in  a 
fine  stream  into  the  air,  part  of  it  is  immediately  vaporised,  and  the  consequent  absorp- 
tion of  heat  is  sufficient  to  cause  the  remainder  to  condense  to  a  white,  crystalline 
solid,  like  snow.  The  principle  of  this  method  was  first  put  in  practice  by  Faraday 
in  experiments  on  the  small  scale ;  an  apparatus  in  which  considerable  quantities  of 
liquid  carbonic  anhydride  could  be  thus  prepared  was  first  devised  and  constructed  by 
Thilorier. 

The  pressure  necessary  for  the  liquefaction  of  gases  may  also  be  produced  by  com- 
pressing them  by  means  of  a  force-pump,  as  in  Natterer'  s  apparatus  for  the  lique- 
faction of  nitrous  oxide. 

By  the  evaporation  of  gases,  condensed  by  any  of  the  processes  above  indicated,  the 
lowest  temperatures  yet  attained  can  be  produced,  the  greatest  degree  of  cold  hitherto 
recorded  being  — 140°,  the  temperature,  according  to  Natterer,  of  a  mixture  of  liquid 
nitrous  oxide  and  bisulphide  of  carbon  evaporating  in  vacua. 

Still  more  powerful  means  of  liquefaction  than  those  already  mentioned,  were  em- 
ployed by  Faraday  in  his  later  experiments  on  this  subject  (Phil.  Trans.  1845,  p,  170), 
and  he  thereby  succeeded  in  reducing  to  the  liquid  state  all  known  gases,  with  the 
exception  of  oxygen,  hydrogen,  nitrogen,  nitric  oxide,  carbonic  oxide,  and  marsh-gas, 
— and  in  solidifying  the  greater  number  of  them.  The  method  adopted  was  to  subject 
the  gases  to  the  joint  action  of  powerful  mechanical  pressure  and  extreme  cold.  The 
first  object  was  attained  by  the  successive  action  of  two  air-pumps,  the  first  having  a 
piston  one  inch  in  diameter,  the  second  only  half  an  inch.  The  first  produced  a 
pressure  of  about  20  atmospheres,  the  second  increased  it  to  upwards  of  50.  The 
tubes  into  which  the  gas  thus  condensed  was  made  to  pass  were  of  green  bottle- 
glass,  from  \  to  5  of  an  inch  in  external  diameter,  and  had  a  curvature  in  one  portion 
of  their  length  adapted  for  immersion  in  a  freezing  mixture.  The  mixture  employed 
consisted  of  solid  carbonic  anhydride  and  ether.  The  cold  produced  by  it  amounted  to 
—  76'6°  in  the  open  air,  and  to  —110°  under  the  exhausted  receiver  of  the  air-pump. 

Many  gases,  when  subjected  to  this  extreme  degree  of  cold,  were  liquefied  without 
the  use  of  the  condensing  apparatus  :  this  was  the  case  with  chlorine,  cyanogen,  am- 
monia, sulphuretted  hydrogen,  arseniuretted  hydrogen,  hydriodic  acid,  hydrobromic 
acid,  carbonic  anhydride,  ethylene,  nitrous  oxide,  and  oxide  of  chlorine.  Fluoride  of 
silicon  liquefied  at  a  pressure  of  9  atmospheres.  The  following  were  solidified  when 
subjected  to  the  action  of  the  carbonic  anhydride  bath  in  vacua:  hydriodic  acid,  hydrobro- 
mic acid,  sulphurous  anhydride,  sulphuretted  hydrogen,  carbonic  anhydride,  oxide  of 
chlorine,  cyanogen,  ammonia,  and  nitrous  oxide.  The  following  gases  did  not  solidify, 
even  at  the  lowest  temperature  that  could  be  obtained :  ethylene,  fluoride  of  silicon, 
fluoride  of  boron,  phosphoretted  hydrogen,  hydrochloric  acid,  and  arseniuretted  hydrogen. 
The  six  gases  mentioned  at  the  commencement  of  the  preceding  paragraph  showed  no 
signs  of  liquefaction  when  cooled  by  the  carbonic  anhydride  bath  in  vacua :  hydrogen 
and  oxygen  at  27  atmospheres,  nitrogen  and  nitric  oxide  at  50,  carbonic  oxide  at  40, 
and  marsh-gas  at  32  atmospheres. 

Andrews  has  since  succeeded  in  exposing  these  gases  to  still  greater  pressures,  but 
without  producing  liquefaction,  although  a  bath  of  ether  and  solid  carbonic  anhydride 
was  used  ;  air  was  reduced  to  ^  of  its  bulk,  oxygen  to  ^f^,  hydrogen  to  5^,  carbonic 
oxide  to  5^g,  and  nitric  oxide  to  ^  of  its  original  volume.  Hydrogen  and  carbonic 
oxide  departed  less  from  Boyle's  law  than  oxygen  and  nitric  oxide. 

Distillatio.n.  —  One  of  the  processes  most  frequently  resorted  to  by  the  chemist 
for  the  purpose  of  separating  different  substances  is  to  expose  the  mixture  containing 


DISTILLATION.  99 

them  to  a  temperature  at  which  the  constituent  it  is  wishod  to  isolate  rises  in  vapour, 
while  the  others  remain  still  solid  or  liquid.  The  ordinary  methods  of  performing 
this  operation  of  distillation,  and  the  apparatus  commonly  employed  are  too 
familiar  to  every  chemist  for  it  to  be  necessary  to  describe  them  here  in  detail.  (For 
a  full  description  of  the  process  and  the  modifications  that  become  desirable  in  parti- 
cular cases,  the  reader  is  referred  to  A  Handbook  of  Chemical  Manipulation,  by 
C.  Gere v ill e  Williams,  London,  1857,  pp.  202-244.) 

When  the  liquid  submitted  to  distillation  is  a  mixture  of  two  or  more  substances  of 
unequal  volatility,  the  vapour  formed  when  ebullition  begins  generally  contains  a 
larger  percentage  of  the  most  volatile  constituent  than  the  liquid  remaining  in  the 
retort.  Hence,  the  composition  of  the  liquid  alters  as  the  distillation  continues,  and  its 
boiling  point  rises  accordingly.  On  the  other  hand,  if  the  boiling  point  of  a  liquid 
remains  constant  during  distillation,  it  is  usually  an  indication  that  its  composition  is 
unaltered  by  the  process,  and  therefore  that  the  composition  of  the  distillate  also 
continues  the  same  throughout.  The  boiling  point  of  a  liquid  becomes  therefore  a  very 
useful  indication  of  the  uniform  or  varying  nature  of  the  products  of  its  distillation, 
and  by  collecting  apart  the  portions  which  pass  over  at  different  temperatures,  a 
mixture  of  different  liquids  may  often  be  to  a  great  extent  resolved  into  its  constituents. 
It  seldom  happens,  however,  except  with  a  mixture  of  two  liquids  whose  boiling  points 
are  very  distant  from  each  other,  that  a  single  operation  of  this  kind  gives  either  con- 
stituent in  a  state  of  purity.  This  is  especially  the  case  when  the  distillation  is  performed 
in  a  retort  or  other  vessel  which  allows  the  vapour  to  pass  to  the  condenser  almost 
immediately  after  its  formation.  Under  these  circumstances,  the  distillate  obtained  at 
any  period  of  the  operation  is  almost  identical  in  composition  with  the  vapour  that  is 
rising  from  the  liquid,  and  therefore  contains  a  certain  quantity  of  every  constituent  of 
the  liquid  that  produces  vapour  of  sensible  tension  at  the  temperature  at  which  ebulli- 
tion is  going  on.  Hence,  in  order  to  effect  any  great  amount  of  separation  in  this 
manner,  the  distillate  must  be  collected  in  separate  fractions,  each  of  them  corresponding 
to  a  definite  interval  of  temperature  ;  each  fraction  must  then  be  fractionally  distilled 
by  itself,  in  the  same  way  as  the  original  liquid,  the  products  which  pass  over  between 
the  same  temperatures  on  the  second  distillation  of  the  first  fractions  being  collected 
together ;  and  this  process  must  be  repeated  as  long  as  any  further  separation  into 

Fig.  545. 


distinct  constituents  can  be  effected.  These  numerous  re-distillations  may  often  be 
considerably  curtailed  by  using,  instead  of  a  retort,  a  flask  fitted  with  a  rather  wide 
branched  tube,  of  the  form  shown  in  Jig.  545.  The  thermometer  is  inserted  into  the 
upright  limb  of  the  branched  tube,  and  is  so  adjusted  in  the  cork  or  piece  of  india-rubber 
tube  which  holds  it  in  its  place,  that  the  top  of  the  bulb  is  just  below  the  opening  of 
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the  side  branch  by  which  the  vapour  passes  to  the  condenser.  In  an  apparatus  thus 
arranged,  the  vapour  rising  from  the  liquid  comes  in  contact  with  a  considerable  surface 
of  glass  cooled  by  contact  with  the  air,  before  it  is  able  to  leave  the  distilling  vessel:  the 
consequence  is  that,  in  proportion  as  it  rises  above  the  surface  of  the  boiling  liquid,  it 
becomes  more  and  more  completely  freed  from  its  less  volatile  constituents ;  and  the  va- 
pour which  ultimately  reaches  the  condenser,  at  any  stage  of  the  operation,  is  identical 
with  the  most  volatile  portions  that  would  be  obtained  by  the  repeated  fractional  distil- 
lation of  the  liquid  resulting  from  the  complete  condensation  of  the  vapour  existing  in  the 
flask  at  the  time.  In  fact,  one  distillation  made  in  this  way  is  equivalent  to  several  made 
in  a  retort ;  nevertheless,  this  method  is  not  always  applicable,  since  the  temperature  of 
the  boiling  liquid  requires  to  be  always  considerably  higher  than  that  of  the  liquid  which 
is  actually  distilling,  otherwise  the  whole  of  the  vapour  would  be  condensed  before  reach- 
ing the  exit  tube — and  this  would  sometimes  cause  chemical  alteration  of  the  substance. 

The  composition  of  the  distillate  which  a  liquid  yields  at  any  period  of  its  distillation 
does  not  depend  solely  upon  the  tension  of  the  vapours  of  its  several  constituents  at  the 
temperature  of  ebullition ;  it  is  greatly  influenced  also  by  their  relative  proportions, 
and  by  the  densities  of  their  vapours.  In  distilling  a  volatile  liquid  containing  a  small 
quantity  of  a  less  volatile  one  (for  instance,  benzene  containing  a  little  water),  it  may 
very  often  be  noticed  that  the  whole  of  the  less  volatile  constituent  is  contained  in  the 
first  few  drops  of  the  distillate.  This  is  because  the  latter  substance  produces  vapour 
of  whatever  tension  corresponds  to  the  temperature  of  ebullition  of  the  mass  of  the 
liquid,  just  as  a  larger  quantity  of  it  would  do  ;  this  vapour  diffuses  itself  through  that 
of  the  more  volatile  constituent  and  is  carried  forward  with  it  into  the  condenser ;  a 
further  quantity  of  the  less  volatile  vapour  is  then  formed,  and  the  process  continues 
thus  until  the  whole  of  the  less  volatile  liquid  has  been  volatilised,  although  the  tem- 
perature may  not  have  approached  within  many  degrees  of  its  boiling  point. 

The  influence  of  the  vapour-densities  of  the  several  constituents  of  a  mixed  liquid, 
upon  the  rapidity  with  which  they  respectively  distil,  has  been  specially  pointed  out  by 
Wanklyn  (Proc.Koy.  Soc.  xii.  534)  and  by  Berthelot  (Compt.  rend.  Ivii.  430).  Leav- 
ing out  of  consideration  the  influence  of  the  adhesion  of  the  ingredients  for  each  other, 
the  quantity  of  each  ingredient  which  distils  may  be  found  by  multiplying  its  tension 
at  the  boiling  point  of  the  mixture  by  its  vapour-density.  Hence,  the  liquid  whose 
vapour  has  the  highest  tension  will  not  necessarily  distil  the  quickest:  what  the  other 
liquids  want  in  tension,  they  may  make  up  by  the  greater  density  of  the  vapours  which 
they  give  off.  Wanklyn  gives  the  following  experiment  in  illustration  of  this  effect : 
18  grms.  of  methylic  alcohol — boiling  point  66°,  vapour-density  T107 — was  mixed  with 
17  grms.  of  iodide  of  ethyl — boiling  point  72°,  vapour-density  5'397 — and  the  mixture 
was  distilled  until  rather  more  than  one-third  had  passed  over.  The  distillate  (14'7 
grms.)  consisted  of  6*0  grms.  of  methylic  alcohol  and  8'7  grms.  of  iodide  of  ethyl, 
showing  that  the  less  volatile  constituent,  owing  to  its  greater  density  of  vapour,  had 
distilled  most  quickly.  When  the  vapour-densities  and  tensions  are  inversely  propor- 
tional, the  mixture  must  distil  over  unchanged.  This  influence  of  vapour-density  goes 
a  great  way  to  explain  why  homologous  bodies  are  so  difficult  to  separate  by  fractional 
distillation.  The  more  complex  the  formula  the  higher  the  boiling  point,  but  also  the 
higher  the  vapour-density,  and  therefore  the  greater  the  value  of  the  vapour.  It  also 
explains  why  oils,  &c.  distil  so  readily  in  steam ;  for  aqueous  vapour  is  one  of  the 
lightest,  while  oily  vapours  are  generally  heavy.  (Wanklyn,  loc.  cit.) 

The  action  of  the  sun  upon  the  water  at  the  surface  of  the  earth  causes  a  natural 
process  of  distillation  upon  an  enormous  scale  to  be  always  going  on.  The  water 
evaporated  from  the  earth's  surface  rises  in  the  atmosphere  as  vapour,  and  being  after- 
wards deprived  of  its  heat  of  vaporisation — partly  by  radiation  into  space,  and  partly  by 
contact  with  mountain  summits,  or  with  the  cold  air  existing  at  high  elevations  — 
returns  to  the  earth  in  the  various  forms  of  dew,  mist,  rain,  snow,  hail,  &c.  In  this 
way  an  immense  quantity  of  water  is  being  continually  lifted  from  the  sea-level,  a 
large  proportion  of  which  does  not  fall  again  directly  into  the  sea,  but,  being  deposited 
on  elevated  portions  of  the  land,  becomes  the  inexhaustible  source  whence  streams  and 
rivers  are  supplied.  The  watery  vapour  which  readies  the  higher  and  colder  regions 
of  the  atmosphere,  is  there  condensed  into  snow.  This,  as  it  falls  again  towards  the 
earth,  returns  to  the  condition  of  water,  if  the  air  through  which  it  passes  is  sufficiently 
warm  to  liquefy  it ;  but  part  of  it  reaches  the  earth  unmelted,  and  that  which  falls 
upon  regions  whose  mean  temperature  is  below  zero,  accumulates  to  form  the  enormous 
masses  of  ice  known  as  glaciers.  Now  it  is  universally  admitted  by  geologists  that, 
at  an  epoch  by  no  means  (geologically)  remote,  extensive  glaciers  existed  where  none 
have  been  known  within  historic  times,  and  that  glaciers  which  still  exist  had  then  a 
very  much  greater  extent.  In  order  to  account  for  the  former  existence  of  so  much 
larger  a  quantity  of  ice  at  the  surface  of  the  earth  than  that  which  is  now  to  be  found, 
it  has  often  been  supposed  that,  at  the  period  when  this  occurred,  the  mean  tempera- 
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ture  of  the  earth  was  considerably  lower  than  at  present  But,  asTyndall  has  pointed 
out  (Hi at  considered  as  a  Mode  of  Motion,  pp.  192,  193),  even  admitting  such  to 
have  been  the  case,  the  observed  result  would  not  have  followed.  If  cold  is  necessary 
to  condense  the  vapour  of  water  into  ice,  heat  is  no  less  needed  for  the  first  production 
of  the  vapour.  Hence  the  condition  of  the  earth  which  is  in  reality  indicated  by  the 
vast  development  of  glaciers  in  former  ages,  is  one  in  which  the  process  of  distillation 
went  on  more  rapidly.  These  considerations  have  been  recently  carried  further  by 
Frankland.  He  has  shown,  by  the  comparison  of  well-established  data,  that  the 
height  of  the  line  of  perpetual  snow  above  the  sea-level  at  different  parts  of  the  earth, 
depends,  not  only  upon  the  temperature,  but  also  upon  the  amount  of  atmospheric  pre- 
cipitation which  takes  place ;  and  he  concludes,  from  Tyndall's  experiments  on  the 
absorption  and  radiation  of  heat  by  aqueous  vapour  (see  KADIATION  OF  HEAT),  that 
the  condensation  of  the  vapour  contained  in  the  atmosphere  takes  place  chiefly  by  the 
direct  radiation  of  its  heat  of  vaporisation  into  space.  If  this  conclusion  is  correct, 
condensation  must  have  occurred  with  nearly  equal  readiness  at  all  stages  of  the  earth's 
history,  and  all  that  was  therefore  necessary  to  cause  a  greater  atmospheric  precipita- 
tion in  past  times,  was  a  more  rapid  supply  of  aqueous  vapour.  Hence,  according  to 
Frankland,  the  glacial  epoch  of  the  geologists  is  an  indication  of  a  higher  mean  tempe- 
rature of  the  earth's  surface  in  former  ages,  and  not  of  a  lower  temperature.  The 
climatological  conditions  of  this  epoch  he  considers  to  have  been  a  necessary  consequence 
of  the  continuous  cooling  of  the  earth's  crust  from  the  high  temperature  which  it  is 
admitted  to  have  had  at  a  still  earlier  era  to  that  which  it  has  at  present.  In  the 
earlier  ages  alluded  to,  the  temperature  of  the  earth  is  supposed  to  have  been  such  that 
a  great  part  of  the  waters  of  our  present  ocean  must  have  existed  as  vapour ;  and  not- 
withstanding that  rapid  condensation  of  this  vapour  must  have  occurred,  the  surface  of 
the  earth  was  too  hot  to  allow  the  precipitated  water  to  accumulate  as  ice.  But  as  the 
cooling  progressed,  the  temperature  of  the  land  would  fall  more  quickly  than  that  of 
the  ocean  ;  hence  a  period  would  arrive  when  the  former  would  be  so  far  cooled  that 
ice  could  accumulate  upon  it,  while  the  temperature  of  the  water  still  remained  such 
that  evaporation,  and  consequently  condensation,  went  on  much  more  rapidly  than  at 
present.  It  is  during  this  period  that,  according  to  Frankland,  the  glacial  epoch  occurred. 
Its  cessation  he  attributes  to  the  further  action  of  the  same  cause  as  that  which  produced 
it ;  namely,  to  the  progressive  cooling  of  the  earth,  which  has  now  arrived  at  such  a 
point  that  evaporation  no  longer  takes  place  with  sufficient  rapidity  to  supply  the 
materials  required  for  the  formation  of  the  enormous  glaciers  of  former  ages.  It  is 
impossible  to  discuss  here  the  cause  of  the  former  high  temperature  of  the  earth's  sur 
face,  indicated  by  the  tropical  fauna  and  flora  which  preceded  the  glacial  epoch,  and, 
according  to  .Frankland,  by  the  glacial  epoch  itself;  but  it  has  been  proved  by 
Thomson  that,  for  ages  long  anterior  to  either  of  the  periods  referred  to,  the  internal 
heat  of  the  earth  can  have  produced  no  sensible  effect  upon  the  climate  of  the  surface. 

Just  as  in  the  process  of  distillation,  as  carried  on  in  the  laboratory,  there  is  a  trans- 
ference of  heat  from  the  retort  to  the  condenser,  and  consequently  a  constant  tendency 
to  the  approximation  of  their  temperatures  :  so  one  of  the  effects  of  the  great  natural 
process  of  distillation  is  the  partial  equalisation  of  the  temperature  of  different  parts  of 
the  earth's  surface,  and  of  the  different  strata  of  the  atmosphere. 

Various  instruments  and  processes,  mostly  depending  on  principles  already  explained 
in  this  article,  have  been  proposed  for  measuring  the  quantity  of  aqueous  vapour  exist- 
ing in  the  air  at.  any  given  time.  A  full  description  of  all  the  most  important  of  them 
will  be  found  in  the  article  HYGROMETER. 

SUBLIMATION. — When,  during  the  distillation  of  a  volatile  substance,  the  temperature 
of  the  receiver  is  kept  so  low  that  the  vapour  which  enters  it  passes  at  once  into  the 
solid  state,  without  previous  liquefaction,  the  process  is  called  sublimation,  and  the 
product  a  sublimate.  This  process  is  often  resorted  to  for  the  purification  of  sub- 
stances which  volatilise  rapidly  at  temperatures  below  their  melting  points. 

Changes  of  Physical  Structure. — Some  solid  substances  are  capable  of  existing 
under  two  or  more  forms  distinguished  from  each  other  by  differences  of  specific  gravity, 
hardness,  crystalline  form,  fusibility,  optical  and  electrical  properties,  &c.  Carbon, 
for  instance,  exists  as  diamond,  graphite,  and  charcoal,  as  well  as  in  other  secondary- 
modifications  ;  phosphorus  occurs  either  as  an  easily  fusible,  translucent,  yellowish, 
crystalline  substance,  or  as  a  much  less  fusible,  opaque,  amorphous  body  of  a  brick-red 
colour;  and  so  for  many  other  substances,  simple  and  compound.  It  thus  often 
happens  that  the  different  modifications  of  the  same  substance  differ  more  in  their 
physical  properties,  than  other  substances  do  which  are  chemically  distinct ;  and  the 
passage  from  one  modification  to  another,  though  not  amounting  to  a  change  of  state  of 
aggregation,  may  be  considered  as  a  phenomenon  of  the  same  class  as  such  changes. 
Accordingly,  it  has  been  found,  in  all  cases  in  which  this  point  has  been  investigated, 
that  the  passage  of  a  solid  body  from  one  modification  to  another,  is  attended  eithei; 
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with  development  or  with  absorption  of  heat.  The  experiments  which  have  been  made 
on  this  subject  are  not  numerous  enough  to  enable  any  general  conclusions  to  be  drawn 
from  them  with  great  certainty,  but  they  appear  to  indicate  that  development  of  heat 
usually  attends  the  passage,  from  a  vitreous  or  amorphous  condition  to  a  crystalline 
condition,  and  consequently  that  the  opposite  change  is  accompanied  by  absorption  of  heat. 
The  following  are  examples  of  transformations  of  the  kind  under  consideration : — 
1.  If  melted  sugar  be  allowed  to  cool  to  about  38°,  and  then,  while  it  is  still  soft  and 
viscid,  be  rapidly  and  frequently  extended  and  doubled  up,  till  at  last  it  consists  of 
threads,  as  in  drawn  sugar,  the  temperature  of  the  mass  quickly  rises  so  as  to  become 
insupportable  to  the  hand.  After  this  liberation  of  heat,  the  sugar  on  again  cooling, 
is  no  longer  a  glass,  but  consists  of  minute  crystalline  grains  and  has  a  pearly  lustre. 
The  same  change  may  occur  in  a  gradual  manner,  as  when  a  clear  stick  of  barley-sugar 
becomes  white  and  opaque  in  the  atmosphere  (Graham,  Elements  of  Chemistry,  2nd 
ed.  i.  45). — 2.  When  the  soft  vitreous  sulphur,  obtained  by  pouring  sulphur  melted  at 
180°  or  200°  into  cold  water,  is  gradually  heated  in  an  air-bath  of  which  the  tempera- 
ture is  about  98°,  the  temperature  of  the  sulphur,  as  soon  as  it  reaches  93°,  rises 
suddenly  to  110°,  and  it  then  passes  immediately  into  the  hard  crystalline  state  which 
it  would  have  assumed  gradually  at  the  ordinary  temperature  (Regnault,  Ann.  Ch. 
Phys.  [3]  i.  205).  The  prismatic  crystals  of  sulphur  obtained  by  fusion  have  been 
long  known  to  pass  gradually  into  octahedral  crystals.  The  same  change  takes  place 
much  more  quickly  when  the  crystals  are  agitated,  or  when  they  are  put  in  contact 
with  sulphide  of  carbon,  even  if  this  liquid  is  already  saturated  with  sulphur. 
Mitscherlich  found  that  the  rapid  transformation  of  prismatic  into  octahedral  sul- 
phur which  occurs  under  these  circumstances  was  attended  by  the  evolution  of  a 
quantity  of  heat  sufficient  to  raise  the  temperature  of  the  sulphur  employed  by  12°,  or 
which,  taking  into  account  the  specific  heat  of  sulphur,  amounted  to  2-27  units  of  heat 
per  gramme  of  sulphur  (ibid.  xlvi.  124).  Favre,  who  has  estimated  by  an  indirect 
process  ( Jahresber.  1853,  p.  29)  the  heat  evolved  in  the  transformation  of  one  variety 
of  sulphur  into  another,  finds  that  the  quantity  of  heat  liberated,  when  one  equivalent 
(16  parts)  of  ordinary  sulphur  is  converted  into  the  modification  insoluble  in  stilphide 
of  carbon,  amounts  to  3102  units,  and  that  the  conversion  into  the  same  modification 
of  one  equivalent  of  soft  vitreous  sulphur,  evolves  3804  units  of  heat. — 3.  Selenium, 
when  completely  melted  and  then  rapidly  cooled,  constitutes  a  black  mass  with  a 
brilliant  surface  and  a  fracture  exactly  resembling  that  of  obsidian  or  of  black  glass. 
When  this  is  heated  very  gradually,  a  sudden  rise  of  temperature  to  200°  or  230°  takes 
place  as  soon  as  the  thermometer  arrives  at  96°  or  97°.  The  selenium  is  afterwards  of 
a  bluish  grey  colour,  and  has  a  distinctly  metallic  lustre.  Its  fracture,  instead  of  being 
vitreous,  now  shows  a  tine  granular  structure  like  that  of  grey  cast  iron.  The  heat 
evolved  in  the  transformation  is  estimated  by  Regnault  as  sufficient  to  raise  the  tem- 
perature of  the  selenium  operated  upon  by  more  than  200  degrees  (Ann.  Ch.  Phys. 
[3]  xlvi.  290). — 4.  According  toFavre  (loc.  cit.\  28,246  units  of  heat  are  evolved  when 
one  equivalent  (31  parts)  of  common  phosphorus  is  converted  into  red  phosphorus. — 

5.  The  transformation  of  1  grm.  of  arragonite  into  calc-spar  corresponds  to  the  evolution 
of  12-9  units  of  heat  (Favre  and  Silbermann,  Ann.  Ch.  Phys.  [3]  xxxvii.  435). — 

6.  Many  amorphous  minerals  and  artificially  prepared  metallic  oxides  become  tem- 
porarily incandescent  when  gently  heated,  and  are  then  found  to  have  become  crystalline 
without  having  undergone  any  alteration  in  weight.     Gadolinite  (silicate  of  yttrium) 
exhibits  this  behaviour  in  a  remarkable  degree.     (For  further  examples  of  analogous 
changes,  see  G-melin's  Handbook,  i.  104-107.) 

The  existence  of  ozone  seems  to  prove  that  the  same  chemical  substance  may  exist 
even  in  the  gaseous  state,  in  more  than  one  modification,  and  analogy  renders  it  pro- 
bable that,  when  such  is  the  case,  the  transformation  of  one  modification  into  the  other 
is  attended  by  calorimetric  phenomena.  Sulphur-vapour  at  temperatures  only  slightly 
above  the  boiling  point  of  sulphur,  and  at  800°  and  upwards,  is  an  instance  of  another 
kind  of  difference  in  the  properties  of  one  and  the  same  gaseous  substance,  which  un- 
doubtedly depends  on  the  quantity  of  heat  present  in  it,  although  the  heat  needed  to 
change  the  one  modification  into  the  other  has  not  been  measured. 

4. — Relations  of  Heat  to  Chemical  Affinity. 

Whatever  maybe  the  real  nature  of  that  property  of  matter  called  chemical 
affinity,  by  virtue  of  which  mutual  alterations  of  composition  occur  when  chemically 
dissimilar  bodies  are  brought  together  under  appropriate  conditions,  one  most  im- 
portant fact  is  clearly  established  with  regard  to  it ;  namely,  that  its  manifestations 
are  always  accompanied  by  the  production  or  annihilation  of  heat.  Change  of  compo- 
sition, or  chemical  action,  and  heat  are  mutually  convertible :  a  given  amount  of 
chemical  action  will  give  rise  to  a  certain  definite  amount  of  heat,  which  quantity  of 
heat  must  be  directly  or  indirectly  expended,  in  order  to  reverse  or  undo  the  chemical 
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action  that  has  produced  it.  The  production  of  heat  by  chemical  action,  and  the 
definite  quantitative  relation  between  the  amount  of  heat  evolved  and  the  quantity  of 
chemical  action  which  takes  place,  are  roughly  indicated  by  the  facts  of  our  most 
familiar  experience ;  thus,  for  instance,  the  only  practically  important  method  of  pro- 
ducing heat  artificially  consists  in  changing  the  elements  of  wood  and  coal,  together 
with  atmospheric  oxygen,  into  carbonic  anhydride  and  water,  and  every  one  knows  that 
the  heat  which  can  be  thus  obtained  from  a  given  quantity  of  coal  is  limited  and  is  at 
least  approximately  always  the  same. 

The  accurate  measurement  of  the  quantity  of  heat  produced  by  a  given  amount  of 
chemical  action  is  a  problem  of  very  great  difficulty  ;  chiefly  because  chemical  changes 
very  seldom  take  place  alone,  but  are  almost  always  accompanied  by  physical  changes 
involving  further  calorimetric  effects,  each  of  which  requires  to  be  accurately  measured 
and  allowed  for,  before  the  effect  due  to  the  chemical  action  can  be  rightly  estimated. 
Thus  the  ultimate  result  comes,  in  most  cases,  to  be  deduced  from  a  great  number  of 
independent  measurements,  each  of  which  is  liable  to  a  certain  amount  of  error.  It  is 
therefore  not  surprising  that  the  results  of  various  experiments  should  differ  to  a  com- 
paratively great  extent,  and  that  some  uncertainty  should  still  exist  as  to  the  exact 
quantity  of  heat  corresponding  to  even  the  simplest  cases  of  chemical  action. 

Heat  evolved  in  rapid  Combustions. — The  reactions  in  which  the  evolution  of 
heat  is  most  strikingly  evident,  are  of  course  those  which  are  accompanied  by  visible  incan- 
descence or  combustion ;  and,  accordingly,  the  earliest  experiments  on  the  heat  of  chemi- 
cal action  had  reference  solely  to  the  heat  disengaged  in  rapid  combustions.  Lavoisier 
and  Laplace  were  the  first  investigators  of  this  subject.  Their  experiments,  made 
about  1780,  consisted  in  ascertaining  the  quantity  of  ice  which  could  be  melted  by 
burning  in  a  current  of  air  known  weights  of  the  substances  examined.  In  1814, 
Count  Rum  ford  made  experiments  of  a  similar  kind  by  means  of  a  water-calorimeter. 
His  chief  object  was  to  ascertain  the  relative  calorific  values  of  the  principal  combustible 
substances  in  actual  use  as  fuel,  and  from  this  point  of  view  his  results  still  possess 
considerable  value,  although  they  cannot  lay  claim  to  scientific  accuracy.  In  order  to 
counteract  the  influence  of  the  air  and  other  external  objects  upon  the  temperature  of 
his  calorimeter,  or  at  least  to  reduce  that  influence  to  a  minimum,  Rumford  began 
each  experiment  when  the  water  of  the  calorimeter  was  as  much  colder  than  the  sur- 
rounding air,  as  (he  had  found  by  preliminary  trials)  it  would  be  hotter  at  the  end  of  the 
experiment.  In  this  way,  the  calorimeter  gained  heat  from  the  air  during  the  first 
half  of  each  operation,  and  lost  an  almost  exactly  equal  quantity  during  the  second 
half,  so  that  the  total  effect  was  almost  no- 
thing. This  artifice,  employed  for  the  first 
time  by  Kumford,  has  been  adopted  in  nearly 
every  subsequent  investigation  relating  to 
calorimetry.  The  experiments  of  Kumford 
were  followed  by  those  of  C  rawfor  d,  Dai- 
ton,  and  Clement  Desormes,  and  more 
recently  by  the  investigations  ofDespretz 
and  Dulong.  The  researches  of  the  last 
named  physicist  were  left  unfinished  at  his 
death,  but  the  results  obtained  appear  to 
have  been  much  more  accurate  than  those 
of  his  predecessors.  The  most  exact  and 
comprehensive  researches  hitherto  made 
into  this  subject  are,  however,  those  of 
Favre  and  Silbermann  (Ann.  Ch.  Phys. 
[3]  xxxiv.  357  ;  xxxvi.  5  ;  xxxvii.  406),  and 
Andrews  (PhiL  Mag.  [3]  xxxii.  321  and 
426). 

The  calorimeter  employed  by  Favre  and 
Silbermann  in  their  experiments  on  com- 
bustion in  oxygen  gas,  and  in  other  actions 
whereby  large  quantities  of  heat  were  ge- 
nerated, is  represented  in  section  in  Jig.  546, 
the  scale  of  which  is  one-fifth  of  that  of  the 
actual  apparatus.  The  calorimeter,  pro- 
perly so  called,  is  the  cylindrical  vessel  C  C  C, 
made  of  copper  plated  externally  with  silver 
and  brightly  polished,  and  closed  by  a  cover 
of  the  same  material.  This  is  surrounded 
by  a  second  vessel,  b  b,  also  of  silvered  copper,  but  having  the  polished  surface  inside, 
the  space  between  C  and  b  being  tilled  with  swan's  down ;  outside  this  again  is  a  third 


Fig.  516. 


104  HEAT. 

vessel,  ccc,  to  the  bottom  of  which  b  is  firmly  connected  by  screw-bolts.  The  annular 
space  which  separates  this  vessel  from  b  contains  water,  the  temperature  of  which  is 
indicated  by  the  thermometer  t,  and  which  serves  to  neutralise  the  effect  of  accidental 
variations  of  the  temperature  of  the  atmosphere.  The  chamber  in  which  the  combus- 
tions take  place  is  made  of  gilt  copper-plate,  and  is  represented  by  A.  When  the 
combustions  are  to  be  made  in  oxygen,  the  gas,  previously  purified,  enters  this  chamber 
by  the  tube  d ;  the  products  of  combustion  escape,  if  gaseous,  by  the  vertical  tube  s,  and 
pass  from  thence  into  the  serpentine  S,  where  they  give  up  their  heat  to  the  water  of 
the  calorimeter,  and  then  finally  leave  the  apparatus  by  the  upper  part  of  the  tube  s : 
when  no  gaseous  products  are  formed,  the  extremity  of  this  tube  is  closed.  If  the 
substance  to  be  burned  is  a  gas,  it  enters  the  combustion-chamber  by  a  jet  connected 
with  the  tube  o ;  solid  bodies  are  attached  to  fine  platinum-wires,  suspended  from  the 
cover  B,  which  closes  the  combustion-chamber ;  liquids  are  burned  in  small  capsules, 
or  in  lamps  with  asbestos  wicks  ;  charcoal  is  placed  in  a  sort  of  sieve,  through  the 
openings  of  which  the  oxygen  has  access  to  it.  The  progress  of  the  combustion  can  be 
watched  in  the  mirror  m  through  a  window  in  the  tube  below  composed  of  a  triple  disc 
of  glass,  alum,  and  quartz.  The  temperature  of  the  water  in  the  calorimeter  is  kept 
uniform  throughout  by  means  of  the  agitator  a  a  a,  which  is  moved  by  special  mechanism. 
In  all  cases  where  it  was  practicable  to  do  so,  Favre  and  Silbermann  deduced  the 
quantity  of  substance  burned  from  the  weight  of  the  products  of  combustion. 

The  apparatus  employed  by  Andrews  was  of  much  simpler  construction.  When  the 
substances  to  be  combined  were  in  the  gaseous  state,  and  the  products  of  combustion 
were  also  gaseous,  the  two  gases  were  mixed  in  the  proper  proportions,  as  in  a  eudiome- 
tric  experiment,  and  introduced  into  a  vessel  of  thin  sheet  copper,  of  about  24  cubic 
inches  capacity.  This  vessel  was  closed  by  a  screw,  through  which  passed  a  silver  wire, 
insulated  from  it  by  a  cork,  and  connected  by  a  thin  platinum  wire  within  the  vessel 
to  a  second  silver  wire  soldered  to  the  screw  itself.  By  passing  a  voltaic  current 
through  the  platinum  wire  for  an  instant,  it  could  be  heated  to  redness  and  the  gaseous 
mixture  exploded.  The  copper  vessel  was  introduced  into  a  larger  vessel,  which  was 
filled  up  with  water :  this  was  suspended  in  a  cylinder  provided  with  a  movable  cover, 
and  the  whole  was  enclosed  in  an  outer  cylindrical  vessel,  arranged  so  as  to  admit  of 
its  being  made  to  rotate  upon  its  shorter  axis.  The  apparatus  having  been  mounted, 
was  caused  to  rotate,  so  as  to  bring  every  part  to  a  uniform  initial  temperature,  which 
was  carefully  read  off  by  a  very  sensitive  thermometer.  The  thermometer  was  then 
withdrawn  ;  the  gases  exploded;  the  outer  vessel  of  water  closed  by  a  cork ;  and  the 
apparatus  caused  to  rotate  for  thirty-five  seconds.  The  thermometer  was  then  again 
introduced  and  the  rise  of  temperature  ascertained ;  after  which  the  apparatus  was 
made  to  rotate  a  third  tune  for  thirty-five  seconds,  and  the  temperature  again  observed, 
in  order  to  ascertain  the  cooling  effect  of  the  atmosphere  upon  the  apparatus  during 
the  time  that  the  experiment  lasted :  it  was  found  that  this  effect  seldom  exceeded  ^ 
of  the  total  quantity  to  be  measured. 

When  solid  bodies  were  burned  in  oxygen,  the  combustion  was  effected  in  a  copper 
vessel,  of  about  250  cubic  inches  in  capacity,  which  was  filled  with  oxygen  ;  a  known 
weight  of  the  combustible  was  placed  in  a  small  platinum  dish,  and  when  all  was  ready, 
it  was  fired  by  means  of  a  voltaic  current  sent  through  a  very  fine  platinum  wire.  The 
vessel  in  which  the  combustions  took  place  was  immersed  in  a  large  cylinder  containing 
a  known  quantity  of  water,  and  surrounded  by  an  outer  vessel  of  tin-plate,  to  prevent 
radiation.  The  copper  vessel  could  be  moved  up  and  down  in  the  water  by  means  of  a 
lever.  Particular  expedients  were  sometimes  required  to  insure  ignition:  thus,  in 
burning  zinc-filings  and  other  metals  in  oxygen,  a  small  fragment  of  phosphorus  (from 
1  to  8  milligrammes)  was  employed  to  kindle  the  metal ;  the  weight  of  the  phosphorus 
being  known,  the  heat  evolved  by  it  could  be  calculated  and  deducted  from  the  total 
amount  produced.  Some  of  these  experiments  lasted  a  quarter  of  an  hour  and  upwards, 
so  that  the  correction  for  the  cooling  effect  of  the  air  became  of  considerable  importance. 

When  the  combustions  were  made  in  chlorine,  the  substance  to  be  burned  was  en- 
closed in  a  thin  glass  bulb,  which  was  broken  by  agitation  after  being  immersed  in  the 
gas ;  in  these  experiments  it  was  not  necessary  to  apply  heat  to  cause  the  combustion 
to  begin.  The  chlorine  itself  was  usually  contained  in  a  glass  vessel,  filled  with  it  by 
displacement ;  in  the  experiments  on  potassium,  a  brass  vessel  was  used,  perfectly  dry 
chlorine  having  no  action  on  brass.  An  excess  of  the  metal  was  always  used,  so  as  to 
insure  the  complete  absorption  of  the  chlorine,  and  the  quantity  of  the  latter  substance 
consumed  was,  in  most  cases,  ascertained  by  weighing  the  quantity  of  water  which 
rushed  into  the  vessel  after  the  experiment  on  opening  it  under  water. 

The  following  table  gives  the  quantities  of  heat,  expressed  in  heat-units  (gramme- 
degrees),  evolved  in  the  combustion  of  various  elementary  substances  in  oxygen,  referred 
(1)  to  1  grm.  of  each  element  burned,  (2)  to  1  grin,  of  oxygen  consumed,  (3)  to  1  atom 
(expressed  in  gnns.)  of  the  several  elements. 
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Heat  of  Combustion  of  Elementary  Substances  in  Oxygen. 
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Substance. 

Product. 

Units  of  heat  evolved 

Observer. 

by  1  grm.  ol 
substance. 

by  1  grm.  of 
oxygen. 

by  1  at.  of 
substance. 

Hydrogen       . 

H20 

^  33881 
1  34462 

4235 
4308 

33881 
34462 

Andrews. 
Favre  &  Silbennann. 

Carbon  : 

Wood-charcoal     . 

CO2 

<7900 
J8080 

2962 
3030 

94800 
96960 

Andrews. 
Favre  &  Silbennaun. 

Gas-retort  carbon 

» 

8047 

3018 

96564 

i) 

Native  graphite    . 

n 

7797 

2924 

93564 

f» 

Artificial  graphite 

H 

7762 

2911 

93144 

i 

Diamond 

N 

7770 

2914 

93940 

19 

Sulphur  : 

Native 

SO2 

2220 

2220 

71040 

If 

Kecently  melted  . 

» 

2260 

2260 

72320 

|f 

Flowers 

»» 

2307 

2307 

73821 

Andrews. 

Phosphorus  : 

(yellow) 

P205 

5747 

4454 

178157 

n 

Zinc 

ZnO 

1330 

5390 

86450 

j> 

Iron        .         .         . 

Fe304 

1582 

4153 

88592 

j> 

Tin         ... 

SnO2 

1147 

4230 

135360 

» 

Copper  . 

CuQ 

603 

2394 

38304 

» 

NOTK. — Andrews' determinations  have  been  recalculated  from  the  original  experimental  numbers, 
using  the  atomic  weights  and  specific  gravities  of  gases  adopted  in  this  Dictionary,  and  therefore  the 
numbers  in  the  above  table  do  not  always  asree  precisely  with  those  contained  in  the  general  table  of 
results  which  he  has  himself  given  (Phil.  Mag.  [3]  xxxii.  432). 

The  following  results  have  been  obtained  by  the  complete  combustion  of  partially 
oxidised  substances : 


Substance. 

Product. 

Units  of  heat  evolved 

Observer. 

by  1  grm. 
of  sub- 
stance. 

in  formation  of  1  mole- 
cule of  the  ultimate 
product. 

Carbonic  oxide   . 

Stan  nous  oxide  . 
Cuprous  oxide     . 

CO2 

SnOa 
CuO 

(2403 
J2431 
519 
256 

67284 
68064 
69584 
18304 

Favre  &  Silbennann. 
Andrews. 
tt 

The  substances  enumerated  in  this  table  contain  exactly  half  as  much  oxygen  as 
the  completely  oxidised  products,  and  on  comparing  the  amount  of  heat  evolved  in  the 
formation  of  one  molecule  of  stannic  or  cupric  oxide  from  the  corresponding  lower 
oxide,  with  the  quantity  produced  when  a  molecule  of  the  same  product  is  formed  by  the 
complete  oxidation  of  the  metal  in  one  operation  (see  previous  table),  we  find  that  the 
combination  of  the  second  half  of  the  oxygen  contained  in  these  bodies  evolves  sensibly 
half  as  much  as  the  combination  of  the  whole  quantity.  In  the  formation  of  carbonic 
anhydride,  however,  the  second  half  of  the  oxygen  appears  to  develope  more  than  two- 
thirds  of  the  total  amount  of  heat ;  but  this  result  is  probably  due,  in  part  at  least,  to 
the  fact  that  when  carbon  is  burned  into  carbonic  anhydride,  a  considerable  but 
unknown  quantity  of  heat  is  expended  in  converting  the  solid  carbon  into  gas,  and 
thus  escapes  measurement ;  while,  in  carbonic  oxide,  the  carbon  already  exists  in  the 
gaseous  form,  and  therefore  no  portion  of  the  heat  evolved  in  the  combustion  of  this 
substance,  is  similarly  expended  in  producing  a  change  of  state. 

It  seems  probable  also,  that  a  similar  explanation  may  be  given  of  the  inequalities 
in  the  quantities  of  heat  produced  by  the  combustion  of  different  varieties  of  pure  car- 
bon and  of  sulphur, — that  is  to  say,  that  a  portion  of  the  heat  generated  by  the 
combustion  of  diamond  and  graphite  goes  to  assimilate  their  molecular  condition  to 
that  of  wood-charcoal,  and  that  there  is  an  analogous  expenditure  of  heat  in  the  com- 
bustion of  native  sulphur :  indeed,  with  regard  to  the  latter  case,  it  is  proved  by  direct 
experiments  (see  p.  102),  that  the  opposite  change  to  that  supposed  to  take  place  here 
of  recently  melted  sulphur  into  the  same  molecular  condition  as  native  sulphur  is 
accompanied  by  disengagement  of  heat. 
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In  like  manner,  the  heat  evolved  in  combustions  may  in  some  cases  be  in  excess  of 
that  due  to  the  strictly  chemical  action  which  takes  place :  thus,  when  the  product  of 
combustion  is  solid,  part  of  the  heat  must  be  ascribed  to  the  solidification  of  the  oxygen 
absorbed.  Again,  the  heat  of  combustion  of  hydrogen,  as  given  above,  includes  the 
latent  heat  of  vaporisation  of  the  water  formed.  In  Andrews'  experiments  the 
temperature  of  the  calorimeter  was  about  20°  C. :  at  this  temperature  the  latent  heat 
of  vaporisation  of  9  grms.  of  water  (the  quantity  formed  from  1  grm.  or  atom  of 
hydrogen)  may  be  taken  as  =  5500  ;  and  deducting  this  quantity  from  33,881,  we  have 
28,381  as  the  number  of  units  of  heat  evolved  by  the  chemical  combination  of  1  grm. 
hydrogen  and  8  grms.  oxygen,  according  to  these  experiments.  Favre  and  Silbermann 
do  not  give  the  temperature  of  their  calorimeter,  but  probably  the  same  correction 
may  be  applied  to  their  experiments  without  much  error:  they  then  give  34,462 — 
5500  =  28,962  as  the  true  heat  of  combustion  of  1  grm.  of  hydrogen. 

The  experiments  which  have  been  made  on  the  heat  of  combustion  of  definite 
compounds,  other  than  the  three  already  mentioned,  relate  almost  exclusively  to  bodies 
composed  of  carbon  and  hydrogen,  or  of  carbon,  hydrogen,  and  oxygen.  The  results 
obtained  by  Favre  and  Silbermann  and  Andrews  are  contained  in  the  following  table. 
The  numbers  here  given  represent  the  total  heat  produced,  and  therefore  include  that 
due  to  the  condensation  of  the  vapour  of  water  formed  in  the  experiments. 

Many  of  these  numbers  must  be  regarded  as  approximations  only  (and  sometimes 
as  not  very  close  approximations)  to  the  truth.  The  chief  causes  of  uncertainty  with 
regard  to  them,  besides  the  difficulties  inherent  in  the  experimental  determinations 
themselves,  are  the  different  calorimetric  properties  of  the  substances  examined — 
differences,  that  is,  in  regard  to  specific  and  latent  heats — and,  in  some  cases,  their 
admittedly  doubtful  purity.  Hence  it  is  impossible  to  trace  any  exact  correspondence 
between  the  composition  of  the  bodies  experimented  upon,  and  the  amount  of  heat 
which  they  evolve  upon  combustion.  A  few  general  conclusions  are,  however,  indicated 
with  sufficient  clearness  to  make  it  worth  while  to  dwell  upon  them  briefly. 

In  the  first  place  it  appears  that  the  heat  of  combustion  of  a  compound  is  in  general 
less  than  the  heat  of  combustion  of  its  elements.  This  rule  is  verified  in  the  case 
of  all  the  hydrocarbons  given  in  the  table,  with  the  exception  of  olefiant  gas,  whose 
heat  of  combustion  is  almost  exactly  the  same  as  that  of  its  constituents,  according  to 
Favre  and  Silbermann' s  determinations,  and  somewhat  greater,  according  to  Andrews. 
When  a  hydrocarbon  is  burned  into  carbonic  anhydride  and  water,  the  chemical  change 
which  takes  place  consists,  not  merely  in  the  union  of  carbon  and  hydrogen  with  oxygen, 
but  also  in  their  separation  from  their  previous  state  of  combination  with  each  other. 
Now,  it  is  an  almost  self-evident  proposition,  and  one  which  has  moreover  received 
direct  experimental  confirmation,  that  whatever  may  be  the  calorimetric  effect  of  any 
given  chemical  change,  the  calorimetric  effect  of  its  reversal  is  equal  and  opposite. 
Hence,  if  we  suppose  the  combination  of  carbon  and  hydrogen — to  form  marsh-gas, 
for  example — to  be  accompanied  by  evolution  of  heat,  we  must  suppose  that  their 
separation  is  attended  by  the  disappearance  of  an  equal  quantity  of  heat.  The  heat 
produced  by  the  combustion  of  one  molecule  of  marsh-gas,  CH4,  is  therefore  less  than 
the  quantity  due  to  the  combustion  of  one  atom  of  (gaseous)  carbon  and  four  atoms  of 
hydrogen,  by  the  quantity  of  heat  absorbed  when  these  atoms  separate  from  combina- 
tion with  each  other.  Assuming  (for  want  of  more  certain  data)  that  the  heat  of 
combustion  of  an  atom  of  gaseous  carbon  is  twice  that  of  a  molecule  of  carbonic  oxide, 
we  have,  for  the  heat  of  combustion  of  C  +  H*  (in  round  numbers),  134,600  +  (4  x  34,460) 
=  272,440 ;  but  the  heat  of  combustion  of  CH4  is  209,000,  which  gives  272,440  —  209,000 
=  63,440  as  the  number  of  units  of  heat  produced  by  the  combination  of  1  atom  of  carbon 
with  4  atoms  of  hydrogen,  or  absorbed  when  these  atoms  separate.  In  like  manner, 
we  have,  for  the  heat  of  combustion  of  C2  +  H4,  (2  x  134,600)  +  (4  x  34,460)  =  407,040 
units ;  and  deducting  from  this  the  heat  of  combustion  of  olefiant  gas,  we  have 
407,000  —  332,000  =  75,000  for  the  calorimetric  effect  due  to  the  separation  of  the  atoms 
of  a  molecule  of  olefiant  gas  from  each  other.  The  difference  between  63,400  (the  heat 
of  formation  of  CH4)  and  75,000  (the  heat  of  formation  of  C2H4),  namely  11,600,  may 
perhaps  be  taken  as  representing  the  calorimetric  effect  of  the  combination  or  separa- 
tion of  the  two  atoms  of  carbon  contained  in  olefiant  gas.  The  fact  that  the  heat  of 
combustion  of  olefiant  gas,  as  found  by  direct  experiment*  is  very  nearly  equal  to  the 
sum  of  the  heats  of  its  constituents,  when  the  heat  of  an  atom  of  carbon  is  taken  at 
96,960  units,  the  quantity  deduced  from  the  combustion  of  wood-charcoal,  probably 
indicates  that  the  heat  of  vaporisation  required  to  change  the  physical  condition  of 
two  atoms  of  carbon  from  that  of  wood-charcoal  to  that  which  it  has  in  the  form  of 
olefiant  gas,  is  nearly  the  same  as  the  heat  required  to  separate  the  atoms  of  a  molecule 
of  olefiant  gas  from  each  other.  That  the  heat  of  vaporisation  of  carbon  is  very  con- 
siderable is  further  indicated  by  the  great  difference,  already  alluded  to,  between  the 
calorific  effect  of  the  first  and  second  atoms  of  oxygen  contained  in  carbonic  anhydride, 
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Substance, 

Formula. 

M'.le- 
cular 
weight. 

Units  of  heat  evolved. 

Observer. 

by  1  crm. 
of  sub- 
stance. 

by  1  molecule 
of  sub- 
stance. 

J  13108 

209728 

Andrews. 

Marsh-gas 

CH4 

16 

h3063 

209008 

(  Favre  and 
I  Silbermann. 

(11942 

334376 

Andrews. 

Olefiantgas     . 

cm4 

28 

<  11853 

332024 

j  Favre  and 
I  Silbermann. 

Amylene 

OH10 

70 

11491 

804370 

Paramylene     . 

C10H20 

140 

11303 

1582420 

Hydrocarbon  :                    \ 

(from  amylic  alcohol  I 

CnH22 

154 

11262 

1734348 

boih'ng    point   180°)  J 

Cetylene 

(116JJ32 

224 

11055 

2476328 

M 

Metamylene    . 

C20H40 

280 

10928 

3059840 

» 

Oil  of  lemons  . 

C10H16 

136 

10959 

1490424 

n 

Oil  of  turpentine     . 

C10R.6 

136 

10852 

1475872 

Terebene 

C10H16 

136 

10662 

1450032 

ft 

Ether      .... 

C4H100 

74 

9028 

668072 

m 

Amylic  ether  (impure  ?)  . 

C'°H220 

158 

10188 

1609704 

». 

Methylic  alcohol 

CH40 

32 

5307 

169824 

n 

Ethylic  alcohol 

C2H60 

46 

J  7184 
i  6850 

330464 
315100 

Andrews. 

Amylic  alcohol 

C5H'0 

88 

8959 

788392 

(  Favre  and 
I  Silbermann. 

Cetylic  alcohol:                 \ 

(latent  heat  of  fusion   I 

C16H340 

242 

10629 

2572218 

N 

added)        .        .         J 

Formic  acid     . 

CH202 

46 

2091 

96186 

Acetic  acid 

C2H402 

60 

3505 

210300 

n 

Butyric  acid    . 

C4H808 

88 

5647 

496936 

n 

Valeric  acid    . 

C5H'°02 

102 

6439 

656778 

» 

Palmitic  acid  . 

C16H3-02 

256 

9316 

2384896 

»» 

Stearic  acid     . 

C18H3«02 

284 

9716 

2759344 

» 

Formate  of  methyl  . 

C2H402 

60 

4197 

251820 

» 

Acetate  of  methyl    . 

C3H602 

74 

5342 

395308 

Formate  of  ethyl     . 

C3H«02 

74 

5279 

390646 

it 

Acetate  of  ethyl 

C4H802 

88 

6293 

553784 

n 

Butyrate  of  methyl 

C5H1902 

102 

6798 

693447 

}> 

Butyrate  of  ethyl    . 
Valerate  of  methyl  . 

C"H1202 
C6H1202 

116 
116 

7091 
7376 

822556 
855616 

»> 

Valerate  of  ethyl    . 

C7H1402 

130 

7835 

1018550 

„ 

Acetate  of  amyl 

C7HH02 

130 

7971 

1036230 

M 

Valerate  of  amyl 

QlOJpJQ2 

172 

8544 

1469568 

M 

Palmitate  of  cetyl              ) 
(spermaceti)         .          \ 

C32H"02 

480 

10342 

4964160 

N 

Hydrate  of  phenyl  . 

C6H60 

94 

7842 

737H8 

„ 

Sulphide  of  carbon  . 

CS2 

76 

3400 

258400 

M 

as  well  as  by  the  fact  that  the  heat  of  combustion  of  a  molecule  of  sulphide  of  carbon 
exceeds  the  sum  of  the  heats  of  its  constituents. 

It  will  be  understood  that  the  foregoing  calculations  are  given,  rather  for  the  sake 
of  drawing  attention  to  the  necessity  of  taking  account  of  all  the  changes,  whether 
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chemical  or  physical,  which  accompany  a  given  chemical  reaction,  when  we  are  dis- 
cussing the  quantity  of  heat  produced  by  it,  than  because  the  results  arrived  at  are 
supposed  to  be  numerically  accurate.  Indeed  it  is  by  no  means  probable  that  these 
results  are,  at  best,  anything  more  than  roughly  approximative ;  for,  to  mention  no 
other  source  of  uncertainty,  the  assumption  that  we  have  made,  that  the  heat  produced 
by  the  complete  combustion  of  carbon  is  twice  as  great  as  that  evolved  by  the  combus- 
tion of  the  same  quantity  of  carbon  in  the  form  of  carbonic  oxide,  is  most  likely  not 
strictly  true.  For  it  has  been  pointed  out  byButlerow  that  the  four  units  of 
combining  capacity  (CLASSIFICATION,  i  1010  et  seq.}  possessed  by  one  atom  of  carbon 
are  not  exactly  equivalent  to  each  other  in  chemical  function,  and  Erlenmeyer  has 
suggested,  with  great  probability,  that  the  difference  between  them  is  due  to  differences 
in  the  strength  of  the  chemical  affinity  with  which  each  unit  enters  into  combination 
(see  references  in  the  article  FOBMUL^:,  ii.  704).  If  this  be  so,  the  combination  of 
an  atom  of  carbon  with  one  atom  of  oxygen  must  evolve  more  heat  than  the  combination 
of  the  product  so  formed  (carbonic  oxide)  with  a  second  atom  of  oxygen. 

The  numbers  in  the  above  table  show  that  the  heat  evolved  by  the  combustion  of 
equal  weights  of  the  hydrocarbons  (CH8)",  homologous  with  olefiant  gas,  diminishes  as 
their  molecular  weights  increase.  But  it  is  not  easy  to  say  how  far  this  result  may  be 
due  to  accidental  causes  (the  numbers  given  are  deduced  from  a  single  experiment, 
except  in  the  case  of  olefiant  gas,  for  which  Favre  and  Silbermann  obtained  very  con- 
cordant results  in  two  experiments),  or  to  the  influence  of  the  physical  properties  of 
the  substances.  It  may  be  remarked  that  the  isomeric  substances,  oil  of  lemons,  oil  of 
turpentine,  and  terebene,  also  gave  different  quantities  of  heat,  although  their 
molecular  weights  are  the  same.* 

The  acids  homologous  with  acetic  acid  may  be  regarded,  empirically,  as  formed 
by  the  combination  of  the  hydrocarbons  (CH2)n  with  oxygen ;  that  is,  they  may  be 
considered  as  products  of  the  partial  combustion  of  the  hydrocarbons.  Hence,  we 
should  expect  each  acid  to  give  out,  when  burned,  less  heat  than  the  hydrocarbon  con- 
taining the  same  quantity  of  carbon  and  hydrogen,  and  this  is  shown  by  the  numbers  in 
the  above  table,  to  be  really  the  case,  the  difference  between  the  heat  of  combustion  of 
an  acid  and  that  of  a  given  hydrocarbon  being  greater  in  proportion  as  the  acid  is  more 
oxidised.  Thus,  starting  from  amylene,  C5H10,  and  comparing  with  it  quantities  of 
valeric,  butyric,  and  acetic  acids  which  contain  the  same  quantity  of  carbon  and 
hydrogen,  we  have  the  following  numbers : 

1    molecule  amylene,  C5H10  =  70  produces  804400  units  of  heat. 

1          „         valeric  acid,      C5H1002  =  C5H10  +  O2  =102,        „         656800  „ 

!{•       „         butyric  acid,  l£C4H80*  =C5H10  +  024  =  110,       „         621200 
2j       „        acetic  acid,   2}C2H402=C5H10+ 05=  150,       „         525750 

Compared  in  this  way,  the  difference  in  composition  between  amylene  and  valeric 
acid,  namely  O2,  is  four  times  as  great  as  that  between  valeric  acid  and  butyric  acid, 
and  the  corresponding  differences  in  the  heats  of  combustion  of  these  substances  are 
exactly  almost  in  the  same  proportion  :  but  this  close  agreement  is,  probably,  in  great 
part  accidental :  for  the  heat  of  combustion  of  acetic  acid  is  decidedly  greater  than 
what  might  be  calculated  in  the  same  way. 

The  table  further  shows  that  isomeric  substances  by  no  means  always  give  out  equal 
quantities  of  heat  when  burned.  For  instance,  acetic  acid,  C2H402,  produces  con- 
siderably less  heat  than  its  isomer,  formate  of  methyl ;  butyric  acid,  C4H802,  less  than  its 
isomer,  acetate  of  ethyl ;  valeric  acid,  C5H1002,  less  than  its  isomer,  butyrate  of  methyl. 
That  differences  of  this  kind  would  be  found  to  exist,  might  have  been  deduced,  with 
considerable  probability,  from  the  differences  in  the  chemical  constitution  of  the  acids 
and  of  the  isomeric  ethers  :  for,  of  the  four  equivalents  of  oxygen  contained  in  these 
compounds,  one  must  be  regarded  as  combined  with  hydrogen,  and  the  other  three  with 
carbon  in  the  acids ;  whereas,  in  the  ethers,  all  four  equivalents  of  oxygen  are  com- 
bined with  carbon.  Hence,  the  differences  between  the  heats  of  combustion  of  the 
acids  CnH2n02  and  those  of  the  isomeric  ethers  may  be  ascribed,  at  least  in  part,  to 
the  difference  between  the  heat  of  combustion  of  an  equivalent  of  carbon  and  that  of 
an  equivalent  of  hydrogen ;  but  considerations,  such  as  have  been  already  alluded  to, 
make  it  impossible  to  assign  any  exact  numerical  value  to  this  difference. 

But,  according  to  the  experiments  hitherto  made,  not  only  do  the  acids  differ  from 
the  isomeric  ethers,  in  the  quantity  of  heat  which  they  produce  when  burned,  but  the 
ethers  differ  from  each  other :  for  instance,  acetate  of  methyl  produces  more  heat  than 
its  isomer  formate  of  ethyl ;  valerate  of  methyl,  more  than  its  isomer  butyrate  of 
ethyl ;  acetate  of  amyl,  more  than  its  isomer  valerate  of  ethyl.  It  is  not  easy  to  suggest 
any  chemical  reason  for  the  existence  of  such  differences  as  these ;  nor  even  to  discover 
any  empirical  relations  of  a  general  kind  among  the  experimental  results. 

*  Favre  and  Silbermann  assign  to  oil  of  lemons  half  the  molecular  weight  of  oil  of  turpentine,  but 
•without  giving  any  reason  for  so  doing. 
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[For  the  methods  of  calculating  the  heating  powers  of  different  kinds  of  fuel,  and 
the  temperature  produced  by  its  combustion,  for  practical  purposes,  see  the  article 
FUEL,  ii.  722  ct  seq.] 

Combustions  in  Chlorine,  and  direct  combination  of  Chlorine,  Bromine,  and  Iodine. — 
The  following  table  gives  the  quantities  of  heat  evolved  by  the  direct  union  of  various 
elements  with  gaseous  chlorine : 


Units  of  heat  evolved 

Substance. 

Product. 

jy  1  grm.  o! 

by  1  grin  of 

by  1  at.  (=35-5 

Observer. 

substance. 

chlorine. 

grms.)of  chlorine. 

Hydrogen 

HC1 

(24087 
(23783 

678 
670 

24087 
23783 

Abria. 
Favre  and  Silbermann. 

Phosphorus    . 

PCP(?) 

3422(?) 

607 

21548 

Andrews. 

Potassium 

KC1 

2655 

2943 

104476 

' 

Iron 

Fe'Cl6 

1745 

921 

32695 

H 

Zinc 

ZnCl2 

1529 

1427 

50658 

Tin        .         . 

SnCl* 

1079 

897 

31722 

If 

Arsenic 

AsCl3 

994 

704 

24992 

Copper  . 

CuCl8 

961 

859 

30494 

1) 

Antimony 

SbCl» 

707 

860 

30491 

n 

Mercury 

? 

? 

822 

29181 

» 

The  heat  evolved  by  the  direct  union  of  bromine  and  iodine  with  zinc  and  iron  has 
also  been  determined  by  Andrews  (Traris.  Eoy.  Irish  Acad.  xix.  quoted  in  Miller's 
Chemical  Physics,  p.  341) :  the  results  obtained  are  given  in  the  next  table : 


Metal. 

Product. 

Units  of  heat  evolved 

by  1  grm.  of 
metal. 

by  1  grm.  of  bro- 
mine or  iodine. 

by  I  at.  of  bromine 
or  iodine. 

Bromine. 

Zinc 
Iron 

ZnBr2 
Fe2Br« 

1269 

1277 

508 
298 

40640 
23833 

Iodine. 

Zinc 

Iron 

Znl2 
Fe2!6 

819 
463 

209 
63 

26617 
8046 

Heat  produced  by  reactions  in  the  Wet  Way. — Of  the  various  reactions  in 
the  wet  way,  which  have  been  studied  calorimetrically,  it  will  be  most  convenient  to 
consider  first  those  which  take  place  between  water  and  other  bodies,  since  such 
actions  intervene  in  many  other  cases  also. 

Dilution  of  Acids  with  Water. — The  heat  produced  by  the  dilution  of  strong  acids, 
especially  sulphuric  acid,  has  been  the  subject  of  many  investigations,  the  most  accurate 
of  which  are  probably  those  of  Favre  and  Silbermann,  Thomsen  (Pogg.  Ann. 
Ixxxviii.  349  ;  xc.  261 ;  Jahresber.  1853,  p.  30);  and  Favre  and  Quaillard  (Compt. 
rend.  1.  1150).  We  give  below  a  few  of  the  results  obtained. 

Sulphuric  acid,  S04H2  =  98. 

Thomsen  determined  the  quantity  of  heat  evolved  by  the  mixture  of  strong  sulphuric 
acid,  and  of  the  same  previously  diluted  with  different  quantities  of  water,  with  an 
excess  of  water — that  is,  with  so  much  that  any  further  quantity  did  not  increase  the 
amount  of  heat  evolved.  He  found  that  the  addition  of  an  excess  of  water 

to    98  grms.  (  =  1  molecule)  S04H2  evolved  17,248  units  of  heats, 

to  116  „  S04H2.H20        „        10,848 

to  152  S04H2.3H20      „  6288 

to  188  „  S04H2.5H20      „          4480 

Favre  has  determined,  in  conjunction  with  Silbermann  and  with  Quaillard,  the 
quantity  of  heat  produced  by  the  successive  additions  of  known  quantities  of  water 
to  strong  sulphuric  acid.  Both  sets  of  experiments  were  made  with  the  mercurial 
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calorimeter  already  described,  and  represented  in  Jig.  531,  p.  28.     We  give  here  the 
results  published  by  Favre  and  Quaillard  as  being  the  most  recent. 

Addition  of  Water  to  98  grammes  (1  molecule)  of  Sulphuric  Acid. 


Quantities 

Total 

Quantities 

Heat  evolved 

Total 

of  water 
added  suc- 
cessively. 

Heat  evolved  on  each 
successive  addition 
of  water. 

quantity  of 
witer 
added. 

Total  Heat 
evolved. 

of  water 
added  suc- 
cessively. 

on  each  suc- 
cessive 
addition  of 

quantity  of 
water 
added. 

Total  Heat 
evolved. 

Molecules. 

Molecules. 

Molecules. 

water. 

Molecules. 

1 

946  -68  \ 

1 

885-30 

5 

13661-90 

1 

885-92  LQ-,CQ 

1 

754-48 

6 

14416-38 

| 

1711'08f0870n 

1 

591-84 

7 

15008-22 

1 

2832-20  J 

1 

46V36 

8 

15473-58 

1 

.     .     .      6512-80 

1 

6512-80 

4 

1063-66 

12 

16537-24' 

| 

1842-40  K1Qn  ,ft 

4 

483-02 

16 

17020-26 

| 

1338-10  jdi 

4 

222-46 

20 

17242-72 

1 

.     .     .     3244-00 

2 

9756-80 

4 

141-58 

24 

17384-30 

| 

1009-40  KR.,_ 
805-12  j  1814  52 

4 
4 

86-96 
65-06 

28 
32 

17471-26 
17536-32 

1 

.     .     .      1840-80 

3 

11597-60 

4 

43-28 

36 

17579-60 

1 

.     .    .     1179-00 

4 

12776-60 

4 

32-08 

40 

17611-68 

A  little  heat  was  still  produced  by  the  addition  of  the  sixtieth  molecule  of  water. 

These  numbers  show  that  a  given  quantity  of  water  added  to  sulphuric  acid  evolves 
the  same  quantity  of  heat,  whether  it  be  added  all  at  once,  or  in  successive  small 
portions,  and  that  the  heat  which  a  given  quantity  of  water  produces  is,  accordingly, 
less  in  proportion  as  the  amount  previously  added  is  greater. 

Nitric  Acid,  N08H  =  63. 

The  following  table  gives  the  results  of  Thomson's  experiments  on  the  heat  evolved 
on  adding  an  excess  of  water  to  nitric  acid,  either  undiluted  or  already  containing  a 
certain  quantity  of  water.  The  numbers  refer,  as  usual,  to  molecular  proportions  of 
acid  and  water  expressed  in  grammes : — 

NO'H  mixed  with  excess  of  water  evolved  7560  units  of  heat. 

(N03H  +  0-421  H20)  mixed  with  excess  of  water  evolved  5680      „ 


(N03H 
(N03H  +  1-5 
(NO'H  +  1-59 
(NO'H  +  2 
(N03H  +  2-5 
(N03H  +  3-5 
(N03H  +  4-5 


H20) 
H20) 
H20) 
B?0) 
H20) 
H20) 
H20) 


4088 
3760 
3464 
2712 
2184 
1392 
952 


It  will  be  observed  that  the  heat  which  can  be  obtained  by  the  addition  of  water  to 
nitric  acid  diminishes'  as  the  quantity  of  water  already  present  in  the  acid  is  greater, 
but  that  the  diminution  takes  place,  at  first,  much  less  rapidly  than  in  the  case  of 
sulphuric  acid. 

Acetic  Acid,  C2H402  =  60. 

The  following  results  are  those  of  Favre  and  Quaillard :  we  give  them  in  order  to 
call  attention  to  the  absorption  of  heat  (indicated  by  the  minus  sign  in  the  second 
column)  produced  by  the  first  quantities  of  water  added : 


Quantities  of 
water  added 
successively. 

Heat  evolved  on  each 
addition  of  water. 

Total  quan- 
tity of  water 
added. 

Quantities  of 
water  added 
suicessively. 

Heat  evolved 
on  each  addi- 
tion of  water. 

Total  quan- 
tity of  water 
added. 

!H20 

-  72-22  \ 

» 

£H20 

+    3-51 

2     IPO 

„ 

-  33-13  [_  135.00 

3      » 

5-97 

%Z      v 

„ 

-  17-66  1 

*      „ 

11-28 

3       „ 

„ 

-  11-99  J 

1      ,, 

23-45 

,, 

.    .      -  135-16 

^  H*0 

*•      » 

27-47 

^       » 

„ 

-16>65!_    24-87 

H* 

82-47 

„ 

—    8-22  j 

4* 

54-73 

10  ;,' 

„ 

.     .      -    25-18 

IPO 

5  » 

87-72 

15    „ 

1 

" 

.    .      -      3-56 

UH20 

&  » 

40-54 

20     „ 
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These  numbers  plainly  show  the  simultaneous  occurrence  of  two  distinct  actions — 
one  of  them  attended  with  absorption  of  heat,  the  other  with  its  production.  The 
former  action  prevails  at  first,  but  gradually  diminishes  as  more  and  more  water  is 
added,  until,  on  the  addition  of  the  fourth  half-molecule,  its  effect  becomes  less  than 
that  of  the  second,  and  a  small  evolution  of  heat  takes  place.  From  this  point,  until 
between  five  and  seven-and-a-half  molecules  of  water  have  been  added,  the  calorific  effect 
of  a  given  quantity  of  water  continually  increases  (contrary  to  what  takes  place  with 
sulphuric  and  nitric  acids),  showing  that  the  heat-absorbing  action  still  takes  place, 
but  to  a  less  and  less  extent,  until  more  than  five  molecules  of  water  have  been  added 
to  each  molecule  of  acetic  acid. 

When  successive  quantities  of  alcohol,  up  to  ten  molecules,  are  added  to  acetic  acid, 
each  addition  causes  absorption  of  heat;  but  the  numerical  results  clearly  indicate,  in 
this  case  also,  the  simultaneous  occurrence  of  distinct  phenomena.  Favre  obtained  the 
following  results : 

Molecules  of  alcohol  successively") 

added  to  1  molecule  of  acetic  till  1  2  2  2 

acid  j 

Units  of  heat  absorbed  on  the") 

addition    of   each    successive  L  91  '91     0-91     7'35     14-88     31-85     41-47     64*50 

quantity  j 

Absorption  of  heat  also  frequently  occurs  on  the  dilution  of  saline  solutions,  a 
phenomenon  with  regard  to  which  numerous  quantitative  determinations  have  been 
made  by  Favre.  It  is  probable  that  in  these  cases,  a  change  takes  place  more  or  less 
analogous  to  the  liquefaction  of  a  solid  by  solution :  acetic  acid,  or  a  salt  dissolved  in 
a  small  quantity  of  water,  may  be  conceived  of  as  being  imperfectly  liquefied,  so  that 
further  liquefaction,  accompanied  by  the  disappearance  of  a  certain  quantity  of  heat, 
takes  place  on  the  addition  of  more  water.  Viewed  in  this  way,  these  phenomena 
appear  to  be  comparable  with  the  gradual  melting,  which,  as  we  have  seen  (pp.  74  and  76), 
takes  place  in  some  solids  under  the  direct  action  of  heat. 

Reaction  of  Acids  and  Bases  in  presence  of  water. — It  will  be  easily  understood  that 
the  thermal  effects  which  may  result  from  the  reaction  of  different  substances  upon  each 
other  in  presence  of  water,  are  even  more  complicated  than  any  of  those  which  have  yet 
been  considered,  and  therefore  that  the  calorimetric  study  of  these  reactions  is  subject 
to  still  more  numerous  causes  of  error  than  that  of  the  foregoing  processes.  In  addi- 
tion to  the  different  specific  heats  of  the  reagents  and  products,  and  to  the  different 
quantities  of  heat  absorbed  by  them  in  dissolving,  or  given  out  by  them  in  combining 
with  water,  the  conversion  of  soluble  substances  into  insoluble  ones,  as  a  consequence 
of  the  chemical  action,  or  the  inverse  change  of  insoluble  into  soluble  bodies,  are 
among  the  secondary  causes  to  which  part  of  the  calorimetric  effect  may  be  due  in 
these  cases.  The  greater  number  of  these  disturbing  causes  may  be  got  rid  of,  or  at 
least  very  much  reduced  in  amount,  by  effecting  the  reactions  in  the  presence  of  com- 
paratively large  quantities  of  water,  but  then  the  difficulty  of  accurately  measuring  the 
total  quantity  of  heat  produced  becomes  greater. 

The  following  table  gives  the  number  of  units  of  heat  evolved,  according  to  Favre 


Oxide  of 

Equivalents. 

Units  of  Heat  evolved  with  Various  Acids  : 

Sulphuric. 

Nitric. 

Hydrochloric. 

Acetic. 

Potassium 

47 

16083 

15510 

15656 

13978 

Sodium 

31 

15810 

15283 

15128 

13600 

Ammonium 

26 

14690 

13676 

13536 

12649 

Barium 

76-5 

. 

15360 

15306 

13262 

Calcium     . 

28 

< 

16943 

16982 

14675 

Magnesium 

20 

14440 

12840 

13220 

12270 

Manganese 

35-5 

12075 

10850 

11235 

9982 

Zinc  . 

40-5 

10455 

8323 

8307 

7720 

Cadmium  . 

64 

10240 

8116 

8109 

7546 

Copper 

397 

7720 

6400 

6416 

5264 

Nickel        . 

37-7 

11932 

10450 

10412 

9245 

Cobalt 

377 

11780 

9956 

10374 

9272 

Lead. 

111-7 

_ 

9240 

.     . 

7168 

Silver 

116 

6206 

and  Silberm aim's  experiments,  in  the  transformation  of  equivalent  quantities  of  various 
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metallic  protoxides  into  neutral  salts,  the  reaction  taking  place  in  all  cases  in  presence 
of  a  large  quantity  of  water,  and  the  products  being  all  soluble. 

The  heat  evolved  by  equivalent  quantities  of  potash  and  soda  respectively,  in  form- 
ing neutral  salts  with  the  following  additional  acids,  is  shown  in  the  next  table  : 


Acids. 

Potash. 

Soda. 

Acids. 

Potash. 

Soda. 

Hydrobromic  acid    . 

15510 

15159 

Valeric  acid   .'''." 

13500 

Hydriodic  acid 

15698 

15097 

Citric  acid      .         . 

13658 

13178 

Metaphosphoric         f 
acid      .         .         j 

16168 

15407 

Oxalic  acid 
Tartaric  acid  . 

14156 
13425 

13752 
12651 

Pyrophosphoric  acid 

16920 

15655 

Carbonic  acid 

12878 

Phosphoric  acid 
Formic  acid 

17766 

13308 

Hydrosulphuric       ^ 
acid    .         .          \ 

6477 

6550 

Numerous  determinations  of  a  similar  kind  have  also  been  made  by  Andrews 
(Trans.  Roy.  Irish  Academy,  xix. ;  Rep.  Brit.  Associat.  1849,  p.  69  ;  see  also  Miller's 
Chemical  Physics,  p.  352).  The  following  is  the  most  important  of  the  conclusions  at 
which  he  arrived: — "An  equivalent  of  the  same  base,  combined  with  different  acids, 
produces  nearly  the  same  quantity  of  heat ;  but  an  equivalent  of  the  same  acid  com- 
bined with  different  bases,  produces  different  amounts  of  heat."  It  is,  however, 
scarcely  needful  to  point  out,  that  such  a  difference  as  is  here  implied  between  the 
chemical  behaviour  of  acids  and  bases  does  not  really  exist  in  nature,  and  that  its  ap- 
pearing to  be  indicated  by  the  experiments  in  question,  could  only  result  from  the  acci- 
dent of  the  bases  examined  representing  a  greater  range  of  varying  chemical  energy 
than  the  acids. 

The  results  obtained  on  bringing  together  an  alkali  and  an  acid  in  various  propor- 
tions are  of  considerable  interest.  They  show  clearly  that,  at  least  in  the  case  of  the 
most  distinctly  characterised  acids,  chemical  action  takes  place  only  between  definite 
atomic  proportions  of  acid  and  alkali.  The  numbers  given  below  represent  the  number 
of  units  cf  heat  evolved  by  one  equivalent  of  potash  or  soda  (the  quantity  containing 
39  pts.  potassium,  or  23  pts.  sodium)  when  acted  on  by  varying  quantities  of  acid. 

1  equivalent  potash 

with  1  equivalent  sulphuric  acid  gave  15609  units  of  heat. 
,,2          „  „  „      „     15609     „         „ 

„   1          „  acetic        „      „     13935     „ 

„   2          „  „  „      „     13823     „         „      (Favre  and  Silbermann). 

The  results  of  Thomson's  experiments  (Jahresber.  1854,  p.  30)  with  sulphuric  acid 
and  potash  and  soda  are  as  follows : 

Equivalents  of  acid  $  1  2  2  4 

Heat  evolved 


Soda 
Potash 


6424 
4968 


106* 
9880 


15368 
15368 


15320 


15524 
15248 


15216 


It  will  be  seen  that  the  evolution  of  heat  increases  sensibly  in  the  same  proportion  as 
the  quantity  of  acid  used,  up  to  one  equivalent,  but  that  beyond  this  point  no  further 
increase  in  the  amount  of  heat  evolved  accompanies  the  augmentation  of  the  quantity 
of  acid.  Hence  it  appears  that  acid  sulphates  of  potassium  and  sodium  are  not  formed 
in  presence  of  a  large  quantity  of  water,  a  conclusion  which  agrees  with  Favre  and 
Silbermann's  observation,  that  the  evolution  of  heat  which  takes  place  on  adding  one 
equivalent  of  base  to  a  dilute  solution  of  acid  sulphate  or  sulphite  of  potassium,  is  the 
same  as  if  the  second  equivalent  of  acid  contained  in  the  salt  were  employed  in  the 
free  state. *  By  experiments  on  the  heat  evolved  on  adding  successive  quantities  of 
other  acids — such  as  boric,  silicic,  phosphoric — to  one  equivalent  of  soda  or  potash, 
Thomsen  found  that  the  heat  produced  was  at  first  nearly  in  proportion  to  the  quantity 
of  acid  added,  but  that,  as  the  latter  was  increased,  the  evolution  of  heat  increased 
also,  though  in  a  continually  slower  ratio. 

Evolution  of  Heat  in  the  formation  of  Aqueous  Solutions. — "When  a  gas  dissolves  in 
water,  the  heat  due  to  the  chemical  action  is  augmented  by  that  due  to  the  physical 
phenomenon  of  the  liquefaction  of  the  gas  ;  so  also,  when  a  solid  body  is  dissolved  in 
water,  the  total  thermal  effect  observed  is  due  in  part  to  the  chemical  action  taking 
place  between  the  water  and  the  solid,  and  in  part  to  the  liquefaction  of  the  substance 
dissolved.  In  the  former  case,  the  chemical  and  physical  parts  of  the  phenomenon 
both  cause  evolution  of  heat :  in  the  latter  case,  the  physical  change  occasions  disap- 
pearance of  heat ;  and  if  this  effect  is  greater  than  that  due  to  the  chemical  action,  the 
ultimate  result  of  the  combined  process  is  the  production  of  cold,  and  it  is  this  which 
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is  most  usually  observed.     Tho  following  tables  contain  the  results  of 
Silbermann's  experiments,  calculated  for  one  gramme  of  gas  or  solid  salt  dissolved. 

Solution  of  Gases  in  Water. 


TJNi 


Favre 


Name  of  Gas. 

Units  of  heat 
evolved. 

Name  of  Gas. 

Units  of  heat 
evolved. 

Hydrochloric  acid 
Hydrobromic  acid 
Hydriodic  acid  .         .        , 

449-6 
235-6 
1477 

Sulphurous  acid 
Ammonia  j 

120-4 
5U'3 

Solution  of  Salts  in  Water. 


Name  of  Salt. 

Units  of  heat 
absorbed. 

Name  of  Salt. 

Units  of  heat 
absorbed. 

Sulphate  of  potassium 

35-3 

Nitrate  of  sodium 

45-5 

„           sodium     . 

49-1 

ammonium 

65-9 

„           ammonium 

11-1 

calcium 

27-1 

„          calcium    . 

24-7 

strontium    . 

41-2 

„           barium     . 

64-4 

lead    . 

14-9 

„           zinc 

14-8 

silver  . 

31-1 

Ferrous  sulphate 
Uranic  sulphate  . 
Potassio-ferrous  sulphate    . 

12-1 

+  10-7 
21-5 

Phosphate  of  sodium  . 
Pyrophospliate  of  sodium 
Oxalic  acid 

52-3 
21-9 
67-0 

Sulphate  of  aluminium  and 
potassium     , 

23-1 

Oxalate  of  potassium  . 
Acid  oxalate  of  potassium 

39-7    r 
62-1 

Sulphate  of  aluminium  and 

Tartrate  of  potassium 

17-3 

ammonium 

19-0 

„         sodium 

25-2 

Acid  sulphate  of  potassium  . 

25-6 

Tartaric  acid 

19-8 

Chloride  of  potassium 

51-9 

Tartrate  of  potassium  and 

„           sodium 

8-9 

sodium   . 

40-9 

,           ammonium 

65-1 

Acetate  of  sodium 

28-1 

„           calcium    . 

15-5 

„          calcium 

3-5 

M          barium 

16-9 

lead   .         . 

14-8 

„           strontium  . 

24-9 

Acid  acetate  of  potassium 

19-3 

„           zinc  (anhydrous) 

+  ?2-- 

Carbonate  of  sodium  . 

52-7 

Ferrous  chloride  (anhydrous) 

+  58-3 

Acid    carbonate    of   potas- 

Cupric chloride  (anhydrous) 

+  73-7 

sium       .... 

51-5 

Bromide  of  potassium 

37-8 

Sulphide       of      potassium 

Iodide  of  potassium    . 

29-2 

(anhydrous)    . 

+  96-9 

Nitrate  of  potassium  . 

70-5 

NOTE.— The  sign  plus  (+)  denotes  evolution  of  heat. 

The  foregoing  table  includes  numbers  relating  to  the  solubility  of  some  salts  which  are, 
in  reality,  either  quite  insoluble  or  very  slightly  soluble  in  water.  These  numbers  are 
deduced  from  a  comparison  of  those  which  represent  the  heat  of  formation  of  these  salts 
with  the  numbers  expressing  the  heat  evolved  by  the  same  bases  with  other  acids. 
The  heat  of  formation  of  salts  which  are  insoluble,  and  therefore  separate  out  in  the 
solid  form,  is  usually  .considerably  greater  than  the  heat  of  formation  of  soluble  salts 
of  the  same  bases  and  acids,  and  it  is  this  excess  which  in  the  above  table  is  given  as 
the  heat  absorbed  on  solution  by  such  salts  as  sulphate  of  barium,  sulphate  of  stron- 
tium, &c. 

Cold  produced  by  Chemical  Decomposition. — The  proposition  that  the 
thermal  effect  of  the  reversal  of  a  given  chemical  action  is  equal  and  opposite  to  the 
thermal  effect  of  that  action  itself,  has  already  been  referred  to  (p.  106)  as  one  which 
might  with  great  probability  be  assumed  as  true.  A  direct  consequence  of  this 
proposition  is  that  the  separation  of  any  two  bodies  is  attended  with  the  absorption  of  a 
quantity  of  heat  equal  to  that  which  is  evolved  in  their  combination.  The  truth  of  this 
deduction  has  been  experimentally  established  in  various  cases  by  Woods  (Phil.  Mag. 
[4]  ii.  3  68  ;  iv.  370) ;  J  o  u  1  e  (ibid.  iii.  48 1 )  and  Favre  and  Silbermann,  by  comparing 
the  heat  evolved  in  the  electrolysis  of  dilute  sulphuric  acid,  or  solutions  of  metallic 
salts,  with  that  which  is  developed  in  a  thin  metallic  wire  by  a  current  of  the  same 
strength  ;  and  by  comparison  of  the  heat  evolved  in  processes  of  combination  accom- 
panied by  simultaneous  decompositions,  with  that  evolved  when  the  same  combination 
occurs  between  free  elements, 
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In  the  experiments  of  Woods,  a  voltaic  current  was  first  made  to  pass  through  a 
vessel  containing  dilute  sulphuric  acid,  and  the  quantity  of  gas  evolved  in  a  given  time 
was  determined,  and  also  the  simultaneous  rise  of  temperature,  the  strength  of  the 
current  being  measured  at  the  same  time  by  the  tangent-compass  (ii.  460).  Tho 
electrolytic  cell  was  then  removed,  and  a  thin  platinum  wire  introduced  between  the 
poles,  of  such  a  length  as  to  produce  a  resistance  equal  to  that  of  the  electrolyte.  The 
quantity  of  heat  evolved  in  this  wire  was  then  determined,  and  found  to  exceed  that 
which  was  previously  evolved  in  the  electrolytic  cell,  by  a  quantity  equal  to  that  whicli 
would  be  evolved  by  the  combination  of  the  oxygen  and  hydrogen  set  free  by  the 
current  in  the  previous  experiment. 

Joule  made  similar  experiments  on  the  decomposition  of  dilute  sulphuric  acid,  sul- 
phate of  copper,  and  sulphate  of  zinc ;  and,  regarding  the  difference  in  the  quantity 
of  heat  evolved  when  the  current  traversed  a  circuit  completely  metallic,  and  when  the 
metallic  circuit  was  broken  by  the  interposition  of  an  electrolyte,  as  the  heat  absorbed 
by  the  separation  of  the  elements  of  the  electrolyte,  he  obtained  numbers  which  agree 
very  fairly  with  those  found  by  other  experimenters  for  the  heat  evolved  in  the  union 
of  the  same  elements,  as  shown  in  the  following  table,  which  gives  the  quantities  of 
heat  evolved  or  absorbed  in  the  oxidation  or  reduction  of  1  gramme  of  each  metal, 
according  to  various  experimenters. 


Joule. 

Dulong. 

Andrews. 

Favre  and 
Silbermann. 

Grassi. 

Woods. 

Copper 
Zinc  . 
Hydrogen  . 

594 
1185 
33553 

1297 
34587 

600 
1315 
33808 

.655 
1277 
34462 

34666 

611 

1307 

The  proposition  in  question  has  also  been  confirmed  by  experiments  of  another  kind. 
Thus,  for  instance,  by  determining  the  heat  evolved  when  different  metals  were  dis- 
solved in  water  or  dilute  acid,  Woods  found  that  it  was  less  than  that  which  would  be 
produced  by  the  direct  oxidation  of  the  same  metals,  by  a  quantity  equal  to  that  which 
would  be  obtained  by  burning  the  hydrogen  set  free,  or  which  was  expended  in  decom- 
posing the  water  or  acid ;  and  therefore  that,  when  this  latter  quantity  was  added  to 
his  results,  they  agreed  with  the  numbers  given  by  experiments  of  direct  oxidation, 
The  quantities  of  heat  evolved  by  1  gramme  of  the  several  metals,  when  augmented  by 
that  corresponding  to  the  decomposition  of  the  water  or  acid,  were  as  follows : — 


Metal. 

Heat  by  solution  of 
1  gramme. 

Metal. 

Heat  by  solution  of 
1  gramme. 

Sodium  . 
Potassium 
Zinc 
Iro'h       . 
Copper  . 

3293 
1745 
1307 
1204 
611 

Tin 
Lead      . 
Mercury 
Silver     . 
Bismuth 

595 
256 
118 
96 
95-5 

Indirect  methods  of  determining  Heat  of  Combination. — Assuming  the  truth  of  the 
proposition  that  in  the  decomposition  of  a  compound  as  much  heat  is  absorbed  as  is 
liberated  in  its  formation,  it  is  obvious,  from  the  foregoing  examples,  that  the  calori- 
metric  effect  of  a  given  chemical  change  can  be  calculated  if  the  effects  of  all  those 
which  occur  simultaneously  with  it  are  known.  Upon  this  principle,  which  is  merely 
that  adopted  by  Woods  in  the  experiments  described  in  the  last  paragraph,  Favre  and 
Silbermann  have  made  a  very  extensive  series  of  determinations  of  the  quantities  of 
heat  evolved  in  reactions  which  could  not  have  been  easily  investigated  directly.  Their 
experiments  were  made  with  the  mercurial  calorimeter,  and  th?  neat  due  to  a  given 
process  was  in  some  cases  deduced  from  two  distinct  reactions.  Thus,  the  heat  of 
formation  of  oxide  of  zinc  was  deduced  (1)  from  the  solution  of  metallic  zinc  in  dilute 
sulphuric  acid,  (2)  from  the  solution  of  zinc  in  dilute  hydrochloric  acid.  For  the  pur- 
poses of  calculation,  the  former  reaction  was  considered  as  consisting  in  the  formation 
of  oxide  of  zinc,  with  simultaneous  decomposition  of  water,  Zn  +  H20  =  ZnO  +  H!, 
and  in  the  subsequent  formation  of  sulphate  of  zinc  by  the  action  of  this  oxide  on  the 
dilute  sulphuric  acid,  ZnO  +  H2S04  =  H»0  +  ZnSO4.  The  heat  absorbed  by  tho 
calorimeter  during  the  solution  of  1  gramme  of  zinc  was  567*9  gramme-degrees  :"  this, 
according  to  the  supposition,  represented  the  heat  of  oxidation  of  the  zinc  +  the  heat 
of  formation  of  sulphate  of  zinc  from  anhydrous  oxide  and  dilute  sulphuric  acid  — the 
heat  absorbed  by  the  decomposition  of  water.  Calling  the  heat  of  oxidation  of  one 
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gramme  of  zinc  x,  and  calculating,  from  the  direct  determinations  previously  recorded, 
the  calorimetric  effects  of  the  other  processes,  we  have 

x  =  567-9    +    1060-4   -   335-5   =   1292-8. 

Similarly,  when  1  gramme  of  zinc  was  dissolved  in  dilute  hydrochloric  acid,  503-8  units 
of  heat  were  absorbed  by  the  calorimeter,  and  the  following  equation  was  obtained  to 
represent  the  heat  of  oxidation  of  that  weight  of  zinc  : 


=     503-8 
Heat  absorbed 
by  calorimeter. 


1060-4 

Heat  absorbed 

by  decomposition 

of  water. 


274-3     =     1289-9; 

Heat  evolved  by 

action  of  dilute 

hydrochloric  acid  on 

oxide  of  zinc. 


a  result  which  agrees  almost  exactly  with  the  foregoing. 

This  number  having  been  obtained,  the  heat  of  oxidation  of  metallic  copper  could  be 
deduced  in  a  similar  manner  from  the  quantity  of  heat  set  free  when  a  knoAvn  weight 
of  zinc  was  dissolved  in  a  solution  of  sulphate  of  copper.  In  this  way  the  number  684 
was  found  for  the  heat  of  oxidation  of  1  gramme  of  copper. 

The  following  table  gives  the  heats  of  combination  of  one  equivalent  of  several  metals 
ith  one  equivalent  of  various  metalloids,  deduced  from  experiments  of  this  kind: 


Metals. 

8  grammes 
oxygen. 

Units  of  heat 
35'5  grammes 
chlorine. 

evolved  by  coi 
80  grammes 
bromine. 

nbining  with 
127  grammes 
iodine. 

16  grammes 
sulphur. 

Hydrogen 

34462 

23783 

9322 

-3606 

2741 

Potassium 

76238* 

100960 

90188 

77268 

45638 

Sodium    . 

73510* 

94847 

Zinc 

42451 

50296 

. 

t 

20940 

Iron 

37828 

49651 

17753 

Copper     . 
Lead 

21885 
27675 

29524 
44730 

32802 

23208 

9133 
9556 

Silver       . 

6113 

34800 

25618 

18651 

5524 

Taking  the  heat  developed  in  the  formation  of  any  given  compound  as  a  measure  of 
the  energy  of  the  affinity  of  its  constituents,  a  certain  definiteness  and  precision  of 
meaning  are  given  to  such  terms  as  strong  and  weak,  active  and  inert,  which  are 
often  used  in  reference  to  chemical  reagents  in  rather  a  vague  sense ;  and  on  comparing 
the  numbers  representing  the  heats  of  formation  of  various  compounds,  they  will  be 
found  to  bear  out  in  a  general  way  the  manner  in  which  such  terms  are  commonly 
applied.  The  results  recorded  in  the  above  table,  for  instance,  serve  to  explain  cer- 
tain facts  which  have  often  been  quoted  as  anomalous  and  opposed  to  the  commonly 
received  idea  that  the  affinities  of  chlorine  are  stronger  than  those  of  bromine  or 
iodine,  and  the  affinities  of  bromine  stronger  than  those  of  iodine.  The  facts  referred 
to  are  such  as  these  :  the  observation  of  Fehling  that  in  the  fractional  precipitation 
of  a  solution  containing  both  chlorides  and  bromides  with  nitrate  of  silver,  the  whole 
of  the  bromine  is  contained  in  the  first  portions  of  the  precipitate ;  the  similar  obser- 
vation of  Field  (Chem.  Soc.  Qu.  J.  x.  234),  and  the  decomposition  of  chloride  of 
silver  when  brought  in  contact  with  an  aqueous  solution  of  bromide  or  iodide  of 
potassium,  described  by  the  same  chemist ;  and  particularly  the  violent  decomposition 
of  chloride  of  silver,  attended  with  evolution  of  heat,  which  takes  place,  as  observed 
by  Deville  (Ann.  Ch.  Pharm.  ci.  198),  when  aqueous  hydriodic  acid  is  poured  upon  it. 

The  precipitation  of  bromide  or  iodide  of  silver,  to  the  exclusion  of  the  chloride,  in 
cases  of  fractional  precipitation  with  nitrate  of  silver,  and  the  conversion  of  chloride 
of  silver  into  bromide  or  iodide  by  contact  with  an  aqueous  solution  of  iodide  of 
potassium,  may  be  considered  as  essentially  the  same  phenomenon.  When  the  latter 
transformation  is  expressed  by  an  equation,  the  substances  whose  formulae  appear  in 
the  left-hand  member  of  the  equation  are  those  which  suffer  decomposition ;  while 
those  which  are  formed  appear  on  the  right-hand  side  ;  and  on  comparing  the  calori- 
metric values  of  the  several  terms,  making  due  allowance  for  their  state  of  solution  or 
otherwise,  we  find  that  the  sum  of  the  calorimetric  values  on  the  left-hand  side  of  the 
equation  is  less  than  the  sum  of  the  calorimetric  values  of  the  substances  on  the  right- 
hand  ;  thus  indicating  that,  although  the  conversion  of  chloride  of  silver  into  bromide 
or  iodide  by  simple  substitution  would  be  attended  with  absorption  of  heat,  the  com- 
bined effect  of  all  the  actions  which  take  place  in  the  experiments  under  consideration 
is  to  cause  an  evolution  of  heat. 

*  These  number*  represent  the  formation  of  aqueous  solutions  of  potash  and  soda :  all  the  rest  refer 
to  anhydrous  compounds. 
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Thus  we  have 

AgCl  +  KBr 
Calorimetric  values  34800       85678 


AgBr   +   KC1 
25618       97091 


Sums:  120478  122709 

therefore:  heat  evolved  in  the  reaction  =  122709  —  120478  =  2231  gramme-degreea, 

AgCl  +    KI       =        Agl    +  KC1 
Calorimetric  values    34800     72479  18651      97091 


Sums:  107279  115742 

therefore:  heat  evolved  in  the  reaction  =  115742  —  107279  =  8463  gramme-degrees. 
Similarly,  for  the  reaction  of  aqueous  hydriodic  acid  on  chloride  of  silver,  we  havo : 
AgCl  +    HI       =        Agl    +   HC1 


Calorimetric  values    34800     15004 


18651      40192 
~~~58843 


Sums :  49804 

therefore:  heat  evolved  in  the  reaction  =  58843  -  49804  =  9039  gramme-degrees. _ 

The  heat  evolved  in  a  considerable  number  of  processes  of  oxidation  has  been  in- 
directly determined  by  Favre  (J.  Pharm.  Chim.  [3]  xxiv.  241,  311,  412;  Jahresber. 
1853,  pp.  22  et  seq.),  for  the  most  part  by  effecting  the  oxidations  in  presence  of  water 
in  the  mercurial  calorimeter,  by  means  of  hypochlorous  acid,  whose  heat  of  formation, 
calculated  for  one  equivalent  of  chlorine,  he  found  by  preliminary  experiments  to  be 
—  7370  units. 

For  the  details  of  this  investigation  we  must  refer  to  the  original  pap  ers  ;  the  most 
important  results  obtained  are  as  follows,  calculated  always  for  one  equivalent  of  tho 
element  operated  upon. 


Substance. 

Product. 

Heat  evolved. 

Ratio. 

Yellow  phosphorus         > 
Red  phosphorus              > 

Aqueous  phosphoric  acid  . 

(    209476 
1     181230 

4-36  \  1'49\ 

Yellow  phosphorus 

Phosphoric  anhydride 

190490 

,,              >»        •         • 

Phosphorous  acid 

140394 

2-91    1- 

»             »>         • 

Hypophosphorous  acid 

48302 

1-     ' 

Arsenic 

Arsenic  acid 

110787 

l-54\ 

»              ... 

Solid  opaque  arsenious  acid 

75363 

:;    .  .  i 

Dissolved  opaque  arsenious  ) 
acid                                 } 

71690 

1-     J 

Phosphorus   . 

Pentachloride    . 

100373 

„            ... 

Trichloride 

94804 

Arsenic 

Trichloride 

71883 

Nitrogen 

Nitrous  oxide    . 

-8724 

Nitric  oxide  . 

Nitric  acid 

20655 

Nitrous  acid  . 

M                   M                        *                   • 

27269 

Sulphurous  acid    . 

Sulphuric  acid  . 

27839 

Sulphur      (portion     of\ 

flowers  of  sulphur  in-  ( 
soluble  in  sulphide  of  j 

t>            »    •         «         « 

64110 

carbon)     .        .         J 

Plastic  sulphur 

,*            ,»    .         .        . 

67211 

3-32    1-71, 

Sulphur      (precipitated] 
from  hyposulphite  of  i- 

»»            »»••••« 

G3407 

) 

sodium)    .        .         j 

L     j 

Sulphur 

Sulphurous    acid    (Favre  ) 
and  Silbermann)    .         \ 

39373 

1-95    1-     ' 

Sulphur 

Hyposulphurous  acid 

20233 

1-     I 

Selenium       . 

Selenious  acid 

23206 

l'     I 

u 

Selenic  acid 

36360 

1-56$ 

Oxalic  acid   . 

Carbonic  anhydride  . 

30140 

Carbon          .        .         •< 
( 

Carbonic  oxide  (Favre  and) 
Silbermann)  .        .         J 

14838 

1-  ) 

,,      •        •        •         . 

Oxalic  anhydride 

33410 

2-25  y 

I 
,,      .         •        .         •< 

i 

Carbonic  anhydride  (Favre  ) 
and  Silbermann)    .         J 

48480 

3-27J 

Chlorine 

Chloric  anhydride     . 

-65234 
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It  is  obvious  that,  even  supposing  the  principle  upon  which  these  indirect  deter- 
minations are  made  to  be  quite  correct,  and  all  the  interfering  circumstances  to  have 
been  taken  into  account,  the  results  arrived  at  cannot  be  of  the  same  degree  of  accuracy 
as  those  obtained  by  more  direct  methods :  for  the  total  uncertainty  attaching  to  all 
the  independent  data  from  which  they  are  deduced  will  be  accumulated  upon  them. 
Moreover,  although  a  comparison  of  the  heat  of  chemical  action,  as  determined  directly, 
with  that  deduced  indirectly,  generally  shows,  in  the  simple  cases  in  which  it  is  possible 
to  institute  such  a  comparison,  a  degree  of  agreement  which  may  be  taken  as  a  con- 
firmation of  the  correctness  of  the  principles  whereby  the  calculated  result  is  arrived 
at,  and  as  proving  that,  at  least  in  these  cases,  no  modifying  circumstance  of  any  great 
importance  has  been  overlooked  in  the  calculation,  still  it  cannot  be  considered  as  proved 
by  existing  experiments  that  the  cold  of  decomposition  is  always  equal  to  the  heat  of 
combination.  On  the  other  hand,  it  seems  probable,  on  general  grounds,  that  the 
calorimetric  effect  of  a  given  chemical  process  is  not -an  absolutely  constant  quantity, 
but  that  it  is  to  some  extent  dependent  on  accompanying  physical  conditions.  In 
particular,  it  seems  likely  that  it  must  vary  more  or  less  with  the  temperature  at  which 
the  chemical  action  takes  place,  and  therefore— to  take  a  particular  example — that  the 
heat  evolved  by  the  combination  of  mercury  with  oxygen,  at  a  comparatively  low  tem- 
perature, is  not  equal  to  the  heat  absorbed  by  the  decomposition  of  oxide  of  mercury  at 
a  higher  temperature.  The  equality  of  these  two  quantities  of  heat  would  involve  also 
the  equality  of  the  specific  heat  of  oxide  of  mercury  with  the  sum  of  the  specific  heats 
of  its  elements ;  otherwise,  the  quantity  of  heat  needed  to  raise  the  temperature  of  a 
given  quantity  of  mercury  and  oxygen  from  the  ordinary  temperature  to  a  temperature 
above  that  at  which  oxide  of  mercury  is  decomposed,  would  be  different,  if  the  two 
substances  remained  uncombined  during  the  process,  from  what  it  would  be  if  they 
first  entered  into  combination  and  afterwards  separated  again ;  and  since  the  final  con- 
dition of  the  mercury  and  oxygen  would  be  the  same  in  each  case,  the  difference 
between  the  quantities  of  heat  would  have  disappeared  without  producing  any  apparent 
effect.  In  the  particular  case  that  has  been  taken  as  an  example,  it  is  possible  that 
the  specific  heats  of  the  elementary  bodies  are  together  equal  to  the  specific  heat  of  the 
compound,  or  that  the  difference  may  be  compensated  by  the  difference  in  the  latent 
heats  of  vaporisation  of  oxygen  at  the  temperature  of  combination  and  at  that  of  de- 
composition. But,  although  this  may  be  the  case,  experimental  proof  that  it  is  so  is 
still  wanting ;  and  even  if  it  were  afforded  here,  or  for  any  other  particular  substance, 
there  would  still  not  be  sufficient  warrant  for  assuming  as  a  generally  established  fact 
that  the  cold  of  decomposition  is  equal  to  the  heat  of  combination,  independently  of  tho 
conditions  under  which  these  processes  respectively  occur.  In  connection  with  these 
considerations,  it  is  perhaps  worth  while  to  draw  attention  to  the  fact  that  the  heat  of 
combustion  of  hydrogen,  deduced  by  Joule  from  the  electrolysis  of  water  at  the  ordinary 
temperature,  is  decidedly  less  than  that  found  by  other  experimenters  who  determined 
directly  the  heat  of  combustion  at  a  high  temperature  (see  p.  114).  These  experiments 
are  perhaps  not  sufficiently  comparable  in  other  respects  to  justify  us  in  attaching 
much  importance  to  this  result ;  but,  taking  it  as  it  stands,  it  is  in  harmony  with  the 
fact  that  the  specific  heat  of  water- vapour  is  less  than  the  sum  of  the  specific  heats  of 
its  constituents. 

The  laws  by  which  Thorns  en  considers  that  the  development  of  heat  in  chemical 
action  is  governed,  appear  to  involve  views  similar  to  those  above  explained.  The 
fundamental  propositions  assumed  by  him  are  as  follows : — The  intensity  of  the 
chemical  energy  of  the  same  body  at  a  constant  temperature  is  unchangeable ;  the 
whole  quantity  of  heat  developed  in  a  given  chemical  action  is  a  measure  of  the  chemical 
energy  therein  exerted,  and  is  proportional  to  the  difference  between  the  total  chemical 
energy  of  the  reagents  and  the  total  chemical  energy  of  the  products. 

Heat  produced  by  Chemical  Decomposition. — There  are  a  few  phenomena  which  arc, 
at  least  apparently,  exceptions  to  the  general  rule  that  heat  is  evolved  in  combination 
and  absorbed  in  decomposition.  It  was  found,  for  instance,  by  Favre  and  Silbermann, 
that  charcoal  evolves  more  heat  by  burning  in  nitrous  oxide  than  by  burning  in  pure 
oxygen.  The  excess  of  heat  in  this  case  could  only  be  due  to  heat  evolved  in  the 
decomposition  of  the  nitrous  oxide,  and  direct  experiments  proved  that  this  decompo- 
sition was  attended  with  evolution  of  heat.  They  found  further  that  heat  is  produced 
in  the  decomposition  of  peroxide  of  hydrogen  by  platinum,  and  from  fhe  experiments 
of  Favre,  already  recorded,  it  appears  that  heat  is  absorbed  in  the  oxidation  of  chlorine 
to  hypochlorous  or  to  chloric  acid.  Perhaps  these  and  similar  phenomena  may  be 
brought  into  harmony  with  the  general  rule,  by  taking  into  consideration  the  evolution 
of  heat  due  to  the  combination-  of  two  similar  atoms  to  form  a  molecule,  and  the 
corresponding  absorption  of  heat  due  to  the  separation  of  the  atoms  constituting  a 
molecule  of  an  elementary  body. 

The  influence  of  high  temperature  in  promoting  chemical  action — as,  for  instance 
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between  oxygen  and  hydrogen,  which  combine  when  heated,  but  are  without  action  on 
each  other  in  the  cold — is  not  an  exception  of  the  kind  here  referred  to.  It  is  rather  a 
thermometric  than  a  calorimetric  phenomenon  ;  high  temperature  being  a  favourable 
condition  for  chemical  action  in  these  cases,  but  in  no  way  its  cause.  At  very  low 
temperatures  chemical  action  appears  in  all  cases  to  be  much  retarded :  as  one  illus- 
tration, it  may  be  mentioned  that  when  liquefied  ammonia,  cooled  to  about  —65°,  is 
poured  upon  concentrated  sulphuric  acid,  the  two  liquids  form  separate  layers,  and  for 
some  time  no  action  takes  place  between  them  (Loir  and  Dri  on).  Phosphorus  and 
iodine,  which  combine  energetically  and  with  vivid  combustion  at  common  temperatures, 
may  be  shaken  together  in  a  tube  cooled  by  a  freezing  mixture,  without  exerting  the 
slightest  action  on  each  other. 

5.  Relations  of  Heat  to  Electricity. 

Electricity  produced  by  Heat. — Pyro-electricity  developed  in  Crystals. — To  what 
has  been  already  said  on  this  subject  in  the  article  ELECTRICITY  (ii.  411)  we  have  only 
to  add  the  results  arrived  at  by  Graugain  (Ann.  Ch.  Phys.  [3]  Ivii.  5)  in  reference  to 
the  pyro-electricity  of  tourmalines.  He  finds  that  this  phenomenon  obeys  the  following 
laws  : — (i.)  When  any  number  of  tourmalines  are  united  by  their  poles  of  the  same 
name,  they  form  a  battery  which  produces,  under  any  given  circumstances,  a  quantity 
of  electricity  exactly  equal  to  the  sum  of  the  quantities  which  the  several  tourmalines 
would  produce  separately  under  the  same  circumstances. 

(2.)  When  several  prisms  of  equal  section  are  superposed,  the  quantity  of  electricity 
developed  by  the  combination  is  merely  equal  to  that  which  would  be  furnished,  under 
the  same  conditions,  by  any  one  of  the  prisms  taken  separately. 

(3.)  The  quantity  of  electricity  produced  by  a  prism  of  tourmaline  is  proportional  to 
its  sectional  area,  and  is  independent  of  its  length. 

(4.)  The  quantity  of  electricity  which  a  tourmaline  developes  when  its  temperature 
is  lowered  a  given  number  of  degrees,  is  independent  of  the  length  of  time  in  which 
the  cooling  is  effected. 

(5.)  When  a  tourmaline  is  heated  a  given  number  of  degrees,  the  quantity  of  elec- 
tricity developed  is  precisely  the  same  as  that  which  would  be  produced  if  it  were 
cooled  to  an  equal  extent. 

Gaugain  finds  that  the  development  of  electricity,  consequent  on  the  alteration  of 
the  temperature  of  a  tourmaline,  is  very  much  more  marked  if  one  pole  of  the  crystal 
is  placed  in  electric  communication  with  the  earth,  than  when  the  crystal  is  completely 
insulated. 

Thermo-Electricity. — When  two  bars  of  dissimilar  metals  are  soldered  together  at 
each  end,  a  current  of  electricity  generally  circulates  through  the  circuit  formed  by 
them,  as  long  as  the  two  soldering  points  are  at  different  temperatures.  Tho  electro- 
motive force  developed  at  each  joint  is  a  function  of  the  temperature,  which,  in 
the  cases  that  have  been  specially  examined,  may  be  represented  by  the  formula 
E=a  +  bt  +  ct2,  where  t  is  the  temperature,  and  a,  b,  and  c  are  constants  depending  on 
the  nature  of  the  metals  used.  Consequently,  the  resultant  electromotive  force,  when 
the  temperatures  of  the  joints  are  t  and  t  respectively,  may  be  represented  by 

c  =  E-E=  b(t 

which  shows  that  the  current  vanishes  not  only  when  the  joints  are  at  the  same  tem- 
perature, or  when  t  =  tt,  but  also  when  the  sum  of  their  temperatures  attains  a  value 

that  is  constant  for  the  same  pair  of  metals, — that  is  when  t  +  tt—  =  - .  (Avenarius, 
Pogg.  Ann.  cxix.  406,  637.) 

Heat  produced  toy  Electricity. — The  laws  regulating  the  development  of  heat 
by  the  sudden  discharge  of  fractional  electricity,  or  electricity  of  high  tension,  have 
already  been  treated  of  in  the  article  ELECTRICITY  (ii.  395),  and  in  the  same  article 
(p.  470)  it  has  been  shown  that  the  heat  produced  by  a  continuous  current  of  electricity 
is  the  exact  eqmvalent  of  the  chemical  action  whereby  the  current  is  generated.  In 
the  application  of  this  rule,  the  total  chemical  action  throughout  the  circuit  must  bo 
taken  into  account,  electrolytic  decomposition  being  counted  positive  or  negative  accord- 
ing as  the  direction  of  the  current  which  would  be  generated  by  it,  were  it  to  tako 
place  independently  of  the  battery,  is' the  same  as  that  of  the  battery  or  the  contrary. 
As  further  explained  in  the  article  referred  to,  the  heat  developed  in  the  unit  of  time  by 
an  electric  current  is  related  to  the  intensity  of  the  current  and  to  the  resistance  of 
the  circuit  in  the  manner  expressed  by  the  formula : 
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From  this  it  follows  that,  by  diminishing  the  resistance  of  the  circuit,  the  electro-motive 
force  remaining  the  same,  the  total  heat,  H,  can  be  augmented  indefinitely,  the  inten- 
sity, and  therefore  also  the  chemical  action  in  the  battery,  increasing  in  proportion 
to  the  diminution  of  resistance.  But  in  any  single  portion  of  the  circuit,  whose  resist- 
ance is  r,  the  development  of  heat  will  attain  a  maximum  for  a  particular  value  of  r. 

Tf'- 

The  heat  produced  in  this  part  will  in  fact  be   h  =  I"r  = — rt  the  value  of 

which  last  expression  reaches  a  maximum  when  R  =  r,R  being  the  constant  resistance 
of  the  remainder  of  the  circuit,  including  the  battery.  Hence,  in  order  that  as  large  a 
quantity  of  heat  as  possible  may  be  generated  in  a  given  time  in  the  conducting  wire, 
the  resistance  r  of  the  conducting  wire  must  be  made  equal  to  the  permanent 
resistance  R  of  the  remainder  of  the  circuit.  And,  since  the  heating  power  of 
the  current  represents  its  total  energy,  it  follows  that  the  same  proportion  between 
the  external  and  internal  resistance  of  the  circuit  is  the  most  advantageous  that  can 
be  adopted  for  causing  the  current  to  produce  changes  of  any  other  kind  outside  the 
battery. 

Thermal  phenomena  of  a  particular  kind  occur  when  an  electric  current,  instead  of 
traversing  a  homogeneous  conductor,  passes  from  one  substance  to  another.  Then,  in 
addition  to  the  development  of  heat  corresponding  to  the  resistance  of  the  conductor, 
according  to  the  laws  stated  in  the  last  paragraph,  a  further  development  or  absorption 
of  heat  takes  place,  depending  upon  the  direction  of  the  current.  If  the  current  crosses 
the  point  of  junction  of  two  dissimilar  portions  of  the  circuit,  in  the  same  direction  as 
the  thermo-electric  current  which  would  be  generated  by  the  application  of  heat  to  this 
point,  then  the  heat  developed  there  is  less  than  corresponds  to  the  resistance  of  that 
portion  of  the  circuit,  or,  in  other  words,  heat  is  absorbed ;  if  the  current  passes  the 
point  of  junction  in  the  opposite  direction,  the  heat  generated  is  more  than  what  cor- 
responds to  the  resistance. 

With  a  junction  formed  of  the  same  two  metals,  the  development  or  absorption  of 
heat  thus  occasioned  is  proportional  to  the  intensity  of  the  current  by  which  the  junc- 
tion is  traversed.  With  combinations  of  different  metals,  the  extent  to  which  this 
phenomenon  occurs  varies  with  the  positions  of  the  metals  in  the  thermo-electric 
series  (ii.  412),  being  greatest  for  those  combinations  which  give  the  most  intense 
thermo-electric  currents. 

6.  Relations  of  Heat  to  Mechanical  Energy. 

In  preceding  parts  of  this  article,  we  have  seen  that  increase  of  volume  and  of  elastic 
force  are  among  the  most  universal  of  the  effects  of  heat.  In  this  way  heat  is  constantly 
producing  motion,  and  when  this  motion  is  concentrated  in  a  given  solid  body,  and  a 
definite  direction  is  given  to  it,  as  in  the  steam-engine,  heat  becomes  by  far  the  most 
important  artificial  source  of  mechanical  power  that  we  possess.  Conversely,  innumer- 
able familiar  facts  supply  us  with  illustrations  of  the  production  of  heat  at  the  expense 
of  mechanical  work.  Thus,  in  all  machines  there  is  a  certain  loss  of  mechanical 
energy,  the  work  performed  by  the  machine  never  representing  the  full  equivalent  of 
the  work  needed  to  drive  it.  That  portion  of  the  mechanical  energy  supplied  to  the 
machine  which  is  wasted,  so  far  as  the  performance  of  useful  work  is  concerned,  is 
expended  in  overcoming  the  passive  resistances  by  which  the  motion  of  the  machine  is 
opposed ;  such,  for  instance,  as  friction  between  contiguous  surfaces  not  moving  with 
the  same  velocity,  or  the  rigidity  of  straps  or  cords  used  to  transmit  movement  from 
one  part  to  another.  But,  whenever  motion  is  produced  in  opposition  to  friction,  or  a 
rigid  body  is  forcibly  bent,  heat  is  generated ;  the  mechanical  energy  expended  in  pro- 
ducing these  effects  is  lost  to  the  purposes  of  the  machine,  but  the  heat  evolved  is  its 
representative.  Percussion  is  another  means  by  which  mechanical  energy  can  be  de- 
stroyed and  heat  generated  in  its  stead.  These  and  similar  facts  have  long  attracted 
the  attention  of  philosophers,  and  great  importance  has  been  attached  to  them  in  re- 
ference to  most  of  the  theories  that  have  been  suggested  from  time  to  time  to  explain 
the  nature  of  heat  and  the  effects  which  it  produces.  The  following  is  a  quotation 
from  Black's  Lectures  on  Chemistry  (vol.  i.  pp.  31,  32),  and  relates  to  Bacon's 
investigations  into  the  nature  of  heat  contained  in  his  treatise  De  forma  Calidi : — 

"  The  only  conclusion,  however,  that  he  "  (Lord  Verulam)  "is  able  to  draw  from  tho 
whole  of  his  facts,  is  a  very  general  one,  viz.  that  heat  is  motion. 

"  This  conclusion  is  founded  chiefly  on  the  consideration  of  several  means  by  which 
heat  is  produced,  or  made  to  appear,  in  bodies ;  as  the  percussion  of  iron,  the  friction 
of  solid  bodies,  the  collision  of  flint  and -steel. 

"The  first  of  these  examples  is  a  practice  to  which  blacksmiths  have  sometimes 
recourse  for  kindling  a  fire ;  they  take  a  rod  of  soft  iron,  half  an  inch  or  less  in  thick- 
ness, and,  laying  the  end  of  it  upon  their  anvil,  they  turn  and  strike  that  end  very 
quickly  on  its  different  sides,  with  smart  blows  of  a  hammer.  It  very  soon  becomes 
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red  hot,  and  can  be  employed  to  kindle  shavings  or  wood,  or  other  very  combustible 
matter. 

"  The  heat  producible  by  the  strong  friction  of  solid  bodies,  occurs  often  in  some 
parts  of  heavy  machinery,  when  proper  care  is  not  taken  to  diminish  that  friction  as 
much  as  possible,  by  the  interposition  of  lubricating  substances ;  as  in  the  axles  of 
wheels  that  are  heavy  themselves,  or  heavily  loaded.  Thick  forests  are  said  to  have 
taken  fire  sometimes,  by  the  friction  of  branches  against  one  another  in  stormy  weather. 
And  savages,  in  different  parts  of  the  world,  have  recourse  to  the  friction  of  pieces  of 
wood  for  kindling  their  fires 

"  The  third  example  above  adduced  in  the  collision  of  flint  and  steel,  is  universally 
known. 

"In  all  these  examples,  heat  is  produced  or  made  to  appear  suddenly,  in  bodies 
which  have  not  received  it  in  the  usual  way  of  communication  from  others,  and  the  only 
cause  of  its  production  is  a  mechanical  force  or  impulse,  or  mechanical  violence." 

From  these  and  many  other  similar  phenomena,  it  is  abundantly  clear  that,  by  the 
expenditure  of  heat,  mechanical  work  can  be  effected,  and  that  heat  can  be  produced  by 
the  expenditure  of  work.  Dismissing,  therefore,  for  the  present,  all  considerations  us 
to  the  ultimate  nature  of  heat,  we  may  say  that  heat  and  work  are  mutually  convertible, 
and  we  have  in  this  section  to  consider  the  conditions  which  regulate  the  transformation 
of  one  of  these  forms  of  energy  into  the  other. 

Work  produced  "by  Heat. — The  measure  of  the  work  done  by  heat,  when  it 
causes  expansion,  is  obviously  the  product  of  the  resistance  overcome  into  the  space 
through  which  the  expansion  takes  place;  that  is,  if  r  denote  the  resistance,  and  v  and  v 
the  initial  and  final  volumes  of  the  body  which  undergoes  expansion,  the  work  done  by 
the  heat  will  be  represented  by 

A  =  r(v'  -  v}. 

In  estimating  the  resistance  by  which  the  expansion  of  a  given  body  is  opposed,  it  is 
needful  to  take  into  account,  not  only  the  external  pressure  upon  its  surface,  but  also, 
as  has  been  already  pointed  out  (pp.  40  and  73),  the  molecular  forces  which  tend  to 
maintain  unaltered  the  relative  positions  of  its  ultimate  particles.  The  work,  A,  per- 
formed by  heat  when  it  causes  expansion,  must  therefore  be  considered  as  made  up  of 
the  internal  work,  ai}  performed  in  opposition  to  internal  molecular  forces,  and  the 
external  wor/c,  a&  expended  in  overcoming  external  pressure.  In  solid  and  liquid 

bodies  the  ratio,  — ,  of  the  internal  to  the  external  work  is  very  considerable,  but  in  a 
ae 

perfect  gas,  the  resistance  to  expansion  arising  from  the  mutual  attractions  of  the 
molecules  is  insensible,  and  therefore  also  the  expenditure  of  work  in  overcoming  this 

resistance  is  insensible :  hence,  in  this  case  —  =  0,  or  ae  =  A.      But  since  it  is  the 

external  work  only  which  is  available  for  the  production  of  external  effects,  the  con- 
sideration of  the  transformation  of  heat  into  mechanical  energy  is  much  simpler  in  the 
case  of  gases  than  in  that  of  liquid  or  solid  bodies ;  it  is  further  much  the  most 
important  practically,  for  although  the  heat  employed  in  the  performance  of  internal 
work  upon  solids  or  liquids  is  not  necessarily  lost  ultimately,  it  is,  for  the  time  at 
least,  totally  unavailable.  We  may  perhaps  compare  the  transformation  of  heat  into 
work  with  the  commercial  transformation  of  labour  into  wealth :  then,  a  perfect  gas 
will  represent  a  medium  of  transformation  comparable  with  an  industrial  process  which 
requires  no  previous  expenditure  on  the  part  of  the  workman  to  enable  him  to  exchange 
his  labour  for  wages ;  while  a  solid  or  liquid  will  represent  a  medium  of  transformation 
comparable  with  a  process  which  can  only  be  carried  out  by  the  previous  investment 
of  a  considerable  capital.  The  capital  thus  "  sunk"  may  be  realised  again  at  some 
future  time,  but  it  represents  a  certain  quantity  of  labour,  which,  for  the  time  being, 
cannot  be  transformed  into  wealth. 

In  order  that  work  may  be  continuously  performed  by  heat,  it  is  not  enough  that  a 
portion  of  air  or  other  gas  should  be  expanded  once  for  all  in  a  cylinder  closed  by  a 
piston,  or  in  any  other  similar  apparatus.  It  is  true  that  motion  would  be  thus  pro- 
duced, and  that  this  might  be  the  full  equivalent  of  the  heat  expended,  but  the  process 
would  soon  come  to  an  end.  Practically,  the  extent  to  which  a  gas  can  be  expanded 
so  as  to  produce  motion,  is  very  limited,  both  by  the  size  of  the  apparatus  that  can  be 
used  and  by  the  temperatures  that  are  attainable.  In  or.der  that  the  process  may  be 
continuous,  the  action  of  the  machine,  by  means  of  which  the  transformation  is  effected, 
must  be  periodic:  after  a  certain  cycle  of  changes,  all  its  parts  must  return  to  the  same 
relative  positions  and  condition  as  they  had  at  first,  and  the  air  or  gas  must  return  to 
its  original  pressure  and  temperature.  Such  a  cycle  might  evidently  be  repeated  hide* 
finitely,  and  if  any  transformation  of  heat  into  work  were  effected  by  it,  the  same 
amount  of  transformation  would  take  place  each  time  the  cycle  was  completed.  At 
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pages  50  and  51,  we  saw  that  in  the  passage  of  a  gas  through  a  succession  of  condi- 

tions, with  respect  to  temperature,  pressure,  and  volume,  which  can  be  represented 

graphically  by  a  rectangle,  and  are  such  that  the 

final  state  of  the  gas  is  the  same  as  its  stato  at  the  Fi.  547. 

beginning  of  the  process,  a  certain  quantity  of  heat  is 

expended,  which  is  proportional  in  amount  to  the 

area  of  the  rectangle  representing  the  succession  of 

changes  ;  but  it  was  not  there  explained  what  be- 

comes of  the  heat  thus  expended. 

Beturning  to  the  consideration  of  this  case,  and 
using  the  same  notation  as  before,  it  is  plain  that, 
during  the  passage  of  the  gas  from  the  state  A  to  the 
state  B,  through  the  intermediate  stages  represented 
by  the  lines  AD,  DB,  a  quantity  of  work  is  performed, 
which  is  represented,  in  kilogramme-metres,  by 

A  =  p'(v'  —  v); 

and  that  while  the  gas  returns  from  the  condition  B 

to  the  condition  A,  along  BOA,  there  is  expended  a      _     __ 
quantity  of  work  represented  by  *  a  Y 

A'  =  p(v'  —  v); 

and,  therefore,  during  the  whole  cycle  ADBCA,  a  quantity  of  work  is  ultimately  gained 
equal  to 

A-A'  =  (p'-p)(v'-v). 

But,  by  the  last  equation  on  page  51,  the  amount  of  heat  expended  at  the  same  time  is 

Q  ~  Q>  =  J&  (°'  "  c)  (P'-P)  &  -  "); 

therefore,  between  the  heat  expended  and  the  work  produced,  there  exists  a  relation 
expressed  by  the  equation 


If  we  assume  that  the  difference  between  the  specific  heat  under  constant  pressure  and 
the  specific  heat  at  constant  volume  is  constant  for  each  gas,  and  is  inversely  propor- 
tional to  its  density  (a  relation  which  is  implied  in  equation  (a),  p.  42),  the  coeffi- 

cient of  (A  —  A')  in  this  expression  is  constant;  we  may  therefore  represent  it  by  -p? 
and  write  equation  («)  thus  : 


That  is  to  say,  the  heat  expended  is  proportional  to  the  work  performed,  and  vice  versa  ; 
BO  that  for  each  kilogramme-degree  of  heat  expended,  a  quantity  of  work  is  performed 
equal  to  E  kilogramme-metres. 

The  value  of  E  can  be  deduced  from  equation  (n)  by  introducing  the  numerical 
values  of  the  constants,  namely : 

H  =  10,333  kilogr.,  a  =  0  003665,  D  =  T293  kilogr. 

c'=  0-2374,  and  c  =  0-168  (p.  42). 

These  values  give  us : 

£=423; 

that  is  to  say,  when  heat  is  transformed  into  work,  every  kilogramme-degree  of  heat 
(1000  of  the  heat-units  hitherto  employed  in  this  article)  consumed  generates  423 
kilogramme-metres  of  work ;  or,  more  generally,  the  heat  needed  to  raise  the  tempera- 
ture of  any  given  weight  of  water  from  0°  to  1°  C.,  is  equivalent  to  the  amount  of 
mechanical  energy  required  to  raise  423  times  the  same  weight  of  water  through  one 
metre  from  the  surface  of  the  earth. 

The  ratio  Eis  therefore  called  the  mechanical  equivalent  of  the  unit  of  hoat, 
and  its  reciprocal  is,  as  we  shall  see,  the  thermal  equivalent  of  the  unit  of  work. 

That  the  relation  between  the  heat  expended  and  the  work  generated  is  necessarily 
constant,  whatever  the  process  may  be  by  which  one  is  transformed  into  the  other, 
results  from  the  following  considerations.  If  by  one  process  a  unit  of  heat  could  be 
made  to  porform  E  units  of  work,  and  by  another  process  E  +  c  units  of  work  could 
be  generated  by  the  same  quantity  of  heat,  a  portion  of  the  mechanical  energy  produced 
in  this  second  process  might  be  expended  in  reversing  the  first,  so  as  to  regenerate  the 
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original  quantity  of  heat :  thus  by  combining  the  two  processes,  the  first  being  worked 
backwards,  each  unit  of  heat  expended  would  reproduce  itself  and  c  units  of  work  in 
addition  ;  there  would  thus  be  generation  of  mechanical  energy  without  any  correspond- 
ing annihilation  of  any  other  form  of  energy.  (The  principle  here  implied,  that  a 
given  quantity  of  work  is  capable  of  giving  rise  to  as  much  heat  as  is  needed  for  its 
own  production,  results  from  the  above  equation  (n},  but  it  will  be  further  considered 
in  what  follows.) 

Nevertheless,  inconsequence  of  the  unavoidable  defects  of  all  experimental  processes, 
the  values  of  E  deducible  by  different  methods  are  not  exactly  equal,  but  the  agree- 
ment between  them  is  quite  sufficient  to  establish  the  fundamental  principle  of  the 
real  constancy  of  the  relation  between  heat  and  work.  A  table  giving  the  results  of 
the  most  important  determinations  of  this  ratio  will  be  found  further  on  under  the 
head  Heat  produced  by  Work. 

Under  all  circumstances,  the  quantity  of  heat  which  must  be  employed  in  order  to 
effect  the  transformation  of  a  given  amount  of  it  into  work  considerably  exceeds  the 
quantity  transformed.  In  the  example  above  considered,  the  total  quantity  of  heat 
imparted  to  the  gas  was  Q ;  but  of  the  work,  A,  generated  by  this  amount  of  heat 
during  the  passage  of  the  gas  from  the  state  A  to  the  state  B,  a  certain  portion,  A', 
was  employed,  during  the  return  of  the  gas  to  its  initial  state,  in  regenerating  the 
quantity  of  heat  Q'.  The  useful  work  performed  was,  therefore,  A  —  A',  and  the  quan- 
tity of  heat  transformed  was  Q  —  Q'  and  the  ratio  of  this  to  the  total  heat  employed, 

Q  —  Q 

namely,  — -^ — ,  represents  the  efficiency  of  the  process  of  transformation,  or  the  value 

of  the  engine  in  which  it  takes  place  as  a  source  of  mechanical  energy.  The  maximum 
value  which  this  fraction  is  capable  of  attaining,  depends  on  the  range  of  temperature 
passed  through  by  the  fluid  which  is  the  medium  of  transformation.  This  can  be  most 
easily  demonstrated  in  a  case  where  the  changes  of  the  volume  of  the  gas  take  place  at 
constant  temperatures  ;  that  is,  where  it  is  kept  at  one  temperature  during  the  whole 
process  of  expansion  and  at  another  during  the  whole  process  of  contraction. 

These  conditions  are  approximately  realised  practically  in  the  air-engine  invented 
by  the  Eev.  Robert  Stirling,  in  1816.  This  engine  consists  essentially  of  two  cylinders ; 
a  larger  one  to  which  the  heat  is  applied,  which  we  may  call,  for  distinction,  the  heating 
cylinder,  and  a  smaller  one,  which  may  be  called  the  working  cylinder,  wherein  the 
tranformation  of  heat  into  work  takes  place.  The  bottom  of  the  working  cylinder  is 
connected  by  a  pipe  without  a  valve  with  the  top  of  the  heating  cylinder.  Within  the 
heating  cylinder  is  a  plunger,  composed  of  non-conducting  materials,  which  occupies 
nearly  half  its  length,  and  between  it  and  the  sides  of  the  cylinder  are  passages  by 
which  the  air  can  pass  from  one  end  to  the  other  Avhen  the  plunger  is  raised  or  lowered. 
In  the  working  cylinder  is  a  piston  which  fits  it  air-tight ;  this  piston  and  the  plunger 
of  the  other  cylinder  are  both  attached  by  connecting  rods  to  cranks  fixed  to  the  same 
axle,  but  making  an  angle  of  ninety  degrees  with  each  other.  The  heating  cylinder 
is  closed  at  the  top,  and  the  rod  from  which  the  plunger  hangs  passes  through  an 
air-tight  stuffing  box ;  the  working  cylinder  is  open  at  the  top.  Heat  is  applied  to  the 
bottom  of  the  heating  cylinder,  and  the  upper  part  is  kept  cool. 

The  action  of  the  engine  is  as  follows :  Suppose  the  plunger  to  be  at  the  top  of  the 
heating  cylinder,  and  consequently,  the  piston  in  the  working  cylinder  in  the  middle  of 
its  stroke ;  then,  if  heat  is  applied  to  the  bottom  of  the  heating  cylinder,  the  air  con- 
tained there  below  the  plunger  will  be  expanded,  and  will  press  the  piston  upwards ; 
but  the  motion  of  the  piston  being  communicated  through  the  axle  to  the  plunger,  the 
latter  will  descend,  and  displacing  the  heated  air  from  the  bottom  of  the  heating 
cylinder,  drive  it  into  the  cool  space  at  the  top.  The  elastic  force  of  the  air  being  thus 
diminished,  the  piston  will  be  forced  down  by  the  pressure  of  the  air  upon  its  upper 
surface ;  the  plunger  now  returning  to  the  top  of  the  heating  cylinder,  the  air  will  be 
driven  to  the  bottom,  where  it  will  be  again  heated,  and  the  piston  will  be  again  forced 
up  by  its  expansion.  Thus  by  the  alternate  heating  and  cooling  of  the  same  quantity 
of  air,  the  motion  of  the  engine  is  kept  up. 

In  consequence  of  the  manner  in  which  the  piston  and  plunger  are  respectively  con- 
nected with  the  axle,  each  attains  its  maximum  velocity  while  the  other  is  at  rest,  so 
that  the  action  of  the  engine  during  one  revolution  may  be  considered  as  essentially 
made  up  of  four  periods :  in  the  first,  the  temperature  of  the  air  is  raised,  its  volume 
remaining  the  same,  and  consequently  its  pressure  increasing ;  in  the  second,  the  air 
expands,  performing  work,  but  so  much  heat  is  imparted  to  it  during  the  expansion, 
that  its  temperature  remains  constant ;  in  the  third  period,  the  temperature  of  the  air 
is  reduced  to  what  it  was  at  the  beginning  of  the  first  period,  its  volume  being  unaltered, 
and  therefore  its  elastic  force  being  diminished ;  and  in  the  fourth,  it  is  compressed  to 
its  original  volume,  the  heat  generated  by  the  compression  being  withdrawn,  so  that 
the  air  remains  at  the  eame  temperature  throughout  the  whole  process.  These  four 
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successive  operations,  constituting  together  one  cycle  in  the  action  of  the  engine,  may  be 
represented  by  a  diagram  such  as  fig.  5-18,  where  the  abscissa  0  A  repjjesente  the  volume 
v0,  of  a  unit  of  weight  of  air  at  the  ini- 
tial temperature^,  and  the ordinate  &*</•  548. 
AM  represents  the  corresponding 
pressure  p0.  The  air  is  first  heated, 
without  change  of  volume,  from  the 
temperature  t0  to  the  temperature 
tj_',  during  this  operation,  its  elastic 
force  increases  to  plt  represented 
in  the  diagram  by  the  ordinate  AP; 
and  to  effect  this  change  a  quantity 
of  heat  equal  to  c  (^  —  t0)  must  be 
imparted  to  it,  c  being  the  specific 
heat  of  air  at  a  constant  volume; 
but  as  no  expansion  takes  place,  no 
work  is  performed.  Next,  the  air 
expands  from  the  volume  vn  to  the 


abscissa  OB. 


by    the 
Since  the  tempera- 


B       X 


ture  of  the  air  is  kept  constant  while  it  expands,  the  pressure  varies  inversely  as  the 
volume,  a  relation  represented  by  the  hyperbolic  arc  P  Q,  so  that  the  final  pressure  of 
the  expanded  air  is  represented  by  the  ordinate  B  Q.  During  this  operation,  external 
work  is  performed,  which  is  obviously  proportional  to  the  area  APQB,  contained 
between  the  arc  P  Q,  the  axis  of  abscissae,  and  the  two  ordinates  A  P  and  B  Q.  But 
in  order  to  prevent  the  cooling  of  the  gas  during  its  expansion,  a  quantity  of  heat,  q, 
must  be  given  to  it,  of  which  the  mechanical  equivalent  is  exactly  the  external  work 
which  this  area  represents.  In  the  third  operation,  the  air  is  cooled  to  its  initial  tem- 
perature t0,  its  volume  remaining  unaltered,  and  therefore  no  work  being  generated  or 
expended.  The  pressure  is  thus  reduced  from  B  Q,  to  B  N,  and  a  quantity  of  heat 
requires  to  be  withdrawn  equal  toe  (t^—  t0}.  Lastly,  the  air  is  compressed,  while  kept 
at  the  constant  temperature,  t0,  to  its  original  volume  v0.  To  effect  this,  work  must  be 
expended  and  heat  must  be  removed  from  the  air.  The  relation  between  volume  and 
pressure  being  represented  by  the  hyperbolic  arc  NM,  the  work  needed  for  the  com- 
pression of  the  air  is  represented  by  the  area  A  M  N  B,  and  is  precisely  the  mechanical 
equivalent  of  the  quantity  of  heat,  q,  which  must  be  withdrawn  from  the  air  in  order 
to  maintain  its  temperature  constant  during  the  process. 

Accordingly,  during  the  first  two  operations,  the  air  receives  a  quantity  of  heat 
equal  to  c  (^  —  t0)  +  q,  and  developes  a  quantity  of  external  work  geometrically 
represented  by  the  surface  .APQB.  In  the  two  following  operations  the  air  loses  a 
quantity  of  heat  equal  to  c  (^  -  t0)  +  q',  and  there  is  expended  a  quantity  of  work 
geometrically  represented  by  the  surface  AMNB.  The  ultimate  useful  expenditure  of 
heat  is,  therefore,  q  —  q,  and  the  available  quantity  of  work  generated  is  represented 
by  the  area  MPQN,  or  the  difference  between  APQB  and  AMNB.  The  total  ex- 
penditure of  heat,  during  the  complete  cycle  of  operations,  is  q  ;  the  quantity  q  given 
out  by  the  air  during  its  compression  at  the  temperature  t0  cannot  in  any  way  be 
made  available  for  the  maintenance  of  the  action  of  the  machine,  and  may  therefore  be 
considered  as  entirely  lost.  The  quantity  of  heat  c  (^L  —  ^0)>  which  the  air  gives 
out  when  cooled  from  the  temperature  ^  to  the  temperature  t0,  may,  on  the  con- 
trary, be  employed  to  heat  another  quantity  from  t0  to  t1}  and,  therefore,  docs  not 
make  part  of  the  ultimate  expenditure.  The  reason  why  this  portion  tff  heat  can  be 
recovered,  while  the  quantity  q  cannot,  is,  that  it  is  heat  of  a  higher  temperature, 
whereas  qf,  being  heat  of  the  temperature  t0,  is  useless  for  heating  any  body  to  a 
temperature  higher  than  t0.  The  ratio  of  the  useful  expenditure  of  heat  to  the  total 

expenditure  is,  therefore, 

V 

The  values  of  the  quantities  q  and  q'  can  be  found  as  follows  -.—representing  the 
mechanical  equivalent  of  heat  by  E,  we  have,  as  a  consequence  of  the  above  discussion, 


and  consequently 


Eq     =      surf.  APQB,     and  Eq      =     surf.  AMNB, 
surf.  APQB  -  surf.  AMNB 


q-q 
~ 


surface  APQB 


But  PQ  and  MN,  being  each  an  arc  of  a  rectangular  hyperbola  of  which  the  lines  of 
no  volume  and  no  pressure,  OY  and  OX,  are  the  asymptotes,  it  follows  that  the  surface 
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APQB  is  to  the  surface  AMNB  as  AP  to  AM.   Therefore,  ±^L2    =  ^    "    AM 

g  AP 

««    Pi  —  Po      But^  and  p0  are  the  pressures  exerted  by  the  same  mass  of  gas, 
under  the  same  volume,  t>0,   at  the  two  temperatures  ^   and  tQ  ;     consequently, 
jPi__  a  +  tj  „     equation  b,  p.  45),  and— 
Po       a  +  t0 

q  -  q'  Pi  ~  Po  (a  +   *i)  -  (a  +    *o)  ri  -  ro 

q  Pi  a   +   tj_  T! 

' !  and  T0  representing  the  absolute  temperatures  (see  p.  52)  corresponding  to  the 
centigrade  temperatures  ^  and  t0. 

A  similar  investigation  of  any  other  engine  in  which  work  is  generated  by  the 
expenditure  of  heat  in  causing  the  alternate  expansion  and  contraction  of  a  gas,  would 
lead  to  the  same  expression  for  its  maximum  efficiency ;  hence,  in  every  air-engine, 
whatever  its  mode  of  action,  provided  no  heat  is  spent  uselessly  in  causing  changes  of 
temperature,  the  ratio  of  the  useful  expenditure  of  heat  to  the  total  expenditure  is 
equal  to  the  difference  of  the  absolute  temperatures  between  which  the  engine  works, 
divided  by  the  highest  of  these  temperatures. 

The  agreement  of  this  theoretical  deduction  with  the  results  of  practical  experience, 
is  one  of  the  most  conclusive  arguments  that  can  be  brought  forward  in  favour  of  tho 
view  which  regards  heat  as  a  mode  of  energy  convertible  into  mechanical  energy,  and  in 
opposition  to  the  older  view,  according  to  which  heat  is  regarded  as  an  indestructible 
entity,  and  the  production  of  mechanical  energy  by  it,  as  depending  upon  its  trans- 
ference from  a  hotter  to  a  colder  body.  According  to  this  latter  theory,  the  efficiency 
of  an  air-engine  ought  to  be  much  greater  than  that  of  a  steam-engine, — a  conclusion 
which  has  not,  however,  hitherto  been  confirmed  in  practice.  Taking  a  special 
example,  the  quantity  of  heat  transformed  into  work,  compared  with  the  total  heat 
supplied  to  a  steam-engine,  might  be  calculated  upon  this  theory,  as  follows : — Let  the 
engine  be  supposed  to  be  worked  at  a  pressure  of  5  atmospheres,  and  consequently  at 
the  temperature  152°.  Each  kilogramme  of  saturated  steam  supplied  to  the  cylinder 
at  this  temperature  requires  for  its  formation,  according  to  Eegnault's  experiments 
(p.  97),  653  kilogramme-degrees  of  heat,  minus  the  heat  contained  in  the  water  with 
which  the  boiler  is  fed.  If  we  suppose  the  engine  to  be  worked  expansively,  down  to 
the  pressure  of  the  atmosphere,  and  that  the  steam  remains  saturated  during  the 
expansion,  it  will  escape  into  the  atmosphere  with  the  temperature  100°,  and  when 
cooled  again  to  the  temperature  t,  of  the  water  supplied  to  the  boiler,  each  kilogramme 
will  give  out  637  — £  kilogramme-degrees  of  heat:  under  these  conditions,  therefore, 
the  steam  only  loses,  during  its  expansion  in  the  engine,  (653  —  t)  —  (637  —  t)  =  16 
degrees  of  heat  out  of  the  whole  quantity  contained  in  it.  If  t,  the  initial  temperature 
of  the  water,  be  10°,  for  example,  643  kilogramme-degrees  of  heat  will  have  been 
required  to  generate  each  kilogramme  of  steam,  and  the  fraction  ^~,  or  not  quite  i, 
will  represent  the  proportion  of  the  total  heat  which  has  been  converted  into  mechanical 
energy.  The  value  of  this  fraction  may  be  increased  somewhat  by  adding  a  condenser 
to  the  engine,  so  as  to  obtain  a  greater  range  of  expansion.  If,  for  example,  the 
temperature  of  the  condenser  is  40°,  and  the  steam  expands  in  the  cylinder  until  its 
tension  is  the  same  as  that  in  the  condenser,  or  55  millimetres,  conditions  which  are 
never  quite  attained  in  practice,  the  quantity  of  heat  given  up  to  the  condenser  by 
each  kilogramme  of  steam  will  be  619  —  40  =  579  kilogramme-degrees;  and  if  the 
boiler  is  fed  with  the  condensed  water  at  the  temperature  40°,  the  formation  of  this 
quantity  of  steam  will  have  required  653  —  40  =  613  kilogramme-degrees.  In  this 
case,  therefore,  613  —  579  =  34  parts  of  heat  will  be  converted  into  work  out  of 
every  613  parts  imparted  to  the  boiler:  accordingly^,  or  very  nearly  -^~,  will  be  the 
fraction  representing  the  efficiency  of  the  engine. 

This  calculation  (borrowed  from  Eegnault,  Me"m.  Acad.  Sciences,  xxvi.  introd. 
pp.  v.  vi.),  it  will  be  observed,  supposes  that  all  the  heat  which  is  not  regained  in  the 
condenser,  or  contained  in  the  steam  which  escapes  into  the  atmosphere,  has  been 
converted  into  work:  nevertheless,  the  efficiency  of  the  engine  comes  out  much  below 
what  is  actually  attained  in  practice.  By  careful  experiments  on  large  engines,  of 
upwards  of  100  horse-power,  in  which  the  loss  of  heat  by  radiation  and  conduction,  or 
by  other  accidental  causes,  was  estimated  and  allowed  for,  as  accurately  as  possible, 
Him  found  that  the  difference  between  the  quantity  of  heat  supplied  to  the  boiler,  and 
that  absorbed  by  the  condenser,  amounted  to  between  3^  and  i,  on  an  average  to  about 
|,  of  the  former  quantity.  Practically,  therefore,  the  steam  engine  is  between  twice 
and  three  times  as  efficient  a  machine  as  would  appear  from  the  above  calculation. 

The  key  to  this  contradiction  between  theory  and  practice,  lies  in  a  false  assumption 
that  has  been  made  in  the  calculation.  It  was  assumed  that,  when  saturated  steam 
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expands  in  the  cylinder  of  a  steam-engine,  it  remains  in  the  state  of  saturated  steam, 
and  the  heat  contained  in  it  was  estimated,  in  accordance  with  this  supposition,  from. 
Kegnault's  determinations  of  the  total  heat  of  saturated  steam  at  various  tempe- 
ratures. In  fact,  however,  saturated  steam,  if  it  performs  external  work  while  expand- 
ing, suffers  partial  condensation  at  the  same  time,  and  the  latent  heat  of  vaporisation 
of  the  steam  which  condenses  becomes  available  for  the  production  of  work  in  tho 
cylinder.  It  is  not  therefore  saturated  steam  which  escapes  from  the  cylinder  of  an 
engine  working  under  the  conditions  we  have  supposed,  but  a  mixture  of  steam  and 
water,  containing  a  quantity  of  heat,  less  than  the  total  heat  of  vaporisation  of  an 
equal  weight  of  saturated  steam  at  the  same  temperature  by  the  latent  heat  of  va- 
porisation of  the  proportion  of  water  present.  The  necessity  of  this  condensation  was 
deduced  by  Bankine  in  1849,  and  soon  afterwards  by  Clausius,  as  a  necessary  con- 
sequence of  the  existence  of  the  mechanical  equivalent  of  heat,  and  shown  to  be  tho 
principal  cause  of  the  accumulation  of  water  in  unjacketed  steam-cylinders,  which  had 
long  been  known  as  a  practical  inconvenience  in  the  working  of  steam  expansively. 
The  beneficial  effect  of  employing  superheated  steam,  and  of  enclosing  the  cylinder  in 
a  steam-jacket,  is  that  the  steam  can  then  expand,  performing  external  work,  without 
undergoing  liquefaction.  The  condensation  of  aqueous  vapour,  when  it  does  work  on 
expanding,  is  distinctly  seen  in  the  formation  of  a  mist  under  an  air-pump  receiver, 
containing  moist  air,  when  the  piston  of  the  pump  is  raised. 

The  fact  that  a  considerable  part  of  the  heat  supplied  to  a  steam-boiler  is  consumed 
in  converting  the  water  into  steam,  is  not  therefore  a  reason  why  an  air-engine,  in 
which  no  portion  of  heat  is  similarly  expended  in  causing  a  change  of  state,  should  be 
more  efficient  than  a  steam-engine;  and  the  investigation  of  the  conditions  under  which 
work  is  generated  in  the  steam-engine  leads  to  the  general  result,  that  the  efficiency  of 
any  heat-engine  is  independent  of  the  nature  of  the  fluid  which  is  the  medium  of 
transformation  of  heat  into  work,  and  which  may  be  air,  steam,  or  any  other  vapour  or 
gas ;  but  that,  supposing  the  reception  of  heat  to  take  place  wholly  at  one  temperature, 
and  the  rejection  of  heat  wholly  at  another,  the  heat  transformed  into  mechanical 
energy,  is  to  the  whole  heat  received  by  the  fluid,  as  the  range  of  temperature  is  to  the 
absolute  temperature  at  which  heat  is  received,  and  that,  between  given  limits  of  tem- 
perature, the  maximum  efficiency  is  attained  when  the  reception  and  rejection  of  heat  take 
place,  in  the  manner  just  stated,  at  the  highest  and  lowest  temperatures  respectively. 

The  most  conclusive  confirmation  of  this  result  is  that  when  it  is  applied  to  the 
calculation  of  the  mechanical  equivalent  of  heat  from  Hirn's  experiments  on  large 
steam-engines  already  referred  to,  the  mean  numberfoundis  413,  which  differs  by  only  2£ 
per  cent,  from  that  deduced  at  the  beginning  of  this  section  from  the  thermodynamic 
properties  of  air. 

Heat  produced  by  Work. — In  the  introduction  to  this  article  (p.  16),  it  is 
pointed  out  as  a  general  fact  that  heat  may  be  generated  by  reversing  any  of  its  effects. 
A  process  by  which  heat  is  made  to  generate  work  may,  therefore,  by  reversal,  become 
a  process  for  the  conversion  of  work  into  heat.  But,  as  mentioned  at  the  place  quoted, 
mechanical  energy  may  be  transformed  into  heat  by  non-reversible  processes,  such  as 
its  expenditure  in  friction  or  percussion.  There  are  also  indirect  methods  of  transforming 
work  into  heat  which  cannot  be  reversed,  step  by  step ;  for  instance,  mechanical  energy, 
used  to  give  motion  to  a  magneto-electric  machine,  can  be  caused  to  generate  electricity, 
and  this  electricity,  if  not  expended  in  effecting  chemical  changes  or  in  reproducing  me- 
chanical energy,  takes  the  form  of  heat  in  traversing  the  conducting  wire,  although  by 
applying  heat  to  the  homogeneous  conductor,  electricity  could  not  be  regenerated.  This, 
therefore,  is  an  indirect,  non-reversible,  process  of  transformation.  But  it  is  found  that 
whether  the  process  by  which  mechanical  energy,  or  work,  is  converted  into  heat  is 
direct  or  indirect,  reversible  or  non-reversible,  the  quantity  of  heat  generated  by  a 
given  quantity  of  mechanical  energy  expended  is,  within  the  limits  of  experimental 
error,  always  the  same,  and,  within  similar  limits,  the  same  as  the  quantity  of  heat  re- 
quired to  regenerate  the  original  quantity  of  mechanical  energy. 

The  simplest  mode  of  transforming  work  into  heat,  is  perhaps  the  compression  of  a 
gas,  by  which  means,  as  in  the  familiar  experiment  of  the  fire-syringe,  a  temperature 
sufficiently  high  to  inflame  easily  combustible  substances  can  be  produced  without 
difficulty.  The  generation  of  heat  in  this  manner  can  be  made  a  continuous  process,  by 
alternately  comprcsssing  the  gas  at  a  high  temperature  and  allowing  it  to  expand  at  a 
low  temperature.  The  reversal  of  the  four  operations  represented  by  the  diagram,  fig. 
547.  p.  121,  would  constitute  such  a  process,  and  by  the  application  of  reasoning  such 
as  that  previously  employed  in  the  consideration  of  this  case,  it  is  evident  that  the 
work  which  it  would  be  necessary  to  expend,  in  order  to  effect  this  reversal,  would  bo 
represented  by  A  —  A',  and  that  the  heat  generated  thereby  would  be 

Q  -  Q'  =.-  I  (A  -  A'\ 
E,  being  as  before,  the  mechanical  equivalent  of  heat. 
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The  expenditure  of  mechanical  energy  in  compressing  liquid  and  solid  bodies  is  also 
attended  with  the  production  of  heat.  According  to  Thomson,  the  thermal  effect  of 
compression  may  be  expressed  by  the  formula  : 


-EC  ' 

where  0  is  the  effect  in  question,  r  the  absolute  temperature,  a  the  coefficient  of  expan- 
sion by  heat,  p  the  pressure,  E  the  mechanical  equivalent  of  heat,  and  c  the  specific 
heat  of  the  substance.  This  formula  has  been  verified  by  Joule  (Proc.  Koy.  Soc.  ix. 
496)  by  experiments  on  water  and  upon  oil,  the  temperatures  varying  in  the  first  case 
between  1'2°  C.  and  40-4°,  and  the  pressures  between  15  '64  and  25-34  atmospheres  ; 
in  the  experiments  on  oil  the  temperature  was  always  about  17°  and  the  pressures  were 
varied  from  7'92  atmospheres  to  25*34.  In  the  experiments  on  water  at  1-2°,  pressure 
caused  a  lowering  of  temperature  instead  of  a  rise,  as  in  the  other  experiments,  —  a 
result  which  agrees  with  the  fact  that  water  contracts  by  heat  at  this  temperature. 
Similarly,  when  weights  are  laid  upon  metallic  pillars,  heat  is  evolved,  and  is  absorbed 
when  they  are  removed,  the  quantity  evolved  or  absorbed  increasing  with  the  weights 
employed  (Joule,  ibid.  viii.  564).  Conversely,  the  stretching  of  metallic  wires  causes 
heat  to  disappear.  Joule  found  (ibid.  viii.  355)  that  an  iron  wire,  £  inch  in  diameter 
was  cooled  £  degree  C.  when  stretched  by  a  weight  of  775  Ib.  Similar  results  were 
obtained  with  cast  iron,  hard  steel,  copper,  and  lead.  The  thermal  effects  were  in  all 
cases  found  to  be  almost  identical  with  those  deduced  from  Professor  Thomson's 
theoretical  investigation,  the  particular  formula  applicable  to  the  case  in  question  being 

Q  =  ^-|p  where  Q  is  the  heat  absorbed  in  a  wire  one  foot  long,  and  the  other  symbols 

have  the  same  significations  as  above.  Vulcanised  india-rubber,  which,  when  stretched, 
contracts  by  heat  (p.  73),  became  hotter  when  the  stretching  weight  was  applied,  and 
colder  when  it  was  removed.  Similar  results  have  been  obtained  by  Edlund,  (Ann. 
Ch.  Phys.  [3]  Ixiv.  245),  whose  experiments  lead  to  the  following  general  conclusions  :  — 

1.  When  a  metal  is  stretched,  without  exceeding  its  limits  of  elasticity,  a  cooling 
effect  is  produced  proportional  to  the  mechanical  force  employed  to  stretch  it. 

2.  If  the  metal  afterwards  return  to  the  original  volume,  performing  in  so  doing  a 
quantity  of  external  work  equal  to  that  expended  in  stretching  it,  it  is  heated  to  the  same 
extent  as  that  by  which  it  was  previously  cooled,  and  consequently  proportional  to  the 
mechanical  force  by  which  the  metal  was  kept  in  the  stretched  state  before  contracting. 

3.  If  on  the  other  hand,  the  metal  resumes  its  original  bulk  without  performing 
external  work,  it  is  more  strongly  heated  than  in  the  previous  case,  and  the  difference 
between  the  two  heating  effects  is  proportional  to  the  external  work  performed,  in  the 
one  case,  by  the  metal  during  its  contraction. 

4.  From  these  three  principles,  it  follows  that  when  a  metal  passes  from  the  volume 
V0  to  the  volume  Vlt  without  exceeding  the  limits  ot  perfect  elasticity,  the  accompany- 
ing calorific  effect  does  not  depend  solely  upon  the  initial  and  final  volumes,  but  also 
upon  the  manner  in  which  the  entire  change  takes  place. 

EXPERIMENTAL  DETERMINATION  OF  THE  MECHANICAL  EQUIVALENT  OF  HEAT.  —  It  is 
obvious  that  any  of  the  processes  whereby  work  is  transformed  into  heat,  or  heat  into 
work,  may  serve  for  the  determination  of  the  numerical  ratio  existing  between  the  unit 
of  work  and  the  unit  of  heat,  provided  the  process  is  such  as  to  admit  of  the  accurate 
measurement  of  the  work  or  heat  expended  and  of  the  heat  or  work  produced.  The 
earliest  attempt  to  ascertain  the  value  of  this  ratio  appears  to  have  been  made  by 
Count  Kumford.  His  experiments  described  in  his  essay,  entitled  An  Experimental 
Inquiry  concerning  the  Source  of  the  Heat  which  is  excited  by  Friction  (read  before  the 
Koyal  Society,  January  25,  1798,  and  published  in  the  Phil.  Trans.,  also  in  "  Essays, 
Political,  Economical,  and  Philosophical,  by  Benjamin  Count  of  Rumford,"  3  vols.  8vo, 
Lond.  1798-1802,  vol.  ii.  p.  469),  were  made  by  pressing  a  blunt  steel  borer  against  the 
bottom  of  a  cavity  made  in  a  brass  cylinder  which  was  caused  to  revolve,  while  the 
borer  was  kept  stationary.  Considering  the  state  of  opinion  at  the  time  as  to  the  pro- 
bable nature  of  heat,  these  experiments,  and  especially  the  conclusions  drawn  from 
them  by  their  author,  are  very  remarkable,  but  it  is  only  of  late  years  that  they  have 
attracted  the  attention  which  they  deserve.  In  the  most  complete  experiment,  the 
brass  cylinder  was  placed  inside  a  wooden  box  containing  1877  Ib.  avoirdupois  of 
water  ;  the  temperature  of  the  water  at  the  beginning  of  the  experiment  was  60°  F., 
And  was  found  to  rise  continuously  when  the  cylinder  was  set  in  motion,  until  at  the 
end  of  2£  hours  the  water  boiled.  Rumford  states  the  results  of  this  experiment  in  a 
tabular  form,  taking  account  of  the  weights  and  specific  heats  of  the  brass  cylinder  and 
steel  borer,  and  gives  the  total  quantity  of  heat  produced,  exclusive  of  the  amount 
accumulated  in  the  wooden  box,  and  of  that  which  was  lost  by  radiation,  as  sufficient 
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to  raise  the  temperature  of  26'58  Ib.  of  water  180  degrees  Fahrenheit,  or  from  the 
freezing  to  the  boiling  point;  he  then  quotes  experiments  by  Crawford  and  by  him- 
self, from  which  he  concludes  "  that  the  quantity  of  heat  produced  equably,  or  in  a 
a  continual  stream  (if  I  may  use  that  expression),  by  the  friction  of  the  blunt  steel 
borer  against  the  bottom  of  the  hollow  metallic  cylinder,  in  the  experiment  under  con- 
sideration, was  greater  than  that  produced  equably  in  the  combustion  of  nine  wax 
candles,  each  f  of  an  inch  in  diameter,  all  burning  together,  or  at  the  same  time,  with 
clear  bright  flames." 

The  two  paragraphs  which  follow  this  are  especially  remarkable,  as  they  show  that 
Eumford  distinctly  saw  the  source  of  this  heat  in  the  mechanical  energy  which  was 
expended  during  its  production  : — 

"  As  the  machinery  used  in  this  experiment  could  easily  be  carried  round  by  the 
force  of  one  horse  (though,  to  render  the  work  lighter,  two  horses  were  actually 
employed  in  doing  it),  these  computations  show  further  how  large  a  quantity  of  heat 
might  be  produced,  by  proper  mechanical  contrivance,  merely  by  the  strength  of  a 
horse,  without  fire,  light,  combustion,  or  chemical  decomposition;  and,  in  case  of 
necessity,  the  heat  thus  produced  might  be  used  in  cooking  victuals. 

"  But  no  circumstances  can  be  imagined,  in  which  this  method  of  procuring  heat 
would  not  be  disadvantageous  ;  for  more  heat  might  be  obtained  by  using  the  fodder, 
necessary  for  the  support  of  a  horse,  as  fuel." 

After  bringing  forward  arguments  and  direct  experiments  to  prove  that  the  evolution 
of  heat  cannot  have  been  due  to  an  alteration  in  the  capacity  for  heat  of  the  particles 
of  metal  detached  from  the  larger  solid  masses  by  the  friction,  and  that  it  cannot  have 
been  furnished  by  the  air,  nor  by  the  water,  nor  by  the  pieces  of  metal  by  which  the 
cylinder  and  borer  were  supported,  he  says: — "It  appears  to  me  to  be  extremely 
difficult,  if  not  quite  impossible,  to  form  any  distinct  idea  of  anything  capable  of  being 
excited  and  communicated,  in  the  manner  the  heat  was  excited  and  communicated 
in  these  experiments,  except  it  be  MOTION." 

According  to  Joule's  reduction  of  these  results,  they  indicate  that  the  heat  required 
to  raise  the  temperature  of  a  pound  of  water  one  degree  Fahr.,  is  equivalent  to  the 
mechanical  energy  represented  by  1034  foot-pounds,  This  number  differs  considerably 
from  that  deduced  from  the  more  accurate  experiments  to  be  described  below ;  but  the 
difference  is  of  the  kind  that  might  have  been  anticipated,  and,  considering  the  manner 
in  which  Kumford's  experiments  were  made,  it  is  not  excessive.  It  will  be  seen  that 
these  were  not  of  a  kind  to  furnish  accurate  data  for  determining  the  quantitative 
relation  between  heat  and  work,  and  it  even  seems  likely  that  the  idea  of  instituting  a 
comparison  between  these  two  quantities  first  occurred  to  Eumford  after  the 
experiments  were  finished,  his  idea,  during  their  performance,  having  been  rather 
qualitative  than  quantitative,  and  his  primary  object,  as  indicated  in  the  title  of  his 
paper,  to  ascertain  the  nature  of  the  source  of  the  heat  developed  by  friction.  But, 
although  the  numerical  results  of  this  investigation  were  not  sufficiently  definite  to 
possess  any  great  value,  the  investigation,  as  a  whole,  is  of  great  importance  as  indi- 
cating a  distinct  stage  in  the  development  of  ideas  concerning  the  nature  of  heat  and 
its  relations  to  other  forms  of  energy  ;  and  it  is  for  this  reason  that  we  have  devoted 
to  it  so  comparatively  large  a  share  of  space. 

These  ideas  seem  to  have  advanced  but  little  beyond  this  point  until  about  the 
year  1842.  In  that  year  J.  E.  Mayer  introduced  into  science  the  expression  "  mecha- 
nical equivalent  of  heat "  (Ann.  Ch.  Pharm.  xlii.  233  ;  Phil.  Mag.  [4]  xxiv.  371),  and 
thereby — probably  as  much  as  by  the  calculation  of  the  numerical  value  of  this  equiva- 
lent, founded  upon  the  then  inaccurately  known  ratio  of  the  two  specific  heats  of  air 
— contributed  to  promote  the  general  adoption  of  the  view  that  heat  and  work  are 
mutually  convertible.  In  the  same  year,  Col  ding,  of  Copenhagen,  communicated  to 
the  Eoyal  Society  of  Denmark  experiments  on  the  production  of  heat  by  friction,  from 
which  he  concluded  that  the  evolution  of  heat  was  proportional  to  the  mechanical 
energy  expended,  and  independent  of  the  nature  of  the  substances  between  which  tha 
friction  took  place.  But  it  was  Joule  who  was  the  first  to  publish  experiments 
which  were  at  the  same  time  sufficiently  varied  and  sufficiently  accurate  to  attract  the 
general  attention  of  scientific  men,  and  to  be  accepted  by  them  as  definite  proof  that 
the  transformation  of  mechanical  energy  into  heat,  or  of  heat  into  mechanical  energy, 
takes  place  in  every  case  according  to  a  constant  numerical  ratio. 

Joule's  first  experiments,  bearing  directly  upon  the  subject,  were  published  in  1843 
(Phil.  Mag.  [3]  xxiii.  441).  In  this  investigation  he  showed  that  the  heat  evolved  by 
the  electric  current,  furnished  by  a  magneto- electric  machine,  is  proportional  to  the 
mechanical  energy  expended ;  and  that  the  work  done  by  an  electro-magnetic  engine 
is  derived  from  the  work  of  chemical  affinity  in  the  battery,  work  which  would  otherwise 
be  evolved  in  the  form  of  heat.  From  these  facts  he  drew  the  conclusion,  "That  the 
quantity  of  heat  capable  of  increasing  the  temperature  of  a  Ib.  of  water  by  one  degree 
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Fig.  549. 


Fig.  550. 


of  Fahrenheit's  scale,  is  equal  to,  and  may  be  converted  into,  a  mechanical  force 
capable  of  raising  838  Ib.  to  the  perpendicular  height  of  one  foot,"  In  a  subsequent 
paper,  read  before  the  Eoyal  Society  in  1844  (Phil.  Mag.  [3]  xxvi.  375,  379),  he  showed 
that  the  heat  absorbed  and  evolved  by  the  rarefaction  and  condensation  of  air  is  pro- 
portional to  the  amount  of  mechanical  energy  evolved  and  absorbed  in  those  operations, 
and  obtained  a  numerical  result  closely  agreeing  with  that  of  the  electro-magnetic 
experiments  just  referred  to.  In  1845  and  1847  (ibid,  xxvii.  205  ;  and  xxxi.  173)  he 
determined  the  heat  evolved  by  the  friction  of  water,  sperm-oil,  and  mercury,  and 
obtained  the  numbers  781*5,  782*1,  and  787'6,  by  experiments  on  these  liquids  respec- 
tively, as  representing  the  number  of  foot-pounds  which  is  equivalent  to  the  heat 
required  to  raise  the  temperature  of  1  Ib.  of  water  1°  Fahrenheit. 

Still  more  elaborate  and  careful  experiments  were  made  by  Joule,  in  1849  (Phil. 
Trans.  1850,  p.  61;  Chem.  Soc.  Qu.  J.  iii.  316),  upon  the  friction  of  water,  mercury, 
and  cast-iron,  by  a  method  similar  to  that  adopted  in  those  last  mentioned.  The 
apparatus  employed  in  this  investigation,  for  the  experiments  upon  water,  consisted  of  a 
brass  paddle-wheel  furnished  with  eight  sets  of  revolving  vanes,  working  between  four 

sets  of  stationary  vanes.  This  revolving  appa- 
ratus, of  which  fig.  549  shows  a  vertical,  and 
fig.  550  a  horizontal  section,  was  firmly  fitted 
into  a  copper  vessel  (see  fig.  551)  containing 
water,  in  the  lid  of  which  were  two  necks,  one 
for  the  axis  to  revolve  in  without  touching,  the 
other  for  the  insertion  of  a  thermometer.  A 
similar  apparatus,  but  made  of  iron,  and  of 
smaller  size,  having  six  rotatory  and  eight  sets 
of  stationary  vanes,  was  used  for  the  experi- 
ments on  the  friction  of  mercury.  The  appa- 
ratus for  the  friction  of  cast-iron  consisted  of  a 
vertical  axis,  carrying  a  bevelled  cast-iron  wheel, 
against  which  a  bevelled  wheel  was  pressed  by 
a  lever.  The  wheels  were  enclosed  in  a  cast- 
iron  vessel  filled  with  mercury,  the  axis  passing 
through  the  lid.  In  each  apparatus  motion  was  given  to  the  axis  by  the  descent  of  leaden 
weights  w  (fig.  551)  suspended  by  strings  from  the  axes  of  two  wooden  pulleys,  one  of 

Fig.  551. 


which  is  shown  at  p,  their  axes  being  supported  on  friction-wheels  d  d,  and  the  pulleys 
were  connected  by  fine  twine  with  a  wooden  roller  r,  which,  by  means  of  a  pin,  could 
be  easily  attached  to  or  removed  from  the  friction  apparatus. 

The  mode  of  experimenting  was  as  follows:  The  temperature  of  the  fractional 
apparatus  having  been  ascertained,  and  the  weights  wound  up,  the  roller  was  fixed  to 
the  axis,  and  the  precise  height  of  the  weights  ascertained ;  the  roller  was  then  set  at 
liberty,  and  allowed  to  revolve  till  the  weights  touched  the  floor.  The  roller  was 
then  detached,  the  weights  wound  up  again,  and  the  friction  renewed.  This  having 
been  repeated  twenty  times,  the  experiment  was  concluded  with  another  observation  of 
the  temperature  of  the  apparatus.  The  mean  temperature  of  the  apartment  was 
ascertained  by  observations  made  at  the  beginning,  middle,  and  end  of  each  experi- 
ment. Corrections  were  made  for  the  effects  of  radiation  and  conduction ;  and,  in  the 
experiments  with  water,  for  the  quantities  of  heat  absorbed  by  the  copper  vessel  and 
the  paddle-wheel  In  the  experiments  with  mercury  and  cast-iron,  the  heat-capacity 
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of  the  entire  apparatus  was  ascertained  by  observing  the  heating  effect  which  it  pro- 
duced on  a  known  quantity  of  water  in  which  it  was  immersed.  In  all  the  experiments 
corrections  were  also  made  for  the  velocity  with  which  the  weights  came  to  the  ground, 
and  for  the  friction  and  rigidity  of  the  strings.  The  thermometers  used  were  capable 
of  indicating  a  variation  of  temperature  as  small  as  5~  of  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained  by  this  method ;  the 
second  column  gives  the  results  as  they  were  obtained  from  weighings  made  in  air ;  tho 
third  column,  the  same  results  reduced  to  weighings  in  a  vacuum. 


Material  employed 
Water 

Mercury 
Cast-iron    , 


Equivalent  in  air. 

773-640 
(773-762 
j  776-303 
(776-997 
)  774-880 


Equivalent  in  vacuo. 

772-692 
772-814 
775-352 
776-045 
774-930 


Mean. 
772-692 

774-083 
774-987 


In  the  experiments  with  cast-iron,  the  friction  of  the  wheels  produced  a  considerable 
vibration  of  the  frame-work  of  the  apparatus,  and  a  loud  sound ;  it  was  therefore 
necessary  to  make  allowance  for  the  quantity  of  force  expended  in  producing  these 
effects.  The  number  772*692,  obtained  by  the  friction  of  water,  is  regarded  as  the  most 
trustworthy  ;  but  even  this  may  be  a  little  too  high ;  because  even  in  the  friction  of 
fluids  it  is  impossible  entirely  to  avoid  vibration  and  sound.  The  conclusions  deduced 
from  these  experiments  are  : 

1.  That  the  quantity  of  heat  produced  by  the  friction  of  bodies,  whether  solid  or 
liquid,  is  always  proportional  to  the  force  expended. 

2.  That  the  quantity  of  heat  capable  of  increasing  the  temperature  of  1  Ib.  of  water 
(weighed  in  vacuo,  and  between  55°  and  60°  F.)  by  1°  F.,  requires  for  its  evolution  the 
expenditure  of  a  mechanical  force  represented  by  the  fall  of  772  Ibs.  through  the  space 
of  1  foot. 

Or,  the  heat  capable  of  increasing  the  temperature  of  1  gramme  of  water  by  1°  C.,  is 
equivalent  to  a  force  represented  by  the  fall  of  423-55  grammes  through,  the  space  of 
1  metre.  This  is  consequently  the  equivalent  of  "  a  unit  of  heat" 

Since,  in  consequence  of  the  researches  that  have  been  mentioned,  the  attention  of 
scientific  men  has  been  prominently  called  to  the  mutual  equivalence  of  heat  and  work, 
several  investigations  have  been  made,  either  for  the  express  purpose  of  ascertaining 
the  numerical  ratio  expressing  that  equivalence,  or  involving  determinations  from 
which  that  ratio  can  be  calculated.  In  the  following  table,  taken  from  Verdet's 
Expose  de  la  Theorie  Mecanique  de  la  Chaleur  (Paris,  1863),  the  most  trustworthy 
determinations  of  the  mechanical  equivalent  of  heat  are  put  together.  The  numbers 
here  given  represent  the  number  of  kilogramme-metres  which  is  equivalent  to  1  kilo- 
gramme-degree centigrade,  or  the  number  of  gramme-metres  which  is  equivalent  to, 
1  gramme-degree. 

Table  of  determinations  of  the  Mechanical  Equivalent  of  Heat. 


Nature  of  the  phenomenon  whence 
the  determination  is  drawn. 

Philosophers  who  have 
indicated  the  theoreti- 
cal principle  of  the 
determination. 

Philosophers  who  have 
supplied  the  experimental 
data. 

Mechani- 
cal equi. 
valent. 

General  properties  of  air  . 

(Mayer. 
)  Clausius. 

V.  Eegnault.         ) 
Moll  and  van  Beek.  J 

426 

(  Joule. 

424 

Friction  

Joule. 

j  Favre. 

413 

Work  done  by  the  steam-engine 
Heat  evolved  by  induced  cur-? 

Clausius. 
Joule. 

Him. 
Joule. 

413 
452 

rents                                         ) 

Heat  evolved  by  an   electro-  \ 

magnetic  engine,  at  rest  and  > 

Favre. 

Favre. 

443 

in  motion     .        •        .         / 

Total  heat  evolved  in  the  cir-) 
cuit  of  a  Daniell's  battery     ) 

Bosscha. 

(  W.  Weber. 
\  Joule. 

j  420 

Heat  evolved  in  a  metallic  wire  \ 

through   which    an    electric  (• 

Clausius. 

Quintus  Icilius. 

400 

current  is  passing          .         ) 
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DYNAMICAL  THEORY  OF  HEAT. 

For  very  long,  two  rival  theories  have  been  held  regarding  the  natnre  of  heat :  on 
the  one  hand,  heat  has  been  viewed  as  having  a  material  existence,  though  differing 
from  ordinary  matter  in  being  without  weight,  and  in  other  respects  ;  on  the  other  hand, 
it  has  been  regarded  as  a  state  or  condition  of  ordinary  matter,  and  generally  as  a  con- 
dition of  motion.  From  the  latter  part  of  the  last  century,  until  the  modern  researches 
upon  the  mechanical  equivalent,  the  former  view  had  by  far  the  greater  number  of 
adherents.  Its  popularity  may  be  traced  chiefly  to  the  teaching  of  Black  and 
Lavoisier.  By  the  former  of  these  philosophers,  the  various  capacities  for  heat,  or 
specific  heats,  of  different  bodies,  seem  to  have  been  regarded  as  analogous  to  the 
various  proportions  of  the  same  acid  required  to  neutralise  equal  quantities  of  different 
bases ;  while  the  solid,  liquid,  and  gaseous  states  were  explained  by  him  as  represent- 
ing so  many  distinct  proportions  in  which  heat  was  capable  of  combining  with  ordinary 
matter.  Very  similar  views  were  advocated  by  Lavoisier:  he  regarded  all  gases  as 
compounds  of  a  base  characteristic  of  each,  with  caloric,  and  supposed  that  when,  as 
the  result  of  chemical  action,  they  assumed  the  liquid  or  solid  state,  this  caloric  was  set 
free  and  appeared  as  sensible  heat.  Caloric  was  thus  the  physical  representative  of 
phlogiston,  in  the  same  way  as  oxygen  was  its  chemical  representative :  the  physical 
portion  of  the  phenomena  previously  attributed  to  dephlogistication,  being  regarded  by 
Lavoisier  as  caused  by  the  liberation  of  caloric,  just  as  the  chemical  portion  was 
explained  by  him  as  combination  with  oxygen.  Thus  he  uniformly  speaks  ( Trait'e  ele- 
inentaire  de  Chimie)  of  the  "  decomposition  "  of  oxygen-gas  by  combustible  substances, 
into  oxygen  (which  combines  with  the  combustible)  and  caloric  (which  is  set  free). 
It  is  true  that  Lavoisier  guards  himself  against  definitely  expressing  his  belief  in  the 
existence  of  caloric  as  a  substance,  but  he  enumerates  it  in  his  list  of  elements,  and 
seeks  to  explain  all  calorimetric  phenomena  by  the  analogy  of  the  combination  or 
separation  of  elementary  bodies.  Hence,  whether  regarded  by  him  as  necessarily 
material  or  not,  it  became,  for  his  followers,  "  an  imponderable  element." 

It  will  be  seen  that  heat  was  compared  to  a  material  substance,  by  both  Black  and 
Lavoisier,  in  order  to  explain  its  then  known  quantitative  relations ;  and  from  this 
point  of  view,  the  conception  introduced  by  them  had  the  great  advantage  of  being 
more  easily  grasped  than  any  which  the  advocates  of  the  immaterial  nature  of  heat 
had  to  offer  in  its  place.  It  was  much  easier  to  conceive  of  definite  quantities  of  an 
exceedingly  subtile  substance  or  fluid,  than  of  definite  quantities  of  motion  which  was 
itself  undefined  as  to  its  nature.  It  was  a  direct  consequence  of  the  material  view, 
that  heat  should  be  considered  as  indestructible  and  as  incapable  of  being  produced, 
and  therefore  that  the  total  quantity  of  heat  in  the  universe  should  be  regarded  as  at 
all  times  the  same. 

The  greatest  difficulty  which  the  upholders  of  the  substantial  existence  of  heat  had 
to  meet,  was  its  production  by  mechanical  means,  a  phenomenon  of  which,  as  we  have 
seen,  several  instances  were  distinctly  recognised.  Here  it  was  not  easy  to  deny  the 
actual  generation  of  heat,  and  to  explain  the  effects  as  depending  merely  on  its  altered 
distribution.  Nevertheless,  the  evolution  of  heat  by  friction  and  percussion  was  gene- 
rally considered,  by  the  advocates  of  the  material  view,  as  in  some  way  resulting  from 
a  diminution  in  the  capacities  for  heat  of  the  bodies  operated  upon  ;  and  this  explana- 
tion derived  considerable  support  from  the  remark,  made  by  Black,  that  apiece  of  soft 
iron,  which  has  been  once  made  red  hot  by  hammering  (see  p.  119),  cannot  be  so 
heated  a  second  time  until  it  has  been  heated  to  redness  in  a  fire  and  allowed  to  cool. 
In  this  case,  certainly,  it  seemed  as  though  the  hammering  forced  out  heat  from  the 
mass  of  iron,  like  water  from  a  sponge,  and  that  a  fresh  supply  was  taken  up  when  the 
iron  was  put  in  the  fire.  But,  as  has  been  shown  already,  this  explanation  did  not 
satisfy  Rumford,  who,  in  the  investigation  described  above,  made  direct  experiments 
upon  the  specific  heat  of  the  chips  of  metal  detached  by  the  friction,  and  found  it  to  be 
identical  with  that  of  brass  under  ordinary  circumstances.  An  experiment  which 
proved,  if  possible,  still  more  decisively,  that  the  heat  generated  by  friction  cannot  be 
ascribed  to  a  diminution  in  the  specific  heats  of  the  substances,  was  made  by  Davy, 
in  1799,  the  year  following  the  publication  of  Bumford's  researches.  Davy 
arranged  two  pieces  of  ice,  so  that  they  could  be  caused  to  rub  against  each  other  under 
the  exhausted  receiver  of  an  air-pump,  but  so  that  it  was  impossible  for  heat  to  bo 
imparted  to  them  by  conduction,  and  found  that  by  friction  they  were  rapidly  con- 
verted into  water,  that  is  to  say,  into  a  liquid  whose  specific  heat  was  twice  as  great  a-s 
that  of  ice.  From  this  experiment  Davy  drew  the  same  conclusion  that  Eumford  had 
drawn  from  his  own  results,  and  expressed  himself  in  veiy  similar  terms : — "  The 
immediate  cause  of  the  phenomena  of  heat  then  is  motion,  and  the  laws  of  its  commu- 
nication are  precisely  the  same  as  the  laws  of  the  communication  of  motion."  (Elements 
of  Chemical  Philosophy,  London,  1812,  pp.  94,  95.)  Similar  views  were  very  forcibly 
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advocated  by  Dr.  Thomas  Young  in  his  Lectures  on  Natural  Philosophy  ;  but,  by 
the  majority  of  scientific  men,  facts  such  as  we  have  been  referring  to,  though  recog- 
nised as  difficulties  in  the  way  of  the  material  theory  of  heat,  were  not  allowed  to  cause 
its  rejection.  The  ease  and  apparent  precision  with  which  the  quantitative  phenomena 
of  latent  and  specific  heat  could  be  explained,  or  at  least  expressed,  upon  this  theory, 
still  caused  it  to  be  generally  preferred  to  one  which  gave  a  less  definite  and,  as  it 
seemed,  more  hypothetical  explanation  of  these  phenomena.  The  mechanical,  or 
dynamical  theory,  which  regarded  heat  as  consisting  in  a  state  of  molecular  motion, 
cannot  be  said  to  have  been  definitely  established  until  it  also  was  made  quantitative, — • 
until  it  was  shown  that  exact  numerical  laws  regulated  the  production  of  heat  by  work 
or  of  work  by  heat,  equally  with  its  production  during  solidification,  or  disappearance 
during  fusion.  This,  as  we  have  seen,  was  effectually  accomplished  by  Joule,  and 
chiefly  as  the  result  of  his  investigations  and  of  others  conducted  in  the  same  spirit, 
philosophers  have  now  been  compelled  to  extend  their  ideas  of  quantity  from  matter  to 
energy,  and  thus  has  arisen  the  new  science  of  Energetics,  or  the  quantitative  study 
of  the  transformations  of  energy  (as  chemistry  is  the  quantitative  study  of  the  trans- 
formation of  matter),  comprehending  and  uniting  all  the  different  branches  of  physical 
science. 

We  cannot  attempt  to  give  anything  like  an  adequate  idea  of  the  state  of  develop- 
ment which  the  mechanical  theory  of  heat  has  now  reached ;  but,  in  order  to  illustrate 
the  general  nature  of  the  theory,  and  to  show  in  what  sort  of  way  the  conception  that 
"  heat  is  motion "  has  been  applied  to  the  explanation  of  such  phenomena  as  have 
formed  the  subject  of  this  article,  we  give  here  an  outline  of  the  view  of  the  constitu- 
tion of  gases  which  this  theory  affords,  first  put  forward,  in  its  present  form,  by  Joule 
(see  Ann.  Ch.  Phys.  [3]  1.  381)  and  subsequently  developed  by  Kro  nig  (Pogg.  Ann. 
xcix.  315)  and  Clausius  (Hid.  353),  and  of  the  explanation  of  the  relations  existing 
between  solids,  liquids,  and  gases,  which  has  been  deduced  from  it  by  the  last-named 
philosopher.  The  account  which  follows,  of  these  applications  of  the  dynamical  theory, 
is  taken  from  Watts's  Supplement  to  Graham's  Elements  of  Chemistry.  It  will  be 
seen  that  the  explanations  of  phenomena  which  this  theory  affords,  are  at  least  equally 
definite  with  those  which  can  be  given  upon  the  view  of  the  material  nature  of 
heat. 

First,  then,  it  is  assumed  that  the  particles  of  all  bodies  are  in  constant  motion,  and 
that  this  motion  constitutes  heat,  the  kind  and  quantity  of  motion  varying  according 
to  the  state  of  the  body,  whether  solid,  liquid,  or  gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggregate  of  atoms — are  supposed 
to  be  constantly  moving  forward  in  straight  lines,  and  with  a  constant  velocity,  till  they 
impinge  against  each  other  or  against  an  impenetrable  wall.  This  constant  impact  of 
the  molecules  produces  the  expansive  tendency  or  elasticity,  which  is  the  peculiar 
characteristic  of  the  gaseous  state.  The  rectilinear  movement  is  not,  however,  the  only 
one  with  which  the  particles  are  affected.  For  the  impact  of  two  molecules,  unless  it 
takes  place  exactly  in  the  line  joining  their  centres  of  gravity,  must  give  rise  to  a 
rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of  which  the  molecules  are  com- 
posed may  be  supposed  to  vibrate  within  certain  limits,  being,  in  fact,  thrown  into 
vibration  by  the  impact  of  the  molecules.  This  vibratory  motion  is  called,  by  Clausius, 
the  motion  of  the  constituent  atoms  (Eewcgungen  dcr  Bcstandtheile).  The  total  quantity 
of  heat  in  the  gas  is  made  up  of  the  progressive  motion  of  the  molecules,  together  with 
the  vibratory  and  other  motions  of  the  constituent  atoms ;  but  the  progressive  motion 
alone,  which  is  the  cause  of  the  expansive  tendency,  determines  the  temperature.  Now, 
the  outward  pressure  exerted  by  the  gas  against  the  containing  envelope  arises,  accord- 
ing to  our  hypothesis,  from  the  impact  of  a  great  number  of  gaseous  molecules  against 
the  sides  of  the  vessel.  But  at  any  given  temperature,  that  is,  with  any  given  velocity, 
the  number  of  such  impacts  taking  place  in  a  given  time,  must  vary  inversely  as  the 
volume  of  the  given  quantity  of  gas ;  hence  the  pressure  varies  inversely  as  the  volume 
or  directly  as  the  density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting  from  the  impact  of 
the  molecules  is  proportional  to  the  sum  of  the  masses  of  all  the  molecules  multiplied 
into  the  squares  of  their  velocities,  in  other  words,  to  the  so-called  vis  viva  or  living 
force  of  the  progressive  motion. 

If,  for  example,  the  velocity  be  doubled,  each  molecule  will  strike  the  sides  of  the 
vessel  with  a  two-fold  force,  and  its  number  of  impacts  in  a  given  time  will  also  be 
doubled  ;  hence  the  total  pressure  will  be  quadrupled. 

Now  we  know  that  when  a  given  quantity  of  any  perfect  gas  is  maintained  at  a  con- 
stant volume,  it  tends  to  expand  by  ^  of  its  bulk  at  zero  for  each  degree  centigrade. 
Hence  the  pressure  or  elastic  force  increases  proportionally  to  the  temperature  reckoned 
from— 273°  C. ;  that  is  to  say,  to  the  absolute  temperature.  Consequently,  the  absolute 
temperature  is  proportional  to  the  vis  viva  of  the  progressive  motion. 

K2 
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Suppose  a  vessel  of  the  form  of  a  rectangular  parallelepiped,  the  lengths  of  whose 
sides  are  xt  y,  z,  to  contain  n  gas-molecules,  each  having  the  mass  m.     Suppose,  also, 

the  space  enclosed  by  this  vessel  to  be  divided  into  -   equal  cubes ;    and   at  a  given 

instant  let  there  be  in  each  of  these  cubes  six  gas-molecules,  moving  severally  in  the 
directions  +x,  —  x,  +  y,  —y,  +  z,  —z,  and  with  the  common  velocity  c.  Let  it  also 
be  supposed  that  the  molecules  exert  no  mutual  action  upon  each  other,  but  pass  with- 
out hindrance  from  side  to  side  of  the  vessel.  It  is  required  to  determine  the  pressure, 
which  the  gas  exerts  against  one  of  the  sides,  yz,  of  the  vessel.  The  pressure  arising 
from  the  impact  of  a  single  gas-molecule  is  mca,  if  a  denote  the  number  of  impacts 
which  take  place  in  a  unit  of  time.  Now,  a  molecule  moving  at  right  angles  to  ye,  or 
parallel  to  x,  strikes  against  yz  every  time  that  it  passes  over  the  space  2# ;  therefore 
c 

*  =   2? 

To  find  the  total  pressure  P  upon  yz,  the  quantity,  mca,  must  be  multiplied  by  the 
number  of  molecules  which  move  parallel  to  x,  which  number,  since  two  atoms  out  of 

every  six  are  parallel  to  a*,  is  -.    Hence  P  =  m.c.  —  •  •-.  And  the  pressure  p  upon  a  unit 
of  surface  of  the  side  yz,  is  p  =  m .  c .  ~  •  5  •  — ;  or  if  we  put  aye  =  v,  and  leave  out  the 


o*  ""  Om       Q 

side  yz,  'u 
constant  factor : 


nmc? 


This  expression  shows  that  the  pressure  exerted  upon  a  unit  of  surface  is  the  same  for 
each  side  of  the  vessel  ;  also,  that  the  pressure  is  inversely  in  proportion  to  the  volume 
of  the  gas,  which  is  Boyle's  law. 

The  product,  me2,  or  the  vis  viva  of  an  atom,  is  the  expression  of  the  temperature 
reckoned  from  the  absolute  zero,  or  —  273°  C. 
.    If,  in  the  preceding  value  of  p,  we  put  me2  =  r,  we  have 

nr 

*=-' 

that  is  to  say,  when  the  volume  is  constant,  the  pressure  varies  directly  as  the  absolute 
temperature.  (Kronig.) 

If,  for  two  different  gases,  we  suppose  p,  r  and  v,  equal,  it  follows  from  this  expres- 
sion, that  n  also  must  be  the  same  for  both.  That  is  to  say,  at  the  same  temperature 
and  pressure,  equal  volumes  of  different  gases  contain  the  same  number  of  molecules. 
Hence  also,  the  mass,  m,  of  a  molecule  is  proportional  to  the  specific  gravity,  s,  of  the 
gas  :  or,  the  molecular  weights  of  different  substances  are  proportional  to  their  vapour- 
densities  (taken  at  temperatures  at  which  the  vapours  have  the  properties  of  true 


Clausius,  taking  into  consideration  the  vis  viva  of  the  vibratory  and  rotatory 


movements  as  well  of  the  progressive  movements,  arrives  at  the  expression,  p  =       £-, 

09 


or  pv  =  ~—,  which  differs  from  that  of  Kronig  only  by  a  constant  factor. 

From  this  equation,  it  is  possible  to  deduce  the  mean  value  of  the  absolute  progressive 
velocity  of  the  molecules  of  any  gas  for  any  given  temperature.  It  gives,  in  fact, 
directly, 

#-3e, 

nm 

or,  putting  q  for  the  weight  of  the  gas,  and  g  for  the  force  of  gravity,  — 
' 


an  expression  which  contains  only  numerically  determinable  quantities.  Denoting  by 
p  the  density  of  the  gas  compared  with  that  of  air  at  0°,  introducing  into  the  formula 
the  known  values  of  the  weight  of  a  litre  of  air  and  of  the  force  of  gravity,  taking  p 
equal  to  the  normal  atmospheric  pressure,  and  denoting  the  absolute  temperature  by  T, 

mes 


the  value  of  c,  expressed  in  metres,  becomes 
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which  gives  at  0°  C.,  for  Oxygen      c  =     461  metres  per  second 
,,    Nitrogen     c  =    492       „ 
,,  Hydrogen    c  =  1844       „  „ 

Hence,  the  velocity  of  translation  of  the  molecules  of  a  gas  is  inversely  as  the  square- 
root  of  its  density,  which  gives^  Graham's  law  of  the  diffusion  of  gases,  and  the 
law  of  their  velocity  of  entrance  into  a  vacuum. 

Moreover,  as  the  motions  of  the  constituent  particles  of  a  gas  depend  on  the  manner 
in  which  its  atoms  are  united,  it  follows  that  in  any  given  gas  the  different  motions 
must  be  to  one  another  in  a  constant  ratio ;  and,  therefore,  the  vis  viva  of  the  pro- 
gressive motion  must  be  an  aliquot  part  of  the  entire  vis  viva  of  the  gas ;  hence  also 
the  absolute  temperature  is  proportional  to  the  total  vis  viva  arising  from  all  the 
motions  of  the  particles  of  the  gas. 

From  this  it  follows  that  the  quantity  of  heat  which  must  be  added  to  a  gas  of 
constant  volume  in  order  to  raise  its  temperature  by  a  given  amount,  is  constant  and 
independent  of  the  temperature.  In  other  words,  the  specific  heat  of  a  gas  referred  to 
a  given  volume  is  constant,  a  result  which  agrees  with  the  experiments  of  Eegnault, 
mentioned  at  p.  34.  This  result  may  be  otherwise  expressed,  as  follows :  The  total 
vis  viva  of  the  gas  is  to  the  vis  viva  of  the  progressive  motion  of  the  molecules,  which  is 
the  measure  of  the  temperature,  in  a  constant  ratio.  This  ratio  is  different  for  different 
gases,  and  is  greater  as  the  gas  is  more  complex  in  its  constitution ;  in  other  words, 
as  its  molecules  are  made  up  of  a  greater  number  of  atoms.  The  specific  heat  referred 
to  a  constant  pressure  is  known  to  differ  from  the  true  specific  heat  only  by  a  constant 
quantity  (see  p.  42). 

The  relations  just  considered  between  the  pressure,  volume  and  temperature  of  gases, 
presuppose,  however,  contain  conditions  of  molecular  constitution,  which  are, 
perhaps,  never  rigidly  fulfilled;  and  accordingly,  the  experiments  of  Magnus  and 
Regnault  (p.  48)  show  that  gases  do  exhibit  slight  deviations  from  Gay-Lussac  and 
Boyle's  laws.  What  the  conditions  are  which  strict  adherence  to  these  laws  would 
require,  will  be  better  understood  by  considering  the  differences  of  molecular  constitu- 
tion which  must  exist  in  the  solid,  liquid,  and  gaseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three  states.  In  the 
solid  state,  the  motion  is  such  that  the  molecules  oscillate  about  certain  positions  of 
equilibrium,  which  they  do  not  quit,  unless  they  are  acted  upon  by  external  forces. 
This  vibratory  motion  may,  however,  be  of  a  very  complicated  character.  The  con- 
stituent atoms  of  a  molecule  may  vibrate  separately ;  the  entire  molecules  may  also 
vibrate  as  such  about  their  centres  of  gravity,  and  the  vibrations  may  be  either  recti- 
linear or  rotatory.  Moreover,  when  extraneous  forces  act  upon  the  body,  as  in  shocks, 
the  molecules  may  permanently  alter  their  relative  positions. 

In  the  liquid  state,  the  molecules  have  no  determinate  positions  of  equilibrium. 
They  may  rotate  completely  about  their  centres  of  gravity,  and  may  also  move  for- 
ward into  other  positions.  But  the  repulsive  action  arising  from  the  motion  is  not 
strong  enough  to  overcome  the  mutual  attraction  of  the  molecules  and  separate  them 
completely  from  each  other.  A  molecule  is  not  permanently  associated  with  its  neigh- 
bours, as  in  the  solid  state ;  it  does  not  leave  them  spontaneously,  but  only  under  the 
influence  of  forces  exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in  the  liquid  state,  a 
vibratory,  rotatory  and  progressive  movement  of  the  molecules,  but  so  regulated,  that 
they  are  not  thereby  forced  asunder,  but  remain  within  a  certain  volume  without 
exerting  any  outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are  removed  quite  beyond  the 
sphere  of  their  mutual  attractions,  and  travel  onward  in  straight  lines  according  to  the 
ordinary  laws  of  motion.  When  two  such  molecules  meet,  they  fly  apart  from  each 
other,  for  the  most  part,  with  a  velocity  equal  to  that  with  which  they  came  together.  The 
perfection  of  the  gaseous  state,  however,  implies:  1.  That  the  space  actually  occupied 
by  the  molecules  of  the  gas  be  infinitely  small  in  comparison  with  the  entire  volume  of 
the  gas.— 2.  That  the  time  occupied  in  the  impact  of  a  molecule,  either  against 
another  molecule  or  against  the  sides  of  the  vessel,  be  infinitely  small  in  comparison 
with  the  interval  between  any  two  impacts. — 3.  That  the  influence  of  the  molecular 
forces  be  infinitely  small.  When  these  conditions  are  not  completely  fulfilled,  the  gas 
partakes  more  or  less  of  the  nature  of  a  liquid,  and  exhibits  certain  deviations  from 
Gay-Lussac  and  Boyle's  laws.  Such  is,  indeed,  the  case  with  all  known  gases ;  to  a 
very  slight  extent  with  those  which  have  not  yet  been  reduced  into  the  liquid  state  ; 
but  to  a  greater  extent  with  vapours  and  condensable  gases,  especially  near  the  points 
of  condensation. 

Let  us  now  return  to  the  consideration  of  the  liquid  state.  It  has  been  said  that 
the  molecule  of  a  liquid,  when  it  leaves  those  with  which  it  is  associated,  ultimately 
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takes  up  a  similar  position  with  regard  to  other  molecules.  This,  however,  does  not 
preclude  the  existence  of  considerable  irregularities  in  the  actual  movements.  Now, 
at  the  surface  of  the  liquid,  it  may  happen  that  a  particle,  by  a  peculiar  combination 
of  the  rectilinear,  rotatory  and  vibratory  movements,  may  be  projected  from  the 
neighbouring  molecules  with  such  force  as  to  throw  it  completely  out  of  their  sphere  of 
action,  before  its  projectile  velocity  can  be  annihilated  by  the  attractive  force  which 
they  exert  upon  it.  The  molecule  will  then  be  driven  forward  into  the  space  above 
the  liquid,  as  if  it  belonged  to  a  gas,  and  that  space,  if  originally  empty,  will,  in  con- 
sequence of  the  action  just  described,  become  more  and  more  filled  with  these  projected 
molecules,  which  will  comport  themselves  within  it  exactly  like  the  molecules  of  a  gas, 
impinging  and  exerting  pressure  upon  the  sides  of  the  envelope.  One  of  these  sides,  how- 
ever, is  formed  by  the  surface  of  the  liquid,  and  when  a  molecule  impinges  upon  this  surface, 
it  will,  in  general,  not  be  driven  back,  but  retained  by  the  attractive  forces  of  the  other 
molecules.  A  state  of  equilibrium,  not  static,  but  dynamic,  will  therefore  be  attained 
when  the  number  of  molecules  projected  in  a  given  time  into  the  space  above,  is  equal 
to  the  number  which  in  the  same  time  impinge  upon  and  are  retained  by  the  surface 
of  the  liquid.  This  is  the  process  of  vaporisation.  The  density  of  the  vapour  required 
to  ensure  the  compensation  just  mentioned,  depends  upon  the  rate  at  which  the  par- 
ticles are  projected  from  the  surface  of  the  liquid,  and  this  again  upon  the  rapidity  of 
their  movement  within  the  liquid,  that  is  to  say,  upon  the  temperature.  It  is  clear, 
therefore,  that  the  density  of  a  saturated  vapour  must  increase  with  the  temperature. 

If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the  molecules  of  this  gas 
will  impinge  upon  the  surface  of  the  liquid,  and  thereby  exert  pressure  upon  it ;  but  as 
these  gas-molecules  occupy  but  an  extremely  small  proportion  of  the  space  above  the 
liquid,  the  particles  of  the  liquid  will  be  projected  into  that  space  almost  as  it  it  were 
empty.  In  the  middle  of  the  liquid,  however,  the  external  pressure  of  the  gas  acts  in 
a  different  manner.  There  also  it  may  happen  that  the  molecules  may  be  separated 
with  such  force  as  to  produce  a  small  vacuum  in  the  midst  of  the  liquid.  But  this 
space  is  surrounded  on  all  sides  by  masses  which  afford  no  passage  to  the  disturbed 
molecules ;  and  in  order  that  they  may  increase  to  a  permanent  vapour-bubble,  the 
number  of  molecules  projected  from  the  inner  surface  of  the  vessel  must  be  such  as  to 
produce  a  pressure  outwards,  equal  to  the  external  pressure  tending  to  compress  the 
vapour-bubble.  The  boiling  point  of  the  liquid  will,  therefore,  be  higher  as  the 
external  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporisation,  it  is  possible  that  vapour  may 
rise  from  a  solid  as  well  as  from  a  liquid ;  but  it  by  no  means  necessarily  follows  that 
vapour  must  be  formed  from  all  bodies  at  all  temperatures.  The  force  which  holds 
together  the  molecules  of  a  body  may  be  too  great  to  be  overcome  by  any  combination 
of  molecular  movements,  so  long  as  the  temperature  does  not  exceed  a  certain 
limit. 

The  production  and  consumption  of  heat  which  accompany  changes  in  the  state  of 
aggregation,  or  of  the  volume  of  bodies,  are  easily  explained,  according  to  the  preceding 
principles,  by  taking  account  of  the  work  done  by  the  acting  forces.  This  work  is 
partly  external  to  the  body,  partly  internal.  To  consider  first  the  internal  work  : 

When  the  molecules  of  a  body  change  their  relative  positions,  the  change  may  take 
place  either  in  accordance  with  or  in  opposition  to  the  action  of  the  molecular  forces 
existing  within  the  body.  In  the  former  case,  the  molecules,  during  the  passage  from 
one  state  to  the  other,  have  a  certain  velocity  imparted  to  them,  which  is  immediately 
converted  into  heat ;  in  the  latter  case,  the  velocity  of  their  movement,  and  conse- 
quently the-  temperature  of  the  body,  is  diminished.  In  the  passage  from  the  solid  to 
the  liquid  state,  the  molecules,  although  not  removed  from  the  spheres  of  their  mutual 
attractions,  nevertheless  change  their  relative  positions  in  opposition  to  the  molecular 
forces,  which  forces  have,  therefore,  to  be  overcome.  In  evaporation,  a  certain  number 
of  the  molecules  are  completely  separated  from  the  remainder,  which  again  implies  the 
overcoming  of  opposing  forces.  In  both  cases,  therefore,  work  is  done,  and  a  certain 
portion  of  the  vis  viva  of  the  molecules,  that  is,  of  the  heat  of  the  body,  is  lost. 
But  when  once  the  perfect  gaseous  state  is  attained,  the  molecular  forces  are  completely 
overcome,  and  any  further  expansion  may  take  place  without  internal  work,  and,  there- 
fore, without  loss  of  heat,  provided  there  is  no  external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a  certain  amount  of 
external  resistance  to  be  overcome,  and  a  corresponding  loss  of  heat.  When  the 
pressure  of  a  gas,  that  is  to  say,  the  impact  of  its  atoms,  is  exerted  against  a  movable 
obstacle,  such  as  a  piston,  the  molecules  lose  just  so  much  of  their  moving  power  as 
they  have  imparted  to  the  piston,  and,  consequently,  their  velocity  is  diminished  and 
the  temperature  lowered.  On  the  contrary,  when  a  gas  is  compressed  by  the  motion 
of  a  piston,  its  molecules  are  driven  back  with  greater  velocity  than  that  with  which 
they  impinged  on  the  piston,  and,  consequently,  the  temperature  of  the  gas  is  raised. 
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When  a  liquid  is  converted  into  vapour,  the  molecules  have  to  overcome  the  atmo- 
spheric pressure  or  other  external  resistance,  and,  in  consequence  of  this,  together  with 
the  internal  work  already  spoken  of,  a  large  quantity  of  heat  disappears,  or  is  rendered 
latent,  the  quantity  thus  consumed  being  to  a  considerable  extent  affected  by  the 
external  pressure.  The  liquefaction  of  a  solid  not  being  attended  with  much  increase 
of  volume,  involves  but  little  external  work;  nevertheless  the  atmospheric  pressure 
does  influence,  to  a  slight  amount,  both  the  latent  heat  of  fusion  and  the  melting 
point. 

We  must  here  mention,  in  conclusion,  a  very  remarkable  consequence  of  the  rektion 
of  mutual  convertibility  which,  as  we  have  endeavoured  to  show,  exists  between  heat 
and  other  forms  of  energy.  "Professor  William  Thomson  has  pointed  out  the  fact, 
that  there  exists  (at  least  in  the  present  state  of  the  known  world)  a  predominating 
tendency  to  the  conversion  of  all  the  other  forms  of  physical  energy  into  heat,  and  to 
the  uniform  diffusion  of  all  heat  throughout  all  matter.  The  form  in  which  we  gene- 
rally find  energy  originally  collected,  is  that  of  a  store  of  chemical  power,  consisting  of 
uncombined  elements.  The  combination  of  these  elements  produces  energy  in  the  form 
known  by  the  name  of  electric  currents,  part  only  of  which  can  be  employed  in  analysing 
compounds,  and  thus  reconverted  into  a  store  of  chemical  power ;  the  remainder  is 
necessarily  converted  into  heat :  a  part  only  of  this  heat  can  be  employed  in  analysing 
compounds,  or  in  reproducing  electric  currents.  If  the  remainder  of  the  heat  be 
employed  in  expanding  an  elastic  substance,  it  may  be  entirely  converted  into  visible 
motion,  or  into  a  store  of  visible  mechanical  power  (by  raising  weights,  for  example), 
provided  the  elastic  substance  is  enabled  to  expand  until  its  temperature  falls  to  the 
point  which  corresponds  to  the  absolute  privation  of  heat ;  but  unless  this  condition  be 
fulfilled,  a  certain  proportion  only  of  the  heat,  depending  upon  the  range  of  temperature 
through  which  the  elastic  body  works,  can  be  converted,  the  rest  remaining  in  the  state 
of  heat.  On  the  other  hand,  all  visible  motion  is  of  necessity  ultimately  converted 
entirely  into  heat  by  the  agency  of  friction.  There  is,  then,  in  the  present  state  of 
the  known  world,  a  tendency  towards  the  conversion  of  all  physical  energy  into  the 
sole  form  of  heat. 

"  Heat,  moreover,  tends  to  diffuse  itself  uniformly  by  conduction  and  radiation,  until 
all  matter  shall  have  acquired  the  same  temperature. 

"  There  is,  consequently,  Professor  Thomson  concludes,  so  far  as  we  understand  the 
present  condition  of  the  universe,  a  tendency  towards  a  state  in  which  all  physical 
energy  will  be  in  the  state  of  heat,  and  that  heat  so  diffused  that  all  matter  will  be  at 
the  same  temperature ;  so  that  there  will  be  an  end  of  all  physical  phenomena. 

"  Vast  as  this  speculation  may  seem,  it  appears  to  be  soundly  based  on  experimental 
data,  and  to  represent  truly  the  present  condition  of  the  universe,  so  far  as  we  know  it." 
(Rankine,  Phil.  Mag.  [4]  iv.  359.) 

***  For  Radiation  and  Conduction  of  Heat,  see  RADIATION. 

APPENDIX. 

The  following  table  gives  the  temperatures  measured  by  the  air-thermometer,  at 
which,  according  to  Eegnault's  experiments  (Mem.  Acad.  Sciences,  xxvi.  658),  the  va- 
pours of  the  liquids  enumerated  in  it  exert  a  pressure  equal  to  that  of  760  millimetres 
of  mercury : — 


Substance. 

Temperature. 

Substance. 

Temperature. 

Nitrous  oxide 

-  87-90° 

Chloride  of  silicon 

66-81° 

Carbonic  anhydride     . 

-  78-2 

Chloroform 

60-16 

Sulphydric  acid  .         . 

-  61-8 

Methylic  alcohol 

66-78 

Ammonia    .... 

-  38-5 

Trichloride  of  phosphorus 

73-80 

Chlorine     .... 

_  33-6 

Perchloride  of  carbon  (CC14 

76-50 

Chloride  of  methyl 

-  23-73 

Alcohol 

78-26 

Oxide  of  methyl  . 

-  23-65 

Benzene 

80-36 

Sulphurous  anhydride 

-  10-08 

Bromide  of  ethylene   . 

131-60 

Chloride  of  ethyl 
Chloride  of  cyanogen  . 

+  12-50 
12-66 

Oil  of  turpentine 
Oxalate  of  methyl 

159-15 
164-20 

Chloride  of  boron 

18-23 

Oil  of  lemons 

174-80 

Ether         .... 

34-97 

Mercury     . 

357-25 

Bromide  of  ethyl 

38-37 

Sulphur 

448-00 

Sulphide  of  carbon 

46-20 

The  next  table,  also  from  Eegnault's  experiments  (Op.  cit.pp.  327-332),  gives  the 
specific  heats  of  various  substances  in  different  states  of  aggregation.  Where,  in  the 
column  indicating  the  temperature,  some  particular  degree  is  given,  the  number  repre' 
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senting  the  specific  heat  is  the  elementary  specific  heat  at  that  degree  of  temperature, — 
that  is,  the  quantity  of  heat  required  to  cause  a  very  small  alteration  of  temperature  in 
one  gramme  of  the  substance,  compared  with  the  quantity  required  to  cause  a  like 
infinitesimal  alteration  of  temperature  in  1  gramme  of  water.  When  an  interval  of  tem- 
perature is  given,  the  specific  heat  is  the  mean  specific  heat  within  that  interval : — 


Solid. 

Liquid. 

Gaseoui 

•       1 

substance.                                   Soccific 
Temperature.        sg£jc 

Temperature. 

Specific 
Heat. 

Temperature. 

Specific  | 
Heat.     ! 

Water    .    -  78°  to  0°         0-474 
„        .    -  20    to  0    '•  -•     0-504' 
Bromine    -  77'8  to  -  25     0-0833 

10° 
10  to  100 
-  7'3  to  10 
+  13  to  58 
—  20 

i-o 
i-o 

0-1060 
•1129 
•5053 

128°  to  220° 
83  to  228 
105  to  220 

0-4805 
•0555 
•4534 

O 

•5475 

+  20 
40 

•5951 
•6479 

60 

•7060 

80 

•7594 

Ether  

—  30 

•5113 

70  to  220 

•4797 

0 

•5290 

+  30 

'5467 

W 

35 

•5497 

Sulphide  of  carbon 
»»             »>           .        .        • 
>»              »»           •        •        • 
»»             >»           •        •        • 

Methylic  alcohol         . 

-30 
0 
+  30 
45 
Oto  20 
—  30 

•2303 
•2352 
•2401 
•2426 
•6700 
•4824 

73  to  192 

101  to  223 
129  to  233 

•1570 

•4580 
•4125 

o 

•5064 

+  30 

•5302 

60 

•5540 

Sulphydrate  of  ethyl   . 
Chloride  of  ethyl 
Bromide  of  ethyl 
Cyanide  of  ethyl 
,,              •         •        • 
i>              ... 

!»                            •                •                • 

Acetate  of  ethyl  . 
»>              •        •        • 
»              •        •        • 
»»              «        •        • 
Chloroform         .... 

20  to  70 
-  27-6  to  +  4-5 
Oto  20 
-30 
0 
+  30 
60 
90 
-30 
0 
+  30 
60 
-30 
0 

•4785 
•4276 
•2160 
•4325 
•5086 
•5847 
•6608 
•7369 
•4960 
•5274 
•5588 
•5902 
•2293 
•2324 

120  to  223 
19  to  172 
77-7  to  196-5 
114  to  221 

115  to  219 
117  to  228 

•4008 
•2738 
•1896 
•4262 

•4008 
•1567 

+  30 

•2354 

60 

•2384 

Chloride  of  ethylene  . 
»               »          •        •        • 

»                        M                •            •            • 

>»                        »                •            •            • 

Benzene      .        . 
Oil  of  turpentine 

-30 
0 
+  30 
60 
20  to  71 
0 
40 

•2790 
•2922 
•3054 
•3186 
•4360 
•4106 
•4538 

111  to  221 

116  to  218 
179  to  249 

•2293 

•3754 
•5061 

»                  H    •••••* 

80 
120 

•4842 
•5019 

»»            »»•••• 
Chloride  of  silicon 
Trichloride  of  phosphorus    . 
Chloride  of  arsenic 
Stannic  chloride  .... 
I  Tetrachloride  of  titanium    . 

160 
Oto  20' 
12  to  98 
14  to  98 
14  to  98 
12  to  98 

•5068 
•1900 
•2092 
•1760 
•1475 
•1880 

90  to  234 
12  to  246 
159  to  268 
149  to  273 
162  to  272 

•1322 
•1347 
•1122 
•0939 
•1290 

CK  C.  F. 
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HEAVY  SPAR.  Barytes.  Native  Sulphate  of  Barium.  Ba"S04. — This  mineral 
occurs  in  crystals  belonging  to  the  trimetric  system.  Ratio  of  axes  a  :  b  :  c  0*6206  :  1 : 
0-7618;  ooP:  ooP  in  the  macrpdiagonal  principal  section  =  63°  38';  ooP2  :  ooP2  in 
the  same  =  102°  18';  Poo  :  Poo  in  the  basal  section  =  74°  36';  Poo  :  Poo  in  the 
same  =  100°  40'.  Figs.  552-556  represent  frequently  occurring  combinations. 


Fig.  652. 


Fig.  553. 


Fig.  554. 


The  crystals  are  sometimes  prismatically  elongated  in  the  direction  of  one  of  the 
axes  (figs.  553,  554),  and  sometimes  reduced  to  the  tabular  form  by  shortening  in 
one  direction  (see  CRYSTALLOGRAPHY,  ii.  149).  Cleavage  very  distinct,  parallel  to 
ccPoo .  The  mineral  occurs  also  massive,  with  fibrous  or  laminar  structure ;  also 
granular.  Hardness  2'5  to  3'5.  Specific  gravity  4'3  to  4'72.  Colour  white,  or  in- 
clining to  grey,  blue,  green,  yellow,  red  or  brown.  Streak  white.  Lustre  splendent, 
between  resinous  and  pearly.  Transparent,  exhibiting  various  degrees  of  transluceucy 
down  to  perfect  opacity.  It  is  sometimes  foetid  when  rubbed ;  an  impure  variety  called 
hepatite  exhibits  this  property  in  a  peculiar  degree.  It  decrepitates  before  the  blow- 
pipe, and  fuses  with  difficulty  at  the  edges  only.  In  the  inner  flame  it  is  reduced  to 
sulphide  of  barium,  and  then  gives  off  sulphydric  acid  when  treated  with  an  acid. 

Pure  heavy  spar  contains  34-33  per  cent.  SO3  and  65'67  Ba20 ;  but  the  mineral  generally 
also  contains  small  quantities  of  alumina,  oxide  of  iron,  silica,  and  carbonate  of  cal- 
cium. Sulphate  of  strontium  is  also  a  common  ingredient.  The  variety  called  calstron- 
baryte  contains  1  at.  lime  and  1  at.  strontium  to  9  at.  barium. 

It  is  a  very  abundant  mineral,  generally  occurring  in  metalliferous  veins,  as  in  the 
lead-mines  of  Durham,  Cumberland,  and  Westmoreland.  It  occurs  also  in  secondary 
limestones,  sometimes  in  distinct  veins,  and  often  in  crystals  associated  with  coelestin 
and  calcspar.  In  Staffordshire  and  Derbyshire  is  found  an  opaque,  massive  variety 
called  cawJe,  having  an  earthy  appearance  and  dirty  white  colour.  On  the  continent 
of  Europe  it  is  found  chiefly  at  Felsobanya  and  Kremnitz,  at  Freiberg,  Marienberg, 
Clausthal,  and  Przibram,  and  at  Eoya  and  Roure  in  Auvergne.  Rounded  masses, 
composed  of  divergent  columnar  particles,  occur  at  Mount  Paterno,  near  Bologna, 
hence  called  Bolognese  stone.  At  Freiberg,  in  Saxony,  a  variety  occurs  composed  of 
indistinct  prismatic  crystals,  having  a  pearly  lustre,  called  Stangenspath  by  Werner. 
(For  the  American  localities,  see  Dana,  ii.  367.) 

Heavy  spar  occurs  altered  to  calcspar,  spathic  iron,  cerusite,  quartz,  limonite  red 
iron-ore,  pyrites,  psilomelane,  gothite. 

The  white  varieties  of  heavy  spar  are  ground  and  used  as  a  white  paint,  sometimes 
alone,  but  more  generally  mixed  with  white  lead,  the  heavy  spar  alone  not  possessing 
sufficient  opacity  to  form  a  good  pigment. 
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HEBETIHT,    Anhydrous  silicate  of  zinc.     (See  WILLEMITE.) 

HEDSiMBERGITE.  A  black  variety  of  augite,  containing  a  large  quantity  of 
iron,  little  or  no  magnesia,  and  no  alumina.  Specific  gravity  3 -5.  Found  chiefly  at 
Tunaberg,  in  Sweden. 

REXIERA  HEX.IX.  Ivy. — The  seeds  of  this  plant  contain  a  nitrogenous  sub- 
stance resembling  eraulsin,  also  fat,  two  peculiar  acids,  sugar,  a  small  quantity  of 
pectin,  and  inorganic  salts.  From  the  fresh  seeds,  ether  extracts  a  green  oil, 
containing  a  solid  and  a  liquid  fat.  The  former  is  somewhat  difficult  to  saponify, 
and  yields  by  saponification  a  fatty  acid,  which,  after  repeated  crystallisation  from 
alcohol,  melts  at  a  temperature  not  above  30°,  and  forms  a  silver  salt  containing 
from  27'4  to  27'6  silver  (Posselt).  The  acids  contained  in  ivy-seeds  are  described  in 
the  next  article. 

HEDERXC  ACID.  An  acid  contained,  according  to  Posselt  (Ann.  Ch.  Pharm. 
Ixix.  62)  in  the  seeds  of  ivy  (Hedera  helix).  It  is  obtained  by  treating  the  seeds 
with  ether  to  remove  fatty  matters,  and  boiling  the  residue  with  alcohol,  which  dis- 
solves- the  acid,  and  deposits  it,  after  concentration,  in  needles  or  delicate  scales, 
colourless,  and  insoluble  in  water  and  in  ether.  The  acid  is  inodorous,  but  possesses  in 
a  high  degree  the  acrid  taste  of  ivy-seeds.  It  gives  by  analysis,  66-5  per  cent,  C,  and 
9-5  H;  its  rational  formula  is  unknown.  It  gives  off  5'42  percent,  water  at  100°, 
and  chars  without  melting  at  a  higher  temperature.  In  contact  with  strong  sulphuric 
acid  it  assumes  a  fine  purple  colour. 

Hederic  acid  decomposes  carbonates,  and  forms  gelatinous  salts,  most  of  which  are 
insoluble  in  water,  but  soluble  in  alcohol.  Even  the  potassium-  and  ammonium-salts 
dissolve  but  sparingly  in  water,  and  are  deposited  as  gelatinous  precipitates  when  the 
solutions  are  left  at  rest.  The  silver-salt  is  deposited  from  boiling  alcohol  in  white 
crystals. 

Ivy-seeds  likewise  contain  another  acid,  the  presence  of  which  greatly  impedes  the 
purification  of  hederic  acid.  This  acid  is  uncrystallisable ;  soluble  in  water,  alcohol 
and  ether ;  forms  soluble  yellow  salts ;  precipitates  lead-salts,  reduces  nitrate  of  silver, 
and  colours  ferric  salts  green.  It  appears  to  belong  to  the  family  of  the  tannic  acids. 

HEDERXNE*  An  alkaloid  said  to  exist  in  ivy-seeds.  (Vandamme  and 
Chevallier,  J.  Chim.  med.  [2]  vi.  581.) 

REBYPHAXTE.  A  variety  of  green  lead-ore  in  which  the  lead  is  partly  replaced 
by  calcium.  Found  at  LSngsbanshytta,  in  Sweden ;  also  called  MIMETENE  (q.  v.) 

HEXiEXTEXTE.  An  oily  hydrocarbon  produced  by  distilling  helenin  with  phos- 
phoric anhydride.  After  rectification,  it  is  yellowish,  lighter  than  water,  and  has  a 
faint  odour  resembling  that  of  acetone.  Boils  between  285°  and  295°.  Gives  by 
analysis  89*0  to  89'8  C,  and  10-1  to  10'4  H,  agreeing  nearly  with  the  formula  CI9H2« 
(89'8  C,  and  10'2  H).  Its  formation  may  perhaps  be  represented  by  the  equation  : 

C21H2803  =  C1DH26  +  H20  +  2CO. 
The  evolution  of  carbonic  oxide  has  not,  however,  been  actually  observed. 

Helenene  heated  with  fuming  sulphuric  acid  is  converted  into  sulpho-hdcnic  acid, 
the  barium-salt  of  which  contains  1775  per  cent,  barium. 

HEXtENXU.  C2IH2803. — A  crystalline  substance  existing  in  the  root  of  elecampane 
(Inuld  helenium^-y  it  was  first  observed  by  Geoffroy,  afterwards  examined  by  Dumas, 
and  more  especially  by  Gerhardt  (Traite,  iv.  296).  It  may  be  obtained  by  distilling 
the  root  with  water,  or  better  by  boiling  it  with  alcohol  of  80  per  cent. ;  filtering  the 
solution  at  the  boiling  heat,  and  mixing  it  with  three  or  four  times  its  volume  of  cold 
water.  The  liquid,  after  twenty-four  hours,  deposits  helenin  in  long  quadrilateral 
prisms. 

Helenin  is  perfectly  colourless,  and  has  very  little  taste  or  odour.  It  is  insoluble  in 
water,  but  very  soluble  in  alcohol  and  ether.  It  melts  at  72°,  and  boils  between  275° 
and  280°,  decomposing  more  or  less  at  the  same  time. 

Helenin  is  not  attacked  by  alkalis  in  aqueous  or  alcoholic  solution ;  but  when 
heated  with  potash-lime,  it  yields  a  resinous  compound,  which  remains  combined  with 
the  potash.  Strong  sulphuric  acid  dissolves  it  with  blood-red  colour,  forming  a  con- 
jugated acid.  Hydrochloric  acid  gas  is  absorbed  by  it  in  large  quantity. 

By  chlorine,  with  the  aid  of  heat,  it  is  converted  into  chlorhelcnin,  perhaps  C31H24C140S ; 
and  by  nitric  acid  into  nitrohelcnin.  Phosphoric  anhydride  converts  it  into  hclencnc. 

HEE.IANTHIC  ACID.  C14IPO'},HO  ?— An  acid  obtained  from  sunflower  seeds, 
belonging,  according  to  Ludwig  and  Kromayer,  to  the  tannic  acid  group.  By  boiling 
with  moderately  dilute  hydrochloric  acid  in  a  stream  of  hydrogen,  it  is  resolved  into 
fermentable  sugar,  and  an  acid  violet  colouring  matter. 

UELIANTHUS  ANNUUS.  The  Sunflower.—  The  peeled  seeds  of  this  plant 


HELICIN.  139 

contain,  according  to  Ludwig  and  Kromayer  (Arch.  Pharm.  [2]  xcix.  1,  285): 
1.  Helianthic  acid.  —  2.  A  fat  oil,  amounting  to  40  per  cent,  of  the  peeled  seeds.  — 
3.  A  small  quantity  of  fermentable  sugar,  uncrystallisable,  and  capable  of  reducing 
cupric  oxide,  only  when  the  latter  is  present  in  considerable  quantity  in  alkaline  solu- 
tion. —  4.  A  substance  soluble  in  alcohol,  precipitated  from  this  solution  by  ether  in 
the  form  of  a  syrup,  not  directly  fermentable,  and  not  capable  of  reducing  cupric  oxide 
in  alkaline  solution,  but  convertible  by  boiling,  cither  alone  or  with  acids,  into  a  sub- 
stance which  reduces  cupric  to  cuprous  oxide,  and  perhaps  constituting  a  link  between 
inulin  and  sugar.  —  5.  Lcgumin.  —  6.  A  substance  perhaps  identical  with  inulin,  inso- 
luble in  cold  water  and  alcohol,  and  converted  by  boiling  with  dilute  acids  into  a  body 
which  reduces  cupric  to  cuprous  oxide.  —  7.  Mulders'  horny  vegetable  albumin  (a 
body  resembling  cellulose,  soluble  in  strong  sulphuric  acid,  and  precipitable  from  this 
solution  by  water).  —  8.  A  mixture  resembling  cerebrin,  and  another  resembling  oleo- 
phosphoric  acid.—  9.  Cellulose. 

The  nitrogenous  substance,  which  is  soluble  in  boiling  alcohol,  and  remains  as  a 
gelatinous  mass  when  the  alcohol  is  distilled  off,  appears  to  be  a  compound  of  helian- 
f  hie  acid  with  a  protein-substance,  accompanied  by  a  soapy  compound. 

The  peeled  seeds  dried  in  the  air  at  mean  temperatures  yielded  4'2  per  cent,  ash,  of 
which  3'8  pts.  were  insoluble,  and  0'4  soluble  in  water. 

HEXiXCXN.  C13H160T.  (Piria,  Ann.  Ch.  Phys.  [3]  xiv.  287.)—  A  body  produced 
by  the  action  of  very  dilute  nitric  acid  upon  salicin  : 

CI8HI807  +  0  =  H20  +  C13H16Or; 

Salicin.  Helicin. 

also,  together  with  benzoic  acid,  by  boiling  benzo-helicin  with  magnesia  (Piria,  Ann. 
Ch.  Pharm.  xcvi.  380).  To  prepare  it,  1  pt.  of  pulverised  salicin  is  mixed  with  10  pts. 
of  nitric  acid  of  20°  Bm.  (specific  gravity  I-  157),  and  the  mixture  is  left  to  itself  in  an 
open  vessel,  In  about  24  hours  the  salicin  is  completely  dissolved,  especially  if  the 
mixture  be  stirred  from  time  to  time,  and  crystals  of  helicin  collect  at  the  bottom  of 
the  vessel,  They  must  be  pressed  between  paper  and  purified  by  washing  with  ether 
till  the  ether  which  runs  off  no  longer  reddens  ferric  salts.  Salicin  yields  about  two- 
thirds  of  its  weight  of  helicin. 

Helicin  crystallises  in  small,  white,  very  slender  needles  containing  £  at.  water.  It 
is  neutral,  slightly  bitter,  sparingly  soluble  in  cold  water,  dissolves  very  freely  in  boil- 
ing water  ;  it  is  soluble  also  in  alcohol,  but  is  insoluble  in  ether.  At  100°  C.  it  gives 
off  its  water  of  crystallisation,  amounting  to  4-54  per  cent.  At  175°  it  melts,  and  at  a 
higher  temperature  gives  off  vapours  of  hydride  of  salicyl.  Under  the  influence  of 
emulsin,  or  of  dilute  acids  or  alkalis  at  the  boiling  heat,  it  is  resolved  into  glucose  and 
hydride  of  salicyl  : 

C13HI607  +  H20  =  C8H1208  +  CTH802t 

Helicin.  Glucose. 


At  ordinary  temperatures,  the  fixed  alkalis  and  alkaline  earths  merely  increase  the 
solubility  of  helicin  in  water, 

Bettzo*heliein.  C20H2008  =  C13H13(C7H50)0».—  This  compound,  which  is  related 
to  helicin  in  the  same  manner  as  populin  to  salicin,  is  obtained  by  dissolving  benzo'salicitt 
(populin)  in  10  or  12  times  its  weight  of  nitric  acid  of  specific  gravity  1'3.  It  crys- 
tallises in  tufts  of  silky  needles,  which  do  not  give  off  any  wate"r  when  heated.  It  dis- 
solves in  boiling  water  ;  and  if  the  first  drops  of  a  solution  filtered  at  the  boiling  heat 
crystallise  on  cooling,  the  crystallisation  extends  throughout  the  entire  mass  ;  but  on 
again  applying  heat,  and  leaving  the  solution  to  cool  slowly  and  quietly,  it  solidifies  to 
a  gelatinous  pulp. 

Benzo-helicin  is  not  decomposed  by  emulsin,  but  alkalis  and  acids  convert  it  into 
benzoic  acid,  hydride  of  salicyl,  and  glucose  : 

C20H2"0«  +  2H»0  -  C7H«02  +  C7H"0'  +  C8H180'. 

Benzo-  Benzoic         Hydride  01,,™,=,, 

helicin.  acid.          of  salicyl. 

By  boiling  with  magnesia  (or  other  bases  which  do  not  act  upon  helicin),  it  is  resolved 
into  benzoic  acid  and  helicin. 

Bromhelicin,  C13H13Br07.H20,  is  prepared  like  chlorhelicin,  and  exhibits  similar 
reactions,  but  always  separates  from  solution  in  the  gelatinous  form,  and  when  dry, 
forms  a  dirty  white  powder  without  any  appearance  of  crystallisation. 

Chlorhelicin,  C13HI5C107,  exists  in  two  modifications,  which  may  be  distinguished 
as  a  and  /3. 

ct  Chlorhelicin  is  obtained  by  agitating  helicin  with  water  in  a  vessel  filled  with  chlorine. 
The  product  is  purified  by  pressure,  washing  with  cold  water,  and  solution  in  boiling 
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water,  the  liquid  as  it  cools  either  depositing  small  needles  of  monohydrated  chlor- 
helicin,  2C13H15C107.H20,  or  solidifying  to  an  amorphous  jelly  containing  a  larger 
quantity  of  water. 

a  Chlorhelicin  is  inodorous,  bitter,  nearly  insoluble  in  cold  water,  easily  soluble  in 
hot  water  and  in  alcohol.  The  crystals  contain  3  per  cent,  water,  which  is  rather  more 
than  the  amount  required  by  the  formula  just  given  (2'76  per  cent.),  the  excess  pro- 
bably arising  from  admixture  of  a  small  quantity  of  gelatinous  a  chlorhelicin.  When 
heated  to  between  120°  and  130°,  they  give  off  the  whole  of  their  water,  and  the  re- 
maining anhydrous  a  chlorhelicin,  when  raised  to  a  higher  temperature,  gives  off 
vapours  of  hydride  of  chlorosalicyl.  This  product  is  likewise  obtained,  together  with 
glucose  or  its  products  of  decomposition,  on  heating  a  chlorhelicin  with  dilute  acids  or 
alkalis,  or  by  treating  it  with  emulsin  : 

C18H15C107  +  H20  =  C13H5C102  +  C6H1206. 

ft  Chlorhelicin.  When  chlorine  is  passed  into  an  alcoholic  solution  of  helicin,  a  white 
granular  substance  is  obtained,  which  has  the  composition  of  a  chlorhelicin,  but  is 
insoluble  in  water,  nearly  insoluble  in  boiling  alcohol,  and  is  not  decomposed  in  the 
manner  just  mentioned  by  acids,  alkalis,  or  emulsin. 

HEX.XCOXDXXT.  C26H34014  (Piria,  Ann.  Ch.  Phys.  [3]  xiv.  292).—  This  sub- 
stance, which  may  be  regarded  as  a  compound  of  helicin  and  salicin  (C13H1607  + 
CI3HI807),  is  obtained  by  treating  salicin  with  nitric  acid  still  more  dilute  than  that 
which  is  used  for  the  preparation  of  helicin,  viz.  of  12°  Bm.  (specific  gravity  1-088). 
It  may  be  purified  by  washing  with  cold  water  and  crystallisation  from  boiling  water. 
It  forms  needles  resembling  those  of  helicin,  and  containing  f  at.  water  (2C26H34014  + 
3H20).  Under  the  influence  of  emulsin  it  is  decomposed  similarly  to  helicin,  yielding, 
however,  saligenin  in  addition  to  glucose  and  hydride  of  salicyl  : 

C26234Q1*  +  2H20  =  2C6H1206  +  C7H602  +  C7H802. 

Helicoldin.  Glucose.  aHl          Saligenin. 


Alkalis  and  acids  act  in  the  same  manner,  the  latter,  however,  converting  the  saligenin 
into  saliretin  (C7H60)  by  abstraction  of  water. 

Helicin,  salicin,  and  helicoidin  are  related  to  one  another  in  the  same  manner  as 
quinone,  colourless  hydroquinone,  and  green  hydroquinone. 

HEXiXOTROPE  or  Bloodstone.  A  variety  of  chalcedony,  having  a  deep  green 
colour  with  blood-red  spots.  It  is  used  as  a  gem. 

HELIX  POMATXA.  The  Garden  or  Vineyard  Snail  —  The  shell  and  operculum 
of  this  mollusc  have  been  analysed  by  B.  Wicke  (Ann.  Ch.  Pharm.  cxxv.  79),  with 
the  following  results  :  — 

Pirns  Mcrrna         Earthy  Ferric  0:02          Organic 

CaCQS  MgCQ3       phosphites.    Phosphate.          Sl°"         Substance. 

Shell  .        .  96-07  0'98  0-85  1-15  0'95  -   100-00 

Operculum  .  86'75  0-96  5-36  0-16          0'35  6'42  =  100-00 

W.  Wicke  (Ann,  Ch.  Pharm.  Ixxxvii.  224)  found  in  the  operculum  94-24  per  cent. 
carbonate,  and  5'73  per  cent,  phosphate  of  calcium,  together  with  traces  of  ferric  oxide  and 
phosphate  of  magnesium.  He  supposes  that  the  phosphate  of  calcium  is  contained 
chiefly  in  the  small  nodules  which  cover  the  surface  of  the  operculum.  Joy  (ibid. 
Ixxxii.  365)  found  in  the  shell,  98'5  per  cent,  carbonate  of  calcium  and  1-5  organic 
matter,  but  no  phosphoric  acid,  silicic  acid,  fluorine,  magnesia,  or  alkalis.  Grobley(J. 
Pharm.  [3]  xxxiii.  161)  found  that  the  shell  contained  70  per  cent,  water,  and  when 
dried  consisted  almost  wholly  of  carbonate  of  calcium,  with  small  quantities  of  earthy 
and  ferric  phosphates,  and  animal  matter. 

In  the  animal  itself,  Gobley  found  a  peculiar  mucus,  containing  a  small  quantity  of 
carbonate  of  potassium,  which  gives  it  an  alkaline  reaction,  redissolves  in  water  after 
drying,  but  loses  this  property  after  a  while.  Gobley  also  found,  besides  the  salts 
usually  occurring  in  the  animal  organism,  a  small  quantity  of  chloride  of  ammonium, 
a  peculiar  compound  of  animal  matter  with  carbonate  of  calcium,  partially  soluble  in 
water,  and  traces  of  iodine.  Ben  eke  (Ann.  Ch.  Pharm.  cxii.  249)  found  in  the 
animal,  a  peculiar  fatty  substance  called  my  el  in,  existing  also  in  the  brain  and  other 
organs  of  the  higher  animals,  which  swells  up  in  peculiar  forms  when  soaked  in  water. 

HEXiXiEBORXXTE.  An  azotised  body  contained  in  the  root  of  black  hellebore 
(Helleborus  hiemalis}.  It  is  obtained  by  exhausting  the  root  with  alcohol,  diluting 
the  extract  with  a  certain  quantity  of  water,  which  precipitates  a  resin,  and  concen- 
trating the  filtered  liquid. 

It  forms  colourless  crystals,  having  a  harsh  bitter  taste,  soluble  in  water  and  in 
alcohol,  more  soluble  in  ether.  The  solutions  are  neutral  to  test-paper.  It  is  decom- 
posed by  heat,  also  by  nitric  and  sulphuric  acids.  Heated  with  potash  it  gives  off 


HELLEFLINTA  —  HEMIPINIC   ACID.  141 

ammonia,     It  is  not  precipitated  from  its  solutions  by  acetate  of  lead,  chloride  of 
mercury,  or  iodide  of  potassium.     (W.  Bastick,  Pharm.  J.  Trans,  xii.  174.) 


Called  also  Lcelite.  A  variety  of  felspar,  occurring  at  Gry- 
phyttau,  in  Sweden,  having  a  peculiar  waxy  lustre  and  deep  flesh-red  colour. 

HELLSrJETJE  and  HELIiENIW.     See  HELENENE  and  HELEXIN  (p.  138). 

HELMINTH.  A  variety  of  chlorite  occurring  in  felspar  and  quartz.  (Dana,  ii. 
294), 

HEIilVTITa'THOI.ITE.  A  variety  of  limestone,  generally  of  a  dark  colour,  and 
distinguished  by  the  beautiful  red  and  green  iridescence  of  the  fossil  shells  which  it 
contains.  It  is  found  in  Carinthia,  at  Halle  in  the  Tyrol,  and  other  localities,  and  is 
made  into  a  variety  of  ornamental  articles.  (Handw.  d.  Chem.  iii.  848.) 

HEXiVm.  Tetrahedral  Garnet.  —  A  mineral  consisting  of  silicate  of  manganese, 
iron,  and  glucinum,  combined  with  oxysulphide  of  manganese.  It  occurs  in  regular 
tetrahedrons.  Hardness  6  to  6*5,  rather  greater  than  that  of  felspar.  Specific  gravity  3'1 
to  3  -3.  Lustre  vitreous,  inclining  to  resinous.  Colour  wax-yellow,  inclining  to  yellowish 
brown  and  siskin-green.  Streak  uncoloured.  Subtranslucent.  Fracture  uneven.  On 
charcoal,  in  the  reducing  flame,  it  melts,  with  intumescence,  to  a  yellow  opaque  globule. 
When  finely  pulverised  it  is  decomposed  by  hydrochloric  acid,  with  evolution  of  sul- 
phydric  acid  and  separation  of  gelatinous  silica. 

Analyses:  1,  2.  From  Saxony,  by  C.  G-melin  (Pogg.  Ann.  iii.  53).  3.  From 
Norway,  byKammelsberg  (Mineralchemie,  p.  700): 

123 
Silica         .        .  35-27  33-26  33-13 


Sulphur  . 
Alumina  . 
Glucina 

Ferrous  oxide  . 
Manganous  oxide 
Loss  by  ignition 


l-44> 
8-03  \ 


5-05  5-71 

12-03          '      11-46 


8-00  5'56  4-00 

42-12  41-76  49-12 

—  1-15  — 


94-86  98-81  103'42 

Hence  Rammelsberg  deduces  the  formula 

2(Mn ;  Fe)"S  .  3[2(Mn ;  Fe)"0.2Si02  +  2G-"O.Si02] 

which  is  reducible  to  the  form  of  an  orthosilicate  united  with  a  protosulphide, 

3M4Si04.2M2S. 

Helvin  affords  the  only  known  example  of  a  native  compound  of  a  silicate  with  a 
sulphide.  It  is  found  in  the  gneiss  of  Schwarzenberg,  in  'Saxony,  associated  witli 
garnet,  quartz,  flints,  and  calcspar:  at  Breitenbrunn,  in  Saxony;  and  on  the  Horte- 
kalle,  a  mountain  in  the  Liesthal,  near  Drammen,  in  Norway. 

HEMIBROMHYDRIN.     See  B.ROMHYDRINS. 

HEIMIHEDRY.     See  CRYSTALLOGRAPHY  (ii.  121,  128,  136,  140,  150,  156). 

HEMIIiOGOTTS  SERIES.  A  name  applied  by  Schi el  (Zeitschr.  Ch.  Pharm. 
1860,  p.  44)  to  series  of  organic  compounds,  the  terms  of  which  differ  from  one  another 
by  wCH. 

HEMXXVXORPHISM.  Hemimorphous  crystals,  according  to  most  authors,  are 
those  which  are  unsymmetrically  terminated  at  the  two  ends  of  the  principal  axis, 
e.g.  siliceous  calamine  (i.  714),  sulphate  of  magnesium  (ii.  150).  Laurent,  how- 
ever (Compt.  chim.  1849,  p.  269),  applied  the  same  term  to  bodies  which  are  similar, 
or  to  a  certain  extent  analogous,  in  composition  (d'une  certaine  analogic  dans  leiir 
composition),  and  crystallise  in  forms  (belonging  to  the  same  or  to  different  systems) 
in  which  some  of  the  dihedral  angles  are  nearly  equal,  while  the  rest  are  very 
unequal. 

HEMIMORPHITE.    Syn.  with  SILICEOUS  CALAMINE  (i.  714). 

HEMIPINIC  ACID.  C10IP°08.  (Wohler  [1844],  Ann.  Ch.  Pharm.  i.  17.— 
Blyth,  ibid.  1.  36  and  43.— Anderson,  ibid.  Ixxxvi.  194.— Matthiessen«and 
Foster  Proc.  Roy.  Soc.  xi.  58  ;  further,  Phil.  Trans.  1863  ;  Chem.  Soc.  J.  xv.346.)— 
This  acid  is  produced :  1.  By  the  oxidation  of  opianic  acid:  CIOH1005  +  0  =  C10H100'i, 
which  may  be  effected  by  the  action  of  peroxide  of  lead  and  sulphuric  acid  (Wohler), 
or  of  aqueous  dichloride  of  platinum  (Blyth).— 2.  By  the  oxidation  of  narcotine  with 
dilute  nitric  acid  (Anderson),  or  with  peroxide  of  lead  and  sulphuric  acid,  or  per- 
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oxide  of  manganese  and  hydrochloric  acid  (Wohler),  or  with  excess  of  aqueous 
dichloride  of  platinum  (Blyth).  In  these  reactions,  the  narcotine  is  first  converted 
into  opianic  acid,  which  then  suffers  further  decomposition. — 3.  Together  with  meconin, 
by  the  decomposition  of  opianic  acid  under  the  influence  of  caustic  potash  (Matthiessen 
and  Foster): 

2C10H100S    =    C10H100«  +   C10HI008 

Opianic  acid.  Meconin.       Hemipinic  acid. 

Preparation. — 1.  Opianic  acid  is  heated  to  the  boiling  point  with  water  and  per- 
oxide of  lead ;  dilute  sulphuric  acid  is  added  drop  by  drop  till  carbonic  acid  begins  to 
escape ;  the  liquid  is  left  to  cool  partially ;  sulphuric  acid  is  then  added  by  drops  till 
all  the  lead  is  precipitated,  and  the  filtrate  is  evaporated  to  the  crystallising  point. 
The  first  crystals  are  sometimes  mixed  with  unaltered  opianic  acid,  but  are  easily 
purified  from  it  by  their  much  greater  solubility  in  water  (Wohler). — 2.  The  mother- 
liquor  resulting  from  the  action  of  dilute  nitric  acid  upon  narcotine  (g.  v.),  after  the 
separation  of  meconin,  cotarnine  and  opianic  acid,  contains  hemipinic  acid,  which  may 
be  obtained  by  precipitating  this  mother-liquor  with  acetate  of  lead,  and  decomposing 
the  precipitate  with  sulphydric  acid.  (Anderson.) 

3.  Opianic  acid  is  mixed  with  a  large  excess  of  potash-ley ;  the  liquid  is  evaporated 
nearly  to  dryness ;  and  the  resulting  alkaline  mass,  consisting  of  meconin  and  hemipinate 
of  potassium,  is  dissolved  in  a  moderate  quantity  of  warm  water,  and  mixed  with  excess 
of  hydrochloric  acid,  whereby  the  meconin  is  separated  as  an  oil,  carrying  down  with 
it  the  greater  part  of  the  hemipinic  acid.  The  acidified  liquid,  when  quite  cold,  is 
poured  off  from  the  solid  cake  of  meconin  and  hemipinic  acid  formed  at  the  bottom, 
and  evaporated  to  a  small  bulk,  so  as  to  separate  the  greater  part  of  the  chloride  of 
potassium ;  this  salt  is  washed  with  alcohol ;  the  alcoholic  washings  are  mixed  with 
the  concentrated  mother-liquor ;  and  the  fresh  quantity  of  chloride  of  potassium  thus 
precipitated  is  removed  by  filtration  or  decantation.  The  clear  liquid  is  eva- 
porated nearly  to  dryness  over  the  water-bath ;  the  residue  thus  obtained  is 
again  treated  with  alcohol  to  separate  the  last  portions  of  chloride  of  potas- 
sium; and  the  alcoholic  solution  is  filtered  and  evaporated.  On  dissolving  the 
product  of  these  operations,  together  with  the  original  precipitate  of  meconin  and 
hemipinic  acid,  in  boiling  water,  and  rendering  the  solution  slightly  alkaline  by 
ammonia,  nearly  all  the  meconin  crystallises  out  as  the  solution  cools,  while  hemipinate 
of  ammonium  remains  in  solution,  together  with  a  small  quantity  of  meconin.  For 
complete  purification,  the  solution  of  the  ammonium-salt  is  precipitated  by  acetate  of 
lead,  and  the  hemipinate  of  lead,  after  thorough  washing,  is  decomposed  under  water 
by  sulphydric  acid  (Matthiessen  and  Foster).  This  mode  of  preparation  is  pre- 
ferable to  the  oxidation  process ;  because  in  the  latter  it  is  difficult  to  arrest  the  action 
at  the  right  point,  so  that  there  is  always  a  risk,  either  of  leaving  opianic  acid  undecom- 
posed,  or  of  losing  a  portion  of  the  hemipinic  acid  by  further  oxidation.  (See  below.) 

Properties. — Hemipinic  acid  crystallises  in  colourless  oblique  rhombic  prisms 
(Wohler),  or  large  flat  rhombohedrons  (Blyth).  It  has  a  slightly  acid  astringent 
taste,  and  a  strong  acid  reaction.  It  dissolves  with  difficulty  in  cold  water,  more  easily 
in  alcohol  and  in  ether.  The  crystals  effloresce  in  the  air,  and  give  off  13'73  per  cent. 
(  =  2  at.)  water  at  100°  C.  At  180°  it  melts,  and  solidifies  to  a  crystalline  mass  on 
cooling.  Heated  between  two  watch-glasses,  it  sublimes  in  shining  laminae  like 
benzoic  acid. 

Decompositions. — Hemipinic  acid  burns  with  a  bright  flame.  Heated  with  peroxide 
of  lead  and  sulphuric  acid,  it  appears  to  be  completely  resolved  into  water  and  carbonic 
anhydride  (Wohler);  distilled  with  excess  of  concentrated  hydriodic  add,  it  is  com- 
pletely resolved  into  carbonic  anhydride,  iodide  of  methyl,  and  hypogallic  acid 
(Matthiessen  and  Foster) : 

CioH,o0a  +  2HI  =  C'H60«  +   2CH8I  +  CO' 

Hemipinic  Hypogallic       Iodide  of 

acid.  acid.  methyl. 

Heated  with  two  or  three  times  its  weight  of  strong  hydrochloric  acid — either  in  a 
sealed  tube  to  about  110°,  or  in  an  open  vessel  connected  with  a  condenser,  in  such 
a  manner  that  the  condensed  vapour  flows  back  into  the  mixture,  and  with  an  appa- 
ratus for  evolving  hydrochloric  acid  gas,  so  that  the  liquid  can  be  kept  constantly 
saturated  with  acid,  it  is  resolved  into  carbonic  anhydride,  chloride  of  methyl,  and  an 
acid  having  the  composition  C8H804,  homologous,  therefore,  with  hypogallic  acid : 

CleH'°08  +  HC1  =  CO2  +  CHSC1  +  C"H804. 

This  acid  (not  yet  named)  crystallises  in  long  transparent  prisms,  nearly  insoluble  in  cold 
water,  not  much  more  soluble  in  boiling  water,  more  easily  soluble  in  alcohol  and  ether. 
When  heated,  it  begins  to  sublime  without  decomposition  at  about  200°  C.,  and  bears 
a  temperature  of  more  than  245°  without  alteration,  but  at  a  still  higher  temperature 
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it  melts,  and  solidifies  to  a  crystalline  mass  on  cooling.  It  dissolves  in  strong  sul- 
phuric acid,  and  crystallises  unchanged  from  a  warm  saturated  solution  ;  a  cold  solu- 
tion is  not  precipitated  by  water.  It  gives  no  coloration  with  ferric  chloride  ;  with 
nitrate  of  silver  it  forms  a  white  precipitate,  which  blackens  on  boiling.  (Mat- 
thiessen  and  Foster.) 

When  the  mother-liquor  from  which  this  acid  has  crystallised  is  subjected  to  the 
prolonged  action  of  hydrochloric  acid,  hypogallic  acid  appears  to  be  formed.  (Mat- 
thiessen  and  Foster.) 

Hemipinates.  —  Hemipinic  acid  ^is  dibasic,  its  normal  salts  being  represented  by 
the  formula  C10H8M-06.  It  is  distinguished  from  opianic  acid  by  forming  insoluble 
salts  with  lead,  silver,  and  iron.  The  ammonium-salt  forms  crystals  permanent  in 
the  air. 

The  neutral  potassium-salt  is  very  soluble  and  difficult  to  crystallise. 

The  acid  potassium-salt,  C'°H9K06.  |H20,  forms  large  hexagonal  tables,  easily 
soluble  in  water  and  alcohol,  insoluble  in  ether.  It  gives  off  its  water  at  100°. 

Barium-salt.  —  When  a  solution  of  hemipinic  acid  is  neutralised  with  baryta-water, 
or  when  solutions  of  hemipinate  of  ammonium  and  chloride  of  barium  are  mixed  to- 
gether, the  liquid  remains  clear  for  a  long  while  if  left  to  itself  ;  but  on  boiling  it  for 
a  short  time,  small,  shining  crystalline  plates  of  hemipinate  of  barium  are  precipitated, 
and  soon  fill  the  liquid,  provided  the  solutions  used  were  not  too  dilute.  The  liquid 
on  cooling  redissolves  this  precipitate,  and  becomes  almost  or  quite  clear  ;  but  after 
standing  for  a  few  hours,  or  for  a  day  or  two,  it  again  deposits  hemipinate  of  barium, 
but  this  time  in  feathery  tufts  of  very  small  silky  needles  ;  if  the  liquid  be  now  again 
heated,  these  feathery  crystals  redissolve,  and  the  crystalline  plates  again  make  their 
appearance.  This  reaction  affords  the  means  of  recognising  hemipinic  acid,  even  when 
present  in  small  quantity  only.  (Matthiessen  and  Foster.) 

Ferric  hemipinate  is  a  precipitate  of  a  fine  orange-yellow  colour  (Blyth).  The 
lead-salt  is  a  white  precipitate  insoluble  in  water,  but  soluble  in  aqueous  acetate  of 
lead,  whence  it  separates  in  transparent  nodules  (Wohler).  The  silver-salt,  C10H8Ag20°, 
is  a  white  precipitate  insoluble  in  water. 

EtJiyl-hemipinic  acid,  C10H9(C'2H5)06  .  |H20,  is  obtained  by  passing  hydro- 
chloric acid  gas  into  a  solution  of  hemipinic  acid  in  absolute  alcohol.  It  crystallises 
in  bulky  needles,  which  give  off  their  water  (9'6  per  cent.)  at  100°.  It  has  a  strong 
acid  reaction,  is  very  slightly  soluble  in  cold  water,  rather  more  in  boiling  water.  The 
aqueous  solution  precipitates  ferric  salts,  but  not  lead-  or  silver-salts.  The  ethyl- 
hemipinates  are  difficult  to  purify.  The  barium-salt  forms  needles  grouped  in  tufts, 
(Anderson.) 

HEPATXCT.     Syn.  with  GLYCOGEN  (ii.  906). 

HEPATITE.  A  variety  of  heavy  spar  containing  bituminous  matter,  and 
distinguished  by  the  hepatic  odour  which  it  emits  when  rubbed  or  struck. 

HEPTYIi.  C7H15.  Ocnantliyl.  —  The  radicle,  not  yet  isolated,  of  heptylic  or 
oonanthylic  alcohol  and  its  derivatives. 


HEPTYX,,   ACETATE    OP.     C9H1802  =        jio.      (Bouis    and  Carlet, 

Compt.  rend.  Iv.  140;  Ann.  Ch.  Pharm.  cxxiv.  353.  —  Schorlemmer,  Chem.  Soc.  J. 
xvi.  217).  —  This  compound  is  obtained  :  —  1.  By  heating  oenanthol  (heptylic  aldehyde, 
C'H140)  with  zinc  and  glacial  acetic  acid.  The  nascent  hydrogen  thereby  liberated 
unites  with  the  renanthol,  formingheptylic  alcohol  ;  and  this,  with  the  excess  of  acetic  acid 
forms  acetate  of  heptyl.  On  washing  the  product  with  water,  and  agitating  it  with  acid 
sulphite  of  sodium,  to  remove  undecomposed  rcnanthol,  the  acetate  of  heptyl  is 
obtained  as  an  oil  floating  on  the  surface  (Bouis  and  Carlet).  —  2.  By  decomposing 
chloride  of  heptyl  with  acetate  of  potassium.  The  two  substances,  mixed  with  glacial 
acetic  acid,  are  heated  in  sealed  tubes  to  150°  —  160°  C.,  for  twelve  hours.  The  products 
of  the  reaction  are  chloride  of  potassium,  acetate  of  heptyl,  and  heptylene.  On  diluting 
the  contents  of  the  tubes  with  water,  drying  the  light  oily  liquid  which  separates  with 
chloride  of  calcium,  and  subjecting  it  to  fractional  distillation,  the  heptylene,  which 
boils  at  95°,  is  easily  separated  from  the  acetate  of  heptyl,  the  boiling  point  of  which 
is  much  higher  (Schorlemmer).  Alcohol  maybe  used  in  the  preparation  instead 
of  glacial  acetic  acid,  but  it  is  less  convenient,  as  the  last  portions  of  the  chloride  are 
then  very  slow  to  decompose,  requiring  a  heat  of  200°  continued  for  several  days. 
(Schorlemmer.) 

Acetate  of  heptyl  is  a  colourless  oily  liquid,  lighter  than  water,  having  an  agreeable 
fruity  odour,  and  boiling  at  180°  (Bouis  and  Carlet),  between  179°  and  181° 
(Schorlemmer),  which  is  about  10°  higher  than  it  should  be  according  to  Kopp's 
law  (p.  90).  It  contains,  according  to  the  mean  of  Schorlemmer's  analyses,  68-18  per 
cent,  carbon,  and  11-54  hydrogen,  the  formula  requiring  68*35  carbon  and  11-39 
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hvdrogen.  —  By  distillation  with  potash-ley,  it  yields  acetate  of  potassium  and  heptyhc 
alcohol. 

HEPTYIi,  BROMIDE  OP.  This  compound  is  slowly  produced,  with  evolution 
of  hydrobromic  acid,  when  bromine  is  added  to  hydride  of  heptyl,  and  the  mixture  is 
either  exposed  to  sunshine  or  heated  in  sealed  tubes  to  100°;  the  action  maybe 
quickened  by  adding  a  little  iodine.  On  distilling  the  product,  a  large  quantity  of  un- 
decomposed  hydride  passes  over  first,  and,  as  soon  as  the  temperature  rises  to  110°,  the 
residue  begins  to  decompose  and  blacken.  (Schorlemmer,  loc.  cit.) 

HEPTY1,  CHLORIDE  OP.  C7H15C1.  (Peterson,  Ann.  Ch.  Pharm.  cxviii.  74. 
—  SchorlenVmer,  Chem.Soc.  J.xv.423;  xvi.  217,  426).—  Obtained:  —  1.  By  the  action 
of  pentachloride  of  phosphorus  on  heptylic  alcohol,  and  purified  by  washing  and  distilla- 
tion in  the  usual  way  (Peters  en).  —  2.  By  the  action  of  chlorine,  or  better  of  chloride  of 
iodine,  on  hydride  of  heptyl.  Chlorine  gas  is  passed,  not  in  excess,  into  a  solution  of 
iodine  in  hydride  of  heptyl;  the  unattacked  portion  of  the  hydride  is  then  distilled  off, 
and  the  chloride  of  heptyl  is  separated  by  fractional  distillation  from  the  portion  boiling 
between  140°  and  160°  (Schorlemmer).  —  3.  In  like  manner,  from  ethyl-amyl 
(C2H5.C5Hn),  which  is  isomeric  with  hydride  of  heptyl.  The  product  yields,  by  frac- 
tional distillation,  two  liquids  of  constant  boiling  point,  viz.,  chloride  of  heptyl,  and 
monochlorinated  chloride  of  heptyl,  which  are  easily  separated  by  distillation,  as  their 
boiling  points  differ  by  40°.  (Schorlemmer,  Chem.  Soc.  J.  xvi.  426.) 

Chloride  of  heptyl  is  a  colourless  liquid,  having  an  agreeable  fruity  odour,  and  burn- 
ing with  a  smoky  green-bordered  flame.  Specific  gravity  0-891  at  19°.  (Schorlemmer); 
0'9983  at  55°  (Petersen).  Boiling  point  of  the  chloride  obtained  from  castor-oil  alcohol 
=  175°  (Petersen);  of  that  obtained  from  hydride  of  heptyl  or  from  ethyl-amyl 
«=  150°  (Schorlemmer).  This  difference  seems  to  point  to  the  existence  of  two  isomeric 
modifications  of  chloride  of  heptyl.  Neither  boiling  point  agrees  very  well  with  that 
calculated  according  to  Kopp's  law  (p.  91)  :  for  the  average  difference  for  homolo- 
gous chlorides  of  the  alcohol-radicles,  C"H2n+1,  is  about  30°,  chloride  of  ethyl  boiling 
at  11°,  and  chloride  of  amyl  at  101°  :  hence  chloride  of  heptyl  should  boil  at  about 
161°. 

Chloride  of  heptyl  contains,  according  to  Petersen's  analyses,  from  61-68  to  62-25 
per  cent,  carbon,  11-01  to  11*28  hydrogen,  and  26-46  chlorine,  the  formula  requiring 
62-45  C,  11-16  H,  and  26'36  Cl.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether.  Heated  in  a  sealed  tube  with  acetate  of  potassium  and  alcohol  or  glacial 
acetic  acid,  it  yields  acetate  of  heptyl  (p.  141)  ;  and  when  heated  in  like  manner  with 
alcoholic  sulphydrate  of  potassium,  it  yields  sulphydrate  of  heptyl.  It  is  scarcely  acted 
upon  by  strong  potash-ley,  even  when  heated  with  it  in  sealed  tubes  to  180°  for  several 
days,  only  a  small  quantity  of  heptylene  being  formed,  and  not  a  trace  of  heptylic 
alcohol.  (Schorlemmer.) 

Monochlorinated  Chloride  of  Heptyl,  C7H14C1  .  Cl,  isomeric,  if  not  identical,  with 
chloride  of  heptylene,  C7HMC12,  is  obtained,  together  with  chloride  of  heptyl,  by 
the  action  of  chloride  of  iodine  on  ethyl-amyl  (see  above).  It  boils  at  190°,  and  gives 
by  analysis  41-85  per  cent,  chlorine,  the  formula  requiring  42-01.  (Schorlemmer.) 

HEPTYIi,  HYDRATE  OP.  C7H160  =  O.     Heptylic  or  Oenanthylic  alco- 


hol,  —  This  alcohol  occurs,  together  with  others,  in  the  fusel-oil  from  the  brandy 
distilled  from  marc  of  grapes  (Weintreber-fuselol).  The  portion  of  this  liquid 
boiling  above  133°  C.  contains  several  alcohols  of  the  series  CnH?n+20,  higher  than 
amylic  alcohol;  and  by  subjecting  it  to  repeated  fractional  distillation,  a  portion  may 
be  obtained  which  boils  between  155°  and  160°,  and  exhibits  the  composition  and 
reactions  of  heptylic  alcohol.  (Faget,  Bull.  Soc.  China,  de  Paris,  1862,  p.  59  ;  Ann. 
Ch.  Pharm.  cxxiv.  355.) 

Heptylic  alcohol  is  likewise  obtained  :  —  1.  By  the  action  of  nascent  hydrogen  on 
cenanthol,  C7H140  (Bouis  and  Carlet).  The  cenanthol  is  treated  with  zinc  and 
glacial  acetic  acid,  as  already  described  (p.  143),  and  the  resulting  acetate  of  heptyl, 
distilled  with  potash,  yields  the  alcohol.  —  2.  From  hydride  of  heptyl,  that  compound 
being  first  converted  into  chloride,  the  chloride  into  acetate,  and  the  acetate  into  the 
alcohol  by  distillation  with  potash.  (Schorlemmer.) 

3.  By  distilling  ricinoleate  of  potassium  or  sodium  with  excess  of  the  caustic 
alkali  (i.  98).  When  castor-oil  is  saponified  with  potash  and  the  resulting  soap 
(ricinoleate  of  potassium)  is  distilled  with  excess  of  solid  potash,  hydrogen  is  evolved, 
and  an  oily  liquid  passes  over,  containing  an  alcohol,  or  perhaps  two,  homologous 
with  ethylic  alcohol,  together  with  an  aldehyde  or  an  acetone,  while  sebate  of  potas- 
sium remains  in  the  retort.  Bouis,  who  first  observed  this  reaction,  originally 
regarded  the  volatile  oily  product  as  octylic  or  caprylic  alcohol  (Compt.  rend,  xxxiii. 
144  ;  Ann.  Ch.  Pharm.  Ixxx.  304).  Soon  afterwards  (Institut,  1851,  p.  258  ;  Ann. 
Ch.  Pharm..  Ixxx.  306)  he  pronounced  it  to  be  heptylic  alcohol;  but  ultimately  (Compt 
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rend,  xxxviii.  935  ;  xli.  603  ;  Ann.  Ch.  Pharm.  xcii.  395  ;  xcvii.  34  ;  in  detail,  Ann. 
Ch.  Phys.  [3]  xliv.  77  ;  xlviii.  99),  after  having  succeeded  in  purifying  the  alcohol 
more  completely  than  before,  he  returned  to  his  first  opinion,  which  was  corrobo- 
rated by  the  analysis  of  several  derivatives  of  the  alcohol  by  himself,  and  also  by 
Moschnin  (Ann.  Ch.  Pharm.  Ixxxvii.  Ill),  Squire  (Chem.  Soc.  Qu.  J.  vii.  108),  and 
Cahours  (Ann.  Ch.  Pharm.  xcii.  399).  —  On  the  other  hand,  Eailton  (Chem.  Soc. 
Qu.  J.  vi.  205),  from  a  determination  of  the  vapour-density,  and  Wills  (ibid.  307), 
from  an  analysis  of  the  alcohol,  and  from  the  examination  of  some  of  its  compound 
ethers,  concluded  that  it  is  heptylic  alcohol.  Somewhat  later,  Limpricht  (Ann. 
Ch.  Pharm.  xciii.  242)  showed  that  the  oily  distillate  obtained  as  above  contains  a 
considerable  quantity  of  a  liquid  which  forms  a  crystalline  compound  with  acid  sul- 
phite of  sodium  ;  and  by  distilling  this  compound  with  excess  of  .caustic  alkali,  he 
obtained  a  liquid  having  the  composition  of  octylic  or  caprylic  aldehyde,  C8H160, 
which  he  accordingly  regarded  as  the  chief  product  of  the  distillation  of  ricinoleic  acid 
with  excess  of  potash.  According  to  Stadeler,  however  (J.  pr.  Chem.  Ixii.  241; 
Jahresber.  1857,  p.  361),  the  compound  C8HI60  is  not  caprylic  aldehyde,  but  tho 
isomeric  compound,  mcthyl-cenanthyl,  CH3.C7H130,  belonging  to  the  class  of  acetones 
(i.  31),  and  its  formation  takes  place  simultaneously  with  that  of  heptylic  alcohol, 
in  the  manner  shown  by  the  equations  : 

CisH340s     +     2KHO     =     CH3.C7H130     +     C10H16K20*       +        2H» 

Ricinoleic  Methyl-  Sebate  of 

acid.  cenanthyl.  potassium. 

C'»HS403     +     2KHO     =       C7H160          +     C10H16K80*       +       CH* 

Ricinoleic  Heptylic     !  Sebate  of  Marsh 

acid.  alcohol.  potassium.  gas. 

The  evolution  of  marsh  gas,  which  the  latter  equation  supposes,  has  not,  however, 
been  observed  <  the  gas  evolved  appears  to  be  in  all  cases  pure  hydrogen.  Stadeler's 
analysis  of  the  alcohol  agrees  very  closely  with  the  formula  of  heptylic  alcohol.  Similar 
results  have  been  obtained  by  Peters  en  (Ann.  Ch.  Pharm.  cxvii.  69),  who  analysed  the 
alcohol  after  carefully  freeing  it  from  methyl-cenanthyl,  and  also  some  of  its  derivatives, 
all  of  which  gave  results  agreeing  with  the  7-carbon  formulae.  On  the  other  hand, 
Dachauer  (Ann.  Ch.  Pharm.  cvi.  269),  from  his  analyses  of  the  carefully-purified 
alcohol  and  several  of  its  derivatives,  has  come  to  the  conclusion  that  the  volatile 
products  of  the  reaction  are  methyl-cenanthyl  and  octylic  alcohol,  the  formation  of  the 
latter  differing  from  that  of  the  former,  only  by  the  evolution  of  2  at.  hydrogen  instead 
of  four: 

3     +     2KHO       =      C8H180     +     C'°HI6K204  +  H2 


Ricinoleic  Ortvlir  alrohnl  Sebate  °f 

acid.  potassium. 

From  these  various  statements  it  appears  probable  that  both  heptylic  and  octylic 
alcohol  may  be  produced  in  this  reaction.  It  must  be  observed,  however,  that  the 
percentage  of  carbon  in  the  two  alcohols  differs  by  only  1'4  per  cent.,  and  that  the 
percentage  of  carbon  in  heptylic  alcohol  (72'4)  might  easily  be  raised  to  that  of 
octylic  alcohol  (73'8)  by  the  admixture  of  a  certain  quantity  of  methyl-cenanthyl, 
which  contains  more  carbon  than  either  of  them  (75'0  per  cent),  and  is  very  difficult 
to  separate  from  the  alcohol.  It  is  possible,  therefore,  that  the  alcohol  obtained  may 
be  in  all  cases  the  heptylic,  but  that  some  chemists  who  have  analysed  it  have  not 
succeeded  in  completely  removing  the  methyl-cenanthyl.  On  the  other  hand,  assuming 
the  received  formula  of  ricinoleic  acid  to  be  correct  (and  it  is  confirmed  by  Petersen's 
analyses,  loc.  clt.\  the  formation  of  the  7-carbon  alcohol,  together  with  sebacic  acid, 
does  not  account  for  the  whole  of  the  carbon,  unless  we  suppose  marsh  gas  to  be 
evolved,  which  has  not  been  observed  by  any  one.  The  subject,  therefore,  requires 
further  investigation. 

'Preparation  of  Heptylic  alcohol  from  Castor-oil—  The  oil  is  saponified  with  caustic 
soda,  and  the  ricinoleate  of  sodium,  separated  in  the  usual  way  by  common  salt,  is 
distilled  by  small  portions  with  excess  of  caustic  soda,  as  long  as  the  distillate  continues 
to  pass  over  colourless.  The  portion  collected  between  170°  and  180°  is  rectified  over 
solid  potash,  washed,  and  shaken  up  with  a  concentrated  solution  of  acid  sulphite  of 
sodium  ;  and  the  thick  pulp  which  forms  after  a  while  is  separated  from  the  mother- 
liquor  by  pressing  it  and  transferring  it  to  a  moist  filter.  The  whole  mass  is  then 
repeatedly  agitated  with  ether,  in  which  the  alcohol  is  soluble,  but  the  compound  of 
the  acetone  with  the  alkaline  sulphite  is  insoluble.  The  ethereal  solution  is  then  filtered 
off;  the  ether  removed  by  distillation,  the  residual  oil  again  mixed  with  strong  solution 
of  acid  sulphite  of  sodium,  and  set  aside  for  several  days  ;  the  watery  liquid  again  separated 
from  the  mass,  which  has  now  become  gelatinous  ;  this  mass  is  exhausted  with  ether  ; 
and  the  oil  obtained  from  this  ethereal  solution  is  again  treated  several  times  with 
sulphite  of  sodium,  being  ultimately  left  in  contact  with  it  for  several  weeks,  or  as  loug 
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as  any  small  quantity  of  gelatinous  precipitate  continues  to  separate.  The  oil  finally 
obtained  after  evaporating  the  ether  is  rectified  over  a  small  quantity  of  hydrate  of 
potassium,  then  washed  with  water  and  dried.  The  product  thus  obtained  is  heptylic 
alcohol.  (Petersen.) 

Properties.  —  Heptylic  alcohol  is  a  colourless  oily  liquid,  insoluble  in  water,  soluble 
in  common  alcohol  and  in  ether.  Specific  gravity  0-819  at  23°  (Stadeler).  Vapour- 
density  4*34  (Peters  en),  4-16  (Faget),  4-019,  by  determination  in  an  atmosphere  of 
hydrogen  (Railton):  by  calculation  (2  vol.)  =  4'04.  Boiling  point  179°  (Wills), 
between  177  and  177'5°  (Stadeler),  178-5°  (Peterson),  165°  (Bouis  and  Carlet), 
between  155°  and  160°  (Faget).  These  differences,  as  with  the  chloride,  indicate  the 
existence  of  two  modifications  of  the  alcohol.  The  calculated  boiling  point,  according 
to  Kopp's  law,  is  173°  (p.  90),  so  that  the  heptylic  alcohol  obtained  from  castor-oil 
appears  to  be  the  normal  compound,  whereas  the  alcohol  obtained  from  brandy  fusel- 
oil,  and  that  produced  from  renanthol,  appear  to  correspond  with  Wanklyn  and  Erlen- 
meyer's  j8-hexylic  alcohol,  inasmuch  as  the  latter  boils  at  134°,  and  137  +  19  =  156. 

The  following  table  exhibits  the  composition  of  heptylic  alcohol  as  determined  by 
calculation  and  by  analysis  : 


Calculation.  Wills.  '  Petersen.  Faget. 

C7          84        72-4  72-79  72-33          72-21  72-43  72-25 

H18         16         13-8  13-67  13-55          13-99  13-84  14-24 

O           16         13-8  13-54  14-12          13-80  13-73  13-51 


CrH160    UQ       100-0  100-00         100-00        100-00         100-00         100-00 

Faget's  alcohol  was  obtained  from  brandy  fusel-oil  (p.  144)  ;  Schorlemmer's  was  pre- 
pared from  hydride  of  heptyl  obtained  from  Boghead  naphtha  ;  the  other  three  from  castor- 
oil.  Petersen  observes  that  the  purification  of  the  alcohol  did  not  always  succeed  so  com- 
pletely as  in  the  sample  whose  analysis  is  above  given  ;  in  one  specimen  he  found 
72-95  per  cent,  carbon  and  13-37  hydrogen.  Bouis,  Moschnin,  andDachauer,  as  already 
observed,  have  obtained,  by  their  analyses  of  the  castor-oil  alcohol,  results  agreeing 
more  nearly  with  the  formula  C8H180,  viz.  Bouis,  73-5  C,  13-9  H;  Moschnin,  73-6  C, 
13-8  H;  Dachauer,  73-8  C,  13-9  H  (calc.  73'8  C,  13-8  H).  See  OCTYLIC  ALCOHOL. 

Decompositions.  —  1.  Heptylic  alcohol  distilled  with  chloride,  of  zinc,  yields  heptylene, 
C7H14  (Bouis  and  Carlet).  —  2.  Heated  with  potash-lime,  it  gives  off  hydrogen,  and 
is  converted  into  cenanthylic  acid,  C7H1402  (Faget).  —  3.  With  pentachloride  of  phos- 
phorus, it  yields  chloride  of  heptyl  (Petersen),  and  with  iodine  and  phosphorus, 
iodide  of  heptyl  (Schorl  emmer).—  4.  With  sulphuric  acid,  it  forms  heptyl-sulphurio 
acid,  C7H16S04  (Peter  sen). 

HEPTYI,,  HYDRIDE  OF.  C7H16  =  C7H15.H.—  This  compound  occurs,  together 
with  several  ofits  homologues,  in  rectified  American  petroleum  (Pelouze  and  C  a  h  o  u  r  s, 
Compt.  rend.  Ivi.  505;  Ann.  Ch.  Pharm.  cxxvii.  196.  —  Schorlemmer,  Proc.  Lit.  Phil. 
Soc.  Manchester,  March  13,  1863  ;  Chem.  Soc.  J.  xvi.  216)  and  in  the  light  oil  obtained 
from  the  tar  of  cannel-coal  (Schorlemmer,  Chem.  Soc.  J.  xv.  423)  :  it  is  also  pro- 
duced, together  with  some  of  its  homologues  and  other  hydrocarbons,  by  distilling 
amylic  alcohol  with  chloride  of  zinc.  (A.  Wurtz,  Compt.  rend.  Ivi.  1164,  1246;  Ann. 
Ch.  Pharm.  cxxviii.  225.) 

1.  Rectified  American  petroleum  may  be  separated  by  fractional  distillation  into 
the  hydrides  of  twelve  alcohol-radicles,  from  hydride  of  tetryl,  C4H'°,  boiling  at  a  few 
degrees  above  0°,  to  hydride  of  pentadecatyl,  C15H32,  boiling  between  255°  and  260°, 
besides  others  of  still  higher  boiling  point  (see  HYDRIDES).     When  the  liquid  which 
remains   after  the   separation  of  the  hydrides  of  amyl,  boiling  at  30°,  and  hexyl, 
at  68°,  is  submitted  to  further  rectification,  the  temperature  remains    constant  for 
Borne  time  between  90°  and  96°;   and  if  the  portion  which  passes  over  between 
these  temperatures    be  collected  apart  and  again   carefully  rectified,  the    quantity 
of  material  being  somewhat  considerable,  a  product  may  be  isolated  which,  after  puri- 
fication by  shaking  it  up  with  very  concentrated  sulphuric  acid,  washing  with  dilute 
carbonate  of  sodium,  and  dehydration  with  chloride  of  calcium,  boils  between  92°  and 
94°:  this  is  hydride  of  heptyl.     (Pelouze  and  Cahours.) 

2.  The  mixture  of  oils  obtained  by  distilling  cannel-coal  at  as  low  a  temperature  as 
possible,  is  left  in  contact  for  several  days  with  an  equal  volume  of  sulphuric  acid,  and 
frequently  shaken  ;  the  oil  is  then  poured  off,  washed  with  water,  and  distilled  ;  and  the 
distillate,  consisting  of  benzene  and  benzylene  (toluene),  together  with  the  hydrides  of 
the  alcohol-radicles,  is  repeatedly  shaken  with  strong  nitric  acid,  to  convert  the  benzene 
and  benzylene  into  nitro-compounds,  until,  on  adding  water  to  the  liquid,  no  further 
separation  of  these  compounds  occurs.     The  portion  unacted  upon  by  the  nitric  acid  is 
then  washed  with  water,  dried  over  potash,  and  repeatedly  rectified  over  sodium.     The 
liquid  thus  obtained  yields  by  fractional  distillation,  hydride  of  amyl,  C5H12,  boiling  at 
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3go_40o  c>  hydride  of  hexyl  at  68°— 70°  hydride   of  heptyl  at  98°— 99°,  and 
hydride  of  octyl  at  119°— 120°.     (Schorlemmer.) 

3.  The  distillate  obtained  by  heating  amylic  alcohol  with  chloride  of  zinc  consists 
of  amylene  and  compounds  polymeric  with  it,  together  with  hydride  of  amyl,  and 
smaller  quantities  of  the  hydrides  of  hexyl,  heptyl,  &c.,  up  to  C10H-2.  Heptylene  and 
hydride  of  heptyl  are  contained  in  the  portion  of  the  distillate  boiling  between  85° 
and  95°,  and  may  be  separated  by  converting  the  heptylene  into  a  bromide  and  distil- 
ling, the  hydride  of  heptyl  then  passing  over  first.  (Wurtz.) 

Hydride  of  heptyl  is  a  thin  mobile  liquid,  having  a  faint  but  pleasant  odour,  and 
burning  with  a  slightly  smoky  flame.  Specific  gravity  07122  at  16° ;  0709  at  17'5° 
(Schorlemmer).  Boils  at  98°—  99°  (Schorlemmer),  at  92°— 94°  (Pelouze  and 
Cahours).  Vapour-density  by  experiment,  3f49 —  3'59  (Schorlemmer),  3'616 
(Pelouze  and  Cahours) ;  by  calculation  (2  vol.)  =  3-46.  It  gives  by  analysis  83P93 
and  84-0  per  cent,  carbon,  16'13  and  161  hydrogen,  the  formula  requiring  84  C  and  16  H 
(Schorlemmer).  By  chlorine,  and  more  quickly  by  chloride  of  iodine,  it  is  converted 
into  chloride  of  heptyl.  Chlorine  passed  into  hydride  of  heptyl  forms,  besides  chloride 
cf  heptyl,  small  quantities  of  some  other  chlorine-compounds,  which,  when  distilled 
with  sodium,  yield  a  liquid  boiling  at  95° — 100°,  and  having  the  odour  and  composition 
of  heptylene  (Schorlemmer,  Chem.  Soc.  J.  xv.  424).  With  bromine,  hydride  of  heptyl 
appears  to  yield  bromide  of  heptyl  (p.  144). 

HEPTYI,,  IODIDE  OP.  C7H15L— Obtained  by  the  action  of  iodine  and  phos- 
phorus on  heptylic  alcohol  (Schorlemmer,  Chem.  Soc.  J.  xvi.  219. — Petersen, 
Ann.  Ch.  Pharm.  cxviii.  74).  It  is  a  colourless  liquid,  heavier  than  water,  quickly 
turning  brown  in  contact  with  the  air,  boiling  at  190°  (Schorlemmer),  192° 
(Petersen).  Composition  by  analysis,  37'19  per  cent.  C,  673  H,and  56-18  I ;  by  calcu- 
lation, 37'17  C,  6-64  H,  and  56-19  I.  It  is  instantly  decomposed  by  alcoholic  nitrate  of 
silver,  the  whole  of  the  iodine  being  separated  as  iodide  of  silver.  (Schorlemmer.) 

HEPTYL,  SUX.PHYDRATE  OP.  C7H15S  =  C7HI5.H.S.— Obtained  by  heating 
chloride  of  heptyl  with  alcoholic  sulphydrate  of  potassium  in  a  sealed  tube.  Colour- 
less liquid,  boiling  between  155°  and  158°,  having  a  mercaptan-like,  as  well  as  aromatic, 
odour,  and  exhibiting  all  the  characteristic  reactions  of  the  mercaptans.  (S  ehorlemmer.) 

HEPTYXiAlKXpTE.  C'H17N  =  N.H2.C7H15.— Obtained :  1.  By  saturating  iodide 
of  heptyl  with  ammonia,  heating  the  solution  in  the  oil-bath,  and  removing  the  iodine 
with  oxide  of  silver  (Petersen,  loc.  cit.\ — 2.  By  heating  chloride  of  heptyl  with 
ammonia  in  sealed  tubes  to  120°  for  several  days.  The  chlorides  of  the  different 
heptyl-ammoniums  are  then  formed,  but  chiefly  chloride  of  heptyl-ammonium,  C7H18CL 
This  salt  dissolves  easily  in  water  and  alcohol,  and  crystallises  in  small  scales.  When 
distilled  with  caustic  potash,  it  yields  heptylamine,  as  a  light  oily  liquid,  having  an 
ammoniacal  aromatic  odour,  a  burning  taste,  and  boiling  at  145° — 147°.  It  is  mode- 
rately soluble  in  water,  and  separates  out  again  on  addition  of  caustic  potash. 
(Schorlemmer,  Chem.  Soc.  J.  xvi.  221.) 

The  platinum-salt,  2C7H18NCl.PtCl4,  is  slightly  soluble  in  cold  water,  freely  soluble 
in  hot  water,  also  in  alcohol  and  ether,  crystallising  from  these  solutions  in  small 
yellow  scales.  Gives  by  analysis  307  per  cent,  platinum  (Schorlemmer);  30'9 
(Petersen);  calc.  3079. 

HEPTYX.AIKYX.ZC  ETHER.  C12H260  =  CTH15.C5Hn.O.  Amylananthylic ether. 
— Produced  by  the  action  of  heptylate  of  sodium  on  an  equivalent  quantity  of  iodide 
of  amyl,  and  obtained,  though  with  some  difficulty,  by  submitting  the  product  to  frac- 
tional distillation,  as  a  colourless  mobile  liquid,  boiling  between  220°  and  221°. 
Specific  gravity  =  0-608  at  20°.  Vapour-density:  obs.  =  6'57;  calc.  (2  vols.)  =  6-45. 
Analysis  77'0  per  cent.  C,  and  13-8  H.  Calculated  composition,  77'4  C,  14'0  H,  and 
8-6  0.  (Wills,  Chem.  Soc.  J.  vi.  316.) 

HEPTYIiENE.  C7H14.  Oenanthylene. — This  hydrocarbon,  homologous  and  po- 
lymeric with  ethylene,  is  contained,  together  with  others  of  the  series  CnH2n,  and 
hydrocarbons  belonging  to  the  series  CnH2n+2  and  CnH2n-6,  in  the  light  oil  obtained  by 
the  distillation  of  Boghead  coal.  By  treating  this  oil  with  bromine  in  presence  of 
water,  the  hydrocarbons  CnH2n  are  converted  into  heavy  oily  bromides,  while  the  other 
hydrocarbons  remain  unaltered  and  may  be  distilled  off.  The  remaining  liquid 
separates,  on  standing,  into  three  layers,  the  upper  consisting  of  water  with  a  little  hy- 
drobromic  acid,  the  middle  of  the  organic  bromides,  and  the  lowest  of  aqueous  hydro- 
broniic  acid.  The  middle  layer  separated  and  distilled  with  alcoholic  potash  and  with 
sodium,  yields  the  hydrocarbons  CnH2n.  The  brominated  oils  obtained  from  the  fractions 
of  the  original  coal-oil  which  boiled  between  71°and77°  and  between  82°  and  88°,  yielded 
respectively  hexylene  boiling  at  71°and  heptylene  boiling  at  99°  (Grreville  Williams, 
Phil.  Trans.  1857  [3]  737;  Ann.  Ch.  Pharm.  cviii.  384).  Heptylene  is  likewise 
obtained: — 1.  By  decomposing  chloride  of  heptylene  with  sodium  at  a  gentle  heat 
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The  sodium  is  added  by  email  quantities ;  the  liquid  distilled  off  as  soon  as  the  quantity 
of  chloride  of  sodium  becomes  so  great  as  to  interfere  with  the  action  ;  and  the  dis- 
tillate is  treated  with  fresh  sodium,  tho  last  traces  of  chlorine  being  removed  by  re- 
peatedly rectifying  the  product  over  perfectly  bright  sodium  (Limpricht,  Ann.  Ch. 
Pharm.  ciii.  80).  The  heptylene  which  Schorlemmer  obtained  by  treating  with  so- 
dium the  chlorinated  compounds  produced,  in  addition  to  chloride  of  heptyl,  by  the 
action  of  chlorine  on  hydride  of  heptyl  (p.  144),  probably  also  resulted  from  the 
decomposition  of  chloride  of  heptylene. — 2.  By  distilling  heptylic  alcohol  with  chloride 
of  zinc:  C7H160  -  H20  =  C7HH  (Bouis  and  Carlet).  — 3.  By  heating  chloride  of 
heptyl  with  strong  aqueous  potash  to  180°  in  sealed  tubes  for  several  days 
(Schorlemmer,  p.  144). — Bouis,  in  1855,  by  distilling  cenanthol  with  strong  sul- 
phuric acid,  obtained  a  hydrocarbon  agreeing  in  composition  with  the  empirical 
formula  of  the  olefines,  CH2,  and  supposed  by  him  to  be  heptylene ;  but,  as  it  boiled  at 
50°,  it  was  probably  either  a  lower  member  of  the  series,  or  a  mixture. 

Heptylene  is  a  colourless  mobile  liquid,  having  a  peculiar  alliaceous  odour ;  soluble  in 
alcohol.  Boils  at  95°  (Schorlemmer),  at  99°  (Gr.  Williams).  Specific  gravity 
0-718  at  18°  (Williams).  Vapour-density,  obs.  =  3-320  (Williams) ;  calc.  (2  vol.) 
=  3-386. 

Calculation.  Limpricht.  Schorlemmer. 

CT  84          8571  85-9  85-6  85-66 

H14  14_          14-29  14-1  14-6  14-00 

COT*""       98"        100-00  100-0  100-2  99'66 

Bromide  of  Heptylene.  C2H14Br2. — Obtained  by  direct  combination.  It  is  a  liquid, 
heavier  than  water,  which  decomposes  on  distillation,  with  blackening  and  evolution  of 
hydrobromic  acid,  but  volatilises  in  presence  of  aqueous  vapour,  condensing  as  a  nearly 
colourless  liquid  having  the  odour  of  bromide  of  ethylene.  Gives  by  analysis  62-26 
nnd  62-23  bromine,  the  formula  requiring  62-01.  (Schorlemmer.) 

Chloride  of  Heptylene.  C7HUCP. — Produced  by  the  action  of  pentachloride of 
phosphorus  on  O3nanthol.  When  1  at.  cenanthol  is  gradually  allowed  to  flow  into  1  at. 
pentachloride  of  phosphorus  contained  in  a  tubulated  retort,  great  heat  is  evolved,  and 
a  portion  of  the  resulting  oxychloride  of  phosphorus  distils  over  immediately.  As  soon 
as  the  decomposition  of  the  pentachloride  is  complete,  the  liquid  is  subjected  to 
fractional  distillation,  the  portion  which  boils  above  150°  being  collected  apart  as  long 
as  it  passes  over  colourless ;  in  the  retort  there  remains  a  small  quantity  of  a  brown 
thick  liquid.  The  last  distillate  is  washed  with  water  to  remove  adhering  oxychlorido 
of  phosphorus ;  and  the  oil  which  floats  on  the  water  is  shaken  up  with  acid  sulphite  of 
sodium,  to  remove  undecomposed  cenanthol,  then  dried  with  chloride  of  calcium,  and 
rectified,  the  portion  which  boils  between  180°  and  200°  being  collected  apart:  on 
again  rectifying  this  portion,  pure  chloride  of  heptylene  passes  over  at  187°. 

Chloride  of  heptylene  is  a  transparent,  colourless,  mobile  liquid,  lighter  than  water, 
having  a  not  unpleasant  odour,  like  that  of  cenanthol.  It  boils  at  191°  (corrected). 
Gives  by  analysis  48-85  per  cent.  C,  8'00  H,  and  42*05  Cl ;  the  formula  requiring  49'4  C, 
8-2  H  and  42'4  Cl. 

When  gently  heated  with  sodium,  it  is  decomposed  with  violence,  yielding  heptylene 
and  chloride  of  sodium. — Boiled  for  some  time  with  ethylate  of  sodium  or  alcoholic 
solution  of  potash,  it  is  resolved  into  hydrochloric  acid,  chlorheptylene,  C7H13C1,  and  a 
hydrocarbon,  probably  C7H12 : 

C7H»CP  -  HC1  =  C7H19C1;  and  C7H14C12  -  2HC1  =  C7H12 

It  is  not  perceptibly  decomposed  by  acetate  of  silver,  even  when  continuously  boiled 
with  it,  or  heated  to  250°  in  sealed  tubes.  (Limpricht,  Ann.  Ch.  Pharm.  ciii.  80.) 

Chlorheptylene.  C7H13C1. — Obtained  by  the  action  of  alcoholic  potash  or 
ethylate  of  sodium  on  chloride  of  heptylene.  A  very  concentrated  alcoholic  solution 
of  potash  is  distilled  upwards  with  chloride  of  heptylene  for  a  considerable  time  (the 
decomposition  of  15  grammes  of  the  chloride  takes  about  a  week) ; — or  chloride  of  heptylene 
and  ethylate  of  sodium  are  heated  together  in  a  sealed  tube  to  250°.  The  liquid  obtained 
by  either  process  is  diluted  with  water,  which  separates  impure  chlorheptylene ;  and  this 
crude  product  is  dried  by  means  of  chloride  of  calcium  and  then  subjected  to 
fractional  distillation.  It  begins  to  boil  at  100°,  the  boiling  point  slowly  rising  to 
150°,  where  it  remains  constant  for  a  while  and  ultimately  rises  to  190°.  The  liquid 
which  passes  over  below  100°  is  a  hydrocarbon  (see  below} ;  that  which  distils  at  152° 
is  chlorheptylene,  and  above  that  temperature  the  product  consists  chiefly  of  undecom- 
posed chloride  of  heptylene.  The  complete  separation  of  these  liquids  can  only  bo 
effected  by  repeated  rectification. 

Chlorheptylene  is  a  liquid  resembling  chloride  of  heptylene,  having  a  similar  odour, 
and  boiling  at  155°  (corrected).  It  gives  by  analysis  63-5  per  cent.  C,  9'7  H,  and 
26-8  Cl,  the  formula  requiring  63-2  C,  97  H  and  27'1  Cl, 
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Sodium  remains  unaltered  in  chlorheptylene  at  ordinary  temperatures ;  but  on  heating 
the  liquid,  a  violent  action  suddenly  takes  place,  chloride  of  sodium  being  formed, 
together  with  a  hydrocarbon,  probably  C7II12. — The  same  hydrocarbon  appears  to  be 
produced  by  the  action  of  alcoholic  potash  on  chloride  of  heptylene  (see  above). 
(Limpricht,  Ann.  Ch.  Pharm.  cii.  82.) 

Hjdriodate  of  Heptylene.  C7Ii15I  =  C7HI4.HL— Obtained  by  heating  heptylene 
with  hydriodic  acid  in  sealed  tubes  to  100°  for  twelve  hours.  It  closely  resembles 
iodide  of  heptyl,  but  boils  at  about  170°,  or  20°  lower  than  the  latter.  It  soon  turns 
brown  when  exposed  to  the  air.  Precipitated  by  alcoholic  nitrate  of  silver,  it  yielded 
a  quantity  of  iodide  of  silver  corresponding  to  55*73  per  cent,  iodine  (calc.  56*19) ;  and 
the  filtrate,  on  being  mixed  with  water,  yielded  a  small  quantity  of  a  fragrant  liquid, 
which  consisted  wholly  or  in  a  great  part  of  nitrate  of  heptylene,  C'H14.N03H,  as  on 
adding  an  alcoholic  solution  of  potash,  and  heating  gently,  an  abundant  precipitate  of 
nitrate  of  potassium  was  formed.  (Schorlemmer,  Chem.  Soc.  J.  xvi.  220.) 

HEFT  YL-ET  HYLIC     ETHER,     C9H200  =  C7H».C-H5.0.     Ethyl-cenanthylio 

ether.   (Wills,  Chem.  Soc.  Qu.  J.  vi.  312;*  Petersen,  Ann.  Ch. Pharm.  cxviii.  75). 

Prepared  by  the  mutual  action  of  iodide  of  ethyl  and  heptylate  of  sodium  in  equivalent 
proportions : 

C7H15NaO   +   C2H5I  =  Nal-+   C7H15.C2H5.0. 

It  is  a  colourless  mobile  liquid,  having  a  faint  odour,  and  burning  with  a  bright  flame; 
insoluble  in  water,  easily  soluble  in  alcohol  and  ether.  Boils  at  177°  (Wills). 
Specific  gravity  =  0*791  at  16°.  Vapour-density,  obs.  =  5*095  (Wills);  calc.  (2  vol.) 
=  4-99. 

Calculation,  Wills.  Petersen. 

C9  108  75-00  75-16  74-44 

H20  20  13*88  14-44  14-40 

0  16  11-12  10-40  11-16 

C9H200         144  100*00  100-00  100*00 

HEPTYXiIC  AX.DEHYDE.  Syn.  with  CENANTHOL.  (q.  v.} 
HEPTYX.-1KETHYX.XC  ETHER.  C8H180  =  C7H15.CH3.0.  Methyl-ana^ 
thylic  ether.  (Wills,  Chem.  Soc.  J.  vi.  314.) — Obtained  by  the  action  of  iodide  of 
methyl  on  heptylate  of  sodium.  It  is  a  thin  mobile  liquid,  having  a  strong  odour, 
insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether.  Boiling  point  between  160*5° 
and  161°.  Specific  gravity  =  0*830  at  16*5°.  Vapour-density  (obs.)  about  4*2;  calc. 
(2  vol.)  =  4*5.  A  specimen  not  quite  pure  gave  by  analysis  73*15  per  cent.  C,  and 
14*09  H,  the  formula  requiring  73'85  C  and  13-85  H. 

(SO2)") 
HEPTYX.-SUIPHURIC  ACID.     C7H16S04  =  C'H'HO2.     (Petersen,   Ann. 

Ch.  Pharm.  cxviii.  72. — Bouis  and  Carlet,  ibid,  cxxiv.  254.) — When  2  pts.  of  heptylic 
alcohol  are  cautiously  mixed  with  1  pt.  sulphuric  acid,  the  mixture  being  kept  cool 
so  us  to  prevent  the  formation  of  sulphurous  acid,  the  liquid  ultimately  separates  into 
two  layers,  the  upper  of  which  contains  heptyl-sulphuric  acid.  On  neutralising  it  with 
carbonate,  and  at  last  very  carefully  with  hydrate  of  barium,  and  concentrating  at  a 
gentle  heat,  heptyl-sulphate  of  barium  separates  in  small,  white,  flexible,  and  generally 
scaly  crystals,  having  a  pearly  lustre  and  bitter  taste,  very  soluble  in  water,  and  not 
precipitated  from  the  aqueous  solution  by  alcohol  or  ether.  The  solution  decomposes 
by  evaporation  unless  the  temperature  be  kept  very  moderate.  The  dry  salt  is  per- 
manent in  the  air,  but,  according  to  Petersen,  begins  to  decompose  at  80°,  turning  first 
rod,  then  black,  and  emitting  a  very  strong  odour.  According  to  Bouis  and  Carlet,  on 
the  other  hand,  it  may  be  heated  to  100°  without  decomposition.  According  to  the  mean 
results  of  Petersen's  analyses,  the  salt  dried  over  oil  of  vitriol  contains  30*97  per  cent.  C, 
3*19  H,  25*10  Ba,  and  11-73  S,  agreeing  nearly  with  the  formula  2C7HI5BaS04.IPO, 
which  requires  30-83  C,  5-87  H,  25-14  Ba,  1174  S,  and  26-42  0. 
HERAPATHXTE.  Syn.  with  Sulphate  of  lodoquinine.  (See  QUININE.) 

HERCXXTXTE.  An  iron  spinel,  FeO.Al203  =•  /  Arf-/if  O4-  Specific  gravity  3*91 — 
3-95.  (See  SPINEL.) 

HERX>ERXTE.  A  very  rare  mineral,  consisting  of  anhydrous  phosphate  of  alumi- 
nium, and  phosphate  with  fluoride  of  calcium  ;  not  yet  analysed  quantitatively.  The 
crystals  are  trimetric.  Hardness  =  5.  Specific  gravity  =  2*985.  It  resembles  apatite 
in  colour  and  lustre,  but  is  distinguished  by  its  lower  specific  gravity.  Soluble  in 
hydrochloric  acid.  Melts  before  the  blowpipe  to  a  white  bead,  with  slight  intumescence. 
(Dana,  ii.  410.) 

*  The  compound  obtained  by  Wills  is  described  at  p.  542,  vol.  ii.  as  octyl-ethylic  ether  ;  but  the 
balance  of  evidence  is  certainly  in  favour  of  the  supposition  that  it  contain!  heptyl,  not  octyl. 
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HERMA3TWITE.      See  EUODONITE. 

HERRERXTE.  A  mineral  from  Albarradon  in  Mexico,  said  by  Herrera  (J.  pr. 
Chem.  viii.  514)  to  contain  35'58  per  cent,  tellurium,  12-32  oxide  of  nickel,  and  31-86 
carbonic  acid.  According  to  Ore  nth,  however  (ibid.  Ixvi.  475),  it  is  a  cupriferous  zinc- 
spar,  containing  93'74  per  cent.  ZnCO3,  3'42  CuCO3,  1-50  MnCO3,  1-48  CaCO3,  and 
0-29  MgCO8. 

HERSCHELITE.  A  mineral  from  Aci  reale  and  Aci  Castcllo  in  Sicily,  having 
the  same  general  formula  as  lime-harmotome  (p.  14),  viz.  M2O.Al403.4SiO'-  +  6H'-'0,  or 
M2(ar')8Si4012.5H20,  agreeing  also  in  general  formula  with  gmelinitc  (ii.  924)  excepting 
in  the  amount  of  water,  and  crystallising,  like  the  latter,  in  the  hexagonal  system. 

Analyses  1  and  2  are  of  the  mineral  from  Aci  reale,  by  Damour  (Ann.  Ch.  Phys.  [3] 
xiv.  97);  3,  4,  from  Aci  Castello,  by  v.  Waltershausen  (Vulkanische  Gesteine,  p.  260) : 

SiQ2  AF03  Fe'03  CaO  MgO  Na?O  K'O  H'O. 

1.  47-39  20-90  .     .  0-38  .     .  8'33  4-39  17'84  =  99*23 

2.  47-46  20-18  .     .  0-25  .     .  9'35  4'17  17'6o  =  99-06 

3.  45-89  18-20  1-14  4-84  0'35  5'72  372  17'86  =  97'72 

4.  47-03  20-21  1-14  4'66  0'49  4'82  2'03  17'86  =  98-24 

These  analyses  lead  to  the  formulae : 

Damour.  v.  Waltershausen. 

Si02.(Al203.3Si02)  +  5  aq. 


|Na2    LSi02.(Al203.3Si02)  +  5  aq. 

According  to  v.  Waltershausen,  herschelite  does  not  occur  at  Aci  reale. 

HESPERXDXXT.  A  substance  discovered  by  Lebreton  (J.  Pharm.  xiv.  377),  and 
contained  in  many  fruits  of  the  genus  Citrus.  It  is  most  readily  prepared  from  unripo 
Seville  oranges,  by  removing  the  green  rind  and  the  inner  part  of  the  fruit,  treating 
the  white  spongy  inner  coating  with  water  at  a  temperature  of  25  to  30°  ;  concen- 
trating the  liquid,  neutralising  it  with  lime-water,  and  evaporating  to  a  syrup ;  treating 
the  residue  with  alcohol  of  40  per  cent. ;  then  filtering,  distilling  off  the  alcohol,  and 
agitating  the  bitter  granular  residue  with  2O  times  its  weight  of  distilled  vinegar. 
The  liquid  on  standing  deposits  hesperidin  in  warty  masses,  which  may  be  washed  with 
water  and  recrystallised  from  boiling  alcohol. 

Hesperidin  thus  purified  forms  white,  silky  laminae,  inodorous,  and  having  a  bitter 
taste;  sparingly  soluble  in  cold  alcohol,  very  soluble  in  boiling  alcohol,  insoluble  in 
ether ;  dissolves  in  60  pts.  of  boiling  water,  and  separates  again  on  cooling.  The 
solutions  are  neutral  to  vegetable  colours.  It  is  soluble  in  warm  concentrated  acetio 
acid,  insoluble  in  oils. 

H'esperidin  is  decomposed  by  prolonged  boiling  with  water,  and  then  floats  on  the 
surface  like  melted  wax.  It  is  readily  dissolved  by  caustic  alkalis.  Strong  sulphuric 
acid  dissolves  it  with  orange-colour,  gradually  changing  to  red.  Hot  nitric  acid  con- 
verts it  into  oxalic  acid  and  a  bitter  substance.  The  alcoholic  solution  is  not  precipi* 
tated  by  acetate  of  lead,  but  forms  a  brown  precipitate  with/emc  sulphate. 

Wiedemaun  has  described,  under  the  name  hesperidin,  a  substance  obtained  from 
unripe  oranges,  differing  from  that  above  described  in  some  respects,  especially  in  not 
being  soluble  in  alcohol. 

HESSXTE.    Telluric  silver.     (See  TELLURIUM.) 
HESSONXTE.    Syn.  with  ESSONXTE  (ii.  507). 
HETEPOZXTE.     See  HETEROSITK 

HETEROCXiXNE  or  Marccline.  A  silicate  of  manganese  occurring  at  St.  Marcel 
in  Piedmont,  in  oblique  rhombic  prisms  of  128°  16',  and  containing  10*76  per  cent 
SiO2,  85-87  Mn203,  3'38  Fe203,  0'61  CaO,  and  0-44  K20  =  100-30.  (Evfeinoff, 
Pogg.  Ann.  xlix.  204.) 

HETEROMERXTE.  An  altered  form  of  idocrase  from  Slatoust  in  Siberia,  con- 
taining, according  to  v.  Hauer,  43*29  SiO2;  23*17  A1208;  6*10  Fe'O3;  23*78  CaO,  and 
3*05  MgO.  Colour  light  green.  •  ^ 

HETEROXWORPHXSM.  The  property,  sometimes  observed  in  compounds,  of 
crystallising,  in  different  forms,  though  containing  equal  numbers  of  atoms  similarly 

grouped.    Such  is  the  case  with  sulphate  of  sine,  fe  » \  O2  +  7H20,  and  ferrous  sulphate, 

SO2/ 

IV'  I  ^2  *  ?H20  >  the  former  crystallising  in  the  trimetric,  the  latter  in  the  monoclinic 
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system.     The  cause  of  this  difference  in  the  examples  just  cited  is  probably  that  the 
elements  —  iron  and  zinc  —  are  not  isomorphous. 

HETERO1MOHPHITE.  Feather  ore.—  A  sulphantimonite  of  lead,  Sb2S3.2PbS 
which  occurs  in  capillary  forms  resembling  a  cobweb  ;  also  massive.  Specific  gravity 
5-67  to  5-9.  Hardness  1  to  3.  Lustre  dull  metallic.  Colour  lead-grey  to  steel-grey 
sometimes  iridescent.  It  is  found  at  Wolf  berg  in  the  Eastern  Hartz  ;  also  at  Andreas- 
berg  and  Clausthal  ;  at  Freiberg  and  Schemnitz  ;  in  the  Anhalt  at  Pfaffenberg  and 
Meisebcrg;  and  in  Tuscany,  near  Bottino.  (Dana,  ii.  76.) 

HETEROSITE  or  Hctepozitc.  A  hydrated  phosphate  of  iron  and  manganese, 
found  near  Limoges,  in  dark  brown  or  black  masses,  containing,  according  to  Dufrenoy's 
analysis,  4177  p.  c.  P205,  3-t'89  FeO,  17'57  MnO,  4-40  H20,  and  0-22  SiO2  (  =  98'85), 
whence  Kammelsberg  (Mineralchemie,  p.  331)  deduces  the  formula  3(5MO  2P205)  or 

' 


brownish 

Fe203,  30  , 

(Rammelsberg,  loc.  cit.) 

HEULAUDITE.     See  STILBITK. 

HEVEEWE.  The  least  volatile  part  of  the  products  of  the  dry  distillation  of 
caoutchouc  and  gutta  percha.  It  is  an  oily  hydrocarbon,  of  an  amber-yellow  colour, 
acrid  taste,  and  specific  gravity  0'921  at  21°.  Boils  at  315°.  Mixes  in  all  proportions 
with  alcohol,  ether,  and  oils,  both  fat  and  volatile.  It  rapidly  absorbs  chlorine,  and 
acquires  thereby  the  consistence  of  wax.  It  is  partly  resinised  by  sulphuric  acid,  and 
then  converted  into  an  oil  which  boils  at  228°,  and  is  not  attacked  by  strong  acids 
(Bouchard  at,  Ann.  Ch.  Pharm.  xxvii.  30).  According  to  Greville  Williams,  it  is 
probably  polymeric  with  isoprene  and  caoutchin  (ii.  961). 

HSXACHXiORXYXiXir.  A  product  of  the  action  of  chlorine  on  hydrate  of 
phenyl.  (See  PHENYL.) 

HEXACROLEIC  ACID.  C18H2408.  —  An  acid  polymeric  with  acrolein,  and  pro- 
duced by  dropping  that  liquid  into  an  alcoholic  solution  of  potash.  The  solution 
becomes  heated  to  the  boiling  point  ;  and  on  addition  of  an  acid,  yields  hexacroleic 
acid  as  a  yellow,  amorphous,  feebly  acid  substance,  soluble  in  alkalis,  alcohol  and 
ether;  insoluble  in  water,  easily  fusible,  but  not  volatile  without  decomposition. 
Most  of  its  salts  are  insoluble  in  water.  (Glaus,  Ann.  Ch.  Pharm.  suppl.  ii.  117.) 

HEXAMETAPHOSPKORXC  ACID.     See  PHOSPHORIC  ACID. 

(N(CH2)2 

HEXAMETHYX.ENAMINE.     C6H12N4  =  N  J  N(CH2)2.—  A  volatile  crystalline 

(N(CH8)2 

base  produced  by  the  action  of  ammonia  on  dioxymethylene  (Buttlerow,  Ann.  Ch. 
Pharm.  cxv.  322),    See  METHYIENAMTNES. 

HEXETHYLEfcTlC   ALCOHOL.      See  ETHYLENE,  HYDRATES  OF  (ii.  576). 
HEX1VTETH  YL-ETH  YLEKTE-DIPHOSPHONIUM.    See  PHOSPHORTJS-UASES 


HEXYL,    Caproyl       C12H26  «     H"  The  sixth  alcollol-radicle  of  the  series 
CnH2n+1.    It  is  produced  by  the  electrolysis  of  cenanthylic  acid  : 
CTH1402    =    C6H13  +  H  +   CO2. 

To  prepare  it,  a  solution  of  cenanthylate  of  potassium  is  decomposed  by  a  voltaic 
current,  and  the  oil  which  separates  is  dried  over  chloride  of  calcium,  and  then  distilled 
With  alcoholic  potash,  which  retains  cenanthylic  acid,  while  the  hexyl  passes  over  with 
the  vapours  of  alcohol,  and  may  be  purified  by  washing  with  water  and  rectification 
(Brazier  and  Go  ssleth,  Chem.  Soc.  J.  iii.  210).  Wurtz  (Ann.  Ch.  Phys.  [3]  xliv. 
275),  by  electrolysing  a  mixture  of  100  pts.  cenanthylic  and  120  pts.  valeric  acid,  neutral- 
ising with  potash  and  cooling  to  0°,  obtained  an  oil  which,  after  desiccation  by  chloride  of 
calcium,  yielded  by  fractional  distillation,  tetryl  (C4H9),  boiling  between  100°  and  140°, 
tetryl-hexyl  (C4H9.C6H13),  between  140°  and  180°,  and  a  portion  boiling  between 
180°  and  220°,  consisting  chiefly  of  hexyl. 

Hexyl  is  a  colourless  oily  liquid,  of  specific  gravity  07574  at  0°.  It  boils  at  202°, 
yielding  a  vapour  whose  density  is  5'983  (Wurtz);  calc.  (2  vol.)  =  6-8979.  It  is 
insoluble  in  water,  but  soluble  in  alcohol  and  ether. 

It  is  not  attacked  by  sulphuric  acid,  and  may  be  distilled  without  alteration  with 
moderately  concentrated  nitric  acid  ;  but  by  repeated  distillation  with  a  mixture  of 
sulphuric  and  nitric  acids,  it  is  converted  into  an  acid,  probably  caproic  acid.  It  is 
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scarcely  attacked  by  bromine,  even  in  sunshine.  Chlorine  attacks  it  strongly,  even  in 
diffused  daylight  ;  hydrochloric  acid  being  evolved,  and  a  viscid  substance  formed,  which 
gives  off  hydrochloric  acid  when  distilled,  and  leaves  a  residue  of  charcoal.  (Brazier 
and  Gossleth.) 

The  compounds  of  hexyl  were  hardly  known  before  tho  year  1861,  the  alcohol 
having  been  barely  identified  by  Faget,  in  fusel-oil,  in  1854  (Compt.  rend,  xxxvii. 
730).  At  present,  the  known  sources  of  hexyl-compounds  are  :  (1)  fusel-oil,  containing 
the  alcohol;  (2)  mannite  andmelampyrin,  which,  when  reduced  with  hydriodic  acid,  give 
iodide  of  hexyl;  and  (3)  petroleum  and  coal-tar  oil,  which  contain  hydride  of  hexyl. 
Whether  the  hexyl-compounds  obtained  from  (1)  and  (3)  are  identical,  is  still  an  open 
question  ;  but,  without  doubt,  those  derived  from  (2)  are  essentially  different  from 
the  hexyl-compounds  either  of  fusel-oil  or  of  petroleum.  The  hexyl-compounds  of 
fusel-oil  and  of  petroleum  have  been  distinguished  by  the  prefix  Alpha,  those  of 
mannite  or  melampyrin  by  Beta.  The  former  compounds,  so  far  as  they  have  been 
yet  examined,  present  the  very  closest  analogies  to  those  of  the  ethyl  series  ;  the  latter 
depart  in  many  ways  from  this  standard  :  thus,  they  show  a  great  tendency  to  evolve 
their  olefine  during  reactions  ;  and  their  alcohol  has  too  low  a  boiling  point,  and  when 
oxidised  with  dilute  chromic  acid,  does  not  yield  caproic  acid,  but  breaks  up  into  car- 
bonic acid,  water,  butyric  and  acetic  acids. 

The  hexyl-compounds  derive  peculiar  interest  from  their  having  the  same  carbon- 
condensation  as  the  sugars,  and  from  their  standing  in  close  relation  thereto,  as  the 
reaction  of  hydriodic  acid  with  mannite  proves,  mannite  being,  as  has  long  been 
known,  a  product  of  the  reduction  of  glucose  (ii.  864). 

Berth  el  ot  has  already  remarked  upon  the  peculiar  readiness  to  react  shown  by 
tritylene.  It  is  not  unworthy  of  remark,  that  hexylene,  which  is  paratritylene,  likewise 
displays  extraordinary  energy. 

Acetates  of  Hexyl.  —  aHexyl-acetate  is  prepared  by  the  action  of  aiodide  of 
hexyl  upon  acetate  of  silver.  It  is  a  colourless  liquid,  lighter  than  water,  and  boiling 
at  about  145°  C.  By  the  action  of  caustic  potash,  it  has  been  transformed  into  au 
alcohol,  boiling  at  about  150°.  (Cahours  and  Pelouze,  Compt.  rend.  liv.  1245.) 

AHexyl-acetate  is  prepared  by  distilling  ft  hexyl-sulphuric  acid  with  a  grea* 
excess  of  glacial  acetic  acid  :  — 

4          C2H80)  H  C2H"0 


It  is  an  oil  lighter  than  water,  and  very  insoluble  in  water,  having  a  peculiar  smell, 
unlike  the  usual  smell  of  an  acetate  of  an  alcohol-radicle.  Boiling  point  156°.  It 
distils  without  decomposition.  Digestion  at  100°,  with  an  alcoholic  solution  of  potash, 
transforms  it  into  ft  hexylic  alcohol.  Unlike  ft  C6H13I,  it  yields  no  hexylene  on  diges- 
tion with  alcoholic  solution  of  potash.  Sp.  gr.  at  0°  =  -8778  :  at  50°  =  '8310  ;  therefore 
expansion-coefficient  for  50°  =  -0563.  It  forms  a  double  compound  with  Na)8C6H)30 
(beta-hexylate  of  sodium  —  the  body  produced  by  treating  ft  hexylic  alcohol  with  sodium), 
which  double  compound  is  decomposed  by  water,  giving  ft  hexylic  alcohol. 

Hexyl-alcohols.  —  a  Hexyl-alcohol  (caproic  alcohol),  a  Cb'HH0,  was  found  by 
Faget,  in  fusel-oil  (1854).  but  not  purified  by  him.  Cahours  and  Pelouze  ob- 
tained it  from  hydride  of  hexyl,  by  converting  that  compound  into  o  iodide  of  hexyl, 
thence  forming  a  acetate  of  hexyl  ;  thence,  by  means  of  caustic  potash,  the  alcohol. 
The  o  hexyl-alcohol  thus  prepared  boils  at  about  150°,  and  smells  like  amylic  alcohol. 
'(Compt.  rend.  liv.  1245.) 

o  hexylic  alcohol  yields  caproic  acid  by  oxidation.     (Faget.) 

ft  Hexyl-alcohol,  ft  C6HH0.  —  Prepared  by  digesting  ft  iodide  of  hexyl  with  oxide  of 
silver  and  water  :  the  ft  alcohol  is  then  formed,  together  with  ft  hexylic  ether,  and 
]8  hexylene.  Or  better,  by  shaking  up  ft  hexylene  with  sulphuric  acid  (previously 
diluted  with  one-third  its  volume  of  water),  by  which  means  ft  hexyl-sulphuric  acid  is 
produced,  and  this,  distilled  with  a  large  excess  of  water,  yields  ft  hexyl-alcohol.  It  is 
a  viscid  liquid,  having  a  refreshing,  pleasant  smell,  very  unlike  that  of  amylic  alcohol  ; 
boils  at  137°,  under  bar.  pressure  of  765-5  millimetres.  Specific  gravity  at  0°  = 
0-8327  ;  at  16°  =»  0*8209  ;  at  99°=  07482.  It  therefore  expands  somewhat  rapidly. 

Concentrated  sulphuric  acid  converts  it  into  para-hexylene,  even  at  0°,  and  does  not 
form  any  hexyl-sulphuric  acid,  even  after  standing  for  some  time.  More  dilute  acid 
(strength,  about  87  per  cent.  S04H2)  forms  ft  hexyl-sulphuric  acid,  which  is  capable  of 
forming  salts.  Acid  chromate  of  potassium  and  dilute  sulphuric  acid  convert  it  into  an 
aldehyde,  which  has  no  tendency  to  take  up  oxygen  from  the  air,  and  when  further 
oxidised  with  the  same  oxidising  agent,  yields,  not  caproic  acid,  but  carbonic  acid,  water, 
butyric  and  acetic  acids.  The  ft  variety  of  tho  alcohol  has  not  been  converted  into  the 
a  variety  ;  on  the  contrary,  there  is  every  reason  to  believe  that  the  two  bodies  are 
radically  different.  (Wankly  n  and  Erlenmeyer,  Chem.  Soc.  J,  xvi.  221.) 


HEXYL-COMPOUNDS.  153 

Hexyl-aldehydes.— a. Hexyl-aldchydc,  a.  C6H120. — Unknown:  it  might  porhaps  1m 
obtained  by  oxidation  from  the  a  alcohol  of  fusel-oil,  or  of  that  derived  from  the 
hexyl-hydride  found  in  petroleum. 

ft  Hcxyl-aldchydc,  /8  C6H120. — Obtained  by  oxidising  tho  corresponding  nlcohol 
with  acid  chromate  of  potassium  and  dilute  sulphuric  acid.  It  is  a  colourless  limpid 
liquid  of  fragrant,  penetrating  odour;  boils  at  127°  (bar.  =  761'2  millimctn-s). 
Specific  gravity  at  6°  =  0'8298,  at  50°  =  07846  :  coefficient  of  expansion  between  0°  and 
50°  =  0'0576.  It  forms  a  solid  compound  with  acid  sulphite  of  sodium;  does  not 
reduce  ammonio-nitrate  of  silver  ;  does  not  take  up  oxygen  from  the  air.  100  parts 
of  water  dissolve  about  one  part  of  ft  hexyl- aldehyde.  When  treated  with  acid  chro- 
mate of  potassium  and  dilute  sulphuric  acid,  it  yields  no  caproic  acid,  but  butyric, 
acetic,  and  carbonic  acids,  and  water  (Wanklyn  and  Erlenmeyer,  Chem.  Soc. 
J.  xvi.  307).  A  consideration  of  these  reactions  of  ft  hexylic  aldehyde  leads  to  the 
conclusion  that  it  is  an  acetone ;  for  whilst  the  aldehydes  take  up  oxygen  from  the 
air  and  yield  by  oxidation  the  corresponding  acid,  the  acetones  do  not  take  up  oxygen 
from  the  air,  and  yield  lower  acids  (when  oxidation  is  brought  about). 

This  view  of  the  case  becomes  increasingly  probable  when  the  history  of  acetic 
acetone,  lately  brought  to  light  by  Lieben,  is  considered.  Acetone  is  reduced  by  hy- 
drogen to  tritylic  alcohol ;  but  the  tritylic  alcohol  thus  formed  yields  by  oxidation,  not 
propionic  aldehyde,  but  common  acetone. 

ft  Hexyl-aldehyde  will  probably  turn  out  to  be  either  methyl- valeryl,  QajpQ  [  >  or 

O2TT5       \ 

ethyl-butyryl,  C4H70    . 


Chlorides  of  Hexyl.— a  Hexyl-chloride,  a  C6HI8C1,  is  obtained  by  Pelouze 
and  Cahours,  by  the  action  of  chlorine  upon  the  hydride  of  hexyl  existing  in  American 
petroleum.  In  addition  to  the  a  chloride  of  hexyl,  further  substitution-products  are 
obtained,  a  Chloride  of  hexyl  decomposes  an  alcoholic  solution  of  monosulphide  of 
potassium,  giving  a  sulphide  of  hexyl,  a  (C6H13)2S,  boiling  at  230°.  With  sulphydrate 
of  potassium,  it  gives  hexyl-mercaptan  :  boiling  point  145°  to  148°.  With  cyanide  of 
potassium,  it  seems  to  give  a  cyanide  of  hexyl.  (Compt.  rend.  x.  1241,  ct  scq.} 

ft  Hexyl-chloride  is  obtained  by  saturating  the  corresponding  alcohol  with  dry 
hydrochloric  acjd,  and  heating  in  the  water -bath  under  pressure.  It  is  an  oily 
liquid,  lighter  than  water,  boiling  at  about  120°,  and  yielding  hexylene  when  digested 
at  100°  with  alcoholic  solution  of  potash. 

Hydrides  of  Hexyl.—  a  Hexyl-hydride,  a  C6H14,  was  found  by  Greville 
Williams  in  the  products  of  the  distillation  of  Boghead  coal,  and  called  by  him 
(originally)  propyl  (with  which  it  is  isomeric) ;  in  1862  he  came  to  the  conclusion 
that  his  propyl  was  hexyl-hydride  (Chem.  Soc.  J.  xv.  130).  Pelouze  and  Cahours 
found  the  same  substance  in  American  petroleum  (Compt.  rend.  liv.  1241),  and 
obtained  a  chlorine  substitution-product  from  it,  which  reacted  as  chloride  of  hexyl 
should  do.  From  the  chloride  was  indirectly  obtained  an  alcohol  (p.  152)  boiling  at  about 
150°,  and  like  amyl-alcohol  in  odour.  Schorlemmer  obtained  the  hydride  also  from 
the  products  of  distillation  of  Cannel  coal.  Its  boiling  point  is  68°.  Density  of  the 
liquid  =  0-6745  at  18°  (Williams) ;  0-669  at  16°  (Pelouze  and  Cahours);  0'678 
at  15-5°  (Schorlemmer).  The  vapour-density  corresponds  closely  with  the  formula 
CCH14.  It  is  a  colourless  mobile  liquid,  having  a  fragrant  odour.  Chemically,  like  all 
bodies  of  its  class,  it  is  very  inactive.  Neither  sulphuric  acid  nor  nitric  acid  attacks 
it ;  chlorine  and  bromine  only  with  difficulty.  In  the  arts,  a  mixture  of  a  hydride  of 
hexyl  with  other  hydrides  goes  by  the  name  of  turpentine  substitute. 

ft  Hexyl-hydride,  ft  C"HH,  is  obtained  indirectly  from  mannite.     It  may  be  pre- 
pared by  digesting  zinc  with  ft  iodide  of  hexyl  and  water  or  alcohol ;  or  by  exposing 
mercury  and  the  iodide  to  the  action  of  sunlight.    In  the  latter  case  the  reaction  is : 
Hhg  +  2C6H'3I    =    HhgP  +  C6H1S  +  C8HM. 

In  the  former  case  hexylene  also  accompanies  the  hydride.  In  order  to  remove  the 
hexylene,  it  is  well  to  shake  up  with  sulphuric  acid,  which  enters  into  combination 
with  the  hexylene. 

In  smell,  boiling  point,  and  outward  appearance,  the  ft  hydride  resembles  the  o 
hydride  very  closely.  In  specific  gravity,  however,  it  appears  to  differ  from  the  a 
compound,  being  lighter.  At  16-5°  its  specific  gravity  does  not  exceed  0-6645.  Its 
derivatives  are  probably  quite  distinct  from  those  of  the  o  hydride. 

Iodides  of  Hexyl a  Hexiil-iodidc,  a  C°H13I,  is  obtained  by  Pelouze  and 
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alcohol  which  is  indirectly  obtained  from  it  boils  at  150°,  and  is  believed  by  Pelouze 
and  Cahours  to  be  identical  with  Faget's  alcohol  extracted  from  fusel-oil  (Compt. 
rend.  liv.  1241,  et.  scq.)  Wurtz  has  also  obtained  a  hexyl-iodide  by  acting  with 
hydriodic  acid  upon  a  variety  of  hexylene  which  seems  to  be  distinct  from  the 
ft  hexylene  of  mannite. 

£  Hexyl-iodide  is  prepared  by  boiling  mannite  with  a  great  excess  of  the  strongest 
aqueous  solution  of  hydriodic  acid  in  a  stream  of  carbonic  anhydride  (24  grms.  mannito 
to  300  cub.  cent,  of  acid,  boiling  at  126°  C.);  phosphorus  may  be  added  to  the  boiling 
liquid  with  great  advantage.  The  iodide  of  hexyl  appears  in  the  form  of  an  oily 
distillate,  which  should  be  freed  from  iodine  and  purified  by  distilling  it  in  contact 
with  water.  When  the  operation  is  properly  performed,  very  nearly  the  theoretical 
quantity  of  perfectly  pure  iodide  of  hexyl  is  obtained.  The  change  which  takes  place 
is  represented  by : 

C8H8(HO)6  +   11  HI     =    CGH13I  +   6H20     +     I10. 

Mannite.  lod.  hexyl. 

Melampyrin  (ii.  349)  may  be  substituted  for  mannite  in  the  above  process;  but 
the  yield  is  not  so  good.  The  )8  iodide  may  also  be  prepared  by  digesting  ft  hexylene 
with  hydriodic  acid. 

ft  Iodide  of  hexyl  is  a  colourless  liquid,  not  to  be  distinguished  by  the  smell  from 
iodide  of  amyl.  Specific  gravity  at  0°  =  1-4447;  at  50°  =  1-3812;  its  co-efficient 
of  expansion  between  0°  and  50°  is  0-0460.  The  boiling  point  at  752  millimetres 
=  167'5°  C.  It  is  only  very  slightly  decomposed  by  distillation,  and  is,  on  the  whole, 
a  very  stable  compound. 

The  almost  invariable  product  of  the  reaction  of  this  iodide  is  hexylene.  With 
alcoholic  solution  of  potash,  it  has  given  very  nearly  the  theoretical  quantity  of 
hexylene : 

JB  C6H18I  +  KHO    =   £  C6H12  +  H20  +  KL 

With  oxide  of  silver  and  water,  acetate  of  lead,  mercury,  sodium,  oxalatc  of  silver, 
ginc  and  water,  or  mine  and  alcohol,  and  finally,  when  heated  to  190°  with  water 
alone,  it  invariably  yields  considerable  quantities  of  hexylene,  other  products  being 
formed  at  the  same  time,  according  to  the  reagent  employed. 

Bromine  acts  with  great  violence,  replacing  the  equivalent  of  iodine  in  ft  iodide  of 
hexyl. 

ft  Hexyl-oxide,   ft  (jejjisfO  is  formed,  together  with  the  olefine  and  alcohol,  when 
moist  oxide  of  silver  acts  upon  the  corresponding  iodide : 
Ag'O  +  2£C"H13I    =    2AgI  + 

It  is  a  thick,  slightly  yellow  liquid,  not  miscible  with  water,  and  of  a  faint  pene- 
trating smell.  Boils  constantly  between  203-5°  and  208'5°,  with  the  barometer  at 
751  millimetres. 

Hexyl-sulphuric  acids. — a  Hexyl-sulphuric  acid,  a  jj ! SO4,  is  little 
known. 

ft  Hexyl-sulphuric  acid  is  obtained  by  the  action  of  sulphuric  acid  (diluted 
with  about  one-third  of  its  volume  of  water)  either  on  ft  hexylene,  or  on  ft  hexyl-alcohol. 
It  is  partially  decomposed  by  dilution  with  water,  and  gives  off  ft  hexyl-alcohol.  Salts 
of  this  acid  have  been  obtained. 

jB  Sulphydrate  of  Hexyl,  or  ft  Hexyl-mercaptan,  is  obtained  by  digesting  the 
ft  iodide  with  a  concentrated  alcoholic  solution  of  sulphydrate  of  potassium  : 

)8C6H13I  +  KHS  =  £C6H1 

TT 

On  adding  water  to  the  product  of  the  reaction,  the  mercaptan  separates  as  a  clear, 
colourless,  mobile  liquid,  not  miscible  with  water  and  lighter  than  water,  ft  Hexyl- 
mercaptan  is  formed  in  the  theoretical  quantity  in  this  operation.  As  was  mentioned 
above,  an  alcoholic  solution  of  hydrate  of  potassium  transforms  £  iodide  of  hexyl 
almost  completely  into  hexylene  and  water ;  sulphydrate  of  potassium,  on  the  other 
hand,  transforms  the  iodide  into  ft  sulphydrate  of  hexyl.  When  an  alcoholic  solution 
of  sulphide  of  potassium  is  used,  there  is  also  no  formation  of  hexylene,  but  of  a 
ft  sulphide  instead,  so  that  the  sulphur-compounds  of  the  ft  series  are  much  more  stable 
than  the  corresponding  oxygen-compounds. 

It  is  further  noteworthy  that  ft  hexyl-mercaptan  boils  at  142°  under  a  bar.  pressure 
of  760  millimetres — being  the  point  at  which  the  a  mercaptan  ought  to  boil. 

ft  Hexyl-mercaptan  has  the  kind  of  smell  characteristic  of  a  mercaptan,  only  it  seems 
not  to  be  so  persistent  as  tlie  smell  of  common  mercaptan.  It  acts  upon  oxide  of  mer- 
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cury  with  energy.     Sodium  attacks  it,  with  evolution  of  a  gas  and  formation  of  a  white 
residue ;  no  doubt  the  reaction  is  of  the  usual  kind : 


Very  curiously,  caustic  potash,  both  solid  and  in  aqueous  solution,  also  attacks  this 
mercaptan;  and,  still  more  curiously,  a  heat  of  100°  C.  decomposes  the,  compound 
formed  with  aqueous  potash,  occasioning  separation  of  the  mercaptan,  which,  however, 
recombines  on  cooling.  J.  A.  W. 

HEXTTIiENE.     C6H12.  —  Of  this  hydrocarbon  there  are  also  two  modifications. 

a.  Hexylene.  It  is  doubtful  whether  Frem/s  hydrocarbon,  boiling  at  55°  and 
obtained  by  the  distillation  of  hydroleic  and  metoleic  acids,  was  hexylenc.  Greville 
Williams  obtained  hexylene  from  the  products  of  the  distillation  of  Boghead  coal.  It 
boiled  at  71°  (Phil.  Trans.  1847).  Wurtz  seems  to  have  obtained  a  variety  of 
hexylene  from  fusel-oil. 

i8  Hexylene  is  formed  by  the  reaction  of  the  corresponding  iodide  with  most 
reagents.  It  is  best  prepared  by  the  action  of  the  iodide  upon  alcoholic  solution  of 
caustic  potash,  at  100°.  In  preparing  it,  the  precaution  should  be  taken  to  distil 
the  alcoholic  solution  of  hexylene  from  the  iodide  of  potassium  produced  during  the 
reaction,  and  to  digest  the  distillate  with  fresh  potash.  The  alcohol  is  subsequently 
removed  by  washing. 

£  Hexylene  is  a  very  mobile  liquid,  lighter  than,  and  not  miscible  with,  water. 
Boiling  point  68°  to  70°.  Its  odour  is  very  unpleasant,  just  like  that  of  amylene. 
Vapour-density,  by  experiment,  2-88  and  2'97  (theory  requires  2-9022).  It  combines 
with  bromine  with  great  violence,  forming  C6H12Br2.  With  concentrated  sulphuric  acid 
it  gives  parahexylene.  With  sulphuric  acid  diluted  with  about  one-third  its  volume  of 
water,  it  gives  /3  hexyl-sulphuric  acid.  )8  Hexylene  seems  to  be  a  lighter  liquid  than 
o  hexylene.  J.  A.  W. 

HXPPARAFFXKT.  C8H7NO.  —  A  product  of  the  oxidation  of  hippuric  acid,  dis- 
covered by  Schwarz  (Ann.  Ch.  Pharm.  Ixxv.  201),  further  investigated  by  J.  Maier, 
(ibid,  cxxvii.  161),  who  has  shown  that  bipparin  is  formed  at  the  same  time.  To  pre- 
pare it,  hippuric  acid  is  stirred  up  to  a  paste  with  dilute  sulphuric  acid,  then  mixed 
with  peroxide  of  lead,  and  left  to  stand  at  a  gentle  heat  for  12  to  24  hours.  The  mass 
is  then  washed  with  cold  water;  the  residue  exhausted  with  alcohol;  the  alcoholic 
solution  evaporated  ;  the  residue  washed  with  carbonate  of  soda  to  remove  benzoic  and 
undecomposed  hippuric  acid  ;  and  the  residue  boiled  with  water,  which  leaves 
hipparaffin  undissolved  and  deposits  hipparin  on  cooling.  (Maier.) 

Hipparaffin  crystallises  from  hot  alcohol  in  extremely  soft  slender  needles,  having 
a  silky  lustre  and  arranged  in  thick  interlaced  tufts.  It  has  neither  taste  nor  odour  ; 
dissolves  sparingly  in  hot,  and  is  quite  insoluble  in  cold  water,  which  does  not  even  wet 
it  ;  the  solubility  is  not  increased  by  addition  of  sulphuric  acid,  hydrochloric  acid,  am- 
monia or  potash.  It  dissolves  in  strong  sulphuric  acid,  and  is  precipitated  by  water 
without  much  alteration  (Schwarz).  Dissolves  easily  in  strong  sulphuric  and  nitric 
acid,  and  is  not  precipitated  from  either  solution  by  water  (Maier).  It  dissolves 
readily  in  boiling  alcohol,  and  very  readily  in  ether.  It  melts  at  200°  (Schwarz), 
210°  (Maier),  solidifying  in  the  crystalline  form  as  it  cools.  At  a  higher  temperature 
part  of  it  distils  without  alteration,  the  residue  turning  black  (Schwarz);  a  small 
quantity  sublimes  in  slender  needles  even  below  100°.  (Maier.) 

Hipparaffin  burns  with  a  bright  smoky  flame,  leaving  a  small  quantity  of  easily  com- 
bustible charcoal.  It  is  not  decomposed  by  solution  of  iodine,  or  by  hydrochloric  acid 
and  chlorate  of  potassium,  or  by  aqueous  chromic  acid.  It  is  but  partially  decomposed 
by  fusion  with  hydrate  of  potassium  ;  but  on  igniting  it  with  potash-lime^  benzene  is 
produced,  and  the  whole  of  the  nitrogen  is  given  off  in  the  form  of  ammonia  (Schwarz). 
Heated  to  200°  —  220°  in  a  stream  of  hydrochloric  acid  gas,  it  gives  off  a  colourless  oil, 
which  solidifies  in  the  crystalline  form.  Fuming  nitric  acid  dissolves  it,  with  evolution 
of  gas,  and  the  solution,  concentrated  after  neutralisation  with  soda,  yields  a  precipitate 
of  benzoic  acid.  Heated  with  peroxide  of  lead  and  dilute  sulphuric  acid,  it  gives  off 
all  its  carbon  in  the  form  of  carbonic  anhydride.  (Schwarz.) 

HIPPARIN.  C8H°N02.  (J.  Maier,  loc.  cit.)  —  The  preparation  is  given  in  the 
preceding  article.  Hipparin  crystallises  in  large  silky  needles  united  in  barrel-shaped 
groups.  Melts  at  45'7°  ;  solidifies  at  about  20°  ;  burns  with  a  bright  flame  ;  dissolves 
easily  in  alcohol,  ether,  and  boiling  water. 

HIPPOPHAE  RHAXKNOXDES.    The  Sea  Buckthorn.—  Wiis  plant  contains  a 


yellow  colouring  matter  which  appears  to  be  identical  with  quercitrin.  It  is  obtained 
by  exhausting  the  berries,  after  they  have  been  well  boiled  in  water  and  dried,  with 
hot  alcohol  ;  mixing  the  hot  filtered  liquid  with  basic  acetate  of  lead  ;  decomposing 
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the  precipitate  with  sulphydric  acid  ;  heating  the  whole  ;  filtering  when  cold  ;  and  treating 
the  precipitated  sulphide  of  lead  with  hot  alcohol.  The  colouring  matter  then  dissolves, 
and  remains  on  evaporation,  as  a  brown-red  brittle  mass  still  retaining  a  little  fat,  from 
which  it  may  be  purified  by  treatment  with  ether,  absolute  alcohol,  &c.  It  is  then 
obtained  as  a  yellow  mass  containing  rudimentary  crystals.  The  berries  likewise  con- 
tain oxalic  and  malic  acids,  a  peculiar  fat,  &c.,  which  are  extracted  by  boiling  them 
with  water.  (Bolley,  Dingl.  pol.  J.  clxii.  143  ;  Jahresber.  1861,  p.  708.) 

C'H5O    ) 
HIPPURA1VIIDE.     C9H'°N202  «  (C2H20)"  I  N2.—  This  amide  is  produced  by  the 

prolonged  action  of  ammonia  on  an  alcoholic  solution  of  hippurate  of  methyl,  and 
remains  when  the  solution  is  evaporated.  It  dissolves  in  100  pts.  water  at  ordinary 
temperatures,  in  80  pts.  wood-spirit,  and  50  pts.  alcohol  ;  sparingly  soluble  in  ether.  By 
alkalis  at  the  boiling  heat  it  is  resolved  into  ammonia  and  hippuric  acid.  (Jacquemin 
and  Schlagdenhauffen,  Compt.  rend.  xlv.  1011.) 


7 

HIPPURIC  ACID.  C9H9N03  =  /c»H?0)")     '  (Gm*  xii<  69  '  Gerh*  iiL  242)-— 

H       ) 

This  acid  exists  in  the  urine  of  herbivorous  animals,  and  in  smaller  quantity  in  that  of 
man.  Kouelle,  towards  the  end  of  the  last  century,  first  observed  that  the  urine  of 
horses  contained  an  acid  bearing  considerable  resemblance  to  benzoic  acid,  and  the 
observation  was  afterwards  confirmed  by  Fourcroy  and  Vauquelin,  who  separated  the 
acid  by  addition  of  hydrochloric  acid  ;  but  its  real  nature  and  separate  identity  were 
first  established  by  Liebig,  in  1830  (Ann.  Ch.  Pharm.  xii.  20).  The  urine  of  cows 
and  horses  does  in  fact  contain,  sometimes  hippuric  and  sometimes  benzoic  acid,  the 
former  acid  being  easily  converted  into  the  latter  by  oxidation  ;  and  this  change  often 
taking  place  within  the  animal  organism.  When  horses  are  kept  in  the  stable,  or  only 
lightly  worked,  their  urine  contains  hippuric  acid  ;  but  when  they  are  put  to  hard 
work,  it  contains  benzoic  acid. 

Cows'  urine,  according  to  Boussingault,  contains  about  1*3  per  cent,  of  hippuric  acid  ; 
in  that  of  horses,  the  maximum  amount  is  about  0'38  per  cent.  ;  that  of  swine  does  not 
appear  to  contain  hippuric  acid  ;  that  of  the  camel  and  elephant  yields  a  considerable 
quantity. 

From  the  experiments  of  Henneberg,  Stohmann,  and  Rautenberg  (Ann.  Ch. 
Pharm.  cxxiv.  181  ;  Rep.  Chim.  pure  1863,  p.  223;  Jahresber.  1862,  p.  541)  it  appears 
that  the  urine  of  oxen  contains  a  maximum  quantity  of  hippuric  acid  (2'1  to  2*7  per  cent.) 
when  the  animals  are  fed  on  oat-  and  wheat-straw  with  a  small  admixture  of  beans. 
The  straw  and  dried  herb  of  leguminous  plants  reduced  the  amount  to  0'4  per  cent. 
With  the  hay  of  graminaceous  plants  intermediate  results  were  obtained.  The  addition 
of  a  certain  quantity  of  beans,  starch,  sugar,  or  oil,  diminished  the  proportion  of 
hippuric  acid,  and  increased  that  of  urea. 

In  human  urine,  the  proportion  of  hippuric  acid  is  but  small  under  normal  condi- 
tions, and  about  equal  to  that  of  uric  acid  (Liebig;  Bence  Jones);  in  certain 
diseases,  as  in  diabetes,  according  to  Lehman  n,  the  amount  is  considerably  greater  ;  a 
vegetable  diet  likewise  increases  it.  In  the  urine  of  a  healthy  man  living  on  a  mixed 
diet,  Bence  Jones  (Chem.  Soc.  J.  xv.  81)  found,  by  Liebig's  method  of  estimation 
(p.  158),  from  0'03  to  0'04  per  cent,  hippuric  acid;  Thudichum(foc.  cit.  xvii.  55)  found 
the  same  quantity  under  similar  circumstances  ;  but  the  amount  was  largely  increased 
by  eating  greengages.  Weismann  (J.  pr.  Chem.lxxiv.  106;  Jahresber.  1858,  p.  572) 
and  Wreden  (J.  pr.  Chem.  Ixxvii.  146;  Jahresber.  1859,  p.  700)  found  much  larger 
quantities  ;  but  the  former  appears  to  have  operated  on  too  small  a  quantity  of  urine, 
and  the  latter  adopted  a  defective  method  of  analysis  (p.  159). 

Formation.  —  1.  By  heating  glycocine  in  a  sealed  tube  with  benzoic  acid: 

C2H8N02  +  C'H'O2     =     C9H9N03  +  H20; 

also  by  heating  the  zinc-salt  of  glycocine  with  chloride  of  benzoyl  to  120°  in  a  sealed 
tube,  or  by  simply  leaving  the  two  compounds  in  contact  for  some  time  : 

C4H87nN20«  +  2C7H4OC1  =  2C9H9NO»  +  ZnCR 

This  formation  of  hippuric  from  benzoic  acid  likewise  takes  place  when  the  latter  acid 
is  injected  into  the  blood  of  a  living  animal,  together  with  glycocine  or  glycocholate  of 
sodium,  or  bile.  When  about  2  grms.  of  benzoic  acid,  and  30  c.c.  of  bile  free  from 
mucus  were  injected  into  the  blood  of  a  dog  or  cat,  the  urine  was  found  to  contain  a 
considerable  quantity  of  hippuric,  but  no  benzoic  acid  ;  with  a  larger  proportion  oi 

*  On  the  rational  formula  of  hippuric  acid,  see  FORMUL/E  (ii.  G97). 


IIIPPURIC  ACID.  157 

benzole  acid,  the  excess  passed  into  the  urine  together  with  the  hippuric  acid.  Benzole 
acid  injected  into  the  circulation  alone,  is  not  converted  into  hippuric  acid.  (Kiihne 
and  Hallwachs,  Jahresber.  1859,  p.  638.) 

•  2.  Benzoic  acid  is  likewise  converted  into  hippuric  acid  in  the  animal  organism 
when  introduced  into  the  alimentary  canal,  hippuric  acid  being  found  in  the  urine  after 
bcnzoic  acid  has  been  swallowed.  _  Marchand,  after  taking  30  grains  of  benzoic  acid, 
found  39"2  grs.  of  hippuric  acid  in  his  urine  (by  calculation,  it  should  have  been 
44  grs.).  Similar  observations  have  been  made  by  Al.  Ure  (J.  Pharm.  xxvii.  646), 
Keller  (Ann.  Ch.  Pharm.  xliii.  198),  and  Garrod  (Phil.  Mag.  [3]  xx.  501). 

3.  Quinic  acid  is  also  converted  in  the  animal  organism  into  hippuric  acid  (probably 
first  into  benzoic  acid).  When  8  grms.  of  quinate  of  calcium  were  swallowed  over 
night,  the  morning  urine  was  found  to  contain  2  grms.  of  hippuric  acid.  (Lautemann, 
Ann.  Ch.  Pharm.  cxxv.  9.) 

Preparation  from  horses1  or  cows1  urine. — Hippuric  acid  exists  in  the  urine  in  com- 
bination with  ammonia.  To  obtain  it,  the  fresh  urine  of  cows  or  of  horses  which  have 
been  kept  at  rest,  is  concentrated  by  evaporation  to  £  or  |  of  its  bulk  and  supersaturated 
with  hydrochloric  acid ;  it  then,  after  a  while,  deposits  a  yellowish-brown  precipitate 
of  hippuric  acid. 

The  evaporation  of  the  urine,  which  is  tedious,  may  be  obviated  by  mixing  it  with 
a  considerable  excess  of  hydrochloric  acid,  the  solubility  of  the  hippuric  acid  being 
thereby  greatly  diminished.  100  pts.  of  cows'  urine  mixed  with  2  or  3  pts.  of  crudo 
hydrochloric  acid  soon  deposits  hippuric  acid  (Eiley,  Chem.  Soc.  Qu.  J.  v.  97). 
Another  mode  of  expediting  the  process  is  to  mix  the  fresh  urine  with  milk  of  lime, 
boil  for  a  few  minutes  and  strain  ;  then  evaporate  the  solution  of  hippurate  of  calcium 
to  ~  or  ~  of  its  bulk,  according  to  the  previous  concentration ;  and  supersaturate  with 
hydrochloric  acid.  (Gregory,  Ann.  Ch.  Pharm.  Iviii.  125.) 

The  acid  obtained  as  above  has  a  brownish  colour  and  disagreeable  urinous  odour, 
and  requires  further  purification.  This  maybe  effected  in  several  ways :  1.  Schwarz 
(Ann.  Ch.  Pharm.  liv.  29)  boils  the  crude  acid  with  milk  of  lime,  which  removes  the 
greater  part  of  the  fibrin  with  which  it  is  contaminated  ;  precipitates  the  filtrate  with 
carbonate  of  sodium,  then  boils  and  filters  again,  and  mixes  the  filtrate  with  solution 
of  chloride  of  calcium,  the  carbonate  of  calcium  thereby  precipitated  carrying  down 
the  colouring  matter ;  then  filters  a  third  time,  and  precipitates  with  hydrochloric 
acid.  The  hippuric  acid  thus  purified  is  quite  colourless. — 2.  The  crude  acid,  mixed 
with  10  pts.  of  boiling  water  and  excess  of  milk  of  lime,  is  submitted  to  pressure ; 
the  expressed  liquid  is  mixed  with  solution  of  alum  till  it  no  longer  exhibits  an  alka- 
line reaction,  and  left  to  cool  to  40° ;  carbonate  of  sodium  is  then  added  as  long  as  a 
precipitate  continues  to  form  ;  and  the  liquid  is  again  separated  by  straining  and  pres- 
sure, and  precipitated  by  hydrochloric  acid  :  the  hippuric  acid  thus  obtained  is  washed 
with  cold  water,  pressed  and  dissolved  in  boiling  water,  and  the  solution  is  mixed  with 
blood-charcoal  (1  oz.  to  a  Ib.  of  the  acid),  filtered  through  paper  while  still  at  the 
boiling  heat,  and  left  to  crystallise  (Bensch,  Ann.  Ch.  Pharm.'  Iviii.  267). — 3.  Lowe 
prepares  hippuric  acid  by  mixing  fresh  horse-urine  with  excess  of  sulphate  of  zinc  ; 
evaporating  the  liquid  together  with  the  precipitate  to  |  or  |  of  its  bulk ;  filtering  quickly ; 
washing  the  precipitate  with  a  small  quantity  of  hot  water ;  and  decomposing  the  hip- 
purate of  zinc  in  the  filtrate  with  dilute  sulphuric  or  hydrochloric  acid.  Hippuric  acid 
then  separates  in  the  form  of  a  white  magma,  which  may  be  washed  with  cold  water, 
pressed  between  paper,  and  recrystallised  from  boiling  water.  The  addition  of  sul- 
phate of  zinc  to  the  urine  preserves  it  from  putrefaction,  and  enables  the  experimenter 
to  wait  till  a  considerable  quantity  is  collected. 

Properties. — Hippuric  acid  forms  colourless  transparent  prisms,  having  an  unctuous 
adamantine  lustre,  and  often  of  considerable  size.  The  crystals  belong  to  the  trimetric 
system.  Ordinary  combination,  coP .  Poo .  £*oo .  with  the  modifying  faces  cof  oo  and 
ooPoo.  Eatio  of  the  axes,  a  :  b  :  c  =  0-9742  :  1-1606  :  1.  Inclination  of  the  faces: 
<xP  :  j»P  in  the  brachydiagonal  principal  section  =  99°  59' ;  £cc  :  Poo  =  98°  30' ; 
Poo  :  Poo  in  the  macrodiagonal  principal  section  =  88°  30'.  Cleavage  tolerably  easy, 
parallel  to  oP.  Specific  gravity  =  1-308.  Hippuric  acid  melts  at  a  gentle  heat,  'and 
solidifies  in  a  crystalline  mass  on  cooling.  It  has  a  slightly  bitter  taste,  and  reddens 
litmus  strongly.  It  is  sparingly  soluble  in  cold  water,  1  pt.  of  the  crystals  requiring 
600  pts.  of  water  at  0°.  Boiling  water  and  alcohol  dissolve  it  readily ;  ether  scarcely 
at  all.  Hippuric  acid  likewise  dissolves,  but  very  sparingly,  in  water  containing  hydro- 
chloric acid.  It  dissolves  with  the  greatest  facility  in  water  containing  ordinary  phos- 
phate of  sodium,  in  such  quantity  indeed  as  to  change  the  reaction  of  the  solution  from 
alkaline  to  acid — a  property  which  is  also  possessed  by  uric  acid.  This,  according  to 
Liebig,  is  the  cause  of  the  acid  reaction  exhibited  by  the  urine  of  man  and  other 
animals  in  the  recent  state. 

Decompositions.— -\.  Hippuric  acid  boils  at  240°,  yielding  a  crystalline  product,  con- 
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sisting  in  great  part  of  benzole  acid  and  benzonitrile  (cyanide  of  phenyl) ;  a  strong 
odour  of  hydrocyanic  acid  is  likewise  evolved,  and  a  considerable  quantity  of  charcoal 
remains  in  the  retort.  Dry  hippuric  acid,  heated  in  a  retort  with  dry  chloride  of  zinc 
and  quartz-sand,  yields  benzonitrile,  carbonic  anhydride,  and  charcoal  (Grdssmann, 
Ann.  Ch.  Pharm.  c.  69): 

2C9H9N03  -  4H20     =     2C7H5N   +   CO2  +   Cs. 

2.  Hippuric  acid  in  alkaline  solution  is  slowly  oxidised  by  ozone,  with  formation  of 
carbonic  acid  and  a  small  quantity  of  formic  acid  (Grorup-Bosanez,  Ann.  Ch.  Pharm. 
cxxv.  217). — 3.  Pure  hippuric  acid  is  not  altered  by  boiling  with  water ;  but  when 
horse-urine  is  quickly  evaporated,  ammonia  is  given  off,  and  the  hippuric  acid  contained 
in  it  is  converted  into  benzoic  acid.  Cows'  urine  does  not  yield  benzoic  acid  when 
boiled. — 4.  Hippuric  acid  dissolves  in  strong  hydrochloric  acid  at  the  boiling  heat,  and 
on  continuing  the  ebullition,  it  is  resolved  into  benzoic  acid  and  glycocine : 

C9H9N03  +  H20     =     C2H5N02  +   C7H602. 

Hippuric  acid.  Glycocine.         Benzoic  acid. 

The  same  decomposition  is  effected  by  boiling  dilute  sulphuric  acid,  by  nitric,  and  even 
by  oxalic  acid, — 5.  Hippuric  acid,  boiled  for  half-an-hour  with  caustic  potash  or  soda, 
is  converted  into  glycocine  and  an  alkaline  benzoate.  It  is  not  decomposed  by  boiling 
with  milk  of  lime. — 6.  The  resolution  of  hippuric  acid  into  benzoic  acid  and  glycocine 
is  likewise  effected  by  the  action  of  a,  ferment  in  presence  of  an  alkali  (Buchner,  Ann. 
Ch.  Pharm.  Ixxviii.  203).— 7.  By  the  action  of  nascent  hydrogen,  it  appears  to  be 
resolved  into  hydride  of  benzoyl  and  glycocine  (Erlenmeyer,  Zeitschr.  Ch.  Pharm. 
1861,  p.  548). — 8.  Nitrous  acid  converts  hippuric  acid  into  benzoglycollic  acid,  with 
evolution  of  nitrogen  gas : 

2C9H9NOS  +  N20S     =     2C9H804  +  H20  +  N4. 

This  decomposition  takes  place  when  nitric  oxide  is  passed  into  a  solution  of  hippuric 
acid  in  nitric  acid.—  9.  A  cold  mixture  of  strong  sulphuric  acid  and  fuming  nitric  add 
converts  hippuric  acid  into  nitrohippuric  acid.  With  sulphuric  anhydride,  it  unites 
directly,  forming  sulphohippuric  acid,  C9H9NSOG. — 10.  An  aqueous  solution  of  hip- 
puric acid  is  not  decomposed  by  chlorine  gas ;  but  on  boiling  it  with  a  large  excess 
of  bleaching  powder,  decomposition  takes  place  (Liebig).  When  chlorine  is  passed 
into  a  solution  of  hippuric  acid  in  rather  dilute  potash,  nitrogen  is  evolved,  and 
benzoglycollic  acid  is  produced  (Grossmann) : 

C9H9NOS  +  3KHO  +  Cl3  =  C9H804  +  2H20  +  3KC1  +  K 
11.  By  mixing  it  with  hydrochloric  acid,  and  adding  chlorate  of  potassium  by  small 
portions,  it  is  converted  into  a  mixture  of  monochlorohippuric  acid,  C9H8C1N03,  and 
dichlorohippuric  acid,  C9H7C18N03  (E.  Otto,  Ann.  Ch.  Pharm.  cxxii.  129).— 12.  When 
hippuric  acid  is  gently  heated  with  1  at.  pentachloride  of  phosphorus,  oxychloride  o± 
phosphorus  and  hydrochloric  acid  are  given  off,  and  a  brown  residue  is  left,  soluble  in 
alcohol  and  in  ammonia,  and  precipitated  therefrom  in  the  resinous  state  by  hydro- 
chloric acid ;  but  on  distilling  1  at.  hippuric  acid  with  2  at.  pentachloride  of  phos- 
phorus, the  products  obtained  are  oxychloride  of  phosphorus,  chloride  of  benzoyl, 
and  two  chlorinated  compounds,  C9H6C1N02,  and  C9H5C12N02,  differing  from  mono- 
and  dichlorohippuric  acids  respectively  by  1  at.  H20  (Schwanert,  see  p.  161). — 
13.  When  hippuric  acid  is  boiled  with  peroxide  of  manganese  and  very  dilute  sulphuric 
acid,  a  large  quantity  of  carbonic  anhydride  is  evolved,  benzoic  acid  separates  on 
cooling,  and  the  liquid  is  found  to  contain  sulphate  of  ammonium. — 14.  Hippuric  acid, 
boiled  with  peroxide  of  lead  and  water,  yields  benzamide,  water,  and  carbonic  anhy- 
dride (Fehling)! 

C9H9NOS  +  30     =     C7H'NO  +  H20  +   2C02. 

When  hippuric  acid  is  heated  with  peroxide  of  lead  and  excess  of  nitric  or  sulphuric 
acid,  the  products  formed  are  carbonic  anhydride  and  hipparaffin  (p.  154) ;  but  when  it 
is  boiled  with  water  and  peroxide  of  lead,  and  sulphuric  acid  added  in  quantity  only 
sufficient  to  decompose  the  resulting  hippurate  of  lead,  the  only  product  obtained  is 
benzamide  (Schwartz). — 15.  Hippuric  acid,  gently  heated  with  excess  of  caustic 
baryta,  yields  a  liquid  which  smells  of  benzene  (no  ammonia  is  evolved),  is  converted 
into  crystalline  scales  by  contact  with  hydrochloric  acid,  and,  when  distilled,  yields 
pure  benzene  (Gerhardt).  This  liquid  is  perhaps  benzonitrile. 

Estimation  of  Hippuric  add  in  urine. —  1.  The  urine  is  evaporated  to  a  syrupy  con- 
sistence over  a  water-bath;  hydrochloric  acid  is  added;  and  the  hippuric  acid  is 
extracted  by  treating  the  precipitate  four  or  five  times  with  ether  (Liebig,  Ann.  Ch. 
Pharm.  1.  1 70).  According  toBenceJones(  Chem.  Soc.  J.  xv.  8 1 ),  this  method  gives 
exact  results,  provided  sufficient  urine  is  taken  (about  400  c.  c.),  and  a  sufficient  quan- 
tity of  ether  is  used.  Thudichum  (Chem.  Soc.  J.  xvil  55)  evaporates  the  urine  to 
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a  stiff  syrup,  pours  it  into  a  bottle  while  yet  warm,  taking  up  the  last  residues  with 
the  necessary  amount  of  hydrochloric  acid;  and  shakes  up  the  whole  briskly  with 
large  quantities  of  dry  ether.  The  ethereal  solution  is  then  distilled,  the  reddisli 
yellow  residue  mixed  with  a  little  water,  and  allowed  to  crystallise ;  and  the  crystals 
of  hippuric  acid  thus  obtained  are  washed  with  water  till  the  washings  are  colourless, 
then  dried  by  pressure  between  blotting  paper,  afterwards  by  placing  them  over  sul- 
phuric acid,  and  finally  at  100°  in  a  water-oven.  (See  also  We  is  man  n,  J.  pr.  Chem. 
Ixxiv.  106;  Jahresber.  1857,  p.  637.) 

2.  Wreden  (J.  pr.  Chem.  Ixxvii.  446;  Jahresber.  1859,  p.  700)  estimates  hippuric 
acid  in  urine  by  means  of  a  standard  solution  of  ferric  chloride.  The  liquid  is  first 
neutralised  and  freed  from  phosphoric  acid  by  means  of  baryta-water,  and  the  iron 
solution  is  added  till  it  no  longer  forms  a  precipitate,  and  a  drop  of  the  filtered  solution 
produces  a  blue  colour  on  a  piece  of  filtering  paper  moistened  with  ferrocyanide  of 
potassium.  The  amount  of  hippuric  acid  found  in  human  urine  by  this  method  of 
estimation  (average  0'38  per  cent.)  is  much  higher  than  that  determined  by  Liebig's 
method  (p.  156);  and,  according  to  Henneberg,  Stohmann,  and  Rautenberg 
(Ann.  Ch.  Pharm.  cxxiv.  181),  the  results  are  vitiated  by  the  fact  that  a  perfectly 
neutral  solution  of  ferric  chloride  is  decomposed  by  paper-fibre  to  such  an  extent,  that 
paper  soaked  in  a  solution  of  yellow  prussiate  will  not  indicate  the  presence  of  a  small 
quantity  of  iron ;  also,  because  the  termination  of  the  reaction  cannot  be  distinctly 
perceived.  Better  results  are  obtained  with  ferric  nitrate,  after  the  urine  has  been 
freed  from  colouring  matter  and  other  bodies  by  nitrate  of  lead ;  but  even  in  this  case 
the  process  is  sometimes  rendered  uncertain  by  the  presence  of  other  substances  which 
exert  a  reducing  action  on  the  ferric  oxide.  Altogether,  the  mode  of  estimation  by 
means  of  hydrochloric  acid  and  ether  appears  to  give  the  best  results. 

Hippurates.  Hippuric  acid  is  monobasic,  the  general  formula  of  its  salts 
being  C9H8MN03.  Most  metallic  oxides  dissolve  readily  in  the  acid.  The  hippurates 
of  potassium,  sodium,  ammonium  and  magnesium  are  very  soluble  and  difficult  to  crys- 
tallise ;  their  solutions  form  a  cream-coloured  precipitate  with  ferric  salts,  and  white 
curdy  precipitates  with  nitrate  of  silver  and  mercurous  nitrate.  A  characteristic  reac- 
tion of  the  hippurates  is,  that  when  fused  with  excess  of  potash  or  lime,  they  give  off 
ammonia  and  yield  benzene  by  distillation.  Mineral  acids  decompose  them,  separating 
the  hippuric  acid. 

Hippurate  of  Ammonium. — The  neutral  salt  does  not  appear  to  exist.  An  acid 
salt,  C9H8(NH4)N03.C»H9N03.H20,  is  produced  even  when  hippuric  acid  is  mixed  with 
excess  of  ammonia.  It  crystallises  by  concentration  in  square-based  prisms  with  4-sided 
summits.  It  dissolves  in  small  quantities  of  water  and  alcohol,  sparingly  in  ether,  and 
performs  gyratory  movements  when  thrown  on  the  surface  of  water. 

Hippurate  of  Barium,  C18H18Ba"N206  +  H20,  forms  prisms  with  rectangular 
base  ;  soluble  in  water.  It  unites  with  benzoate  of  barium,  forming  a  salt  containing 
C18H16Ba"NOs.Cl4H'°Ba"04  +  5H20. 

Hippurate  of  Calcium,  CI8H1(iCa"N206+  3H20,  crystallises  sometimes  in  rectangular 
prisms,  sometimes  in  laminae.  Specific  gravity  1*318.  It  is  soluble  in  18  pts.  of  cold 
and  6  pts.  of  hot  water. 

Hippurate  of  Cobalt,  Cl8H1GCo"N206.5H20,  forms  rose-coloured  needles  or  nodules, 
which  give  off  their  water  at  100°. 

Hippurate  of  Copper,  C18H16Cu"N206  +  3H20,  obtained  oy  concentrating  a  mixture 
of  sulphate  of  copper  and  hippurate  of  potassium,  forms  oblique  rhomboi'dal  prisms 
of  an  azure-blue  colour,  which  turn  green  and  give  off  their  water  of  crystallisation 
when  heated  on  the  water-bath. 

Hippurate  of  Iron  (ferricum)  is  precipitated  on  mixing  the  concentrated  solutions 
of  hippurate  of  potassium  and  ferric  chloride. 

Hippurate  of  Lead,  C18H1GPb"N206  +  2H20  and  3H20,  is  obtained  by  precipitating  a 
cold  solution  of  neutral  acetate  of  lead  with  hippurate  of  potassium,  as  a  curdy  preci- 
pitate which  dissolves  but  slowly  in  boiling  water.  If  the  boiling  solution  is  well 
diluted,  the  salt  is  deposited  in  silky  needles  (containing  1  at.  water)  grouped  in  tufts  ; 
but  these  crystals,  even  when  immersed  in  the  solution,  are  quickly  converted  into 
rather  broad,  shining  laminae  (3H-0)  having  the  form  of  quadrangular  tables.  The 
whole  of  the  water  is  given  off  at  100°. 

Hippurate  of  Magnesium,  C18H16Mg"N206  +  5H20,  forms  white  nodules,  which  are 
soluble  in  water  and  give  off  2H20  at  100°. 

Hippurate  of  Nickel,  C18HUiNi"N120(i  +  5H20,  is  cry stalli sable,  insoluble  in  ether, 
sparingly  soluble  in  cold  water,  more  soluble  in  boiling  water  and  in  boiling  alcohol. 
It  becomes  anhydrous  at  100°. 

Hippurate  of  Potassium. — The  neutral  salt,  C9H8KNOS.H20,  forms  oblique  prisms 
with  rhomboidal  base,  soluble  in  water  and  in  alcohol,  and  becoming  anhydrous  by 
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desiccation  at  100°.  To  obtain  it  pure,  it  must  be  crystallised  several  times  from 
alcohol  and  washed  with  ether. 

The  acid  salt,  C9H8KN03.C9H9NOS.H20>  forms  brilliant  laminae,  which  under  the 
microscope  are  seen  to  consist  of  prisms  with  rectangular  base,  and  the  terminal  edges 
truncated.  They  give  off  477  per  cent,  water  at  100°. 

Hippurate  of  Silver,  2C9H8AgN03.H-'0,  prepared  by  adding  nitrate  of  silver  to 
hippurate  of  potassium,  is  soluble  in  water  and  crystallisable.  It  gives  off  its  water 
(3-42  per  cent.)  at  100°. 

Hippurate  of  Sodium,  2C9H8NaNOs.H20,  is  crystallisable,  very  soluble  in  hot  water 
and  in  alcohol,  sparingly  in  ether. 

Hippurate  of  Strontium,  Cl8H16Sr"N208.5H20,  is  crystallisable ;  sparingly  soluble  in 
cold  water  and  alcohol ;  gives  off.  its  water  at  100°. 

Derivatives  of  Hippuric  Acid. 

Amido-bippuric  acid.  C9H'°N203  =  C9H8(NH2)NOS.  (Schwanert,  Ann.  Ch. 
Pharm.  cxii.  69.) — Obtained  by  passing  sulphydric  acid  gas  for  a  considerable  time 
into  a  solution  of  nitrohippuric  acid  in  saturated  sulphide  of  ammonium,  and  acidu- 
lating  the  concentrated  liquid  with  hydrochloric,  or  better  with  nitric  acid.  It 
crystallises  in  light  white  laminae,  soluble  in  300  to  370  pts.  water  at  20°,  in  1200  pts. 
absolute  alcohol  at  15°,  insoluble  in  ether.  In  boiling  water  and  alcohol  it  dissolves 
easily ;  likewise  in  acids  and  in  alkalis ;  the  solutions  quickly  turn  brown.  With  con- 
centrated hydrochloric  acid,  it  forms  a  hydrochlorate  containing  C9H'°N203.HC1. 

Chlorohippuric  acids.  (K.  Otto,  Ann.  Ch.  Pharm. cxxii.  129.)—  These  compounds 
are  produced  by  the  action  of  hypochlorous  acid  on  hippuric  acid.  "When  2  or  3  pts. 
chlorate  of  potassium  are  added  to  a  mixture  of  1  pt.  hippuric  acid  and  6  to  9  pts. 
hydrochloric  acid,  a  gentle  heat  applied,  after  the  frothing  has  ceased,  to  complete  the 
reaction,  the  liquid  then  heated  to  boiling  and  left  to  cool, — an  oily  yellowish  mass  is 
deposited,  consisting  of  mono-  and  dichlorohippuric  acids,  their  relative  quantities 
depending,  partly  on  the  quantity  of  chlorate  used,  partly  on  the  temperature  of  the 
liquid  during  the  reaction.  The  two  acids  are  separated,  either  by  boiling  with  water, 
which  dissolves  chiefly  the  monochlorinated  acid,  or  by  repeated  crystallisation  of  the 
calcium-salts  obtained  by  neutralising  the  mixed  acids  with  milk  of  lime. 

Monochlorohipp^uric  acid,  C9H8C1N03,  obtained  by  evaporating  the  alcoholic 
solution,  after  decolorisation  with  animal  charcoal,  forms  a  yellowish,  viscid,  inodorous 
mass,  having  an  acid  reaction  ;  it  is  nearly  insoluble  in  cold  water,  melts  and  dissolves 
in  boiling  water,  and  mixes  in  all  proportions  with  alcohol  and  ether.  It  dissolves  also 
in  caustic  alkalis,  forming  a  solution  which  turns  brown  when  heated. — By  boiling  with 
concentrated  hydrochloric  acid,  it  is  resolved  into  glycocine  and  monochlorobenzoic  acid. 

The  neutral  potassium-  and  sodium-salts  are  uncrystallisable  or  crystallise  with 
difficulty.  The  acid  sodium-salt,  2(C9H7ClNaN03.C9H8ClN03).H2O,  crystallises  in 
concentrically  grouped  needles. — The  calcium-salt,  C18H14Cl2Ca"N206.4H20,  crystallises 
from  alcohol  in  small  shining  scales.— The  lead-salt,  C18H14Cl2Pb"N206,  melts  at  100— 
120°,  and  crystallises  from  dilute  alcohol  in  concentrically  grouped  needles. — The 
silver-salt  is  a  white  precipitate,  which  crystallises  indistinctly  from  solution  in  water. 
'  Dichlorohip2'>uric  acid,  C9H7C12N03,  is  very  much  like  the  monochlorinated  acid, 
and  after  standing  in  contact  with  the  air  or  under  water,  forms  a  soft  granule-crystalline 
mass,  which  deliquesces  when  warmed,  and  at  60°  emits  an  aromatic  turpentine-like 
odour. — By  boiling  with  strong  hydrochloric  acid,  it  is  resolved  into  glycocine  and 
dichlorobenzoic  acid. 

Dichlorohippurate  of  sodium,  C9H8Cl2NaN03.H20,  forms  soft  warty  crystals,  easily 
soluble  in  water,  alcohol,  and  acids.— The  barium-salt,  C18H12Cl4Ba"N20«.3H20,  crys- 
tallises in  needles.— The  calcium-salt,  C18Hl2Cl4Ca"JS206,  crystallises  from  dilute  solu- 
tions at  ordinary  temperatures,  or  at  60°,  in  needles  containing  9  or  10  at.  water;  at, 

-The  neutral  lead-salt, 
separates  from  its  aqueous  solu- 
>8.Pb"0.6JF[-0,  may  be  extracted 
by  boiling  absolute  alcohol  from  the  precipitate  formed  by  dichlorhippuric  acid  and 
acetate  of  lead  at  the  boiling  heat.  The  silver-salt  is  a  white  precipitate,  which 
separates  from  hot  water  in  cauliflower-like  masses. 

Dichlorohippurate  of  Ethyl,  C9H6C12(C*H5)N03,  obtained  by  treating  the  alcoholic 
solution  of  the  acid  with  'hydrochloric  acid  gas,  is  a  heavy  yellowish  oil,  nearly 
insoluble  in  water. 

A  calcium-salt  having  the  composition,  C18H13Ca''Cl3N208.5H20,  intermediate  between 
the  mono-  and  dichlorohippurates,  is  obtained  in  spherical  groups  of  needles  by 
crystallising  a  mixture  of  the  calcium-salts  of  the  two  acids.  Its  solution  precipitated 
by  nitrate  of  silver  yields  a  silver-salt  of  analogous  composition. 
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Compounds  produced  by  the  action  of  Pentachloride  oj  Phosphorus  on  Hippuric  acid. 
(H.  Schwanert,  Ann.  Ch.  Pharm.  cxii.  59.)  —  When  1  at.  hippuric  acid  (in  quantities 
not  exceeding  10  grms.)  is  distilled  with  2  at.  pentachloride  of  phosphorus,  scarcely 
anything  but  oxychloride  of  phosphorus  passes  over  at  first,  but  between  180°  and  200° 
a  viscid  liquid  distils  over,  and  between  220°  and  250°  a  mass  which  solidifies  in  the 
crystalline  form.  The  liquid  separated  from  the  crystals  gives  off,  on  rectification, 
oxychloride  of  phosphorus  up  to  120°,  then  chloride  of  benzoyl,  boiling  at  196°,  and  an 
oil  which  boils  at  a  temperature  above  200°,  and  when  left  over  oil  of  .vitriol,  solidifies 
to  a  crystalline  mass  whose  composition  is  expressed  by  the  formula,  C9H6C1N02  = 
C9H8C1N03  (monochlorohippuric  acid)  —  IPO,  which  is  also  the  composition  of  the 
crystals  obtained  by  the  first  distillation.  —  This  compound,  when  immersed  in  ether, 
deliquesces  at  a  gentle  heat  to  a  yellowish  oil,  without  perceptibly  dissolving,  and 
crystallises  on  cooling  in  flat  four-sided  monoclinic  prisms  bevelled  at  the  ends  with 
two  faces.  It  melts  between  40°  and  50°,  distils  without  alteration  at  200°,  is  in- 
soluble in  water,  but  dissolves  easily  in  alcohol,  and  crystallises  therefrom  with  difficulty. 
The  solution  is  not  precipitated  by  chloride  of  platinum,  mercuric  chloride,  or  nitrate  of 
silver.  The  compound  is  not  decomposed  by  potash,  either  in  aqueous  or  in  alcoholic 
solution,  but  when  repeatedly  fused  with  hydrate  of  potassium,  it  is  partially  resolved 
into  ammonia  and  benzoicacid;  aqueous  ammonia  also  decomposes  it  partially  at  130°. 
It  absorbs  hydrochloric  acid  gas  in  quantity  corresponding  nearly  with  the  formula, 
C°H6C1N02.HC1,  but  the  hydrochlorate  loses  its  acid,  even  when  the  alcoholic  solution  is 
evaporated  over  oil  of  vitriol. 

Another  chlorinated  compound,  C9H5CPN02  =  C9H7C12N03  (dichlorohippuric  acid) 
—  H20,  is  obtained,  though  only  in  small  quantity,  by  repeatedly  rectifying  the  last 
portions  of  oil  which  pass  over  in  distilling  hippuric  acid  with  pentachloride  of  phos- 
phorus. It  is  likewise  crystalline,  but  dissolves  readily  in  ether. 

TJitrohippuric  acid.  (?H8N205  =  C9H8(N02)NO3.  (Bertagnini,  Ann.Ch.Pharm. 
Ixxviii.  100.)  —  This  acid  is  produced  by  the  action  of  a  mixture  of  strong  sulphuric  and 
fuming  nitric  acid  on  hippuric  acid.  It  is  found  in  the  urine  after  nitrobenzoic  acid 
has  been  swallowed.  To  prepare  it,  1  pt.  of  hippuric  acid  is  dissolved,  in  the  cold,  in 
4  pts.  of  the  strongest  nitric  acid,  and  the  solution  is  mixed,  slowly,  so  as  to  avoid  rise 
of  temperature,  with  4'9  pts.  of  strong  sulphuric  acid.  The  liquid  is  then  left  to  itself 
for  two  hours,  and  diluted,  still  slowly,  to  avoid  heating,  with  three  times  its  volume  of 
water  ;  it  then,  after  two  hours,  deposits  an  abundant  crystallisation  of  nitrohippuric 
acid.  The  acid  thus  obtained  has  a  yellow  colour  ;  for  purification,  it  is  treated  with 
lime,  the  resulting  calcium-salt  is  decomposed  with  hydrochloric  acid,  and  the  nitro- 
hippuric acid  is  recrystallised  several  times. 

Nitrohippuric  acid  crystallises  in  colourless  silky  needles,  soluble  in  alcohol,  ether, 
and  water,  especially  in  water  containing  phosphate  of  sodium.  The  crystals  redden 
litmus,  melt  at  about  150°,  and  then  decompose,  giving  off  vapours  of  benzoic 
acid. 

Hydrochloric  acid  converts  nitrohippuric  acid  into  glycocine  and  nitrobenzoic  acid. 
A  solution  of  nitrohippuric  acid  mixed  with  ammonia  assumes  a  red  colour  under  the 
influence  of  sulphydric  acid,  and  deposits  sulphur  when  neutralised  by  an  acid.  When 
dissolved  in  a  saturated  solution  of  sulphide  of  ammonium,  and  treated  with  sulphydric 
acid,  it  is  converted  into  amido-hippuric  acid,  C9H10N203  (Schwanert,  p.  160). 
Nitric  oxide  passed  into  a  solution  of  nitrohippuric  acid  in  nitric  acid  gives  rise  to  the 
formation  of  a  new  acid,  not  yet  examined.  Nitrohippuric  acid  dissolves  at  ordinary 
temperatures  in  strong  sulphuric  acid,  and  on  gently  heating  the  solution  and  then 
diluting  with  water,  nitrobenzoic  acid  is  deposited.  Nitrohippuric  acid  distilled  with 
an  equal  weight  of  quick-lime  yields  a  reddish,  oily  distillate  having  the  odour  of  cin- 
namon. The  acid  heated  with  strong  solution  of  potash,  turns  brown  and  gives  off 
ammonia  :  at  a  higher  temperature,  the  mixture  gives  off  hydrogen  and  assumes  a  red 
colour. 

The  nitrohippurates  are  mostly  soluble  in  water,  some  of  them  also  in  alcohol. 
Most  of  them  crystallise  in  needles  grouped  round  a  common  centre.  When  "heated, 
they  give  off  aromatic  vapours.  The  following  have  been  analysed  : 

Calcium-salt         .....  C18HHCa"(N02)2N206.3H20. 

Cupricsalt  ......  C18H14Cu"(N02)2N208.5H20. 

Lead-salt      ......  C18H14Pb"(N02)2N206  (at  110°). 

Silver-salt    ......  C9H7Ag(N02)N03. 

Zinc-salt      ......  C18H14Zn"(N02)2N206.6H20. 

Sulpbobippurlc  acid.  C9H9NS06  =  C9H9N03.S03.  (Schwanert,  Ann.  Ch. 
Pharm.  cxii.  59.)—  Produced  by  direct  combination.  Hippuric  acid  absorbs  the  vapour 
of  sulphuric  anhydride,  forming  a  brown  liquid  ;  and  by  dissolving  this  product  in  wat.»r, 
neutralising  with  carbonate  of  lead,  decomposing  the  filtrate  with  sulphydric 
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evaporating,  sulphohippuric  acid  is  obtained  as  a  brownish  yellow,  amorphous,  deli- 
quescent mass. 

With  nitrous  acid  it  forms  (not  sulphobenzoglycollic,  but)  sulphobenzoic  acid, 
C'IFSO5,  together  with  an  oily  substance  probably  containing  glycollic  acid. 

Sulphohippuric  acid  is  dibasic.  Its  neutral  barium-salt  contains  C9H7Ba"NS06.H20. 
By  boiling  the  acid  with  hydrate  of  lead,  a  lead-salt  is  obtained  corresponding  approxi- 
mately with  the  formula  C9H7Pb"NS06. 

HIPPURIC  ETHERS.  Only  two  of  these  compounds  have  as  yet  been  obtained, 
viz.  the  ethylic  and  methylic  ethers. 

Hippurate  of  Ethyl  C»H13N03  =  C9H8(C2HS)N03.  (Stenhouse,  Ann.  Ch. 
Pharm.  xxxi.  148.)— Prepared  by  passing  hydrochloric  acid  gas  through  a  boiling 
solution  of  hippuric  acid  in  alcohol  of  80  per  cent.  The  liquid  thickens,  assumes  an 
oily  aspect,  and  when  diluted  with  water,  deposits  the  ether  in  liquid  drops,  which  soon 
solidify. 

Hippurate  of  ethyl  is  crystallisable  and  has  a  sharp  taste.  Specific  gravity  1*04 3. 
Melts  at  44°  and  solidifies  at  32°  C.  Sparingly  soluble  in  water,  very  soluble  in 
alcohol.  Chlorine,  with  the  aid  of  heat,  converts  it  into  a  crystallisable  chlorinated 
compound.  Nitric  and  sulphuric  acids  decompose  it  at  the  boiling  heat,  producing 
benzoic  acid.  Alcoholic  potash  converts  it  into  ethylic  alcohol  and  hippurate  of 
potassium. 

Hippurate  of  Methyl  C10HnN03  =  C9H8(CH3)N03.  (Jacquemin  and 
Schlagdenhauffen,  Compt.  rend.  xlv.  1011.) — Prepared  by  passing  hydrochloric 
acid  gas  into  a  soluton  of  the  acid  in  wood-spirit  heated  to  50°  or  60°  C.,  washing  the 
resulting  syrupy  liquid  with  carbonate  of  sodium,  and  then  treating  it  with  ether,  from 
which  the  compound  crystallises  by  spontaneous  evaporation. 

Hippurate  of  methyl  forms  white,  transparent  needles,  soluble  in  120  pts.  of  cold 
water,  and  in  60  pts.  water  at  30°;  in  boiling  water  it  melts  before  dissolving.  Alcohol 
and  ether  dissolve  it  in  all  proportions.  It  melts  at  60°  and  decomposes  at  250°, 
giving  off  ammonia  and  benzonitrile.  "With  fuming  nitric  acid  it  gives  off  a  combus- 
tible gas,  probably  containing  nitrate  of  methyl.  Alkalis  decompose  it,  forming  hippuric 
acid  and  methylic  alcohols.  Ammonia  converts  it  into  hippuramide. 

HXRCIC  ACID.  The  name  given  by  Chevreul  (Ecchcrchcs  sur  Ics  corps  gras, 
pp.  151,  236)  to  an  oily  acid,  slightly  soluble  in  water,  which  he  obtained  from  mutton- 
suet,  and  to  which  he  attributes  the  peculiar  taste  and  odour  of  that  substance.  Tlio 
potassium-salt  is  very  deliquescent ;  the  barium-salt  is  sparingly  soluble  in  water  and 
contains  43'8  per  cent,  barium.  The  acid  is  probably  nothing  more  than  a  mixture  of 
several  acids  of  the  series  OH2n02. 

HISIWGERITE.  A  hydrated  silicate  of  iron  occurring  at  Ridharhyttan  in  Sweden 
and  other  localities.  A  variety  called  Gillingite  is  found  in  the  Gillinge  mine  at 
Svarta-Kirchspiel  in  Sweden,  and  another  called  Thraulite  at  Bodenmais  in  Bavaria. 
These  minerals  all  contain  both  protoxide  and  sesquioxide  of  iron,  and  are  closely 
allied  in  composition ;  they  are,  however,  but  imperfectly  crystallised,  and  have  a  dark 
colour,  so  that  impurities  in  them  easily  escape  detection.  Moreover,  it  is  possible  that  part 
of  the  protoxide  of  iron  in  the  original  mineral  may  be  gradually  converted  into  ses- 
quioxide. Hence  their  constitution  cannot  be  ascertained  with  certainty.  The 
composition  of  hisingerite  from  Ridharhyttan  (specific  gravity  3-045)  agrees  however 
nearly  with  the  formula  3(FeO.Si02).2(Fe2Os.3Si02)  +  6H20.  Gillingite  is  the  same 
with  9  at.  water ;  Thraulite  is  3(FeO.Si02).(Fe203.3Si02)  +  6H20.  A  variety  from 
Orijarfvi  in  Finland,  much  richer  in  protoxide  of  iron,  may  be  represented  by  the 
formula  9(FeO.Si02).(Fe203.3Si02)  +  9H20.  The  following  are  analyses  of  these 
minerals : 

SiQ2  Fe2Q3  peO  CaO  MgO  H«O 

a.  33-07         3478          17'59         2-56         0-46         11-54  -  100-0 

b.  32-18         30-10  8-63         5'50         4'22         19-37  =  100-0 

c.  31-28  49-12  .     .          ;•    .         19-12  =    99-52 

d.  29-51         10-74         37-49         .    .         778         13-00=    98'52 

a,  from  Ridharhyttan  by  Rammelsberg  (Miner  dlchemie,  p.  852). — b,  from  the 
Gillinge  mine  by  Rammelsberg  (ibid.). — c,  Thraulite  from  Bodenmais  by  v.  Kobell 
(Pogg.  Ann.  xiv.  467). — d,  from  Orijarfvi  by  Hermann.  (J.  pr.  Chem.  xlvi.  338.) 

HISIiOPITE.  A  grass-green  limestone  from  Takli  near  Nagpur  in  Central  India, 
of  specific  gravity  2'645.  and  containing  8079  per  cent,  carbonate  of  calcium,  073 
alumina,  a  trace  of  carbonate  of  magnesium,  and  16*63  of  an  imbedded  green  silicate 
(=  98- 15),  perhaps  identical  with  glauconite.  (S.  Haughton,Phil.  Mag.  [4]  xvii.  16.) 

HITCHCOCKITE.  A  silicate  of  lead  and  aluminium  from  the  Canton  mine  in 
Georgia.  Specific  gravity,  4-024.  Contains  20-85  per  cent.  P204,  27'40  PbO,  28'41 
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A1203,  0-14  PbCl2,  and  23-20  water  (=  100-00),  agreeing  nearly  with  the  formula 
3PbO.P-'05.2[4Al2Os.P'0!U8iFO]  =  Pb3P208.2[(APy'P208.3(Al2)'1H6Oa]  +  18H-'o' 
(Gen£h,  Sill.  Am.  J.  [2]  xxiii.  424.) 

H  JEL1VIITE.  A  mineral  consisting  chiefly  of  tantalate  of  yttrium  and  iron,  found 
in  the  neighbourhood  of  Ytterby,  together  with  garnet,  gadolinite,  &c.  in  a  rock  con- 
sisting of  quartz,  orthoclase,  albite,  and  mica.  It  has  a  metallic  lustre,  granular 
fracture,  pure  black  colour  in  the  mass,  blackish  grey  in  powder.  Hardness  =  5. 
Specific  gravity  =  5'82.  It  exhibits  no  distinct  indications  of  crystalline  form  or 
cleavage.  Its  analysis  gave  : 


SnO2*      CuO       CaO       YO        CeO        UO       FeO      MnO      MgO      H'O 
62-42     6-56     O'lO     4'26     5'19     1'07     4-87     8-06     3'32     0'26     3-26  =  99-37 
Before  the  blowpipe  it  decrepitates  and  flies  to  pieces,  gives  off  water,  and  turns  brown 
without  melting,  in  the  oxidising  flame  ;  by  phosphorus-salt  it  is  easily  dissolved  to  a 
bluish-green  glass  ;  easily  also  by  borax  to  a  clear  glass  rendered  opaque  by  flaming  ; 
by  reduction   on   charcoal  with  carbonate   of  sodium,  it  yields  metallic  spangles' 
(Nordenskiold,  Pogg.  Ann.  cxi.  273;  Jahresber.  1860,  p.  780.) 


A  hydrated  arsenate  of  magnesium  from  the  Bannat,  found  im- 
bedded in  calcspar.  It  forms  rhomboidal  laminae  of  36°  and  144°,  bevelled  on  the 
sides,  closely  resembling  the  most  common  form  of  gypsum,  and  probably  belonging  to 
the  monoclinic  system,  cleaving  perfectly  in  the  direction  of  the  pinacoidal  face 
having  a  mother-of-pearl  lustre  on  the  cleavage-faces  ;  white,  transparent  (translucent 
in  the  thicker  parts),  flexible  in  thin  layers.  Hardness  =  0-5.  Specific  gravity 
=  2-474.  Splinters  of  it  melt  even  in  the  flame  of  a  candle.  An  analysis  by 
v.  Hauer  (Kep.  Chim.  pure,  ii.  286)  gave  24*54  per  cent.  MgO,  46-33  As205,  and  29-07 
water  (=  99'94),  agreeing  with  the  formula,  Mg3As208.8H20.  (Haidinger  Wien 
Akad.  Ber.  xi.  18.) 

HOXiCUS  X.AWATUS.  For  the  composition  of  the  ash  of  this  grass,  see  GBASSES 
(ii.  943). 

HOL1VTESITE.     See  CuNToxiTE  (i.  1026). 

HOMCEOIKOltPHXSlVX.     See  ISOMORPHISM. 

HOIKXCHXiXIti*.  A  mineral  closely  related  to  barnhardtite  (i.  508),  and  copper 
pyrites  (ii.  77),  from  Plauen  in  the  Saxon  Voigtland  (and  other  localities),  where  it 
forms,  together  with  carbonate  and  silicate  of  copper,  a  vein  of  copper-ore  imbedded  in 
greenstone.  It  occurs  sometimes  in  quadratic  crystals,  but  more  generally  massive. 
Hardness  between  4  and  5.  Specific  gravity  =  4'472  to  4'480.  Colour,  brass-yellow, 
but  with  more  of  a  bronze  tint  than  copper-pyrites,  and  quickly  acquiring  a  many- 
coloured  tarnish.  Streak  black.  According  to  an  analysis  by  Eichter,  it  contains 
25'81  per  cent,  iron,  4376  copper,  and  30'21  sulphur,  agreeing  with  the  formula, 
3Cu2S.Fe2S3.2FeS.  (Breithaupt,  Sill.  Am.  J.  [2]  xxviii.  132;  xxix.  373.  Ram- 
melsforg's  Miner  alchemic,  pp.  426,  987-) 


HOXKOCUXKXNXC   ACID.      CnH1402  =       £        0.      Cyminio  acid.    (Eossi, 

Compt.  rend.  Hi.  403  ;  Ann.  Ch.  Pharm.  Suppl.  i.   139.)  —  An  acid  homologous  with 
cuminic  acid,  prepared  by  treating  cyanide  of  cymyl,  C10H13Cy  (obtained  by  the  action 
of  cyanide  of  potassium  on  the  chloride,  ii.  296),  with  potash-ley  at  the  boiling  heat: 
C'°H13.CN  +   2H20     =     C10H1402  +  NH8. 

It  crystallises  in  small  needles  ;  melts  at  52°;  distils  without  decomposition  ;  dissolves 
sparingly  'in  cold,  easily  in  boiling  water,  also  in  alcohol  and  ether,  reddens  litmus  and 
decomposes  carbonates.  The  potassium-salt  is  deliquescent  ;  the  barium-  and  calcium- 
salts  crystallise  in  needles  ;  the  magnesium-salt  in  nacreous  scales  ;  the  silver-salt  has 
the  composition  C'°H13Ag02. 

The  low  melting  point  of  this  acid  raises  a  doubt  as  to  whether  it  is  the  true 
homologue  of  cuminic  acid  (which  melts  at  92°)  or  an  isomer  of  that  homologue 
related  to  it  in  the  same  manner  as  the  acid  C8H802,  obtained  by  Cannizzaro  from 
cyanide  of  benzyl  (probably  o-toluylic  acid),  is  related  to  the  true  toluylic  acid. 

HOIVIOLACTIC  ACID.  This  name  was  given  by  Cloez  (Compt.  rend,  xxxiv. 
364)  to  an  acid,  isomeric  if  not  identical,  with  glycollic  acid,  found  in  the  mother-liquor 
which  is  obtained  in  the  preparation  of  fulminating  mercury.  By  neutralising  this 
liquor  with  chalk,  distilling  off  the  volatile  products  (acetic  ether,  &c.),  repeatedly 
crystallising  the  remaining  solution  by  spontaneous  evaporation,  and  decanting  the 
liquid  containing  the  more  soluble  salts,  the  calcium-salt  of  this  acid  was  obtained  ip 
small  light  nodules  resembling  lactate  of  calcium.  —  The  acid  itself  formed,  when  con 

*  With  tungstic  anhydride. 
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centrated,  a  syrup  which  did  not  crystallise.  The  silver-salt  crystallised  in  long  thin 
laminae,  sparingly  soluble  in  cold  water. 

HOMOLOGOUS  SUBSTANCES.  This  term  is  applied  to  organic  compounds 
differing  from  one  another  in  composition  by  CH2  or  any  multiple  thereof  ;  for  example, 
the  alcohols  CnH2n'|-20,  the  fatty  acids  OH2n02,  and  the  aromatic  acids  OH2(n-4)02.— 
Bodies  thus  related  exhibit,  for  the  most  part,  a  regular  gradation  of  properties,  both 
physical  and  chemical.  Thus,  in  the  series  of  fatty  acids,  formic  acid,  CH208,  and 
acetic  acid,  C-'H402,  are  watery  liquids  without  any  trace  of  viscosity  ;  propionic  acid, 
C3H602,  is  slightly  oily  ;  butyric  acid,  C4H802,  valeric  acid,  C5HI002,  and  a  considerable 
number  of  others  exhibit  more  and  more  of  an  oily  or  fatty  character  as  their  atomic 
weights  increase;  while  palmitic  acid,  C16H3802,  and  stearic  acid,  C>8H3602,  and  a  few 
others,  are  at  ordinary  temperatures  solid  fats,  exhibiting  higher  melting  points  as 
they  rise  higher  in  the  series  ;  and  lastly  cerotic  acid,  C27H5402,  and  melissic  acid, 
C30H6002,  are  of  the  consistence  of  wax.  Similar  relations  are  observed  in  the  series  of 
alcohols,  corresponding  with  these  acids.  Moreover,  the  chemical  energy  of  bodies 
thus  related  continually  decreases  as  their  molecules  become  heavier.  Common 
alcohol  is  violently  decomposed  by  potassium  and  sodium,  with  rapid  evolution  of 
hydrogen  ;  but  on  the  fatty  alcohols,  these  metals  act  but  very  slowly.  Similar 
differences  of  character  are  observed  between  the  higher  and  lower  terms  of 
the  fatty  acid  series.  Formic  and  acetic  acids  are  highly  corrosive  liquids,  which 
unite  energetically  with  bases,  and  decompose  carbonates  with  the  greatest  ease  ; 
whereas  the  solid  fatty  acids,  stearic,  palmitic  acid,  &c.,  exert  no  action  on  the 
animal  tissues,  do  not  enter  readily  into  direct  combination  with  any  bases  excepting 
the  strongest,  and  decompose  carbonates  but  slowly. 

Bodies  belonging  to  the  same  homologous  series  exhibit,  for  the  most  part, 
regular  gradations  of  boiling  point  and  of  atomic  volume.  "With  regard  to  the  latter, 
Kopp  has  shown  that  compounds  whose  chemical  formulae  differ  by  n  CH8,  differ  in 
atomic  volume  by  w.22  (i.  444).  The  relations  of  boiling  point  exhibited  by  homo- 
logous liquids  are  fully  detailed  in  the  article  HEAT  (p.  89). 

Various  attempts  have  been  made  of  late  years  to  build  up  the  terms  of  homologous 
series,  the  higher  from  the  lower.  Frankland  and  Kolbe  in  1847  (Ann.  Ch.  Pharm. 
Ixv.  288)  showed  that  a  cyanide  of  an  alcohol-radicle  of  the  series  C°H2n+1,  may  be 
converted  into  the  next  higher  acid  by  boiling  with  aqueous  potash,  the  action  consist- 
ing in  the  assumption  of  the  elements  of  water,  with  elimination  of  ammonia,  e.g.  : 

CH3.CN  +   2H20     =     C2H402  +   NH3; 

Cyanide  of  Acetic 

methyl.  acid. 

and  generally 

CBH2»+'.CN  +  2H20     =     C^'H^O2  +  NHS. 


Another  method  of  passing  from  an  alcohol  to  the  next  higher  acid  was  discovered 
in  1859  by  Wanklyn  (Proc.  Koy.  Soc.  x.  21),  who  showed  that  sodium-  ethyl  (prepared 
from  zinc-ethyl,  which  is  itself  obtained  from  iodide  of  ethyl,  and  this  from  ethylic 
alcohol)  exposed  to  the  action  of  carbonic  anhydride,  absorbs  that  gas,  and  is  converted 
into  propionate  of  sodium  : 

C2H5Na  +   C0»     =  C8H5Na02. 

Neither  of  these  reactions,  however,  affords  the  means  of  obtaining  one  alcohol  of 
the  series  from  the  next  below  it,  because  no  method  has  yet  been  discovered  of  con- 
verting a  fatty  acid  into  the  corresponding  alcohol. 

The  great  problem  of  passing  from  one  alcohol  to  that  next  above  it  has,  however, 
been  solved  in  a  general  way  by  Mendius  (Ann.  Ch.  Pharm.  cxxi.  129),  whose 
method  consists  in  exposing  the  cyanides  of  the  alcohol-radicles  to  the  action  of 
nascent  hydrogen,  thereby  converting  them  into  the  amines  of  alcohol-radicles  higher 
than  the  radicles  started  from.  In  this  manner,  starting  from  hydrocyanic  acid,  he 
obtains  methylamiue,  thus  : 

HCN  +   H4     =     CH5N 

Methylamine. 


Methylamine  treated  with  nitrous  acid  yields  methylic  alcohol  (see  AMINES,  i.  174); 
this  compound  may  be  converted  by  well-known  processes  into  cyanide  of  methyl  ;  and 
this  cyanide  treated  with  nascent  hydrogen  yields  ethylamine  : 
CH'.CN  +  H«     =     C2H7N. 


From  this  last  compound,  by  similar  processes,  we  may  ascend  to  the  tritylic  or 
propylic  stage,  and  thus,  by  a  repetition  of  the  same  reactions,  the  series  of  alcohols 
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C"H2n+20  may  be  ascended,  step  by  step.  The  general  equation  representing  the 
passage  from  an  alcoholic  cyanide  of  this  series  to  the  next  highest  amine  is: 

CnH2n+1.CN   +   H4     =     Cn+1H2n+5N. 

This  reaction  will  in  all  probability  be  found  to  succeed  with  cyanides  derived  from 
alcohols  of  the  aromatic  and  other  series,  and  thus  a  general  method  of  producing  an 
alcohol  of  any  series  from  the  one  next  below  it  may  be  obtained. 

Carius  (Ann.  Ch.  Pharm.  cxxvi.  215),  by  heating  ethyl-gas  (C4H10)  to  100°  with 
bromine,  has  obtained  a  liquid  having  the  composition  and  boiling  point  of  dibromide 
of  tetrylene : 

C4H10   -i-  Br<     =     C'lPBr2  +   2HBr. 

This  compound,  if  really  identical  with  dibromide  of  tetrylene,  might  be  converted  by 
known  processes  into  hydrate  of  tetrylene ;  and  this  by  the  action  of  hydriodic  acid 
into  iodide  of  tetryl ;  whence,  by  distillation  with  potash,  tetrylic  alcohol  might  be 
obtained.  This  process  appears  then  to  give  the  means  of  mounting  up  the  series  by 
two  steps  at  once.  Lastly,  Schorlemmer,  by  subjecting  ethyl- amyl,  C'^IP.C5!!11 
(isomeric  with  hydride  of  heptyl,  C7H15.H),  to  the  action  of  chloride  of  iodine,  has 
obtained  a  chloride,  C7H15.C1,  which  appears  to  be  identical  with  chloride  of  heptyl 
obtained  from  the  hydride  of  that  radicle  (p.  144).  The  problem  of  ascending  from 
one  alcohol  to  another  in  an  homologous  series  appears  therefore  to  be  capable  of  solu- 
tion in  several  different  ways. 

For  speculations  on  the  cause  of  homology,  and  the  relations  between  homologous 
compounds  of  different  series,  see  Carius  (Ann.  Ch.  Pharm.  cxxvi.  210). 

HONEY.  The  honey  of  the  common  bee  contains  cane-sugar,  inverted  sugar 
(ii.  864),  and  an  excess  of  dextroglucose.  The  proportion  of  cane-sugar  varies  with 
the  age  of  the  honey,  as  it  is  gradually  converted  into  inverted  sugar  by  the  action  of 
a  ferment  contained  in  the  honey.  According  to  Soubeiran  (Compt.  rend,  xxviii.  774), 
bees'  honey  contains,  besides  dextroglucose  and  a  dextro-rotatory  sugar  capable  of  inver- 
sion (?  cane-sugar),  likewise  an  uncrystallisable  sugar,  possessing  a  laevo-rotatory  power 
three  times  as  great  as  that  of  inverted  sugar.  The  honey  of  the  Polybia  apicipennis, 
a  kind  of  wasp  widely  distributed  in  tropical  America,  yields  cane-sugar  in  large  crys- 
tals (H.  Karsten,  Pogg.  Ann.  c.  550).  The  honey  of  the  Mexican  honey-ant  is, 
according  to  C.  M.  Wetherill  (Chem.  Gaz.  1853,  72),  a  nearly  pure  solution  of 
uncrystallisable  sugar,  C6HH07  (dried  in  vacuo) ;  it  has  a  slight  acid  reaction,  and  the 
volatile  acid  contained  in  it  reduces  oxide  of  silver  like  formic  acid. 
HONEY-STONE.  See  MELLITE. 

BOP.  (Humulus  L2q)uhts.)—The  fruit  of  the  hop  is  formed  of  small  membranous 
cones,  at  the  base  of  which  is  found  a  yellow  bitter  powder  called  lupulin  (#.*.), 
containing,  according  to  an  analysis  by  Yves*,  36  per  cent,  resin,  12  .wax,  11  of  a 
peculiar  bitter  principle  soluble  in  water  and  alcohol,  5  tannin,  10  extractive  matter 
insoluble  in  alcohol,  and  26  of  residue  insoluble  in  water.  Yves  found  in  hop-corn  8 
dried  at  30°  C.,  10  per  cent,  of  lupulin.  According  to  Pay  en  and  Chevallier,  the  pro- 
portion of  crude  lupulin  is  13  per  cent.,  about  4  per  cent,  of  which  consists  of  minute 
particles  of  the  cones  themselves,  resulting  from  the  sifting. 

Lupulin  distilled  with  water  yields  valerianic  acid  and  a  volatile  oil,  containing  a 
hydrocarbon,  CleH!6,  together  with  valerol,  C6H'°0  (see  HOPS,  OIL  or).  The  resinous 
matter  which  remains  after  the  distillation  still  retains  a  considerable  portion  of 
valerol,  and,  when  distilled  with  slaked  lime,  yields  valeraldehyde,  C5H'°0. 

Lupulin  treated  with  alcohol  yields,  according  to  Payen,  Chevallier,  and  Pelletan, 
about  65  per  cent,  of  its  weight.  The  dissolved  portion  consists  almost  wholly  of  resin, 
extractive  matter,  and  tannin,  the  two  latter  soluble  in  water,  whereas  the  resin,  which 
forms  about  52  per  cent,  of  the  lupulin,  is  insoluble.  This  resin,  when  purified  by 
repeated  solution  in  alcoholr  precipitation  by  water,  and  drying,  gives  by  analysis  num- 
bers which  may  be  represented  by  the  formula,  C^H^O11,  together  with  a  quantity  of 
water  varying  between  1  and  6  H20,  according  as  the  resin  has  been  more  frequently 
dissolved  in  alcohol  and  reprecipitated  by  water. 

The  bitter  principle  isolated  by  Payen,  Chevallier,  and  Pelletan,  and  called  by  them 
lupulite  (or  true  lupulin),  amounts  to  between  8'3  and  12*5  percent,  of  the  lupulin. 
It  remains  dissolved,  together  with  malic  acid,  in  the  water  in  which  lupulin  has  been 
digested.  To  isolate  it,  the  free  acid  is  saturated  with  chalk,  the  liquid  evaporated  to 
dryness,  and  the  residue  treated  with  ether,  which  dissolves  a  small  quantity  of  resin. 
The  lupulite  is  then  separated  from  the  malate  of  calcium  by  solution  in  alcohol,  and 
evaporated  to  dryness.  Lupulite  thus  prepared  is  white  or  yellowish,  or  sometimes 
reddish  yellow,  sometimes  translucent,  sometimes  opaque.  It  has  no  odour,  unless 

*  Composition  du  hciublon,par  MM.  Yves,  Piiycn,  ChcvalTier,  Pelletan,  Wagner,  Vlaanderen  :  licuwnt 
prescntant  Velat  dc  la  question,  par  E.  Kopp.    (Rep.  Chim.  app,  I860,  p.  21.) 
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when  stronglj  boated,  in  which  case  it  exhales  the  odour  of  hops  (perhaps  in  conse- 
quence of  retaining  a  small  portion  of  essential  oil) ;  it  possesses  the  characteristic 
taste  of  hops.  It  has  not  been  analysed.  It  is  soluble  in  alcohol,  but  nearly  insoluble 
in  ether.  By  dry  distillation  it  yields  a  considerable  quantity  of  empyreumatic  oil,  but 
no  ammoniacal  products. 

The  tannin  or  astringent  principle  of  the  hop  was  for  a  long  time  regarded  as  iden- 
tical with  gallotannic  acid,  and  as  capable  of  conversion  into  gallic  acid,  and  this 
change  was  supposed  to  account  for  the  fact  that  old  hops  are  not  capable  of  clarifying 
beer.  But,  according  to  A.  Wagner,  gallic  acid  cannot  be  detected,  even  in  very  old 
hops  quite  unfit  for  making  beer.  He  regards  the  tannic  acid  of  hops  as  identical 
with  morintannic  acid,  and  finds  that  it  amounts  to  between  3'2  and  57  per  cent,  of 
the  hops. 

According  to  Payen  and  Chevallier,  the  active  principles  of  the  hop  do  not  reside 
exclusively  in  the  lupulin,  as  was  formerly  supposed ;  they  found,  indeed,  that  hop- 
cones  completely  freed  from  lupulin,  still  yielded  about  26  per  cent,  of  substances 
soluble  in  alcohol. 

To  discover  whether  hops  have  been  sulphured,  Wagner  treats  them  with  granulated 
zinc,  water,  and  pure  hydrochloric  acid.  Any  sulphurous  acid  that  may  be  present  ia 
then  reduced  by  the  nascent  hydrogen,  and  the  liberated  sulphur  uniting  with  the 
hydrogen,  forms  sulphydric  acid,  which,  if  passed  into  a  solution  of  nitroprussiate  of 
sodium,  generates  a  deep  purple  colour  (ii.  257).  This  reaction  will  detect  extremely 
email  quantities  of  sulphurous  acid ;  larger  quantities  may  be  detected  by  the  odour, 
by  the  precipitation  of  iodine  from  a  solution  of  iodate  of  potassium,  and  by  various 
other  reactions. 

The  ashes  of  hop-cones  yield  by  analysis  the  following  results : — 


Potash        
Soda   

Way  and  Ogston.* 

H.  Watts.f 

Bentley 
variety. 

11-98 

Golding 
variety. 

Grape 
variety. 

G  rape 
variety. 

24-88 

21-59 
4-69 

*175 

7-27 

1971 
2-17 
14-47 

3-42 

25-56 

18-47 
5-27 

'l-4*l 

11-68 

'999 
4-54 
17-58 
4-34 
0-12 

19-41 

0-70 
14-15 
5-34 
1-18 
2-71 
8-28 
2-26 
17-88 
11-01 
14-64 

2-44 

17-93 
5-94 

'l-8*6 
7-01 

Magnesia    
Alumina      
Ferric  oxide         .... 
Sulphuric  acid  (SO8)   . 

Silica  

22-97 
5-44 
21-38 
5-45 

Carbonic  acid  (CO2)    .     ,    . 
Phosphoric  acid  (P205) 
Chloride  of  potassium  . 
Chloride  of  sodium 
Charcoal  and  loss 

Ash  per  cent,  of  the  dry  substance 
„        „            „      fresh      „ 

99-96 

8-07 

7-27 

99-95 

6-95 
5-22 

98-96 

7-21 
6-52 

100-00 

6-5 

The  hops  analysed  by  Watts  were  grown  on  a  heavy  clay-soil  near  Hawkhurst  in 
Kent.  The  crop  was  rather  above  the  average,  viz.  12  cwt.  to  the  acre.  By  com- 
paring this  amount  with  the  analysis  of  the  ash,  it  is  found  that  the  hops  grown 
on  an  acre  of  ground  extracted  from  the  soil  87  pounds  of  mineral  constituents, 
including  12  to  13  oz.  of  phosphoric  acid  (P205),  17  Ibs.  potash  (K20),  and  15  Ibs.  10  oz. 
of  silica.  This  is  sufficient  to  account  for  the  well-known  exhaustive  effect  of  this 
plant  on  the  soil.  (For  the  statistics  of  the  growth  of  hops  in  this  country,  see  Ure's 
Dictionary  of  Arts,  &c.,  ii.  460.) 

HOPEXTE.  A  cadmiferous  zinc-ore  from  the  calamine  mines  of  Altenberg,  near 
Aix-la-Chapelle.  It  has  not  been  completely  analysed,  but  appears  to  be  a  hydrated 
phosphate  of  zinc,  containing  a  small  quantity  of  cadmium.  It  forms  transparent  or 
translucent  prisms,  belonging  to  the  trimetric  system,  having  a  greyish-white  colour 
and  vitreous  lustre.  It  occurs  also  in  reniform  masses  and  amorphous.  Specific 
gravity  276  to  2-85.  Hardness  2'5  to  3.  It  is  sectile.  (Dana,  ii.  419.) 

HOPS,  OZZi  OP.     Hop-cones  or  lupulin  distilled  with  water,  yield  an  essential  oil 

*  Journal  of  the  Royal  Agricultural  Society,  pt.  i.  (1849) :  Jahresber.  1849,  p.  679. 
f  Phil.  Mag.  [3]  xxxii.  54  ;  Jahresber.  1847-8,  p.  1077. 
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having  the  odour  of  thyme,  and  consisting,  according  to  K.  Wagner  (Dingl.  poL  J. 
cxxviii.  217),  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  and  an  oxygenated  oil, 
apparently  identical  with  valerol,  C6H100,  and  convertible  by  oxidation  into  valerianic 
acid,  and  perhaps  also  some  of  its  higher  homologues :  hence  the  odour  of  old  cheese, 
which  hops  acquire  by  keeping.  The  non-oxygenated  oil  is  not  altered  by  contact 
with  the  air,  but  the  greater  part  of  it  is  gradually  dissipated  by  volatilisation. 

According  to  Personne  (J.  Pharm.  [3]  xxvi.  2419;  xxvii.  22),  lupulin  distilled 
with  water,  yields  valerianic  acid  and  an  essential  oil  lighter  than  water,  colourless 
and  neutral  after  rectification,  but  becoming  acid  and  resinous  after  some  time.  It 
begins  to  boil  at  140°  C.,  but  the  boiling  point  gradually  rises  to  300°.  The  portions 
distilling  between  150°  and  160°,  and  those  which  distil  at  about  300°,  appear  to  have 
the  same  composition,  viz.  C(1H180.  Both  these  portions  of  the  distillate  turn  the 
plane  of  polarisation  to  the  right;  remain  fluid  at  —  17° ;  dissolve  without  red  colour 
in  sulphuric  acid ;  are  converted  by  nitric  acid  into  valerianic  acid  and  a  resinous  sub- 
stance ;  and  when  let  fall  by  drops  on  melting  caustic  potash,  yield  a  hydrocarbon, 
C'°H16,  and  valerate  of  potassium.  Hence,  Personne  regards  the  volatile  oil  of  lupulin 
as  analogous  to  essence  of  valerian,  which,  according  to  Gerhardt,  consists  of  borneene, 
C10H16  (i.  626),  and  valerol,  C6H'°0.  The  hydrocarbon  from  oil  of  hops  is  not,  however, 
identical  with  borneene,  inasmuch  as  it  cannot  be  converted  into  borneol. 

HORDEIN.  Barley-starch  obtained  by  kneading  barley-meal  in  water,  and  leaving 
the  liquid  to  settle,  does  not  dissolve  completely  when  warmed  with  acidulated  water, 
but  leaves  a  pulverulent  substance,  to  which  Proust  gave  the  name  hordein.  It  ap- 
pears, however,  to  be,  not  a  definite  substance,  but  a  mixture  of  starch,  cellular  tissue, 
and  an  azotised  body. 

HORDEUlVf  VUXiGARE.  Barley. — The  composition  of  the  grain  of  barley,  as 
determined  by  various  observers,  has  been  already  given  in  the  article  CEREALS  (i.  825); 
also  the  composition  of  the  ash  of  the  grain,  and  of  the  straw  and  chaff,  as  determined 
by  Way  and  Ogston,  showing  the  limits  between  which  the  amounts  of  each  constituent 
was  found  to  vary.  The  following  table  (p.  168)  contains  a  more  detailed  statement 
of  the  results  of  these  ash-analyses. 
HORN1.  See  HOBNY  TISSUE  (p.  170). 

HORNBXiENT DE.  Amphibole. — A  mineral  which  plays  an  important  part  in  the 
composition  of  rocks  of  the  primitive  and  transition  periods.  Hornblende-rock  and 
hornblende-slate  consist  almost  entirely  of  it,  and,  in  diorite  (greenstone),  syenite, 
hornblende-gneiss,  &c.,  it  enters  as  an  essential  constituent. 

Hornblende  forms  prismatic  crystals  belonging  to  the  monoclinic  system.  Ratio  of 
axes,  a  :  b  :  c,  =  1'837  :  1  :  0-5401.  Inclination  of  the  clinodiagonal  (b)  to  the 
principal  axis  (c)  =  75-10°.  The  angle  ooP  :  o>P  =  55°  30';  +  P  :  +  P  in  the 
clinodiagonal  principal  section  =  148°  30' ;  oP  :  ooP  =  76°  59'.  Ordinary  combination 
ooP  .  [  coPoo  ]  .  +  P  .  oP  .  (Fig.  556«.)  Twins  with  face  of  composition  parallel  to  ooPoo  t 
as  in  the  figure.  Cleavage  perfect,  parallel  to  ooP.  It  is 
also  found  imperfectly  crystallised ;  fibrous  or  columnar,  coarse  **&•  556a. 

or  fine,  with  fibres  often  like  flax;  sometimes  lamellar,  also 
granular,  coarse  or  fine,  and  usually  strongly  coherent ;  some- 
times friable.  Hardness  5  to  6.  Specific  gravity  2*9  to  3 -4. 
Lustre  vitreous  to  pearly  on  cleavage-faces ;  fibrous  varieties 
often  silky.  Colour  varying  from  black  to  white,  through 
various  shades  of  green,  inclining  to  blackish-green ;  common 
hornblende,  which  contains  much  iron,  is  nearly  black.  Streak 
uncoloured  or  paler  than  the  mineral.  Sometimes  nearly  trans- 
parent, usually  translucent  to  opaque.  Fracture  subconchoidal, 
uneven. 

The  chemical  composition  of  hornblende  was  formerly  repre- 
sented, in  accordance  with  the  results  of  older  analyses,  by  the 
general  formula  5M20.6Si02  (or  4M0.3£i03) ;  but  Rammels- 
berg  (Mmeralchemie,  pp.  426,  494,)  has  shown,  by  comparison  of  the  more  recent 
analyses  by  himself  and  others,  that  all  hornblendes  are  metasilicates,  of  the  general 
formula  M2O.SiOa  or  M2Si03.  The  metals  included  under  the  general  symbol  M 
are  calcium,  magnesium,  iron  and  sodium,  sometimes  also  manganese  and  potassium. 
These  metals,  replacing  one  another  isomorphously,  give  rise  to  a  great  number  of 
substances  differing  considerably  in  composition  as  well  as  in  colour  and  other  physical 
properties.  A  further  variation  is  caused  by  the  presence  in  many  varieties  of 
alumina,  which  enters,  not  in  place  of  the  protoxides  M*0,  for  the  amount  of  the  latter 
is  not  found  to  be  in  inverse  proportion  to  that  of  the  alumina,  but  in  place  of  a  certain 
portion  of  the  silica,  and  in  such  proportion,  according  to  Bonsdorff,  that  1  at.  Si02may 
be  regarded  as  isomorphously  replaced  by  lat.  AT-'O3^  jtfl3  by  ZAPO*\  but  accurdin* 
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to  Rammelsberg,  in  the  proportion  of  2AP03  for  3Si02  or  Al*  for  Si3,  the  quantity  of 
oxygen  in  the  acid  constituent  of  the  mineral  remaining  unaltered. 

Many  varieties  of  hornblende  likewise  contain  small  quantities  of  fluorine,  probably, 
according  to  Rammelsberg,  in  the  form  of  a  double  fluoride  of  silicon  and  calcium,  or 
magnesium.  Titanium  is  also  sometimes  present  in  small  quantity. 

The  pale  varieties  of  hornblende  containing  no  iron  fuse  readily  before  the  blowpipe, 
with  intumescence,  forming  a  glass  which  is  either  transparent  or  exhibits  various 
degrees  of  translucence  down  to  milk-white  opacity.  With  borax  they  form  a  colour- 
less glass.  The  lighter  coloured  ferruginous  varieties  fuse  alone,  with  more  or  less 
difficulty,  to  a  dark  yellowish  glass,  and  give  with  borax  a  transparent  glass  tinged  with 
iron.  The  darker  green  varieties  afford  a  deeper  iron  colour.  Hornblende  containing 
alumina  and  a  little  iron,  acts  much  like  the  non-ferruginous  varieties ;  but  the  black 
varieties  fuse  to  a  brilliant  black  bead  and  give  with  borax  a  glass  tinged  with  iron. 
Anthophi/llite  melts  with  difficulty  to  a  glass  coloured  by  iron. 

The  following  are  analyses  and  descriptions  of  the  principal  varieties  of  horn- 
blende. 

I.  Hornblendes  with  little  or  no  Alumina. 


TremoVte  : 

Si  O2 

MgO 

CaO 

FeO 

MriO    1 

UaO3 

inition 

1.  St.  Gothard,  white 

. 

5772 

27-45 

13-95 

.    . 

.     . 

0-33    "' 

=  99-45 

2.  Gouverneur,  N.  Y.     . 

57-40 

25-69 

13-89 

l-3fi 

.    . 

0-38 

0-40 

=  99-12 

3.  Greenland,  greenish  whit< 

?. 

54-71 

23-92 

15-06 

2-41 

.    . 

.    . 

=  9<J-43 

4.  Tyrol,  Asbestos  . 

. 

57-50 

23-09 

13-42 

3-88 

.    . 

.    . 

2-36 

=  100-25 

Actinolite  : 

5.  Arendal,  grey-green  . 

t 

5677 

21-48 

13-56 

5-R8 

0-97 

2-20 

=  100-86 

6.  Helsingfors,    „ 

. 

57-20 

9-45 

21-20 

11-75 

IMS 

0-20 

=  100-95 

Anthuplnjllite  : 

7.  Kongsberg,  Norway  . 

g 

56-74 

24-35 

.     . 

33-94 

2-38 

.    . 

1-67 

=  99-08 

8.  Kupfc  rberg,  Bavaria  . 

, 

55-59 

30-46 

l*7*i 

8-40 

4-0:$ 

=  100-24 

9.  Perth,  Upper  Canada 

. 

57-60 

29-30 

3-55 

2-10 

3-20 

3*-55 

=  9930 

10.  Cunnnington,  Mass. 

• 

50-91 

10-30 

•    • 

32-60 

•    • 

0-92 

3-04    Na2O 
065 

j  =  9*-42 

11.  Ural,  Asbestos    . 

. 

58-72 

30-90 

.    . 

8-10 

.    . 

0-19 

1-53 

=  99-49 

Cumminf>tonite  : 

12.  Cummington,  Mass.  . 

j 

48-91 

2*35 

200 

.    . 

46-74 

m 

=  100-00 

13.           „                  „      • 

61-21 

.     . 

2-93 

4-34 

42-65 

.    . 

.    . 

=  101-13 

1.  2.  3.  Rammelsberg  (Pogg.  Ann.  ciii.  273,  435  ;  Mmeralchemfe,  p.  468)  —  4.  Scherer  (Pogg. 
Ann.  Ixxxiv   231).—  5.  Rammelsberg  (loc.  cit.}  —  6    Popping  (Berz.  Jahresber.  xxvii.  252).—  7. 
Vopelius  (Pogg.  Ann.  xxii.  358).—  8.   Sackur    (Rammel  sberg's  Miner  alchcmie,  loc.  cit)  —  9. 

Thomson  (Rec.  Gen.  Sci.  xvii.).—  10.  Smith  and  Brush  (Sill.  Am.  J.  [2]  xvi.  218)  __  11.  H  eint  z 
(Pogg.  Ann.  Iviii.  108).—  12.  Hermann  (J.  pr.  Chem.  xlvii.  7)  —  >3.  Schlieper  (Sill.  Am.  J.  [2]  ix. 
410). 

a.  Tremolite  or  Grammatite,  £jj  ,,,3  Jsi4012  =  Ca"Si03.3Mg"Si03,  is  white,  or  with  a 

^IXLg    j    | 

greyish,  greenish,  or  yellowish  tinge.  Crystals  often  in  long  slender  blades,  either 
distinct  and  traversing  the  gangue,  or  aggregated  in  columnar  and  radiated  masses. 
Specific  gravity  2'93.  Transparent  or  translucent.  Found  in  the  Tremola  valley, 
Switzerland,  and  on  the  St.  Gothard,  in  granular  limestone  or  dolomite  ;  in  the  Tyrol, 
the  Bannat,  at  Giilsjo  in  Sweden,  &c.  Calamite  is  an  asparagus-green  variety  of 
tremolite,  found  in  prisms  in  serpentine,  at  Normarken  in  Sweden. 

b.  Actinolite  (Actinote,  Strahlstein).  —  This  name  includes  hornblendes  which  are 
isomorphous  mixtures  of  metasilicates  containing  chiefly  magnesium,  calcium,  and 
iron,  their  general  formula  being  (Mg;  Ca;  Fe)''Si03.      Actinolite  occurs  in  bright 
green,  bladed  crystals,  or  columnar  forms  ;  if  in  distinct  rays,  it  is  called  glassy  actino- 
lite.    The  crystals  are  long  slender  prisms,  breaking  easily  in  the  transverse  direction. 
Specific  gravity  usually  between  3-02  and  3'05.     Actinolite  occurs  at  Greiner  in  the 
Zillerthal;  at  Arendal  in  Norway;  at  Helsingfors,  and  several  other  places  in  Finland; 
at  Taberg  in  Sweden,  and  in  Pennsylvania.     Eaphilite  is  an  asbestiform  actinolite 
from  Lanark  in  Canada. 

Asbestos  (i.  415),  when  of  a  white  colour  or  some  light  shade,  is  usually  a  fibrous 
variety  of  tremolite  or  actinolite.    The  darker  specimens  are  varieties  of  anthophyllite. 

c.  Anthophyllite.  —  This  variety  occurs  in  masses  of  a  fine  columnar  structure,  or  made 
up  of  acicular  fibres  of  brown  or  greyish  brown  colour,  often  with  submetallic  lustre. 
Specific  gravity  2'9  to  3-16.     The  cleavage  affords  prisms  of  124°  30',  like  other  varie- 
ties of  hornblende.    Anthophyllites  are  found  at  Kongsberg  in  Norway,  Kupferberg  in 
Bavaria,  Perth  in  Upper  Canada,  and  Cummington  in  Massachusetts. 

The  hornblendes  included  under  this  name  vary  considerably  in  composition  ;  that 


from  Kongsberg  consists  of        ,,)3si4012,  or  Fe"Si03.3Mg"SiOs  ;  that  from  Kupferberg 

contains  twice  as  much  magnesia,  its  formula  being  Fe"Si03.6Mg"Si03.  The  minerals 
from  Canada  and  Massachusetts  are  altered  anthophyllites,  tho  latter  being  approxi- 
mately represented  by  the  formula,  Mg"Si03,3Fe"Si03. 


170  HORNBLENDE-ROCK-HORNY   TISSUE. 

d.  Cummingtonite  is  a  rose-red  granular  hornblende  from  Cummington,  Massa- 
chusetts, of  specific  gravity  3'42,  and  consisting  of  manganous  silicate,  Mn"Si03. 

e.  Arfvedsonite. — This  is  a  black  mineral  found  in  Greenland,  accompanying  eudia- 
lyte.     It  was  formerly  regarded  as  a  variety  of  hornblende,  with  which  indeed  it  is 
isomorphous ;  but,  according  to  Rammelsberg,  it  is  a  distinct  species,  whose  formula  is 

2(M2O.Si02)  +  Fe2Os.3Si02,  or  /pea\Ti  [  Si5015.    Kammelsberg's  analysis  gives  51'22  per 

cent.  SiO2,  2375  Fe203,  7'80  FeO,  1-12  MnO,  2-08  CaO,  0-90  MgO,  10'58  Na20,  0'68 
KS0,  0-16  water,  and  a  trace  of  alumina. 

II.  Hornblendes  containing  Alumina. 

SiO«  TiO'  AlaQ3  Fe'O8   FeO  MnO    MgO  CaO  NaaO  K»O    F  HaO 

}  51'67  '    *  5'75      2'86      %    '  '    '      23'37  12'42  °'75    °'84    '    '  °'4G=98'12 

*Ma3'  N°rWay'      j  42-27  1-01  6-31      6'62    2172  1-13      3-62  9'68  3"  14    265    .    .  0-48=98-63 

3.  Vesuvius    '.        !          39-92  .    .  14-10      6'00     11-03  0'30     1072  12-62  0-55    3-37     .    .  0-37=98-98 

4<  P#rfrVee»"land'  '  j   46'12  •    •  7-56      .     .       2'27  .    .    21-22  1370  2-48    1-29    2-76  1-10=98-50 

5  Urf  I,  greenish  black    44'24  I'Ol  8-85      5'13    11-80  .     .     13-46  10'82  2-08    0'24    0-25  0-39=98'27 

6  Val  de  Bove,  Etna      40'91  .    .  1368       .     .     17'48  .    .     13-19  13-44 0-8&=99  56 

1—5.  Rammelsberg  (Miner alchemic,  p.  490).— 6.  v.  Waltershausen  (Vulkanische  Gesteine). 

The  minerals  included  under  this  head  are  mixtures  of  the  isomorphous  compounds, 
M2O.Si02,  Fe2Os.3Si02  and  3MU2A1203.  (Earn melsb erg.) 

Common  Hornblende. — This  name  is  applied  to  the  dark  green  and  black  aluminous 
varieties,  whether  in  crystals  or  massive.  Specific  gravity  3 '1  to  3 '4.  The  name  alludes 
to  its  toughness. — Carinthin  is  an  aluminous  and  ferruginous  hornblende  from  Carin- 
thia.  Specific  gravity  3-127. 

Uralite,  from  the  Ural,  has  the  cleavage  structure  and  composition  of  hornblende, 
but  the  external  form  of  augite,  and  is  regarded  as  a  pseudomorph.  The  two  species 
are  variously  mingled  in  different  specimens,  showing  the  change  in  different  stages  of 
progress. 

Diastatite  is  a  hornblende  from  Wermland  in  Sweden,  differing,  according  to  Breit- 
haupt,  from  common  hornblende,  by  a  degree  in  the  angle  of  the  prism.  Pargasite 
includes  crystallised  varieties  (crystals  usually  thick  and  stout) ;  of  high  lustre,  and 
rather  dark  shades  of  green.  It  is  also  granular. 

Fine  specimens  of  the  dark-coloured  hornblendes  occur  at  Aussig  and  Treplitz  in 
Bohemia ;  Tunaberg  in  Sweden,  and  Pargas  in  Finland.  In  Corsica  there  is  found  a 
variety  of  hornblende  ( Verde  di  Corsica  duro)  which  admits  of  a  high  polish. 

Altered  forms  of  Hornblende. — Alterations  of  hornblende  are  mostly  like  those  of 
augite.  Varieties  often  occur,  containing  water  of  hydration,  especially  asbestiform  or 
anthophyllite  varieties.  The  ferruginous  change  by  oxidation  is  common,  and  all 
varieties  are  exposed  to  alteration  from  infiltrating  waters,  holding  carbonates,  sili- 
cates, &c.,  in  solution,  thus  giving  rise  to  magnesian,  ferruginous,  magnesio-ferruginous 
(chlorite),  alkaline,  or  aluminous  forms.  Talc,  steatite,  serpentine,  chlorite,  mica, 
pinite,  chabasite,  limonite,  magnetite,  occur  as  hornblende  pseudomorph  s. 

HORNBLENDE-ROCK  is  a  rock  consisting  either  wholly  of  hornblende  or  of 
that  mineral  mixed  with  quartz,  and  occasionally  containing  mica,  iron  pyrites, 
magnetic  iron  ore,  and  garnet.  Hornblende-slate  is  a  slaty  variety  of  hornblende 
rock.  These  rocks  belong  to  the  oldest  formations ;  they  seldom  form  extended  beds, 
occurring  more  generally  in  masses  subordinate  to  granite,  gneiss,  &c. 

HORN-LEAD.  Cerasine.  Native  chlorocarbonate  of  lead,  PbCl2.PbCOs,  so 
called  from  its  external  resemblance  to  horn. 

HORN-QUICKSILVER.     Native  sub-chloride  of  mercury.     (See  MERCURY.) 

HORN-SILVER.     Native  chloride  of  silver.     (See  SILVEB.) 

HGRNSTONE.  A  variety  of  quartz  resembling  flint,  but  more  brittle, 'and  with 
a  more  splintery  fracture.  It  is  often  called  Chert.  It  is  often  found  as  a  petrifaction 
on  wood,  and  is  used  for  making  mortars  and  various  other  articles. 

HORNY  TISSUE.  Epidermose. — The  epidermis  of  animals,  hair,  wool,  silk, 
feathers,  nails,  claws,  hoofs,  horn,  scales,  &c.,  are  composed,  for  the  most  part,  of  a 
substance  containing  less  carbon,  but  more  nitrogen  and  sulphur  than  the  albuminoids. 
The  epithelium  which  coats  the  internal  cavities  of  the  animal  body,  is  also  similarly 
constituted. 

The  substance,  called  horny  tissue  or  epidermose,  which  forms  the  basis  of  all  these 
structures,  is  obtained,  though  very  far  from  pure,  by  exhausting  the  parts  containing 
it  with  boiling  alcohol  and  ether,  after  they  have  been  comminuted  as  much  as 
possible.  This  treatment  removes  the  fatty  matters,  together  with  the  greater  part  of 
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the  salts  and  other  foreign  matters,  but  it  does  not  ensure  the  perfect  homogeneity  of 
the  undissolved  residue.  It  is  known,  indeed,  that  the  horny  tissues  are  composed  of 
a  number  of  superposed  layers,  cell-walls  and  nuclei,  which  are  perhaps  not  all  of  the 
same  nature,  but  yet  cannot  be  separated  by  the  solvents  above  mentioned. 

The  substance  thus  obtained  from  the  various  horny  tissues,  has  been  analysed  by 
Mulder,  Scherer,  Fremy  and  several  other  chemists,  the  results  of  whose  analyses, 
though  not  agreeing  very  closely,  still  show  that  the  substance  forming  the  basis  of 
these  several  tissues  has,  in  all  probability,  the  same  chemical  composition. 

(1.)  Scherer.* 


Carbon 
Hydroge 
Nitrogei 
Sulphur 
Oxygen 

i 

Carbon 
Hydrogen 
Nitrogen 
Sulphur 
Oxygen 

Epidermis     Hair  of     Hair  of 
of  Sole        Beard.        Head, 
of  Foot. 
51-0         50-0         49-9 
>n    6-8           67           6-6 
i    17-2         17'9         17*9 

Horn  o: 
Buffalo 

51-3 
67 
17-2 

f                                                              Beard         Lining 
Nails.         Wool.        Quills.           of    Membrane 
Feathers,     of  Egg. 
50-4         50-0         517         51-8         50'0 
6-8          7-0          7'2          7-1           6-6 
16-9         177         17-9         17'6         16-8 

(2.) 
F.  Laer. 

Hair. 

49-9 
6-4 

17-1 

(3.) 
Schloss 
berger. 
Horn 
of  Ox. 
51-6 
6-8 
16-6 
5-0 
20-0 

(4.)  Mulder. 

(5.)  Kemp 

Epithelium 
of  Gall- 
bladder. 
51-9 
8-0 
14-8 

(6.)  Fremy. 

White 
hairs 
ofCow. 
50-5 
6-8 
16-8 
5-4 
20-5 

Hoofs 
of 
Cow. 
50-4 
6-8 
16-8 
3-4 
23-4 

Hoofs 
of 
Horse. 
50-4 
7-0 
16-7 
3-0 
22-9 

Horn 
of 
Cow. 
50-0 
6-8 
16-5 
3-4 
23-3 

Nails. 

50-3 
6-9 
17-3 
3-2 
22-3 

Hoofs  of 
Reindeer. 

49-5 
6-2 
17-4 

Whale- 
bone. 

50-8 
7-4 
16-5 

Scale 
of 
Turtle. 
53-6 
7-3 
16-4 
2-0 
20-7 

100-0  100-0  loo-o  100-0  loo-o  100-0  100-0 

The  proportion  of  ash  is  about  1  per  cent. 

Horny  tissue  melts  when  heated,  and  burns  with  a  bright  flame,  exhaling  a  pecu- 
liar odour. 

When  exposed  to  the  action  of  boiling  water  in  a  Papin's  digester,  it  gradually 
dissolves,  yielding  an  extract,  which  does  not  gelatinise  on  cooling.  By  simple  mace- 
ration in  water,  cold  or  warm,  the  horny  tissues  are  gradually  loosened,  and  exhibit  a 
cellular  structure  more  or  less  distinct. 

Caustic  potash  easily  dissolves  horny  tissue,  eliminating  ammonia,  especially  with 
aid  of  heat,  and  forming  a  yellow  solution,  which,  when  treated  with  acids,  gives  off 
sulphydric  acid  and  yields  a  white  precipitate.  When  fused  with  hydrate  of  potassium 
it  gives  off  hydrogen,  and  forms  acetic,  butyric,  and  valerianic  acids,  also  leucine, 
tyrosine,  &c.  Strong  solutions  of  caustic  potash  or  soda  are  the  best  reagents  for 
bringing  out  the  cellular  structure  of  the  different  horny  tissues,  epidermis,  nails, 
horn,  &c. 

Strong  sulphuric  acid  causes  horny  tissue  to  swell  up,  and  partly  dissolves  it  when 
heated.  The  solution  diluted  with  water  becomes  turbid  when  neutralised  with  an 
alkali,  or  mixed  with  ferrocyanide  of  potassium.  Prolonged  ebullition  with  dilute 
sulphuric  acid  yields  tyrosine,  leucine,  ammonia,  &c. 

Nitric  acid,  especially  if  hot,  colours  horny  tissue  yellow,  and  ultimately  dissolves 
it ;  on  addition  of  ammonia,  the  yellow  solution  acquires  a  darker  colour,  and  finally 
assumes  an  orange  tint.  According  to  v.  Laer,  xanthoproteic  acid  is  formed  in  the 
first  instance,  then  saccharic,  and  finally  oxalic  acid. 

Fuming  hydrochloric  acid  produces  with  horny  tissue  the  same  blue  or  violet 
coloration  as  with  albuminous  substances,  and  gradually  dissolves  the  tissue  on  boiling. 
According  to  v.  Laer,  hair  immersed  even  in  cold  concentrated  hydrochloric  acid  dis- 
solves in  the  course  of  some  weeks. 

Acetic  acid  does  not  dissolve  horny  tissue,  but  only  causes  it  to  swell  up. 

When  chlorine  is  passed  into  water  containing  in  suspension  horny  tissue  (prepared 
from  hair),  the  tissue  undergoes  no  change  in  external  appearance,  but  after  drying 
it  is  harsh  to  the  touch,  and  dissolves  completely  in  ammonia,  with  evolution  of 
nitrogen. 

HORSE-CHESTNUT.  Aesculus  Hippocastanum. — The  bark  of  this  tree  con- 
tains two  fluorescent  substances,  sesculin  (i.  60)  and  fraxin  or  paviin  (ii.  708). 
Pelletier  and  Caventou  found  in  it  a  greenish  fat  oil,  a  red-brown  resin,  a  bitter  yellow 
substance,  a  peculiar  red  substance,  tannin,  and  woody  fibre. 

The  fully  developed  leaves  contain  quercitrin,  which  is  also  found  in  the  ripe 

*  (1.)  Scherer,  Ann.  Ch.  Pharm.  xl.  55.— (2.)  v.  Laer,  ibid.  xlv.  156,  157 (3.)  Sc  h  1  ogsberger 

(Gerhardt's  Traile,  iv.  197) (4.)  Mulder's  Che  mi  ache  Untcrsuch,  No.  2,  p.  270.— (5.)  Kemp,  Ann. 

Ch.  Pharm.  xliii.  115. -(6.)  Fremy,  Ann.  Ch.  Phys.  [3]  xlviii.  47. 
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seeds,  but  not  in  the  undeveloped  leaves,  or  in  the  coatings  of  the  buds,  or  in  the  bark 
of  the  stem  and  branches  ;  the  leaves  which  fall  in  autumn  contain  only  traces  of  it. 
(Rochleder,  Wien.  Akad.  Ber.  xxxi.  665.) 

The  seeds  contain,  according  to  Tipp  (Vierteljahrschr.  pr.  Pharm.  iii.  19),  starch 
(about  14  per  cent.),  mucilage,  gum,  a  non-drying  oil,  saponin,  a  tannic  acid  which  turns 
iron  -salts  green,  phosphoric  ^3id,  and  calcium-salts.  Fremy  found  in  the  seeds,  saponin, 
a  yellow  colouring  matter  [?  quercitrin]  and  a  crystallisable  bitter  substance.  Attempts 
have  been  made  at  various  times  to  render  the  starch  of  horse-chestnut  seeds  fit 
for  food  by  freeing  it  from  the  bitter  substance  by  means  of  a  weak  alkaline  ley. 
According  to  Flan  din  (Compt.  rend,  xxvii.  391)  this  is  best  effected  by  kneading 
the  peeled  and  bruised  seeds  with  water  containing  from  ^  to  ^  of  their  weight  of 
carbonate  of  soda,  and  then  washing  them  ;  perfectly  white  starch  then  separates,  which 
may  be  used  as  an  addition  to  wheat-flour.  According  to  Be  Hoc,  the  same  result 
may  be  obtained  by  the  use  of  pure  water.  But  according  to  Flandin,  the  alkali  is 
required  to  remove  an  acrid  substance  and  an  acid  resin,  as  well  as  the  bitter  principle. 
(Compt.  rend,  xxviii.  83,  138.) 

The  cotyledons  of  horse-chestnut  seeds  have  lately  been  examined  by  Rochleder 
(Wien.  Akad.  Ber.  xlv.  ;  Rep.  Chim.  pure,  1863,  p.  219),  who  finds,  in  the  alcoholic 
extract,  a  bitter  substance,  argyrescin,  an  amorphous  yellow  colouring  matter,  and  a 
substance  which  he  calls  aphrodescin,  formerly  regarded  by  F  re"  my  as  saponin. 
These  substances  are  extracted  by  successive  treatment  with  alcohol,  acetate  of  lead, 
water,  and  ether. 

Argyrescin,  C54H86024,  is  soluble  in  water  and  in  alcohol,  and  is  precipitated  by 
ether  from  its  solution  in  absolute  alcohol.  When  the  aqueous  solution  is  evaporated, 
it  remains  in  the  form  of  a  gummy  mass.  From  its  solution  in  weak  alcohol,  it  sepa- 
rates on  evaporation  in  microscopic  crystals,  having  a  silvery  lustre.  The  crystals 
have  the  composition  2C54H86024.H;!0.  It  dissolves  in  strong  sulphuric  acid,  forming 
a  solution  which  turns  red  when  mixed  with  water.  It  is  fusible,  and  burns  with  a 
very  smoky  flame. 

Argyrescin  is  resolved  by  acids  into  argyrescetin  and  glucose  : 

2C6H1206  J 


and  by  alkalis  into  sescinic  acid,  C^H^O23,  and  propionic  acid  : 

CMH86024  +  3H20    „    c^H^O23  +  2C3H602. 

With  alkalis,  however,  an  intermediate  product  is  sometimes  obtained,  namely,  an  acid 
whose  barium-salt  has  the  composition  C51H82Ba2024,  thus  : 

=    C51H84024  +  C3H602. 


This  new  acid  likewise  exists,  ready-formed,  in  the  cotyledons. 

Aphrodescin,  C52!!8^28,  is  soluble  in  water,  and  is  precipitated  from  the  hot  so- 
lution by  hydrochloric  acid  in  bulky  flocks.  It  is  distinguished  from  saponin  by  its 
solubility  in  alcohol,  and  by  its  reaction  with  alkalis,  which  is  similar  to  that  of  argy- 
rescin, excepting  that  it  yields  butyric  instead  of  propionic  acid,  thus  : 

CMH8402>  +  2H20    =    C48H80023  +  C4H802. 

Ae  scinic  acid,  C^H^O23,  is  obtained  by  precipitation  from  its  salts,  as  a  gelatinous 
mass,  becoming  pulverulent  when  dry.  When  boiled  with  a  quantity  of  alcohol  not 
sufficient  to  dissolve  it  completely,  it  becomes  partly  crystalline,  but  does  not  alter  in 
composition.  By  drying  at  130°  in  a  current  of  carbonic  anhydride,  it  undergoes  a 
decomposition,  which  Rochleder  represents  by  the  improbable  equation  C^H^O89  = 
C*6jpo  £46  (gescinic  acid)  +  C^WO™. 

Aescinate  of  potassium,  C48H78K023,  is  crystallisable.  —  The  barium-salt  has  the 
composition  C48H78Ba202S.  —  The  lead-salt  contains  a  still  larger  proportion  of  base. 

Argyrescin,  aphrodescin,  and  sescinic  acid  heated  with  hydrochloric  acid,  are  resolved 
into  sugar  and  a  new  substance,  telescin  C^H^O14,  or  a  product  containing 
C42H70018.  When  these  decompositions  take  place  in  alcoholic  solutions,  the  products 
formed  are  not  constant,  because  the  telescin  may  then  be  further  resolved  into 
mannitan  (?)  and  a  compound  isomeric  with  quinovic  acid. 

Aescinic  acid,  or  rather  telescin,  dissolved  in  alcohol,  mixed  with  hydrochloric  acid, 
and  boiled  till  a  red  colour  is  produced,  undergoes  a  final  decomposition,  yielding  a 
solution  from  which  water  throws  down  flocks  ofaescigenin,  C^H^O4,  isomeric  with 
cholo'idic  and  with  quinovic  acid.  This  substance  is  soluble  in  sulphuric  acid,  and  on 
adding  sugar  to  the  solution,  a  red  colour  is  produced  similar  to  that  exhibited  by  tho 
biliary  acids  when  similarly  treated. 

The  action  of  hydrochloric  acid  on  an  alcoholic  solution  of  telescin  or  aescinic  acid 
sometimes  also  yields  an  intermediate  product  C30H8008,  which  is  isomeric  with 
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quinovin,  and  may  be  regarded  as  a  compound  of  sescigenin  with  2  at.  propionic 
acid: 

=     C24H3904  +   2CSH602. 


This  view  of  its  composition  is  supported  by  the  formation  of  a  compound,  C28H4407 
[PC^H^O8],  containing  the  ^elements  of  sescigenin  and  acetic  acid,  by  the  aetion  of 
chloride  of  acetyl  on  sescigenin. 

Rochleder  considers  it  probable  that  sescigenin  or  its  compounds  may  exist  in 
other  plants,  and  that  cyclamein  and  digitaliretin  may  belong  to  this  group  of  com- 
pounds. 

The  ash  of  the  different  parts  of  the  horse-chestnut  tree  has  been  analysed  by 
E.  Wolff  (J.  pr.  Chem.  xliv.  385;  Jahresber.  1847-8,  p.  1078),  for  the  purpose  of 
determining  how  the  proportion  of  the  different  mineral  constituents  are  modified  in 
passing  from  one  organ  to  another,  and  how  these  constituents  are  distributed  throughout 
the  several  organs.  To  eliminate  any  local  character  from  the  results,  the  organs  sub- 
jected to  examination  were  selected  from  trees  growing  on  two  very  different  soils  ;  one 
a  stony  porphyritic  soil,  the  other  a  moist  forest  soil  often  overflowed,  very  rich  in 
vegetable  mould,  and  much  more  favourable  to  the  growth  of  the  trees  than  the  former. 

The  mineral  constituents  were  extracted  by  first  charring  the  substance  in  a  muffle 
heated  not  quite  to  redness,  and  exhausting  the  charcoal,  first  with  water,  then  with  dilute 
hydrochloric  acid,  drying  the  carbonaceous  residue,  and  incinerating  it  completely  in  the 
muffle.  The  ash  was  then  likewise  exhausted  with  hydrochloric  acid,  and  the  united 
hydrochloric  extracts,  the  aqueous  extract,  and  the  insoluble  residue,  were  separately 
analysed.  The  results  are  given  in  the  table  on  page  173. 

The  ash  of  the  wood,  bark  and  leaves  of  the  horse-chestnut  has  also  been  analysed 
by  E.  Staff  el  (Ann.  Ch.  Pharm.  Ixxvi.  379;  Jahresber.  1850,  p.  661),  chiefly 
with  the  view  of  determining  whether  the  amount  of  the  several  inorganic  constituents 
in  the  plant  and  its  different  organs  varies  with  the  season  of  the  year.  The  method 
of  analysis  was  similar  to  that  adopted  by  Wolff,  excepting  that  the  charcoal  was 
exhausted  with  water  alone. 

Ash  of  Horse-chestnut  (Staff  el). 


Wood. 

Bark. 

Leaves. 

Spring. 

Autumn. 

Spring. 

Autumn. 

Spring. 

Autumn. 

Potash      . 

57-57 

17-54 

54-96 

22-61 

46-38 

18-17 

Lime 

5-92 

50-99 

9-24 

61-34 

13-17 

40-48 

Magnesia  . 

4-08 

5-17 

4-36 

3-99 

5-15 

778 

Alumina   . 

. 

0-23 

.     . 

0-18 

0-41 

0-51 

Ferric  oxide  * 

0-31 

0-63 

1-66 

0-31 

1-63 

4-69 

Sulphuric  acid  (SO3) 

0-82 

.     . 

1-05 

2-45 

1-69 

Silica 

1-80 

0-71 

0-67 

1-06 

1-76 

13-91 

Phosphoric  acid(P2Os) 

19-02 

21-73 

19-54 

6-95 

24-40 

8-22 

Chloride  of  potassium 

10-47 

2-98 

9-56 

2-50 

4-65 

8-55 

99-99 

99-98 

99-99 

99-99 

100-00 

100-00 

Ash  per  cent,  of  dry 

substance 

10-908 

3-88 

8-68 

6-57 

7-69 

7-52 

Ash  per  cent,  of  fresh 

substance 

1-198 

1-693 

1-342 

3-171 

1-376 

3-288 

Moisture  in  100  parts 

of    air-dried    sub- 

stance  . 

89-01 

49-90 

84-45 

51-73 

82-09 

56-27 

HORSE-FI.ESH  ORE.  A  term  applied  by  the  Cornish  miners  to  certain 
varieties  of  purple  copper. 

HOTJGHITE  A  hydrated  aluminate  of  magnesium,  occurring,  as  the  material 
of  pseudomorphous  spinel,  near  Oxbow,  and  in  Rossie,  near  Somerville,  St.  Lawrence 
county,  New  York.  The  crystals  are  in  all  conditions,  from  the  pure  spinel  to  octa- 
hedrons with  rounded  edges  and  pitted  or  irregular  surfaces ;  it  also  occurs  in  flattened 
nodules.  It  is  perhaps  identical  with  Volknerite  (q.  «.).  (Dana,  ii.  135.) 

HOVITE.   A  mixture  of  collyrite  (i.  1084)  with  a  hydrated  carbonate  of  aluminium 
and  calcium,  found  in  the  Upper  chalk,  in  the  neighbourhood  of  Hove,  near  Brighton. 
It  is  very  soft  and  friable,  having  an  earthy  fracture  and  low  specific  gravity.    ( J.  H.  and 
G-.  Gladstone,  Phil.  Mag.  [4]  xxiii.  461 ;  Jahresber.  1862,  p.  743.) 
*  With  a  trace  of  manganic  oxide. 


HOWARDITE— HUMOPIC   ACID.  17o 

HOWAltDITE.  A  meteoric  mineral,  described  by  C.  U.  Shepard.  (Sill.  Am.  J. 
[2]  vi.  402.) 

HUANOKIKTE.  C20H24N20.— An  alkaloid,  isomeric,  or  perhaps  identical,  with 
cinchonine ;  obtained  from  China  de  Huanoco  plana,  a  cinchona-bark  found  in  the 
Huanoco  forests,  north  of  Lima  (A.  Erdmann,  Ann.  Ch.  Pharm.  c.  341).  The 
bark  is  repeatedly  exhausted  with  water  containing  hydrochloric  acid,  and  the  base, 
precipitated  by  caustic  soda,  is  purified  by  repeated  solution  in  acid,  and  reprecipita- 
tion,  till  it  becomes  white,  and  finally  by  crystallisation  from  alcohol. 

Huanokine  crystallises  in  small  colourless  prisms,  very  similar  in  form  to  cinchonine. 
According  to  H.  Hahn  (Jahresber.  1858,  p.  372),  they  are  monoclinic  prisms,  exhibit- 
ing the  faces  oo  P  .  GO  Pco  .  oP.  Angle  oo  P  :  GO  P  in  the  clinodiagonal  principal 
section  =  71°;  oP  :  GO  P  oo  =  110°.  Cleavable  parallel  to  oP;  less  distinctly 
parallel  to  oo  P  GO.  It  is  tasteless  ;  but  has  a  slight  alkaline  reaction,  stronger  in  the 
alcoholic  solution,  which  is  also  slightly  bitter.  It  melts  without  decomposition,  and 
solidifies  in  the  crystalline  form  on  cooling :  at  a  stronger  heat  it  sublimes.  It  is 
nearly  insoluble  in  water,  dissolves  in  400  pts.  alcohol  of  80  per  cent,  at  17°  ;  and  in 
110  pts.  at  the  boiling  heat;  in  600  pts.  ether  at  17° ;  and  in  470  pts.  at  the  boiling 
heat.  It  is  said  to  be  a  strong  febrifuge. 

The  salts  of  huanokine  are  precipitated  white  by  alkalis  and  alkaline  carbonates, 
yellowish  white  by  tincture  of  galls,  white  by  mercuric  chloride,  yellow  by  chloride  of 
gold. 

The  sulphate  is  nearly  insoluble  in  water ;  but  dissolves  easily  in  excess  of  acid ; 
the  solution  is  not  fluorescent. — The  hydrochlorate  is  very  soluble,  and  crystallises  in 
large  colourless  prisms  having  an  extremely  bitter  taste  ;  not  fluorescent.  According 
to  Hahn  (loc.  cit.)  the  crystals  are  rhombic  prisms,  with  the  faces  coPoo  .Poo  .P. 
Angle  oo JP  :  co  P  =  30°. —  The  chloroplatinate  also  forms  rhombic  crystals, 
ooP.  co  Pco.  P.  Angle  coP  :  coP  =  75°;  angle  between  the  macrodiagonal 
terminal  edges  and  the  principal  axis  =  132°. —  The  tartrate  forms  hemihedral 

rhombic  crystals,   coP.   coPrc.oP.  ?.    Angle  oo  P  :  co  P.  =  138°;   —:-?«•    70°. 

2  22 

(Hahn.) 

According  to  De  Vry  ( J.  Pharm.  [3]  xxxii.  328),  huanokine  is  identical  with  cin- 
chonine, the  differences  observed  by  Erdmann  between  it  and  cinchonine  having  been 
probably  due  to  admixture  of  quinidine  or  cinchonidine.  He  found  that  hydriodate 
of  cinchonine  agreed  perfectly,  in  external  character  and  in  its  relations  to  polarised 
light,  with  the  hydriodate  obtained  from  huanokine  prepared  by  Erdmann  himself. 

HTTDSOWITE.  A  black  mineral  from  Cornwall,  Orange  County,  New  York, 
near  the  Hudson  Kiver.  Specific  gravity  3'43  to  3-5.  It  cleaves  like  Hedenbergite, 
and  is  regarded  by  Dana  as  a  variety  of  augite,  having  a  considerable  portion  of  the 
silica  replaced  by  alumina.  The  composition  is,  however,  more  like  that  of  hornblende. 
Smith  and  Brush  (Sill  Am.  J.  [2]  xvi.  369)  found  in  it:— 

Loss  by 

SiQ2          A12Q3          FeO         MnO          CaO         MgO         R2Q        Nn?O    ignition. 
38-94       10-41       30-48       0'60       10'36       3'00       2-48       1-66       1'95  =  99'88 

Kenngott  found  that  a  mineral  from  Monroe,  designated  as  Hudsonite,  was  really  a 
hornblende.     (Eammelsberg 's  Mineralchcmie,  p.  996.) 
HUlVXEOIiDTIIiITE.     Syn.  with  MELLILITE. 
HUIYIBOLDTIWE      Syn.  with  OXALITE. 
HUTVIBOIiDTITE.      Syn.  with  DATHOLITE. 

HUlttXC   ACID.     See  ULMIC  ACID. 
HUMITE.    See  CHONDRODITE  (i.  930). 

HUMOPIC  ACID.  C22H2007  (?)  (Wohler,  Ann.  Ch.  Pharm.  1.  21).— An  acid 
produced,  with  evolution  of  ammonia,  by  heating  narcotine  to  about  220°. 

C22H23N07     =     C22H2007  +   NH3[?] 

It  is  purified  by  dissolving  it  in  potash,  precipitating  with  hydrochloric  acid,  re-dissolving 
in  alcohol,  and  precipitating  by  water.  It  is  an  amorphous,  dark-brown  substance, 
insoluble  in  water  and  in  dilute  acids,  but  dissolves  in  alcohol  with  yellowish-red,  and 
in  alkalis  with  yellow  colour,  the  latter  solution  forming  brown  gelatinous  precipitates 
with  barium-  and  lead-salts. 

Wohler' s  analysis  of  this  acid  gave  63'0  and  64-5  per  cent,  carbon,  5-3  and  5'0  hy- 
drogen^ whence  he  suggested  the  formula,  C4*H*3027  and  C"°#I9014.  The  formula 
above  given  (which  requires  667  per  cent,  carbon  and  5'3  hydrogen)  is  based  upon  the 
formula  of  narcotine  recently  established  byMatthiessen  and  Foster  (Gmclin's 
Handbook,  v.  138).  It  is  probable,  however,  that  the  acid  has  not  been  obtained  pure, 
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and  that  the  decomposition  of  narcotine  by  heat  may  be  more  complicated  than  that 
which  is  represented  by  the  preceding  equation. 

HUMOURS   OF   THE   EYE.     See  EYE  (ii.  654). 

HU1VTUS,  or  Vegetable  Mould,  is  the  product  of  the  decay  of  vegetable  matter.  The 
fallen  leaves,  and  all  the  parts  of  plants  which  are  returned  to  the  soil,  either  during 
the  life  of  the  plant  or  after  its  death,  undergo  peculiar  alterations,  the  result  of  which 
is  to  transform  them  into  a  mass  of  compounds  whose  nature  has  not  been  exactly 
ascertained,  but  which  are  known  to  contain  a  large  proportion  of  carbon.  This  decay 
is  promoted  by  the  action  of  air,  by  moisture,  and  by  a  certain  degree  of  heat.  It  takes 
place  most  quickly  in  those  constituents  of  the  plant  which  are  soluble  in  water,  some 
of  the  insoluble  matters,  such  as  resins  and  fats,  resisting  decomposition  for  a  long  time, 
and  remaining  almost  in  their  original  state,  so  that  they  may  be  extracted  from  the 
humus  by  alcohol  or  ether.  The  decomposition  is  also  greatly  accelerated  by  the 
presence  of  putrifying  nitrogenous  matters ;  and  this  is  doubtless  one  cause  of  the 
beneficial  effect  of  animal  manure. 

Vegetable  mould  is  in  a  continual  state  of  slow  combustion,  whereby  the  organic 
compounds  which  it  contains  are  gradually  resolved  into 'carbonic  acid,  water,  and  am- 
monia, which,  as  they  are  formed,  are  taken  up  by  the  roots  and  plants :  hence  the  effect 
of  vegetable  mould  in  promoting  the  growth  of  plants,  and  partly  also  the 
advantage  gained  by  frequently  turning  up  and  pulverising  the  soil,  whereby  the  access 
of  air  and  the  decomposition  of  the  organic  matter  are  facilitated. 

BtnrTERITE.  The  name  applied  by  S.  Haughton  (Phil.  Mag.  [4]  xvii.  18  ; 
Jahresber.  1859,  p.  289)  to  a  hydrated  silicate  of  aluminium,  having  a  fatty  lustre  and 
the  aspect  of  felspar,  found  in  a  coarsely  crystalline  granite  in  the  neighbourhood  of 
Nagpur  in  Central  India.  Specific  gravity  =  2'319.  According  to  Haughton's 
analysis,  it  contains  65'93  per  cent.  SiO2,  20'97  Al-03,  0-30  CaO,  0'45  MgO  and  11-61 
water  ( =  99'26).  This  is  very  nearly  the  composition  of  cimolite  (i.  984),  with 
which  also  the  mineral  agrees  nearly  in  lustre  and  specific  gravity:  hence  Dana  (Sill. 
Am.  J.  [2]  xxviii.  133)  regards  it  as  identical  with  cimolite. 

HUREAUIiITE.  A  phosphate  of  iron  and  manganese  from  Hureault,  near 
Limoges,  where  it  occurs  in  small  veins  in  the  granite.  It  forms  translucent  crystals 
belonging  to  the  monoclinic  system,  having  a  yellowish-  or  reddish-brown  colour  and 
vitreous  lustre.  Specific  gravity  =  2'27.  Somewhat  softer  than  felspar;  contains, 
according  to  the  mean  of  Damour's  analyses  (Ann.Min.  [5]  v.),  38'00  percent.  P'O5, 
41-67  MnO,  7'86  FeO,  11-98  water,  and  0'38  quartz  &c.;  whence  the  formula 

^FeO  1 5-2p2°5  +  5H2°  >  or  ifc  mfty  be  a  double  salt  consisting  of  a  pyro-  and  ortho- 
phosphate,  of  the  form  M4P207.2M3P04.5H20.  (Eammelsberg1  s  Miner -alchemie,  p.  330.) 

BURIN.  An  acrid  crystalline  substance  obtained  from  the  juice  of  Hum  crepitans. 
(Boussingault  and  Kivero,  Ann.  Ch.  Phys.  [2]  xxviii.  430.) 

HUROWTTE.  A  mineral  from  Lake  Huron,  containing  45'80  SiO2,  33-92  A1203, 
8'04  CaO,  4-32  FeO,  1'72  MgO  and  4-16  water.  It  forms  imperfectly  laminated 
masses,  having  a  light  greenish  yellow  colour  and  waxy  lustre,  translucent  on  the  edges. 
(Handw.  d.  Chem.  iii.  942.) 

BVERSAIiT.    Native  iron- alum  from  Iceland.     (See  SULPHATES.) 

HYACINTH.      See  ZlKCON. 

HYJENAWCHE  GIiOBOSA.  (Lamb). — A  euphorbiaceous  plant,  the  pericarp  of 
which  contains  a  very  acrid  poisonous  substance,  resembling  strychnine  and  the  allied 
poisons  in  its  action.  The  poisonous  substance  is  uncrystallisable,  easily  soluble  in 
water  and  in  alcohol ;  it  has  neither  basic  nor  acid  properties,  but  cannot  be  classed 
among  the  resins,  on  account  of  its  solubility  in  water.  The  husk  of  the  fruit  contains 
9-40  per  cent,  water,  5'36  gypsum,  lime,  potash,  and  chlorine ;  2'52  wax  and  chlorophyll; 
9-64  tannicacid;  5-64  resin ;  15-15  starch,  gum,  and  sugar ;  3'99  varnish-like  substance, 
soluble  in  water  and  in  alcohol;  36'00  cellulose;  and  lastly,  oxalic  acid,  and  substances 
which  can  be  extracted  by  strong  hydrochloric  acid  and  potash-ley.  The  seeds  give  up 
to  ether,  41-06  per  cent,  of  a  green-yellow  fat  oil,  then  to  alcohol  24-13  per  cent,  of  a 
nearly  black,  brittle  resin,  resembling  kino  ;  they  contain  107  per  cent,  of  inorganic 
matters.  (J.  B.  Henkel,  Arch.  Pharm.  [2]  xciv.  16;  Jahresber.  1858,  p.  532.) 

HYALITE.    See  OPAL. 

BYAI.onXEI.AirE.    Syn.  with  TBACHYLYTE. 

BYAIiOPBANE.  A  barytic  felspar  resembling  adularia,  discovered  by 
Sartorius  v.  Walter  shausen  (Pogg.  Ann.  xciv.  134;  c.  547)  in  the  dolomite  of  the 
Binuenthal  in  the  Valais.  It  is  transparent  and  colourless  when  pure,  but  often  milk- 
white  from  admixture  of  sulphate  of  barium.  Hardness  between  6  and  7.  Specific 
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gravity  =  277  to  2'83.  It  forms  monoclinic  crystals  resembling  those  of  adularia, 
ooP  .  oP  .  +Poo,  often  with  (  ooPoo  ).  Anglo  o>P:  (  ooPoo  )  =  120°  36';  oP  :  o>P 
=  112°  0';  oP  :  +Poo  =  130°  36'.  Cleavage  perfect  parallel  to  Poo  (Walters- 
hausen).  The  analysis  of  a  perfect  limpid  specimen  by  Stockar-Escher 
(Kcnngott's  Ucbersicht,  1856-57,  p.  107)  gave: 

SiOa  A12Q3  BaO  CaO          MgO          K'O         Na'O          HaO 

62'67        21-12        15-05        0-46        0'04        7'82        2-14        0'58  =  99-88  ; 


whence  the  formula          o8102  +   A12°3-3Si°2  =         »si2Oa  =  (BaJK*)'o«; 

A.L  j 

which  is  similar  to  that  of  andesin  (see  FELSPAR,  ii.  618).     (Rammelsberg's  Mineral- 
ckcmie,  p.  609.) 

HYALOSIDERITE.  A  variety  of  _  chrysolite  from  the  Kaiserstuhl  mountain  in 
the  Breisgau,  where  it  occurs  in  yellowish  and  brownish-red  crystals.  It  contains 
31-63  SiO-,  32-40  MgO,  28'49  FeO,  0'48  Fe203,  2-21  APO3,  2'79  K20,  and  a  trace  of 
chromium.  To  bring  it  under  the  formula  of  chrysolite,  2]VPO.Si02  or  M'SiO4,  it  is  neces- 
sary to  suppose  that  part  of  the  silica  is  isomorphously  replaced  by  alumina. 

BYBIiXTE.    See  PALAGONITE. 

HYDANTOIC  ACID.  C4H8N40'  (?)—  An  acid  produced  by  the  action  of 
potash  on  allantoin.  On  supersaturating  the  solution  with  acetic  acid,  precipitating 
with  acetate  of  lead,  decomposing  the  lead-salt  with  sulphuretted  hydrogen,  and 
evaporating  the  filtered  liquid,  the  acid  is  obtained  as  an  uncrystallisable  syrup, 
deliquescent  and  insoluble  in  alcohol.  It  probably  contains  the  elements  of  allantoiu 
plus  1  at.  water  (C4H8N403.H80).  (Schlieper.) 

The  name  hydantoic  acid  is  also  applied  by  Baeyer  to  an  acid  formed  from  hy- 
dantoi'n  by  addition  of  the  elements  of  water  :  no  description  of  it  has  yet  been  given. 


C3H4N202.  (A.  Baeyer,  Ann.  Ch.  Pharm.  cxvii.  179.)—  A 
compound  belonging  to  the  parabanic  acid  group,  produced  from  allantoi'u  by  the 
reducing  action  of  hydriodic  acid  : 

C4H6N40s  +   2HI     ~     CH4N20   +   C3H4N202  +  I2. 

Allantoin.  Urea.  Hydantoin. 

Also,  together  with  a  small  quantity  of  allanturic  acid,  by  the  action  of  hydriodic  acid 
on  alloxanic  acid  : 

C4H4N205  +  2HI     =     C3H4N202  +  CO2  +  H20  +  I2. 

Alloxanic  acid.  Hydantoin. 

It  crystallises  with  great  facility  in  colourless  crystals  easily  soluble  in  water  ;  tastes 
slightly  sweet,  and  grates  a  little  between  the  teeth.  It  is  converted  by  oxidation  into 
allanturic  acid  : 

C«H'N203   +   O     =     C3H4N203. 

Hydantoin.  Allanturic  acid. 

With  water  it  forms  Baeyer'  s  hydantoic  acid. 

HYDRACIDS.  A  term  formerly  applied  to  hydrochloric,  hydrobromic,  hydri- 
odic, hydrofluoric,  and  hydrocyanic  acids,  to  distinguish  them  from  acids  containing 
oxygen.  The  distinction  is,  however,  no  longer  maintained,  all  acids  being  now  regarded 
as  salts  of  hydrogen.  (See  ACIDS.) 

HYDRACRYX.XC  ACID.  C^HW1.—  An  acid  produced  by  the  decomposition  of 
iodopropionic  acid,  when  a  solution  of  a  salt  of  that  acid  is  heated  to  boiling  : 

4C3H5I02   +   3H20     =     C12H220»   +   4HI. 

It  is  most  easily  prepared  by  digesting  iodopropionic  acid  with  excess  of  silver- 
oxide,  decomposing  the  resulting  silver-salt  with  sulphydric  acid,  and  evaporating  the 
filtrate.  Hydracrylic  acid  then  remains  in  the  form  of  a  syrup,  mixed  with  slender 
needles.  It  is  tribasic;  nearly  all  its  salts  are  easily  soluble  in  water,  and  many  of 
them  are  decomposed  by  heat,  with  formation  of  acrylic  acid  : 
C12H22On  =  4C3H402  +  3IPO. 

Hydracrylic  acid.         Acrylic  acid. 

The  cupric  salt  is  a  blue-green  varnish.  The  lead-salt,  C24H3s(Pb")s022,  forms  a  white, 
crystalline,  deliquescent  mass,  perfectly  insoluble  in  alcohol,  and  decomposing  when 
heated  to  between  150°  and  200°.  The  silver-salt,  C1-'Hl!'Ag3011,  is  a  flocculent  mass, 
becoming  dark-coloured  and  amorphous  when  dry.  easily  soluble  in  water,  sparingly 
in  alcohol,  insoluble  in  ether;  decomposing  below  100°.  (Beil  stein,  Ann.  Ch. 
Pharm.  cxxii.  366.) 

ZSiraJtAMI3>ES.  A  group  of  tertiary  diamidos  (i.  172),  formed  by  the  action 
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of  ammonia  on  certain  aldehydes,  2  at.  of  ammonia  uniting  with  3  at.  of  the  alde- 
hyde, and  3  at.  water  being  eliminated,  as  shown  by  the  equation — 

3C7H60       +     2NH3         =        N'(C7H6)3     +     3H20 

Bitter  Almond  Oil.  Hydrobcnzamide. 

The  following  are  the  hydramides  at  present  known  : — 

Furfuramide  ....  CI5H12N20»         =  N2(C5H40)3 

Hydranisamide       .        .        .  C"H24N'0S         =  N2(CSH80)3 

Hydrobenzamide    .        .        ,  C2IH18N2  N2(C7H6)S 

Hydrocinnamide     .      '  ;'•      ;  C"H24N8  N2(C9il8)s 

Hydrosalicylamide .        .        .  C21HI8N203         =  N2(C7HG0)3 

Hydrobromosalicylamide        .  C21HlsBrsN203    =  NJ(C7H5BrO)3 

Hydrochlorosalicylamide        .  C2'H15C1»N203    =  N2(C7H5C10)S 

Glycosine,  N2(C'-=H'-')3,  from  glyoxal  (ii.  919),  may  also  be  regarded  as  a  hydramide, 
or  rather  hydramine. 

The  aldehydes  of  the  fatty  acids  (acetic  aldehyde  and  its  horaologues)  do  not  appear 
to  yield  compounds  of  this  class. 

The  hydramides  are  crystalline  solids,  insoluble  in  water,  soluble  in  alcohol,  not 
volatile  without  decomposition,  and  not  possessing  alkaline  properties  ;  but  when  left 
in  contact  with  strong  caustic  alkalis  (Fownes),  or  when  simply  raised  to  a  high  tem- 
perature (Bertagnini),  they  are  converted  into  isomeric  compounds  possessing  strong 
basic  properties,  e.  g.  furfuramide  into  furfurine,  hydrobenzamide  into  amarine.  The 
difference  of  constitution  between  these  bases  and  the  corresponding  hydramides  ia 
riot  precisely  understood ;  but  Borodine  has  shown  that  amarine  contains  a  larger 
number  of  atoms  of  replaceable  hydrogen  than  its  isomer,  hydrobenzamide.  (See 
HYDROBENZA.MIDE.) 

Some  hydramides,  e.  g.  hydrobenzamide  and  hydrosalicylamide,  are  decomposed  by 
acids,  yielding  ammonia  and  the  corresponding  aldehydes.  By  sulphydric  acid  they  are 
converted  into  sulphuretted  aldehydes  (thialdides),  e,  g.  furfuramide  into  thiofurfol : 

(C5H40)3N3  +    3H2S     =     2NH3   +   3C5H4OS. 

Furfuramide.  Thiofurfol. 

HYDRAWZOTIN.  C2H4N*S4.  Bisulphide  of  Sulpkocarbammonium,  Dihydro- 
sulphuretted  Sulphocyanogen  (Zeise,  Ann.  Ch.  Pharm.  xlviii.  95;  Debus,  ibid. 
Ixxiii.  27). — When  chlorine- water  is  added  by  small  portions  to  a  solution  of  sulpho- 
carbamate  of  ammonium  in  5  or  G  pts.  of  water,  the  liquid  being  well  shaken,  and 
care  being  taken  to  avoid  an  excess  of  chlorine,  this  body  is  produced,  as  a  flocculent 
crystalline  precipitate,  which  must  be  washed  with  cold  water  till  the  wash-water  no 
longer  reddens  ferric  salts,  and  dried  in  vacuo.  It  is  also  produced  by  heating  an 
aqueous  solution  of  sulphocarbamato  of  ammonium,  first  with  a  large  excess  of  sul- 
phuric or  hydrochloric  acid,  then  with  a  ferric  salt. 

Hydranzotin,  when  first  prepared,  is  colourless,  with  a  nacreous  lustre,  and  in- 
odorous ;  but  after  a  while  it  gives  off  sulphuretted  hydrogen.  It  is  very  sparingly 
soluble  in  water,  dissolves  without  alteration  in  alcohol,  and  is  dissolved  by  ether  in  very 
large  quantity,  but  with  some  alteration,  the  solution  reddening  litmus.  An  alcoholic 
solution  of  potash  dissolves  a  considerable  portion  of  it,  yielding  a  neutral  liquid,  which, 
when  boiled,  yields  sulphide  of  potassium,  sulphocyanate  of  potassium  and  sulphur. 

The  same  transformation  takes  place  on  boiling  the  solution  of  the  compound  in 
absolute  alcohol: 

C2H4N2S4     =     H2S  +   2CHNS  +  S. 

The  compound  is  not  decomposed  by  trituration  with  oxide  of  lead,  unless  the  mix- 
ture is  heated.  By  dry  distillation  it  yields  sulphide  of  carbon,  accompanied  by  a 
little  sulphydric  acid,  and  sulphydrate  and  sulphocarbonate  of  ammonium,  leaving  a 
small  quantity  of  a  black  substance.  It  is  not  perceptibly  decomposed  by  sulphuric 
or  hydrochloric  acid. 

HYDRARGAMYX.,  HYDRARGETHYI,,  &c.      See  MEUCUBAMYL,  MERCUR- 

BTHYL,  &C. 

HYDRARGYX.I.ITE.      See  GlBBSITE  (ii.  838). 

HYDRARGYRUM.     Syn.  with  MERCURY. 

HYDRASTINE.  An  alkaloid  discovered  by  J.  D.  P  e  r r i  n  s  (Pharm.  J.  Trans.  [2] 
iii.  546)  in  the  root  of  Hydrastif  Canadensis,  in  which  it  exists  to  the  amount  of  about 
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l£  per  cent.,  together  with  berberine :  it  appears  also  to  have  been  previously  noticed  in 
1851  by  Durand  (Amer.  J.  Pharm.  xxiii.  112).  It  is  very  soluble  in  dilute  mineral 
acids,  which,  on  the  other  hand,  dissolve  berberine  but  sparingly:  it  may  therefore  be- 
conveniently  obtained  from  the  alcoholic  mother-liquors  remaining  after  the  separation 
of  berberine  (i.  379).  For  this  purpose,  the  alcohol  is  distilled  off,  and  the  liquid, 
largely  diluted  with  water,  is  cautiously  mixed  with  ammonia  till  the  resulting  preci- 
pitate, consisting  of  a  dark-coloured  resin,  no  longer  disappears  on  stirring.  If  the 
filtrate  be  then  mixed  with  a  slight  excess  of  ammonia,  hydrastine  is  precipitated  as  a 
brownish-yellow  powder,  appearing  like  starch  under  the  microscope,  and  gradually  be- 
coming crystalline.  By  repeated  crystallisation  from  alcohol,  with  help  of  animal  char- 
coal, it  is  obtained  in  colourless,  shining,  four-sided  prisms,  becoming  dull  Avhen  dry. 

Hydrastine  is  nearly  insoluble  in  water,  but  dissolves  easily  in  alcohol,  ether,  chloro- 
form and  benzene,  and  may  be  extracted  directly  from  the  pulverised  root  by  heating 
it  in  a  percolator  with  either  of  these  solvents,  neither  of  which  will  dissolve  berberine. 

Hydrastine  melts  at  a  temperature  a  little  above  100° ;  it  has  a  sharp  bitter  taste,  but 
does  not  appear  to  be  poisonous.  Strong  nitric  acid  colours  it  yellowish-brown ;  with 
sulphuric  acid  and  chromate  of  potassium,  or  peroxide  of  lead,  it  assumes  a  brick-red 
to  carmine-red  colour.  Its  solutions  mixed  with  chlorine-water  acquire  a  blue  fluo- 
rescence. 

The  salts  of  hydrastine  are  for  the  most  part  soluble. 

HYDRATES.  This  term  is  applied  to  compounds  containing  oxygen  and  hydrogen, 
the  whole  or  part  of  which  exists,  or  may  be  supposed  to  exist,  in  the  form  of  water; 
e.g. 

Hydrate  of  chlorine  .  .  C1.5H20  Hydrate  of  sodium  .  Na2O.H20 
Hydrated  chloride  of  barium  BaCl2.2H20  Sulphuric  acid  .  .  .  S03.H20 
Crystallised  sulpharsenate  Crystallised  alum  .  A12KS208.6H20 

of  sodium  .  .  2Na3AsS4.15H20  Crystallised  glucose  .  C6H1206.H-0 
Hydrate  of  turpentine  .  C'°H16.2H20 

Hydrated  oxides  may  be  regarded  either  as  compounds  of  water  with  anhydrous 
oxides,  as  in  the  formulae  of  hydrate  of  sodium  and  sulphuric  acid  above  given,  the 
water  playing  the  part  of  an  acid  in  the  one  case  and  of  a  base  in  the  other ;  or  as 
compounds  formed  from  a  simple  or  complex  molecule  of  water,  wH20,  by  the  replace- 
ment of  part  (mostly  half)  of  the  typic  hydrogen  by  a  radicle  either  positive  or  negative: 
thus, 

Basic.  Acid.  Alcoholic. 


Water. 
H2O 


Hydrate 
of  sodium. 


Nitric  acid. 


Ethylic  alcohol. 


H2 
H2 


O2 


Calcic   hydrate. 

Ca"fo2 

H2  JU 

Hydrate  of 
aluminium. 

Al" 

H3 


Stannic  hydrate 

grjo- 


Ferric  hydrate. 


H 

Sulphuric  acid. 


O3 


Orthophosphoric 
acid. 

(POT 

H3 


Glycero-sulphuric 
acid. 


Glycol. 

(CP"jo* 

Glycerin. 
(CSH5)' 

H3 

Triethylenic 
alcohol. 


(SO 
(C3H 


>2)"    ) 

HT 

H3     J 


0« 


(C2H4)S 
H* 


0' 


Pyrophosphoric 
acid. 

CEHOJ-JO, 

Glycerptartaric 

acid. 
(C4H202)" 

H* 


Tetrethylenic 
alcohol. 


(C'H4)4 

H2 


Pentethylenic 
alcohol. 


4H202)'M 
(C3H5)'"  \  O6 
H*    J 


Triglycerin. 


The  last  three  compounds  in  the  third  column  and  the  last  four  in  the  fourth,  afford 
examples  of  hydrates  in  which  more  than  half  tho  typic  hydrogen  is  replaced  by  an 

N  2 
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acid  or  alcoholic  radicle:  other  examples  of  such  hydrates  (which  may  also  be  regarded 
as  anhydrides,  inasmuch  as  they  are  formed  by  dehydration  of  normal  hydrates)  will 
be  found  under  ETHTLENE,  HYDRATES  of  (ii.  576),  GLYCERYL,  HYDRATES  of  (ii.  894), 
GLYCEXOTARTAUIC  ACIDS  (ii.  893). 

Metallic  hydrates  retain  the  elements  of  water  with  various  degrees  of  force. 
Hydrate  of  copper  parts  with  its  water  at  a  very  moderate  heat ;  hydrate  of  calcium, 
at  a  strong  red  heat ;  while  the  hydrates  of  potassium  and  sodium  are  not  decomposed 
by  the  strongest  heat  that  can  bo  applied  to  them.  Hydrated  acids  likewise  exhibit 
various  degrees  of  stability.  Tribasic  phosphoric  acid,  P205.3H20  or  PHS04,  gives  off 
part  of  its  water  at  a  red  heat,  being  converted  first  into  the  dibasic  acid,  P2Oa.2H20, 
and  ultimately  into  the  monobasic  acid,  P205.H20,  which  resists  further  decomposition. 
The  hydrates  of  volatile  acids  exhibit  remarkable  relations  to  heat.  Under  given  cir- 
cumstances of  pressure  and  temperatures,  there  is  for  each  acid  a  certain  proportion  of 
water  which  forms  a  stable  compound,  a  weaker  acid  under  that  pressure  and  tempe- 
rature giving  off  water,  and  a  stronger  acid  giving  off  acid,  till  the  most  stable  compound 
remains  behind  (Roscoe,  Chem.  Soc.  Qu.  J.  xiii.  146).  See  SULPHURIC  ACID,  NITRIC 
A.CID,  CHLORHYDRIC  ACID,  &c. 

The  hydrates  of  the  stronger  acids  and  bases  may  be  formed  by  direct  combination  of 
the  anhydrous  base  or  acid  (anhydride)  with  water,  the  combination  being  sometimes  at- 
tended with  great  evolution  of  heat,  as  in  the  case  of  sulphuric  acid,  baryta,  and  lime. 
In  other  cases,  the  hydrate  cannot  be  formed  directly,  and  in  others  again  the  union 
takes  place  but  slowly.  Acetic  anhydride  may  be  left  in  contact  with  water  for  several 
days  without  dissolving  in  it ;  but  on  the  application  of  heat,  it  gradually  dissolves. 
Among  organic  acids,  it  is  found  that  dibasic  acids  are  formed  by  the  direct  union  of 
the  anhydride  and  water,  and  that  the  hydrate  may  be  decomposed  by  heat :  this  is 
the  case  with  succinic  and  tartaric  acids ;  whereas  the  hydrates  of  monobasic  acids, 
euch  as  acetic  acid,  cannot  be  thus  decomposed  by  heat  alfine.  This  difference  is  pro- 
bably related  to  the  fact,  that  the  molecule  of  a  dibasic  acid,  like  succinic  acid, 

H2       ( ^2>  conta^ns  a  sufficieut  number  of  atoms  of  basic  hydrogen  to  form  water ; 

f12TT3O ) 
whereas  the  molecule  of  a  monobasic  acid,  such  as  acetic  acid,      TT     [  0,  does  not. 

The  hydrates  of  lithium,  sodium,  potassium,  barium,  strontium,  and  thallium,  are 
easily  sohible  in  water,  forming  strongly  alkaline  solutions ;  hydrate  of  calcium  is 
moderately  soluble ;  the  other  metallic  hydrates  are  insoluble  or  nearly  so ;  those  of 
magnesium,  mercury,  lead,  and  silver  are,  however,  sparingly  soluble.  The  hydrates 
of  the  more  acid  or  chlorous  radicles  are  all  more  or  less  soluble  in  water,  with  the 
exception  of  certain  organic  acids  of  high  atomic  weight,  such  as  the  higher  members 
of  the  fatty  acid  series,  palmitic,  stearic,  cerotic  acid,  &c. :  these  bodies  dissolve  readily 
in  alcohol  and  in  ether.  Similar  remarks  apply  to  the  alcoholic  hydrates. 

In  many  hydrated  compounds,  part  or  the  whole  of  the  oxygen  and  hydrogen  ap- 
pears actually  to  exist  as  water,  as  in  bases,  salts,  &c.,  containing  water  of  crystallisation : 
e.g.  crystallised  hydrate  of  barium,  Ba"H-(J'-.8lPO,  crystallised  alum  (S04)'-Ar"K.12H-O. 
Water  can  unite  in  this  manner  with  salts  and  other  bodies  in  the  most,  various  pro- 
portions, sometimes  one  molecule  of  the  salt  being  united  with  several  molecules  of 
water,  as  in  the  instances  above  given,  and  sometimes,  though  less  frequently,  ono 
molecule  of  water  with  two  or  more  molecules  of  the  salt ;  sometimes  in  more  complex 
proportions,  as  in  crystallised  nitrate  of  strontium,  Sr"(N03)-.5H20. 

Water  thus  united  with  a  salt  or  other  body  is  for  the  most  part  expelled  at  100°  C. : 
some  salts;  however,  retain  part  of  their  water  with  greater  tenacity  than  the  rest ;  thus 
crystallised  sulphate  of  zinc,  Zn"SO*.7H20,  gives  off  6  at.  water  at  100°,  but  retains  the 
seventh  atom  till  heated  to  238° ;  sulphate  of  magnesium,  Mg"S04.7H20,  exhibits  a 
similar  deportment.  Moreover,  this  last  atom  of  water,  which  by  its  greater  stability 
appears  to  be  more  intimately  united  with  the  salt  than  the  rest,  may  be  replaced  by  a 
molecule  of  another  salt,  as  sulphate  of  potassium  or  ammonium : 

Crystallised  sulphate  of  zinc        .        .         .  Zn"S04.H20  +  6  aq. 

Sulphate  of  zinc  and  potassium    .        . 

Water  united  with  a  salt  in  this  manner  is  called  by  Graham  constitutional'  water, 
to  distinguish  it  from  water  of  crystallisation.  Liebig  distinguishes  these  hydrated 
compounds,  e.g.  Zn"S04.H20,  by  the  term  halhydrates. 

HYDRAULIC  LIMESTONE.     See  LlMESTONE. 

HYDRIDES.  This  term  is  applied  chiefly  to  the  compounds  of  hydrogen  with 
metals,  alcohol-radicles,  and  organic  acid-radicles,  e.g.  hydride  of  copper,  Cu2H'-J ; 
hydride  of  ethyl,  C-H5.H;  hydride  of  benzoyl,  C7H5O.H. 
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Metallic  Hydrides.  A  few  only  of  these  compounds  are  known.  The  most 
important  are  the  gaseous  hydrides  of  arsenic  and  antimony,  AsH3  and  SbH3 
(i.  322,  371),  formed  on  the  ammonia  type.  Phosphorettcd  hydrogen,  or  phosphamine, 
PH.3,  belongs  to  the  same  class.  There  is  also  a  solid  hydride  of  arsenic,  supposed  to 
have  the  composition  AsH'-,  produced  when  water  is  electrolysed  by  a  strong  current, 
with  metallic  arsenic  for  the  negative  pole.  It  is  doubtful  whether  a  hydride  of 
bismuth  exists,  analogous  to  the  gaseous  arsenides  of  arsenic  and  antimony.  Hydride 
of  copper,  Cu2H2,  produced  by  the  action  of  hypophosphorous  acid  on  aqueous 
cupric  sulphate,  is  remarkable  for  its  reaction  with  hydrochloric  acid,  the  products  of 
which  are  cuprous  chloride,  Cu"CF,  and  free  hydrogen  (ii.  66).  A  hydride  of  iron  has 
been  obtained  by  Wanklyn  and  Carius  (Ann.  Ch.  Pharm.  cxx.  69)  by  acting  on 
ferrous  iodide  with  zinc-ethyl.  It  is  a  black  metallic  powder,  which  gives  off  hydrogen 
when  immersed  in  water. 

Hydrides  of  Alcohol-radicles.— I.  Of  the  radicles  CnH2n+1.  These  hydrides 
are  the  homologues  of  marsh-gas,  or  hydride  of  methyl,  CH3.H,  the  lowest  term  of  the 
series.  The  hydrides  of  ethyl,  trityl,  and  tetryl  are  gaseous  at  ordinary  temperatures ; 
the  rest,  up  to  C15H32,  the  highest  yet  obtained,  are  liquids  of  more  or  less  disagreeable 
odour,  burning  with  a  slightly  smoky  flame,  and  regularly  increasing  in  specific 
gravity,  vapour-density,  and  boiling-point,  as  their  atomic  weights  become  greater. 
The  highest  terms  of  the  series  will  doubtless  be  found  to  be  solid  waxes  and 
paraffins. 

Hydride  of  methyl  (marsh-gas)  is  produced  by  the  putrefaction  and  dry  distillation 
of  organic  bodies,  and  by  distilling  acetic  acid  or  acetone  with  excess  of  potash  (i.  1'J). 
Hydride  of  ethyl  is  obtained  by  the  decomposition  of  ethyl  itself,  which  under  certain 
circumstances  splits  up  into  this  compound  and  ethylene  (ii.  565) : 

2C2H5     =     C2H5.H   +   C2H4; 

also  when  iodide  of  ethyl  is  decomposed  by  zinc  in  presence  of  water: 
2C2H5I   -f  H20   H-  Zn'    =     2(C2H5.H)  +  Zn2I20. 

Hydride  of  tetryl,  C4H9.H,  is  produced  by  heating  tetrylic  alcohol  with  chloride  of 
zinc,  and  hydride  of  amyl,  C5H".H,  together  with  several  of  its  higher  homologues,  by 
similar  treatment  of  amylic  alcohol  (p.  147). 

Hydride  of  amyl  and  some  of  its  homologues  are  also  contained,  together  with 
other  hydrocarbons,  in  the  light  oils  resulting  from  the  distillation  of  Boghead  coal 
(Gr.  Williams,  Phil.  Trans.  1857,  p.  737;  Jahresber.  1857,  p.  437.— Chem.  Soc.  J. 
xv.  130),  and  of  Wigan  cannel  coal  (Schorlemmer,  Chem.  Soc.  J.  xv.  419):  for 
the  mode  of  separating  them,  see  p.  146.  Many  of  these  alcoholic  hydrides  are  also 
contained  in  American  petroleum  or  earth-oil  (which  indeed  appears  to  consist  almost 
entirely  of  them),  hydride  of  hcxyl,  CBH14,  constituting  the  principal  portion  (Pelouze 
and  Cahours,  Ann.  Ch.  Pharm.  cxxiv.  289;  cxxvii.  196;  cxxix.  87).  They  are  separated 
by  fractional  distillation,  and  purified  by  successive  treatment  with  sulphuric  acid  and 
carbonate  of  sodium,  desiccation  with  anhydrous  chloride  of  calcium,  distillation  over 
sodium,  and  final  rectification.  In  this  manner,  Pelouze  and  Cahours  have  obtained 
twelve  of  these  hydrides,  included  under  the  general  formula  CnH2n+2,  from  hydride 

Specific  Gravities  and  Soiling  Points  of  Alcoholic  Hydrides,  CnH2n+2- 
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of  tetryl,  C'H10,  boiling  at  a  few  degrees  above  0°,  to  hydride  of  peutadecatyl,  CI5H3*, 
boiling  between  255°  and  260°.  The  oil  also  yields  a  quantity  of  liquid  boiling  above 
300°,  and  doubtless  containing  some  of  the  higher  terms  of  the  same  series.  Moreover, 
in  boring  for  it,  large  quantities  of  gas  escape,  exhibiting  the  characters  of  marsh-gas  : 
hence  it  is  probable  that,  in  the  great  geological  changes  which  have  given  rise  to  the 
separation  of  this  remarkable  liquid,  the  whole  series  of  homologous  alcohol-hydrides 
Qnjpn+2  kag  been  produced,  from  marsh-gas  up  to  the  highest  paraffins. 

The  preceding  table  (p.  181)  exhibits  the  specific  gravities  and  boiling-points  of  the 
alcoholic  hydrides  obtained  from  these  several  sources.  The  vapour-densities  have  also 
been  determined  in  all  cases,  and  found  to  agree  nearly  with  those  calculated  from  the 
respective  formulae  for  a  condensation  to  2  volumes.  Wurtz's  determinations  were 
made  on  the  hydrides  obtained  by  the  decomposition  of  amylic  alcohol;  Schorlemmer's, 
on  those  from  cannel-naphtha  ;  those  of  Pelouze  and  Cahours,  on  the  hydrides  from 
American  petroleum. 

These  alcoholic  hydrides  are  very  stable  compounds.  They  are  little,  if  at  all,  acted 
upon  by  fuming  nitric  acid,  strong  sulphuric  acid,  or  bromine  ;  but  chlorine  converts 
them  all  into  the  corresponding  alcoholic  chlorides  CnH2n'flCl. 

Each  alcoholic  hydride  of  the  series  CnH2n+1.II  (except  hydride  of  methyl)  is 
identical  in  composition  with  a  radicle,  simple  or  mixed,  belonging  to  the  same  series  : 
thus  — 

Hydride  of  Ethyl  C2H5.H        =       Methyl  CH3.CH3 

Trityl  C3H7.H        =       Methyl-ethyl    CH3.C2H5 
Tetryl  C<H8.H        =       Ethyl  C2H3.C2H5 

Amyl   CSH".H       =      Ethyl-trityl      C2H5.C8H7 

and  generally  :  =      Methyl-tetryl    CH3.C«H» 

C2mH4m+1.H    =      CmH2m+1.  CmH'-'m+I 

C2m-HJIJm  +  3  JJ       =         OH2™*1.   O+l.  H2m+3 


The  question,  therefore,  arises  :  are  the  members  of  the  two  series,  the  alcohol- 
radicles  and  their  hydrides,  identical  or  only  isomeric?  Soon  after  the  isolation  of  the 
alcohol-radicles  by  Frankland  and  Kolbe,  in  1849,  Laurent  and  Gerhardt  pronounced 
the  opinion  that  these  compounds  were  the  homologues  of  marsh-gas.  This  view  has 
not  been  generally  received  as  correct  (see  ALCOHOL-RADICLES  i.  96)  ;  but  recently, 
Schorlemmer  (Chem.  Soc.  J.  xv.  425)  has  endeavoured  to  solve  the  question  by 
examining  the  products  obtained  by  the  action  of  chlorine  on  the  radicles  and  their 
isomeric  hydrides.  He  finds  that  ethyl-amyl,  C2H5.  C5H",  treated  with  chlorine,  yields 
a  chloride,  C7H15C1,  agreeing  in  composition,  as  well  as  in  boiling  point  and  other 
physical  properties,  with  that  which  is  produced  by  the  action  of  chlorine  on  hydride 
of  heptyl  (p.  144).  Fromamyl,  C10H",  Schorlemmer  obtained,  in  like  manner,  a  chloride, 
C10H21C1,  boiling  at  about  200°,  which  he  regards  as  identical  with  that  which  Wurtz 
obtained  by  the  action  of  chlorine  on  hydride  of  decatyl,  CIOH2I.H.  From  these 
results,  Schorlemmer  concludes  that  no  chemical  difference  exists  between  the  alcoholic 
hydrides  and  the  radicles,  at  least  among  the  higher  members  of  the  series. 

2.  Hydrides  of  the  Alcohol-radicles  OH2n~7.  —  Two  compounds  of  this  series  are 
known,  viz  :—       Hydride  of  Phenyl  (Benzene)  C8H6     =     C«H5.H 
Hydride  of  Benzyl  (Toluene)  C7H8     =     C7H7.H 

Both  these  hydrides  are  contained  in  the  light  oils  obtained  by  the  distillation  of 
coal.  When  treated.  with  strong  nitric  acid,  they  yield  substitution-products,  in  the  form  of 
heavy  oils,  the  formation  of  which  affords  the  means  of  separating  these  hydrocarbons 
from  those  of  other  series  with  which  they  may  be  mixed  (p.  146).  The  preparation 
and  properties  of  these  hydrides  have  already  been  fully  described  (i.  542,  573). 

The  hydrides  of  alcohol-radicles  of  other  series  have  not  yet  been  obtained. 

Hydrides  of  Acid-radicles:  The  aldehydes,  referred  to  the  hydrogen-type  HH, 
constitute  this  class  of  compounds,  e.g.  acetic  aldehyde,  C2H40  =  C2H3O.H;  benzoic 
aldehyde  (bitter-almond  oil),  C7H60  =  C:H5O.H  (see  ALDEHYDES,  i.  110). 

HYDROAIiOETXC  ACID.  An  acid  formed  from  aloetic  or  chrysammic  acid  by 
the  action  of  water  and  stannous  chloride.  A  dark  violet  powder  is  then  produced, 
which  at  120°  contains,  according  to  Mulder,  SnO-.CP^HWO".  This  stannic  salt, 
treated  with  potash,  gives  off  ammonia  and  assumes  a  blue-violet  colour  ;  and  when  heated 
with  strong  nitric  acid,  gives  off  nitrous  fumes,  turns  red,  and  yields,  first  aloetic  acid, 
then,  after  longer  boiling,  chrysammic  acid  (Mulder,  Ann.  Ch.  Pharm.  Ixxii.  265). 

K  YDROAPATITE.  A  hydrated  phosphate  of  calcium,  containing  fluorine,  found 
in  milk-white,  translucent,  warty  concretions,  in  clefts  of  a  ferruginous-argil- 
laceous rock,  imbedded  in  a  black  slate,  near  St.  Girons  (Ariege)  in  the  Pyrenees. 
It  scratches  fluor-spar,  but  is  scratched  by  steel.  Specific  gravity  =  3*16.  It  contains 
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40-00  per  cent.  P205,  52-35  CaO,  3'36  F,  and  5'30  water,  together  with  6-43  ferric 
phosphate,  agreeing  nearly  with  the  formula  3Ca:1P-Os.(VFJ.3H'0.  (Damour,  Ann. 
Mtn.  [5]  x.  65;  Jahresbcr.  1856,  p.  874.) 

HYDROBENZA1VIIDE.  C2IHI8N3.  Tribensylcnc-diamide,  Hydride  of  Azo- 
bniznyl.  (Laurent,  Ann.  Ch.  Phys.  [2]  Ixii.  23  ;  Ixv'i.  18  ;  [3]  i.  300.—  Bertagnini, 
Ann.'Ch.  Pharm.  Ixxxviii.  127.)  —  This  compound,  which  maybe  regarded  as  a  tertiary 

diamide,  N2(C7H16)3,  in  which  the  hydrogen  is  completely  replaced  by  the  diatomic 
radicle  benzylene,  is  produced  by  the  action  of  ammonia  on  hydride  of  benzoyl  (bitter 
almond  oil).  When  rectified  bitter  almond  oil  (boiling  at  180°)  is  left  in  contact  with 
aqueous  ammonia  for  a  few  days,  or  for  only  six  or  eight  hours  if  the  liquid  be  pre- 
viously heated  to  the  boiling  point  of  the  ammoniacal  solution,  a  crystalline  mass  is 
formed,  which  must  be  broken  up,  washed  rapidly  with  ether  to  remove  adhering  oil, 
and  then  dissolved  in  boiling  alcohol,  which  leaves  undissolved  a  number  of  secondary 
products  resulting  from  the  action  of  the  ammonia  on  hydrocyanic  acid  contained  in 
the  bitter  almond  oil.  According  to  Ekman  (Ann.  Ch.  Pharm.  cxii.  151),  hydrobcn- 
zamide  may  be  obtained  in  fine  crystals  by  mixing  bitter  almond  oil  with  an  equal 
volume  of  ether  and  strong  aqueous  ammonia,  and  leaving  the  mixture  at  rest. 

Hydrobenzamide  separates  from  its  alcoholic  solution  in  colourless  octahedrons  with 
a  rhombic  base,  truncated  on  their  longer  lateral  edges.  Angles  of  the  terminal  edges, 
130°  and  122°;  angles  of  the  lateral  edges,  84°  50'.  It  is  insoluble  in  water,  very 
soluble  in  alcohol  and  ether.  The  crystals  are  destitute  of  taste  and  odour,  but  the 
alcoholic  solution  has  a  taste  of  burnt  almonds.  The  crystals  melt  at  110°,  forming 
a  thick  oil,  which  has  a  sweet  taste,  and  solidifies  after  a  while  to  an  opaque  brown 
mass. 

Decompositions.  —  1.  Hydrobenzamide,  when  heated  in  the  air,  takes  fire,  and  burns 
with  a  not  unpleasant  odour  (Laurent).  —  2.  Between  120°  and  130°  it  changes  in 
three  or  four  hours  into  amarine  (Bertagnini).  —  3.  By  dry  distillation,  it  yields 
lophine  and  a  strong-smelling  volatile  oil,  leaving  a  small  quantity  of  carbonaceous 
matter  (Laurent).  —  4.  When  the  alcoholic  solution  is  continuously  boiled,  ammonia 
escapes,  and  on  evaporating  the  alcohol,  bitter  almond  oil  remains  (Laurent).  — 
5.  Boiled  with  aqueous  chromic  acid,  it  yields  a  large  quantity  of  benzoic  acid 
(Fownes,  Phil.  Trans.  1845,  263).  —  6.  With  acids,  even  at  ordinary  temperatures, 
it  yields  bitter  almond  oil  and  the  ammonia-salt  of  the  acid  (Laurent,  Fownes).  — 
7.  Boiled  with  potash-Icy,  it  changes  gradually  and  without  perceptible  decrease  of 
weight,  into  a  m  a  r  i  n  e,  only  a  faint  odour  of  bitter  almond  oil  being  evolved  (Fownes). 
Boiled  with  alcoholic  potash,  it  gives  off  a  small  quantity  of  ammonia  and  bitter 
almond  oil  (Laurent).  —  8.  When  it  is  fused  with  hydrate  of  potassium,  the  mass 
becomes  first  light  yellow,  then  dark  yellow,  and  ultimately  brown  and  black  ;  and  if 
slowly  heated,  gives  off  nothing  but  ammonia  :  if  the  heat  be  continued,  there  is  given 
off,  besides  ammonia,  a  mixture  of  about  4  vol.  hydrogen  gas  to  1  vol.  carburetted 
hydrogen.  The  black  residue  contains  carbonate  and  cyanide  of  potassium,  benzo- 
stilbin,  benzolone,  and  a  small  quantity  of  a  yellow  oil,  which  thickens  and  becomes 
viscid  on  exposure  to  the  air  ;  the  mass,  which  has  then  become  dark  yellow,  contains 
nothing  but  benzostilbin  and  a  considerable  quantity  of  the  yellow  oil  (Kochleder, 
Ann.  Ch.  Pharm.  Ixi.  89).  —  9.  Heated  -with  potassium,  it  yields  a  red  fusible  mass  and 
a  small  quantity  of  charcoal  (Laurent).  —  10.  When  sidphi/dric  acid  is  passed  through 
the  alcoholic  solution,  sulphide  of  benzylene  is  produced  (C  a  hours).-  11.  A  solution 
of  hydrobenzamide  in  absolute  alcohol  mixed  with  a  solution  of  sulphurous  ankydridt 
in  absolute  alcohol,  deposits,  after  a  while,  a  white  precipitate  of  sulphite  of  beuzoyl 
and  ammonium,  C7H3(lsH4)S03,  and  the  remaining  solution  yields  by  distillation, 

first  alcohol,  then  diethyl-benzylenic  ether,  Klg65L  |  O2  (E.   Otto,  Ann.  Ch.  Pharm. 

cxii.  305).  —  12.  When  hydrobenzamide  is  saturated  with  hydrochloric  acid  gas,  a 
compound  free  from  nitrogen  slowly  volatilises,  whilst  a  non-volatile  azotised  compound 
remains  behind,  which  is'not  altered  by  ether,  but  is  dissolved  by  alcohol,  with  sepa- 
ration  of  sal-ammoniac.  This  compound  (hydrochlorate  of  hydrobenzamide)  is  re- 
solved by  water  into  sal-ammoniac  and  hydride  of  benzoyl  : 

C21H18N2.2HC1  -{-   3H-0     =     2NH4C1  +   3C7H60, 
and  by  absolute  alcohol  into  sal-ammoniac  and  diethyl-bcnzylenic  ether  : 


C21H18N2.2HC1   +    6C2H60     =     2XH'C1  +   3  [^7  JO2]. 

(Ekman,  Ann.  Ch.  Pharm.  cxii.  151  ;  Jahresber.  1859,  p.  317.—  Lieke,  ibid.  318). 

Hydrochlorate  of  hydrobenzamide,  heated  to  160°—  230°,  yields,  besides  hydrochloric 
acid,  an  oily  distillate,  containing  benzonitrile  and  chloride  of  benzyl,  C7IPC1  (i.  573), 
and  leaves  a  red-brown  residue,  which  is  separated,  by  digestion  with  alcohol  at  ordinary 
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temperatures,  into  a  brown  solution  (A)  and  yellow  flocks.  The  latter  dissolve  in  a 
mixture  of  alcohol  and  chloroform,  forming  a  solution  which  deposits  two  modifications 
of  lophine,  C2IHI6N2  ;  the  one  crystallising  in  needles  which  melt  at  230°,  the  other  in 
needles  which  melt  at  170°  (see  LOPHINE).  The  brown  solution  (A)  yields,  first,  the 
two  modifications  of  lophine  just  mentioned  ;  secondly,  a  base,  probably  arnarine, 
melting  at  90°  ;  thirdly,  a  base,  C-'H-°N2,  which  melts  at  100°,  forms  an  oxalate, 
C2IH20N2.C2H204,  crystallising  from  alcohol  in  nacreous  laminae,  and  a  platinum-salt, 
C21H20N2,HCl.PtCF.2H20,  in  microscopic  prisms  ;  fourthly,  another  modification  of  the 
same  base,  whose  platinum-salt  is  anhydrous  ;  and  fifthly,  an  oily  base,  CI4H28N2, 
forming  a  hydrochlorate,  which  melts  at  220°,  dissolves  easily  in  water  and  alcohol, 
and  crystallises  in  six-sided  prisms.  (Ekrnan,  loc.  cit.  —  Kiihn,  N.  Jahrb.  Pharm.  xvi. 
292;  Jahresber.  1861,  p.  404.) 

13.  Hydrobenzamide  heated  with  2  at.  iodide  of  ethyl  to  80°  —  100°,  yields  a  dark- 
brown  viscid  mass,  which,  after  purification  by  solution  in  alcohol,  precipitation  by 
water,  &c.,  is  found  to  consist  of  di-iodide  of  tribenzylene-diethyl-diammonium 

[(C"H6)3(C2H5)2N2]"I2  ;  and  the  alcoholic  solution  of  this  iodide,  treated  with  oxide 

of  silver  or  hydrate  of  lead,  yields  the  base  C25H28N20  =  [(C7H6)3(C2H»)*N*]0.  This 
base,  again  treated  with  iodide  of  ethyl,  does  not  yield  any  distinct  compound. 
(Borodine,  Ann.  Ch.  Pharm.  cv.  257.) 

Amarine,  isomeric  with  hydrobenzamide,  behaves  differently  with  iodide  of  ethyl  ; 
yielding  hydriodate  of  diethylamarine,C21H16(C2H5)2N2.HI,  from  which,  by  heating  tho 
potash,  diethylamarine  itself,  C2IHI6(C2H5)2N2  may  be  obtained  ;  and  this  base,  again 
treated  with  iodide  of  ethyl,  yields  another  base,  which  forms  crystalline  salts,  and 
appears  to  contain  a  larger  proportion  of  ethyl.  This  base  is  likewise  acted  upon  by 
iodide  of  ethyl,  yielding  a  hydriodate  just  like  the  former.  Hence  Borodine 
concludes  that  amarine  contains  at  least  3  at.  H,  replaceable  by  ethyl,  and  represents 
it  provisionally  "by  the  formula  N  j  N(C7H5)3H. 

Chloride  of  Hydrobenzamide,  C21H18N2C12  (Th.  Miiller,  Ann.  Ch.  Pharm. 
cxi.  144;  Jahresber.  1859,  p.  315),  is  produced  by  passing  dry  chlorine  gas  over 
hydrobenzamide,  which  then  takes  up  19  '5  per  cent,  chlorine,  and  melts  to  a  viscid 
yellow  liquid.  It  is  decomposed  by  water,  yielding  sal-ammoniac,  hydrochloric  acid,  and 
an  oily  mixture  of  hydride  of  benzoyl  and  benzonitrile,  boiling  between  180°  and  190°: 

NH'Cl  +   HCJ. 


Chloride  of  hydro-  Hydride  of         Benzo- 

benzamide.  benzoyl.  nitrile. 

By  anhydrous  ether  it  is  resolved  into  sal-ammoniac,  and  a  mixture  of  benzonitrile 
with  an  oily  body  which  boils  at  183°,  and  has  the  composition  of  chlorohydrobenza- 
mide  (see  below),  but  differs  from  that  substance  by  its  ready  decomposibility  by  water 
into  benzonitrile  and  hydride  of  benzoyl. 

Chloride  of  hydrobenzamide  heated  to  180°  —  200°  is  resolved  into  hydrochloric  acid, 
chlorohydrobenzamide,  C21H17C1N2,  which  distils  over  as  a  colourless  oil,  and  a  residue 
which  solidifies  on  cooling,  and  is  resolved,  by  successive  treatment  with  water,  ether, 
and  alcohol,  into  the  following  compounds: 

The  aqueous  solution  deposits  on  cooling  a  white  powder,  which  separates  from 
alcohol  in  hard  granular  crystals,  consisting  of  C^H^CIN'.HCI  or  C28H21N2.C12  ;  from 
water  the  same  compound  crystallises  with  1  at.  H80.  Ammonia  added  to  the  solution 

throws  down  [?  as  a  hydrate]  the  base  CfflH24N2  =  N2(C7H6)4,  which  may  be  called 
tetrabenzylene-diammonium.  The  chloroplatinate,  C28H24Cl2N2.PtCl2,  is  easily 
soluble. 

The  ethereal  solution  deposits  crystalline  needles  insoluble  in  water,  subliming  at 
300°,  and  having  the  composition  C28H2IN3. 

The  alcoholic  solution  yields  crystals  insoluble  in  water  and  in  ether,  and  containing, 
when  dried  over  oil  of  vitriol,  C23H23N3.HC1.2H20.  If  the  base  be  separated  from  this 
salt  by  ammonia,  and  redissolved  in  hydrochloric  acid,  the  solution  yields  by  evapora- 
tion a  basic  hydrochlorate,  2C23H23N3.HC1.2H20.  The  chloroplatinate,  which  is  light 
yellow,  contains  2(C23H23N3.HCl).PtCl4  (platinum,  by  experiment,  17'4  per  cent.;  by 
calculation,  17'9). 

Chlorohydrobenzamide.  C21H17C1N2.  (Th.  M  ii  11  e  r,  loc.  cit.}—  When  chloride 
of  hydrobenzamide  is  heated  to  180°  —  200°,  this  compound  distils  over  as  a  colourless 
oil,  heavier  than  water,  and  having  a  pungent  odour  of  chlorine  and  benzonit.rile 
together.  It  dissolves  easily  in  alcohol  and  in  ether,  and  is  slowly  decomposed  by 
water,  with  formation  of  hydrochloric  acid.  When  left  in  contact,  for  24  hours, 
with  a  mixture  of  nitric  and  sulphuric  acids,  it  forms  a  solution  from  which  water 
throws  down  crystallisable  nitrobenzonitrile, 
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Chloronitro-hydrobenzamide.  C21H16C1(N02)N2.  (Miiller,  loc.ciL}—  This  com- 
pound is  formed  when  chlorohydrobenzamide  is  left  for  24  hours  in  contact  with  strong 
nitric  acid,  and  is  precipitated  by  water  from  the  acid  solution,  as  an  oily  very  pungent 
liquid.  It  is  soluble  in  alcohol,  and  the  solution  is  decomposed  by  sulphide  of  ammo- 
nium, yielding  benzonitrile  and  sulphobeiizamide  : 


C21H1GC1(N02)N2  +   3H2S     =     2C7H5N  +   C7H7NS2  +   2H20   +  HC1  +  S3. 

Chloronitro-hydrobenz-  Benzonitrile.      Sulphobenz- 

amide.  amide. 

HYBROBENZII.E!.  C14H120.  (Zinin,  J.  pr.  Chem.  xxxiii.  35.)—  A  product  of 
the  action  of  sulphide  of  ammonium  on  benzile  (CHH'°02).  It  is  insoluble  in  water, 
soluble  in  alcohol  and  ether,  and  crystallises  from  these  solutions  in  the  shape  of  con- 
cavo-convex lenses.  The  crystals  melt  at  47°,  forming  a  colourless  liquid,  which  distils 
without  alteration,  and  solidifies  in  a  crystalline  mass  at  42°.  They  have  the  smell  of 
bitter  almonds,  and  a  saccharine  pungent  taste.  They  dissolve  readily  in  sulphuric 
acid,  and  are  precipitated  therefrom  by  water.  They  are  slowly  attacked  by  chlorine, 
and  not  sensibly  altered  by  boiling  potash. 

HlTDROBENZoiw.  CHH1402.  (Zinin,  Ann.  Ch.  Pharm.  cxxiii.  125.)—  Acorn- 
pound  produced  by  the  action  of  nascent  hydrogen  on  benzoyl-hydride  (bitter  almond- 
oil),  and  containing  the  elements  of  2  molecules  of  that  compound  (C14H1202),  and 
1  molecule  of  hydrogen,  H2.  To  prepare  it,  4pts.  of  bitter  almond  oil  free  from  prussic 
acid  are  dissolved  in  6  pts.  alcohol  of  85  per  cent.  ;  the  solution  is  mixed  with  4  pts. 
alcohol  previously  saturated  with  hydrochloric  acid  gas;  and  one  pt.  of  finely-granu- 
lated zinc  is  carefully  added,  so  that  it  may  dissolve  without  perceptible  evolution  of 
hydrogen.  "When  the  reaction  is  finished,  the  liquid  is  heated  to  the  boiling  point, 
mixed  after  cooling  with  a  small  quantity  of  ether  (to  remove  a  body  which  adheres  to 
the  zinc  and  retards  the  action)  and  with  1  pt.  more  of  alcohol  saturated  with  hydro- 
chloric acid  gas,  then  heated  to  complete  the  reaction,  and  mixed  with  a  quantity  of 
water  three  or  four  times  as  great  as  that  of  the  bitter  almond  oil  taken.  Hydro- 
benzoin  then  separates  as  an  oily  body,  which  soon  solidifies  in  a  crystalline  mass, 
and  may  be  purified  by  washing  in  water,  pressure  between  bibulous  paper  (to  remove 
an  acrid  oil),  and  recrystallisation  from  alcohol  (or  if  somewhat  impure,  previously 
from  ether).  It  is  thus  obtained  in  large  rhombic  plates,  which  melt  at  130°,  and  boil 
above  300°.  When  gently  heated  wnth  2  pts.  nitric  acid  of  specific  gravity  1*38.  it  is 
converted,  without  any  evolution  of  red  vapours  or  formation  of  secondary  products, 
into  pure  benzoin  ;  with  stronger  nitric  acid,  benzil  is  obtained.  It  is  not  attacked  by 
potash,  either  aqueous  or  alcoholic,  even  at  the  boiling  heat. 

HITDROBERBESIWE.  C20H21N04.  (Hlasi  wetz  and  Gilm.  Ann.  Ch.  Pharm. 
Suppl.  ii.  191  ;  Eep.  Chim.  pure,  1863,  p.  426.)  —  A  base  produced  by  the  action  of 
nascent  hydrogen  on  berberine,  as  first  observed  by  Hlasiwetz  (Kep.  Chirn.  pure, 
1862,  p.  367).  It  is  obtained  by  boiling  in  a  flask,  provided  with  a  condensing  tube 
to  cause  the  vapours  to  flow  back,  a  mixture  of  6  pts.  berberine,  100  pts.  water,  10  pts. 
distilled  sulphuric  acid,  20  pts.  glacial  acetic  acid,  a  quantity  of  granulated  zinc,  and  a 
few  pieces  of  platinum  foil.  The  liquid  gradually  loses  its  colour,  and  as  soon  as  the 
froth  exhibits  a  wine-yellow  colour,  which  it  does  after  boiling  for  an  hour  or  two,  tho 
action  is  stopped,  the  liquid  filtered,  any  crystalline  deposits  that  may  have  formed 
are  dissolved  in  dilute  sulphuric  acid,  and  an  excess  of  ammonia  is  added  after  cooling. 
Hydroberberine  is  then  obtained  as  a  bulky  yellowish  deposit,  which  must  be  collected 
on  a  filter,  washed,  dried  at  a  gentle  heat,  then  pulverised,  boiled  in  alcohol,  and  puri- 
fied by  repeated  crystallisation  from  alcohol.  Instead  of  precipitating  the  base  by 
ammonia,  it  may  be  advantageously  obtained  as  a  hydrochlorate,  by  adding 
common  salt  to  the  original  solution.  The  hydrochlorate  is  then  almost  wholly  depo- 
sited in  the  form  of  a  crystalline  powder. 

Hydroberberine  may  also  be  prepared  by  acting  on  berberine  with  sodium-amalgam, 
but  it  is  then  yellow  and  more  difficult  to  purify. 

Hydroberberine  is  deposited  from  a  hot  alcoholic  solution,  in  small  shining  granular 
crystals,  or  flattened  needles,  which  are  colourless  or  slightly  yellowish,  and  appear  to 
belong  to  the  monoclinic  system.  It  differs  from  berberine,  C20H17N04  (the  formula  lately 
determined  by  Perrins,  Chem.  Soc.  J.  xv.  339),  by  four  additional  atoms  of  hydrogen, 
and  may  be  reconverted  into  that  compound  by  the  action  of  nitric  acid.  On  dissolving 
it  in  a  mixture  of  equal  volumes  of  hydrochloric  acid  and  alcohol,  and  dropping  in 
nitric  acid  diluted  with  alcohol,  the  liquid  becomes  coloured,  and  deposits  crystals  of 
hydrochlorate  of  berberine. 

Hydrochlorate  of  Hydroberberine.  C20H21N04.HCL—  Crystals  of  hydroberberine 
spread  upon  a  watch-glass,  under  a  bell-jar  within  which  hydrochloric  acid  is  evolved, 
are  converted  into  a  white  powder,  consisting  of  the  hydrochlorate,  soluble  in  warm 
water,  and  crystallising  in  laminae  on  cooling.  The  salt  may  also  be  obtained  by 
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dissolving  the  base  in  hot  hydrochloric  acid  ;  the  solution  on  cooling  forms  a  jelly,  which 
is  gradually  transformed  into  crystals.  It  is  more  soluble  in  alcohol  than  in  water. 
Its  solutions  yield  copious  precipitates  with  chloride  of  platinum  ;  from  a  warm  alco- 
holic solution,  the  platinum-salt  is  more  gradually  deposited  in  orange-yellow  crystalline 
grains,  consisting  of  2(C-°H2'NCH.HCl).PtCl«. 

The  hydrobromate  and  hydriodate  are  white,  crystalline,  and  very  slightly  soluble. 

The  nitrate,  whicli  is  also  crystalline  and  very  slightly  soluble,  is  seldom  obtained 
pure  by  dissolving  the  base  in  nitric  acid,  because  the  acid  decomposes  it  ;  better  by 
mixing  a  hot,  very  dilute  solution  of  the  sulphate  with  nitrate  of  sodium.  —  The  oxalate 
crystallises  in  small  rhombic  plates,  the  phosphate  in  fine  rhombic  plates. 

Sulphates  of  Hydroberberine.  The  neutral  sulphate,  (C20H21NCH)-.H2S04,  is  ob- 
tained by  dissolving  an  excess  of  the  base  in  very  dilute  sulphuric  acid.  The  liquid 
then  deposits  needles  which  fill  k  entirely,  and  after  being  expressed  and  purified  by 
crystallisation,  are  very  soluble  in  water,  and  contain  a  certain  quantity  of  water, 
which  they  lose  by  exposure  to  the  air;  they  likewise  invariably  contain  a  little 
free  acid. 

When  the  base  is  dissolved  in  a  slight  excess  of  acid,  large  transparent  rhombohe- 
drons  are  obtained,  approaching  nearly  to  the  cube  ;  they  give  off  water  when  exposed 
to  the  air,  and  cannot  be  dissolved  in  water  without  decomposition.  They  appear  to 
be  a  mixture  of  the  neutral  and  acid  sulphates,  containing  4C20H21N04.3SH204.4H20, 

(C"H2'N04)2.SH204;    H2Q 
5    2(C20H31N04.SH20<){ 

A  moderately  dilute  solution  of  this  salt  mixed  with  excess  of  sulphuric  acid  becomes 
turbid  and  deposits  small  mammellated  crystals,  or  a  resinous  mass,  which  gradually 
changes  into  crystals  of  the  acid  salt,  C20H21N04.SIP04,  which  may  be  purified  by  re- 
crystallisation  from  alcohol. 

Tartrate  of  Hydroberberine  forms  mammellated  groups  of  needles. 

Ethyl-hydroberberine.  C22H25N04  =  C20H20(C2H5)N04.—  Hydroberberine  heated 
for  some  hours  in  a  water-bath  with  an  excess  of  iodide  of  ethyl,  yields  a  pasty  mass, 
which  when  taken  up  by  alcohol,  forms  tufts  of  yellow  rhomboidal  prisms,  consisting 
of  hydriodate  of  ethyl-hydroberberine,  C22H25N04.HI,  very  soluble  in  water,  and  con- 
taining water  of  crystallisation,  which  they  give  off  entirely  at  1  00°.  The  mother-liquors 
of  the.  preparation  still  yield  small  quadrangular  laminae  of  another  substance,  the 
admixture  of  which  with  the  first  crystals  must  be  avoided. 

JIYDROBORACXTE.       Hydrated     Borate      of     Calcium     and    Magnesium. 


8B2°3-18H2°-—  Resembles  fibrous  and  foliated  gypsum.     Colour  white  with 

spots  of  red,  from  iron.  Translucent  iii  thin  plates.  Melts  before  the  blowpipe  to  a 
clear  glass,  tinging  the  flame  slightly  green  and  not  becoming  opaque.  Heated  in  a 
tube  it  yields  water.  It  is  slightly  soluble  in  water,  the  liquid  having  a  faint  alkaline 
reaction.  It  dissolves  readily  in  nitric  and  hydrochloric  acids.  It  was  found  by  Hess 
(Pogg.  Ann.  xxxi.  49)  in  a  collection  of  Caucasian  minerals. 

HYDROBOROCAIiCXTE.     Syn.  with  BOROCALCITE. 

HYDROBROMXC    ACID.     See  BKOMIDE  OF   HYDROGEN  (i.  672). 

HYB-ROBRYOTIN.  CI2H74018.  —  An  amorphous  substance,  insoluble  in  ether, 
but  soluble  in  alcohol,  produced  by  the  decomposition  of  bryonin  (i.  685). 

HYDROBUCHOI.ZITE.    See  KYANJTE  (p.  449). 

HYDROCAI.CITE.  Hydrated  carbonate  of  calcium,  CaC03.oH20.  Found  in 
small  rhombohedral  crystals,  forming  an  incrustation  on  wood  under  water.  (See 
CARBONATES.) 

HYDROCARBONS.  Compounds  consisting  of  carbon  and  hydrogen  only.  The 
number  of  bodies  of  this  class  at  present  known  is  vety  great,  but  the  most  important 
of  them  may  be  arranged  in  the  following  groups  : 


1.  Alcohol-radicles     .         .  (^H21^1)2  homologous  with  Methyl  (CH3)3 

2.  Hydrides     of     alcohol- 

radicles        .        .        .  C»H2n+2  „  Marsh-gas  (CH4) 

3.  Olefines         .        .        .  ^H2"1  „  Ethyleneor01efiantgas(C2H') 

4.  Hydrocarbons  •      .         .  CnH2n-2  „  Acetylene  (C3H2) 

5.  Camphenes  or  Terebenes  CnH2n~4      isomeric  with  Turpentine,  C'°H18 

6.  Hydrocarbons        .        .  CnH2n—  6  homologous  with  Benzene  (C6HC) 

7.  Hydrocarbons        .        .  C»H2n-12  „  Naphthalene,  C'°HS 

The  most  fruitful  source  of  hydrocarbons  is  the  dry  or  destructive  distillation  of 
organic  bodies,  the  nature  of  the  products  varying  according  to  the  temperature  at  which 
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the  decomposition  takes  place.  Thus,  coal  when  distilled  at  a  bright  red,  as  for  tho 
production  of  illuminating  gas,  yields  hydrocarbons  belonging  to  the  second,  third,  fourth 
and  sixth  of  the  above  groups,  together  with  a  considerable  quantity  of  naphthalene;  but 
when  distilled  at  the  lowest  temperature  at  which  complete  decomposition  can  take;  place 
it  yields  liquid  hydrocarbons  belonging  chiefly  to  the  second  and  third  groups,  together 
with  a  large  quantity  of  paraffin,  which  probably  also  belongs  to  the  second  group.  The 
slow  decomposition  of  organic  matters  buried  beneath  the  surface  of  the  earth  has  also 
yielded  large  quantities  of  hydrocarbons  belonging  to  the  second  group,  as  shown  by  the 
enormous  quantities  of  petroleum  found  in  certain  parts  of  North  America,  which,  as 
already  observed  (p.  181),  consists  almost  wholly  of  alcoholic  hydrides  of  the  general 
formula  C"H"+2. 

The  defines,  CnH2n,  are  produced  by  the  dehydration  of  alcohols  of  the  series 
C"H2n+20,  as  by  heating  these  alcohols  with  strong  sulphuric  acid  or  chloride  of 
zinc,  each  alcohol  then  yielding  the  corresponding  olefine,  according  to  the  equation 
OH2n+20  -  H20  =  OH2". 

The  reaction,  however,  at  least  in  the  case  of  some  of  the  higher  alcohols,  is  much  more 
complicated  than  this  equation  would  imply,  resulting  in  the  formation,  not  only  of  the 
olefine  corresponding  to  the  alcohol  decomposed,  but  likewise  of  several  of  its  homologues, 
and  of  the  corresponding  alcoholic  hydrides  ;  thus  Wurtz,  by  distilling  amylic  alcohol 
with  chloride  of  zinc,  has  obtained,  not  only  amylene,  C5H10,  but  likewise  all  its  homo- 
logues up  to  decatylene  or  diamylene,  C10H20,  together  with  the  corresponding  alcoholic 
hydrides. 

The  lowest  term  of  the  olefine  series,  viz.  methylene,  CH2,  is  not  known  in  the  free 
state.  Ethylene,  C2H4,  tritylene  or  propylene,  C3H6,  and  tetrylene,  C4H8,  are  gaseous  at 
ordinary  temperatures ;  amylene,  C5H'°,  and  its  higher  homologues  up  to  decatylene, 
C10H20,  and  cetylene,  CI6H3:i,  are  liquid  at  ordinary  temperatures,  their  boiling  points 
rising  as  their  molecular  weights  increase.  Cerotene,  C271P4,  and  melissene,  C^H6* 
are  waxy  solids,  the  former  melting  at  57°  or  58°,  the  latter  at  62°. 

The  more  volatile  olefines  are  remarkable  for  the  facility  with  which  they  unite  with 
chlorine,  bromine,  and  iodine,  forming  compounds  homologous  with,  or  analogous  to, 
Dutch  liquid,  C2H4C12.  This  property  affords  an  easy  mode  of  separating  these  olefines 
from  any  gaseous  mixture  in  which  they  may  be  present :  for  on  passing  the  gaseous 
mixture  through  a  bottle  containing  bromine,  the  olefines  are  absorbed  and  converted 
into  heavy  oily  liquids  (hence  their  nanre),  while  the  other  hydrocarbons  in  the  mix- 
ture are  unaffected. 

The  olefines  unite  very  readily  with  sulphuric .  anhydride ;  and  this  property  like- 
wise affords  an  easy  mode  of  separating  them  from  gaseous  mixtures :  thus,  if  a  ball  ol 
coke  or  pumice  impregnated  with  Nordhausen  sulphuric  acid  be  passed  up  into  a  mix- 
ture of  ethylene-gas  with  marsh-gas,  hydrogen,  carbonic  oxide,  &c.,  the  ethylene  will 
be  absorbed,  while  the  other  gases  will  remain  behind. 

The  volatile  olefines  also  unite  readily  with  strong  sulphuric  acid,  forming  compound 

(SO2)") 
acids  of  the  form  CnH2n.SH204,  or  OH2n+l  I O2,  homologous  with  ethyl-sulphuric  or  sul- 

H  J 

phovinic  acid.  This  reaction  is  of  especial  importance,  since  it  enables  us  to  pass  from 
an  olefine  to  the  corresponding  alcohol :  thus  ethylene-gas  shaken  up  with  strong  sul- 
phuric acid  yields  ethyl-sulphuric  acid,  £2jp  jj  [  02»  whence,  by  distillation  with  water, 

ethylic  alcohol  is  obtained  (i.  72). 

Olefines  also  combine  with  water,  hydrochloric  acid,  hydrobromic  acid,  &c.  Wurtz 
has  shown  (Ann.  Ch.  Pharm.  cxxv.  114)  that  amylene  combines  with  hydrobromic  and 
hydriodic  acid,  forming  compounds  isomeric  with  iodide  and  bromide  of  amyl ;  and  by 
treating  the  hydriodate,  C5H'°.HI,  with  moist  oxide  of  silver,  he  has  obtained  a  hydrate 
of  amylene,  C5H10.H20,  isomeric  with  amylic  alcohol.  All  these  compounds  are  dis- 
tinguished from  the  amyl-compounds,  with  which  they  are  isomeric,  by  the  facility  with 
which  they  give  up  their  amylene  under  the  influence  of  various  reagents.  Thus  hydrate 
of  amylene  quickly  absorbs  hydriodic  acid  gas,  and  is  resolved  into  hydriodate  of 
amylene  and  aqueous  hydriodic  acid ;  similarly  with  hydrochloric  acid.  Bromine 
also  decomposes  it  rapidly  into  bromide  of  amylene  and  water ;  chlorine  similarly  but 
less  quickly.  With  sodium  it  yields  the  compound  C5H'°.NaHO,  which  when  treated 
with  hydriodato  of  amylene,  readily  yields  amylene,  hydrate  of  amylene,  and  iodide  of 
Bodium : 

C5H10.NaHO  +  C5H'°.HI  =  CJH10  +  C5H10.H20  +  Nal. 

Hydriodate  of  amylene  is  also  rapidly  decomposed  by  sodium,  yielding  iodide  of  sodium, 
amylene,  and  free  hydrogen.  With  alcoholic  potash,  it  yields  amylene  and  iodide  of 
potassium;  with  ammonia,  the  products  arc  iodide  of  ammonium,  amylene,  and  a 
small  quantity  of  a  base  isomeric  or  perhaps  identical  with  amylamine. 
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The  amyleno  in  all  these  compounds  appears  to  be  but  loosely  united  with  the  water 
or  the  acid,  and  is  set  at  liberty  on  the  slightest  disturbance ;  whereas  in  their  isomers 
the  amyl-compounds,  the  group  C3Hn,  which  is  not  capable  of  existing  in  the  separate 
state,  is  easily  transferred  from  one  compound  to  another,  and  it  is  only  with  consider- 
able difficulty  that  two  molecules  of  it  can  be  made  to  coalesce  into  one  so  as  to  form 
free  amyl,  Cl°H22. 

Hexylene,  C6H12,  also  unites  with  hydriodic  acid,  and  the  hydriodate,  treated  with 
water  and  oxide  of  silver,  yields  a  hydrate,  C6H1!.H20,  isomericwith  hexylic  alcohol,  and 
possibly  identical  with  the  £  hexylic  alcohol  discovered  by  Wanklyn  and  Erlenmeyer. 

The  formation  and  properties  of  the  alcohol-radicles  (i.  96)  and  their  hydrides 
(iii.  180)  have  already  been  considered.  Kecent  investigations  seem  to  show  that  there 
is  no  essential  difference  between  the  alcohol-radicles  in  the  free  state,  and  their 
hydrides  (pp.  144,  182). 

Of  the  hydrocarbons,  OH2n~2,  homologous  with  acetylene,  only  three  have  been 
obtained,  viz.  acetylene,  C8H2  (i.  1111),  allylene,  C3H4  (i.  1112),  and  crotony- 
lene,  C4H6  (ii.  965). 

Of  the  hydrocarbons,  OH2"  -  6,  homologous  with  benzene,  five  are  known,  viz.  benzene, 
C6H6  (i.541),benzylene  or  toluene,  C7H8(i.  577),  xylene,  C8H10,  cnmene,  C9HW 
(ii.  173),  and  cymene,  C10H14  (ii.  296).  They  have  all  been  specially  considered,  except- 
ing xylene,  which  will  be  described  in  its  place.  These  hydrocarbons,  as  already  observed, 
are  produced  by  the  destructive  distillation  of  coal  and  other  organic  substances  at  high 
temperatures ;  also  in  a  great  variety  of  chemical  reactions  (see  BENZENE).  They  are 
distinguished  by  the  facility  with  which  they  form  substitution-compounds  with  concen- 
trated nitric  acid,  e.g.  nitrobenzene,  C6H5(N02).  These  nitro-compounds,  being  heavy 
oily  liquids  of  rather  high  boiling  point,  afford  the  means  of  separating  these  hydro- 
carbons from  others,  such  as  the  alcoholic  hydrides,  with  which  they  may  be  mixed 
(p.  146).  The  same  compounds  subjected  to  the  action  of  reducing  agents,  such  as 
Bulphydric  acid  or  ferrous  acetate,  yield  organic  bases,  which  may  be  supposed  to  be 
derived  from  the  nitro-compound  by  substitution  of  amidogen,  NH2,  for  nitryl,  NO2, 
e.g.  aniline,  C6H5(H2N),  from  nitrobenzene. 

The  camphenes,  or  terebenes,  C10H18,  isomericwith  oil  of  turpentine,  exist  ready 
formed  in  a  great  number  of  plants.    For  their  general  properties  see  vol.  i.  p.  724. 

The  hydrocarbons  are  the  simplest  of  all  organic  compounds,  and  may  be  regarded 
as  the  starting-points  from  which  all  others  may  be  derived,  by  substitution  or  addi- 
tion (see  NUCLEUS-THEORY  and  RADICLES).  Hence,  of  late  years,  the  attention  of 
chemists  has  been  very  much  directed  to  the  discovery  of  methods  for  producing  these 
compounds  directly  from  their  inorganic  elements ;  since,  when  this  is  accomplished, 
the  formation  of  a  great  number  of  the  more  complex  organic  compounds,  by  the 
synthesis  of  their  elements,  becomes  a  comparatively  easy  matter  The  most  suc- 
cessful efforts  in  this  direction  have  been  made  by  Berthelot  (Chem.  Soc.  J.  xvii.  37), 
who  has  succeeded  in  producing  certain  hydrocarbons  by  direct  combination  of  the 
elements  carbon  and  hydrogen,  and  from  these  producing  others  of  great  complexity. 

1.  Acetylene,  C2JF,  is  produced  when  hydrogen  is  passed  over  carbon  heated  to 
bright  redness  by  the  electric  arc.    This  gas,  passed  into  a  solution  of  cuprous  chloride, 
forms  cuprousacetylene,  C4(Cu2)"H2:  and  this  compound,  subjected  to  the  action 
of  nascent  hydrogen  (evolved  by  the  action  of  zinc  on  ammonia),  yields  ethylene: 

C2H2  +  H2    =    C2H4 

Acetylene.  Ethylene. 

Ethylene  thus  obtained  maybe  converted  into  alcohol, and  from  this  a  host  of  other 
compounds,  etkers,  acetones,  acids,  amines,  &c.  may  be  derived. 

2.  Hydrocarbons  may  be  formed  from  inorganic  compounds  containing  their  ele- 
ments, such  as  water  and  sulphide  of  carbon,  or  carbonic  anhydride.     A  mixture  of 
sulphydric  acid  and  sulphide  of  carbon,  subjected  to  the  action  of  copper  at  a  red- 
heat,  yields  marsh-gas: 

CS2  +  2H2S  +  4Cu  =  CH4  +  4CuS. 

Marsh-gas  may  also  be  formed  from  carbonic  anhydride,  though  by  a  less  direct  pro- 
cess, viz.  by  first  converting  the  latter  compound  into  carbonic  oxide,  this  into  formic 
acid  (CO  +  H20  =  CH202,  ii.  683),  then  subjecting  a  salt  of  this  acid,  the  barium- 
salt,  for  example,  to  dry  distillation : 

2C2H2Ba04  =  CH4  +  CO2  +  2BaCOs. 

Marsh-gas,  mixed  with  an  equal  volume  of  chlorine,  yields  chlori  de  o  f  me  thy  1,  CH3C1; 
and  this  ether  distilled  with  potash, yields  methylic  alcohol,  CH40,  which  is  formed 
by  the  addition  of  1  at.  oxygen  to  marsh-gas,  whereas  ethylic  alcohol  is  formed  from 
ethylene  by  the  addition  of  the  elements  of  water.  These  two  modes  of  formation  of 
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alcohols  from  hydrocarbons  are  general,  the  former  applying  to  all  homologues  of 
marsh-gas,  the  latter  to  all  homologues  of  ethylene. 

3.  A  hydrocarbon  may  be  transformed  into  another  of  greater  complexity  :  a.  By 
direct  condensation.  Marsh-gas  raised  to  a  very  high  temperature,  or  subjected  to  the 
action  of  a  series  of  induction-sparks,  is  converted  into  acetylene,  which  contains  twice 
the  quantity  of  carbon  in  the  same  volume  :  2CH4  =  C'-Ha  +  H2.  The  condensation 
of  marsh  gas  may,  however,  be  carried  considerably  further,  and  made  to  yield  naph- 
thalene, a  hydrocarbon  containing  ten  times  as  much  carbon  in  the  same  volume: 
10CH4  =  C10H8  +  IP-  viz.  by  enclosing  the  marsh-gas  in  a  tube  of  very  refrac- 
tory glass,  and  keeping  it  for  several  hours  at  a  temperature  as  near  as  possible  to 
that  at  which  Bohemian  glass  softens.  The  condensation  may  also  be  effected  by 
subjecting  the  vapour  of  bromoform,  CHBr3  (tribrominated  methylic  hydride),  to  the 
action  of  copper  at  a  red  heat,  so  as  to  remove  the  bromine.  The  residue,  CH,  then 
suffers  a  six-fold  condensation,  yielding  benzene,  C6H6. 

b.  By  the  union  of  two  simple  molecules  into  a  more  complex  molecule.  Thus, 
when  a  mixture  of  marsh-gas  and  carbonic  oxide  is  slowly  passed  through  a  tube 
heated  to  low  redness,  tritylene,  C3H6,  is  produced: 

2CH4  +   CO     =     C3H6  +   H20. 

This  reaction  may  perhaps  explain  the  formation  of  a  small  quantity  of  tritylene  in 
the  distillation  SuTormate  of  barium  ;  and  it  is  doubtless  to  reactions  of  the  same  order 
that  we  may  attribute  the  production  of  hydrocarbons  of  the  same  series,  which  has 
been  experimentally  demonstrated  as  high  as  amylene,  in  the  distillation  of  acetates. 

There  are  also  other  ways  in  which  complex  hydrocarbons  may  be  built  up  by  the 
union  of  those  of  more  simple  constitution.  Wurtz  has  shown  (Ann.  Ch.  Pharm. 
cxxiii.  202;  cxxvii.  55),  that  amylene,  C5H10,  may  be  produced  by  the  union  of  the 
alcohol-radicles  ethyl  and  allyl  : 

C2H5  +   C3H5     =     C5H10, 

this  combination  being  brought  about  by  the  mutual  action  of  zinc-ethyl  and  iodide 
of  allyl.  A  number  of  other  hydrocarbons  are,  however,  formed  at  the  same  time,  the 
following  having  been  isolated  and  analysed  : 

C2H4  C3H6  C5H10  C5H12  C6H'°  C10H20 


Ethylene.        Tritylene.         Amylene.  yamyf.°  AllyK  Decatylene. 

The  ethylene  and  tritylene  are  produced  by  the  mutual  action  of  the  ethyl  and 
allyl  groups:  C2H5  +  C3H5  =  C2H4  +  C3H6> 

Decatylene,  C10H20,  results  from  the  condensation  of  two  molecules  of  amylene  into  one. 
Besides  these  compounds,  there  are  also  formed  other  hydrocarbons,  boiling  above 
200°  (decatylene,  the  least  volatile  of  those  above-mentioned,  boils  at  160°),  and  con- 
taining, like  allyl,  a  smaller  proportion  of  hydrogen  than  the  defines.  The  formation 
of  these  hydrocarbons  explains  that  of  hydride  of  amyl,  in  which  the  proportion  of 
hydrogen  is  larger  than  in  the  defines. 

The  hydrocarbon,  O5!!10,  obtained  in  the  reaction  just  described,  possesses  the 
principal  physical  and  chemical  properties  of  amylene  produced  from  amylic  alcohol 
by  the  action  of  chloride  of  zinc,  and,  therefore,  is  not  merely  an  isomer  (ethyl- 
allyl)  of  that  compound.  This  formation  of  amylene  from  two  hydrocarbons  of  lower 
molecular  weight  is  analogous  to  that  of  chloride  of  heptyl,  C7H15C1,  by  the  action  of 
chlorine  on  ethyl-amyl,  C2H5.C5Hn,  and  of  chloride  of  decatyl,  CIOH»C1,  by  that  of 
ohlorine  on  amyl  itself,  observed  by  Schorlemmer. 

HYDROCARBOXVX.IC  ACIDS.  (Lerch,  Ann.  Ch.  Pharm.  cxxiv.  20;  Kep. 
Chim.  pure,  1863,  p.  143;  Jahresb.  1862,  p.  276.)  —  This  name  is  applied  to  three  acids 
produced,  together  with  others,  by  the  decomposition  of  carboxide  of  potassium,  the 
black  amorphous  substance  formed  in  the  preparation  of  potassium  in  the  ordinary  way, 
and  likewise  by  the  direct  combination  of  potassium  with  carbonic  oxide.  This  sub- 
stance remains  unaltered  when  kept  in  rock-oil  or  in  a  dry  vacuum,  but  when  exposed 
to  the  air,  it  absorbs  moisture  rapidly,  acquiring  a  cherry-red  and  finally  a  yellow 
colour  :  it  absorbs  oxygen  only  when  moist.  When  treated  with  water,  alcohol  or 
ether,  out  of  contact  with  the  air,  it  gives  off  gas,  and  leaves  a  black  glutinous  substance, 
which  turns  red  on  exposure  to  the  air,  and  dissolves  in  water  with  red  colour  and 
without  disengagement  of  gns.  This  mass  yields,  besides  oxalic  acid,  three  series  of 
acids,  including  croconic  acid  (ii.  109). 

Perfectly  unaltered  carboxide  of  potassium,  to  which  Brodio  assigns  the  formula 
OHnKn,  yields,  when  treated  with  hydrochloric  acid,  an  acid  crystallising  in  white 
needles  and  having  the  composition  C10H10010  ;  this  is  trihydrocarboxylic  acid. 

If  the  carboxide  of  potassium  be  first  treated  with  alcohol  and  then  with  hydro- 
chloric acid,  it  yields  black  needles  of  dihydrocarboxylic  acid,  C5H<05  or  C10H8010, 
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If  the  air  has  had  access  to  the  mass  before  or  after  the  treatment  with  alcohol,  it 
afterwards  yields,  with  hydrochloric  acid,  dark  garnet-red  crystals  of  hydrocar- 
boxylic acid,  CIOH60'°. 

Lastly,  if  the  mass  has  been  left  in  contact  with  the  air  till  it  has  turned  quite  red,  and 
it  is  then  treated  with  hydrochloric  acid,  a  fourth  acid  is  obtained,  called  carboxylic 
acid,  the  potassium-salts  of  wlu'ch  are  composed  according  to  the  formulae  CUIIIK3010 
and  C'°K4010.  On  attempting  to  isolate  this  acid,  fine  colourless  prisms  of  rhodizonic 
acid,  C5H408,  are  obtained,  being  derived  from  the  preceding  by  fixation  of  water,  am] 
splitting  up  of  the  molecule  : 

CioH40io   +   2H80     =     2C5H<06. 

In  addition  to  these  acids,  croconic  acid,  CMFO*  (formed  from  carboxylic  acid  by 
division  of  the  molecule),  and  oxalic  acid,  are  obtained  as  final  products  of  the  oxida- 
tion. 

The  formation  of  dihydrocarboxylic,  hydrocarboxylic,  and  carboxylic  acids  by  oxida- 
tion of  trihydrocarboxylic  acid  is  represented  by  the  following  equations  : 

CioHio0io    +     o         =         C10H8010     +     H20. 

CioH80io     +     o         =         C'°H6010     +     H20. 

Ci°H6010     +     O         =         C10H4010     +     H20. 

Trihydrocarboxylic  acid.     C10H'°010  =  C1°^°6J04.—  This  acid  is  produced,  as 

already  observed,  by  the  action  of  hydrochloric  acid  on  carboxide  of  potassium  which 
has  not  been  exposed  to  the  air  ;  also  by  the  reduction  of  dihydrocarboxylic  acid.  It 
forms  white  silky  needles  which,  when  exposed  to  moist  air,  quickly  turn  red,  and  are 
ultimately  converted  into  dihydrocarboxylic  acid.  Its  solution  is  acid,  colourless,  and 
very  sensitive  to  the  action  of  oxidising  agents.  By  nitrate  of  potassium,  it  is  converted 
into  oxy  carboxylic  acid,  with  evolution  of  nitrogen.  Of  the  10  at.  hydrogen  contained 
in  its  molecule,  6  at.  are  easily  removed  by  oxidation,  giving  rise  to  new  radicles,  viz. 
those  of  dihydrocarboxylic,  hydrocarboxylic  and  carboxylic  acids,  whereas  the  remaining 
4  at.  are  basic,  and  easily  replaceable  by  metals,  but  not  removable  by  oxidation.  In 
the  potassium-salt  also,  C10K10010,  6  at.  K  maybe  removed,  two  at  a  time,  by  oxidation, 
whereas  the  remaining  4  at.  K  appear  to  be  irremovable  :  hence  the  rational  formula 
of  the  acid  above  given.  In  like  manner,  dihydrocarboxylic  acid  contains  4  at.,  and 
hydrocarboxylic  acid,  2  at.  H,  removable  by  oxidation. 

The  trihydrocarboxylates  of  the  alkali-metals  are  soluble  in  water,  the  other  salts 
are  sparingly  soluble  or  insoluble  :  they  all  become  coloured  by  exposure  to  the  air, 
yielding  salts  of  the  following  acids  : 

Dihydrocarboxylic  acid.      C'°H8010  =  C1°g4°6jo4.—  This  acid  forms  black 

metallic-shining  monoclinic  crystals,  grouped  in  very  thin  tufts  ;  the  thinner  crystals 
have  a  wood-yellow  colour,  and  exhibit  trichroi'sm.  They  are  permanent  in  the  air, 
even  at  100°,  dissolve  readily  in  water  and  alcohol,  slowly  in  ether  ;  the  solutions  are 
red  by  transmitted,  violet  by  reflected  light. 

The  salts  of  this  acid  are  as  unstable  as  those  of  the  preceding.  Those  of  the  alkali  - 
metals  are  black,  soluble  in  water  and  crystallisable  ;  the  rest  are  blue  or  red  precipitates  ; 
they  are  very  easily  converted  by  oxidation  into  rhodizonates  or  carboxylates. 

Hydrocarboxylic  acid,  C10H6019  =  C1°06  Q4j  wag  obtained  accidentally  in 


the  preparation  of  the  preceding  acid  from  a  black  mass  which  had  undergone  partial 
alteration.  It  crystallises  from  alcohol  in  long  brown  needles,  which  in  contact  with 
water  are  immediately  resolved  into  dihydrocarboxylic  and  rhodizonic  acids  : 

2C10H60'°  +   2H20     =     C10H8010  +   2C5H<08. 

HYBROCABOTIW.  C18H300.  (Husemann,  Ann.  Ch.  Pharm.  cxvii.  200; 
Jahresber.  1861,  p.  754).  —  A  substance  contained,  together  with  carotin  (i.  805),  in  the 
root  of  the  carrot  (Daucus  carota}.  To  obtain  these  substances,  the  crushed  carrots 
are  pressed,  the  residue  is  repeatedly  washed  out  with  water,  and  the  united  solutions  are 
mixed  with  a  little  dilute  sulphuric  acid  and  tincture  of  galls  (which  facilitates  the 
separation  of  the  coagulum)  ;  the  glutinous  precipitate,  freed  by  pressure  from  the  en- 
closed liquid,  is  boiled  six  or  seven  times  in  the  half-dry  state  with  5  or  6  vol.  of 
alcohol  of  80  per  cent.  ;  and  the  residue  is  treated  with  sulphide  of  carbon  to  extract  the 
carotin.  The  alcoholic  extract  contains  hydrocarotin  together  with  mannite  (if  the 
carrots  are  a  year  old,  but  not  if  they  are  fresh),  sugar,  a  fixed  oil,  and  a  small  portion  of 
carotin. 

Hydrocarotin  crystallises  from  the  alcoholic  extract,  after  long  standing,  in  laminar 
crystals,  which  may  be  freed  from  mannite  (if  present)  by  recrystallisation  from 
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hot  alcohol,  and  finally  by  boiling  with  water.  It  is  tasteless  and  inodorous,  crystallises 
in  large  colourless  silky  lamina*,  from  ether  in  flat  rhombic  prisms  ;  is  lighter  than 
water  (which  does  not  wet  it)  ;  melts  at  126-8°  ;  dissolves  in  alcohol,  and  more  easily  in 
ether,  sulphide  of  carbon,  benzene,  volatile  oils,  and  chloroform.  When  heated  above 
100°,  it  turns  yellow  to  yellowish  red;  after  fusion  it  remains  amorphous,  and  then 
dissolves  less  easily  in  benzene  and  sulphide  of  carbon. 

Hydrocarotin  is  not  precipitated  from  its  alcoholic  solution  by  metallic  salts  or 
tannic  acid  ;  it  is  not  altered  by  the  action  of  caustic  alkalis,  strong  acids,  or  oxidising 
agents  :  with  fuming  _  nitric  acid,^  it  appears  to  form  a  nitro-compound.  Strong 
snJj_>huric  acid  colours  it  red  and  dissolves  it  completely  at  a  gentle  heat,  forming  a 
solution  from  which  it  is  precipitated  by  water  apparently  unaltered,  but  in  the  amor- 
phous  state.  With  chlorine  it  forms  a  resinous  substitution-product,  CISH26C140  ;  with 
bromine  a  similar  body,  C^H^Bi^O,  whose  ethereal  solution,  when  treated  with 
alcoholic  potash,  gives  up  bromine,  and  forms  a  yellowish-red  substance  soluble  with 
blood-red  colour  in  sulphide  of  carbon.  Iodine  also,  in  sunshine,  appears  to  form  a 
substitution-product  with  hydrocarotin. 

HYDROCERITE.     See  LANTHANITE. 
HYDROCHINONE.     See  HYDEOQUINONE. 
HYDROCHLORE.     See  PYBOCIILOBE. 
HYDROCHLORIC   ACID.     See  CHLOBHYDBIC  ACID  (i.  890). 

HYDROCHRYSABODE.  C7H°N303.  (Schunck,  Ann.  Ch.  Pharm.  Ixv.  231.) 
—  A  compound  produced  by  the  action  of  reducing  agents  on  chrysammic  acid  (i.  955). 
It  may  be  prepared  by  adding  chrysammic  acid  to  a  boiling  solution  of  sulphide  of  po- 
tassium containing  excess  of  caustic  potash  ;  or  to  a  boiling  solution  of  profochloride  of 
tin,  afterwards  removing  the  excess  of  acid,  dissolving  the  residue  in  boiling  potash, 
and  leaving  the  solution  to  crystallise.  It  is  difficult,  however,  by  the  latter  method  to 
obtain  it  free  from  oxide  of  tin. 

Hydrochrysamide  forms  needle-shaped  crystals,  of  a  fine  blue  colour  by  transmitted, 
and  metallic  red  by  reflected  light.  Heated  in  a  small  tube,  it  gives  off  violet  vapours! 
which  condense  in  crystals  on  the  cold  parts  of  the  tube  ;  the  greater  part,  however,  is 
decomposed,  giving  off  ammonia  and  leaving  charcoal.  It  is  insoluble  in  boiling 
water,  and  sparingly  soluble  in  boiling  alcohol,  to  which  it  imparts  a  faint  blue  tint. 
It  is  dissolved  by  strong  sulphuric  acid,  and  reprecipitated  in  blue  flakes  by  water.  — 
It  is  decomposed  by  boiling  nitric  acid,  and  by  chlorine  in  presence  of  water.  It 
dissolves  in  potash  and  in  alkaline  carbonates,  forming  solutions  of  the  colour  of 
sulphindigotic  acid  ;  acids  precipitate  it  therefrom  in  blue  flakes. 

HYDROCINN-AMIDE.  C27H24N2  =  N2(C"H8)3.  Cinnhydr  amide.  Hydride  of 
Azocinnamyl  (Laurent,  Kev.  scient,  x.  119.)  —  Produced  by  the  action  of  ammonia 
on  hydride  of  cinnamyl  : 

3C9H80   +   2NH3     =     N2(C9H8)3   +    3H20. 

When  purified  by  recrystallisation  from  hot  alcohol  and  ether,  it  forms  colourless  right 
prisms  with  rectangular  base,  but  having  their  bases  replaced  by  two  triangular  facets, 
meeting  at  a  very  obtuse  angle.  It  is  inodorous,  insoluble  in  water,  fusible,  and  soli- 
difies on  cooling  to  a  transparent  amorphous  mass  like  gum.  It  is  decomposed  by 
distillation,  yielding  an  oil  and  a  solid  substance.  It  is  not  decomposed  by  boiling 
hydrochloric  acid,  or  by  alcoholic  potash  ;  but  boiling  nitric  acid  decomposes  it,  yielding 
a  product  which  melts  in  boiling  water. 

Dumas  and  Peligot,  by  treating  oil  of  cinnamon  with  dry  ammonia  gas,  obtained  a 
product  which  crystallised  from  alcohol  and  ether  in  silky  tufts,  and  to  which  they 
assigned  the  formula  C9H8O.NH3,  but  it  probably  consisted  mainly  of  hydrocinnamide. 
(Gcrhardts  Traite,  iii.  385.) 

HYDROCOTYX.E  ASXATICA.  A  plant  used  in  India  as  a  remedy  against 
various  cutaneous  diseases.  According  to  Lepire  (J.  Pharm.  [3]  xxviii.  47),  it 
contains  a  peculiar  principle,  vellarin  (from  the  Tamul  name  of  the  plant, 
vallarai},  which  he  describes  as  a  bitter,  strong-smelling  oil,  soluble  in  weak  alcohol 
and  in  ether,  thickening  on  exposure  to  the  air,  soluble  in  aqueous  ammonia,  insoluble 

in  potash. 

ri5~Fron3  \ 

HYDROCROCONIC  ACID.  C5H405=        "2       O2-    (Lerch,  Ann.  Ch.  Pharm. 


cxxiv.  20.)—  An  acid  produced  by  the  action  of  hydriodic  acid  on  croconate^of  potas- 
sium in  closed  vessels.  On  mixing  the  product  of  the  reaction  with  alcoholic  potash- 
solution,  hydrocroconate  of  potassium,  C5H'-K'-05,  separates  as  a  dingy  red  precipitate, 
which  crystallises  from  hot  water  in  crimson  needles.  The  blood-red  solution  of  this 
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salt  is  converted  into  croconate  (and  a  small  quantity  of  oxalate)  of  potassium  on 
exposure  to  the  air,  especially  in  presence  of  alkali. 

Hydrocroconic  acid  is  soluble  in  water,  alcohol,  and  ether,  and  does  not  crystalline. 
The  barium-salt,  C5H8Ba"05,  is  a  pseony-red  precipitate,  soluble  in  hydrochloric, 
insoluble  in  acetic  acid.  The  lead-salt,  CaH2Pb"05,  is  also  a  red  precipitate. 

HYDRO CYANHARIWAX.IBTE.      See  HARMALINE  (p.  8). 

HYDROCYANTC  ACID.     See  CYANIDE  OP  HYDROGEN  (ii.  214). 

HYDRODOXiOMITE.  A  hydromagnesite,  having  part  of  the  magnesium  replaced 
by  calcium.  Occurs  on  Somma'  in  isolated,  sinter-like,  globular  or  stalactitic,  earthy 
masses,  having  a  white  or  yellowish  white  colour.  According  to  Kob  ell  (J.  pr.  Chem. 
xxxvi  304),  it  contains  25*22  per  cent,  lime,  24-28  magnesia,  33-10  carbonic  anhydride, 
and  17-40  water:  whence  the  formula  3[(Mg;  Ca)"C03.H20]  +  Mg"H202.  (Bam- 
melsberg.) 

HYDRO-EI»ECTRXC  MACHINE.     See  ELECTRICITY  (ii.  408). 

HYDROrERRICYAUTIC  ACID.     See  FERRICYANIDES  (ii.  244). 

HYDROFERROCYA-WIC  ACID.      See  FERROCYANIDES  (ii.  226). 

HYDRO  FLITOBORATES.      See  BORON,  FLUORIDE  OF  (i.  632). 

HYDROriiUOSIUCATES.     See  SILICON,  FLUORIDE  OF. 

HYDHOGAIiACTOTOETER.  An  arrangement  described  by  Zenneck 
(Jahrb.  pr.  Pharm.  xx.  65  ;  Jahresb.  1850,  p.  619)  for  determining  the  amount  of 
water  added  to  normal  milk.  The  milk  is  coagulated  by  a  few  drops  of  hydrochloric 
acid,  and  the  volume  of  the  curd,  separated  by  filtration  through  flannel,  is  compared 
with  that  obtained  in  a  similar  manner  from  pure  milk. 

HYDROGEN*.  Atomic  weight  =  1.  Symbol  H.  (Inflammable  air,  Wasserstoff, 
Hydroqenium.} — The  older  alchemists  do  not  appear  to  have  been  acquainted  with  this 
gas.  The  evolution  of  an  air  during  the  solution  of  iron  in  sulphuric  acid  was  first 
noticed  in  the  sixteenth  century  by  Paracelsus.  The  inflammability  of  the  air  thus 
produced,  was  observed  in  the  seventeenth  century  byTurquet  de  Mayerne,  and 
afterwards  (1672)  by  Boyle,  in  his  "New  Experiments  touching  the  relation  between 
Flame  and  Air."  L emery  in  1700  observed  the  detonating  property  of  this  inflam- 
mable gas.  But  the  first  exact  experiments  on  its  nature  were  made  in  1766  by 
Cavendish,  who  showed  that  it  is  a  peculiar  kind  of  air,  which  he  called  inflammable 
air;  that  it  is  produced  when  iron,  zinc,  or  tin  is  dissolved  in  dilute  sulphuric  or 
hydrochloric  acid ;  and  that  different  metals  evolve  different  quantities  of  the  gas.  He 
also  estimated  its  specific  gravity  at  ^  of  that  of  common  air.  (It  is  really  about  i.) 

The  inflammable  air  generated  in  these  processes  was,  however,  for  some  time  con- 
founded with  other  kinds  of  inflammable  air,  such  as  those  produced  by  the  destructive 
distillation  of  organic  bodies,  by  the  imperfect  combustion  of  charcoal — with  vapour  of 
ethjsr,  &c.,  all  of  which  were  supposed  to  consist  essentially  of  the  same  inflammable 
principle  modified  by  the  admixture  of  other  substances.  Moreover,  it  was  supposed 
that  the  inflammable  principle  developed  in  the  solution  of  metals  in  acids,  proceeded 
from  the  metal,  and  that  it  was  either  phlogiston  or  intimately  related  thereto. 

The  production  of  moisture  in  the  burning  of  hydrogen,  appears  to  have  been  first 
noticed  by  Macquer  and  De  la  Metherie,  in  1766  ;  but  no  one  at  that  time  sup- 
posed that  the  only  product  of  the  combustion  was  water.  Lavoisier  supposed  that 
hydrogen,  like  other  combustible  bodies,  produced  an  acid  in  burning,  and  made  several 
unsuccessful  experiments  to  obtain  this  acid.  But  the  grand  discovery  that  water  is 
the  sole  product  of  the  combustion  of  hydrogen  was  made  by  Cavendish,  in  1781, 
and  published  in  1783.  Cavendish  showed  that  423  volumes  of  hydrogen  required  for 
combustion  1.000  volumes  of  air  (which  contain  210  volumes  of  oxygen,  and  will,  there- 
fore, burn  exactly  420  volumes  of  hydrogen) ;  and,  moreover,  that  when  hydrogen  and 
oxygen  gases  are  burnt  together  in  certain  proportions,  nearly  all  the  gas  disappears, 
nothing  but  slight  impurities  remaining  behind.  These  results  were  afterwards  fully 
confirmed  by  the  experiments  of  Lavoisier  and  Laplace  (see  GAS,  ii.  780). 

Sources.— Hydrogen  is  never  found  in  the  free  state.  The  compound  which  contains 
it  in  the  greatest  abundance  is  marsh-gas,  of  which  it  forms  one-fourth.  Of  water  it 
forms  one-ninth.  It  occurs  in  smaller  quantities  in  combination  with  phosphorus, 
sulphur,  iodine,  bromine,  carbon  and  nitrogen,  and  is  an  essential  constituent  of  nearly 
all  organic  compounds. 

Preparation. — Hydrogen  is  generally  obtained  by  the  decomposition  of  water,  or  of 
dilute  acids.— 1.  It  is  produced  in  the  state  of  greatest  purity  by  electrolysis,  as  already 
explained  in  the  article  ANALYSIS  OF  G-ASES  (i.  285). 

2.  By  passing  vapour  of  water  over  iron  nails  or  wire  contained  in  a  gun-barrel,  laid 
horizontally  in  a  furnace,  and  heated  to  bright  redness.  The  iron  is  thereby  converted 
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into  ferroso-ferric  oxide,  Fe804,  while  hydrogen  gas  passes  over,  and  may  be  coUected 
over  water. 

3.  By  introducing  potassium  or  sodium  into  an  inverted  tube  or  cylinder  filled  with 
water  or  alcohol,  and  standing  in  a,  vessel  of  the  same  liquid.     It  is  best  to  wrap  the 
metal  in  a  piece  of  paper  before  plunging  it  under  the  mouth  of  the  cylinder : 

H-0   +   Na     =     NaHO        +  II. 

Hydrate  of 
sodium. 

C2H°0   +   Na     =     C2H5NaO   +  H. 

Alcohol.  Ethylate  of 

sodium. 

4.  By  dissolving  zinc  or  iron  in  sulphuric  acid  diluted  with  an  eight-fold  quantity 
of  water,  or  in  hydrochloric  acid  diluted  with  twice  its  weight  of  water : 

H2SO*  +  Zn     =  ZnSO4  +   H2, 
and  2HC1  +  Zn     =   ZnCl2  +   H2. 

This  is  the  most  convenient  method  of  obtaining  the  gas  for  general  purposes. — 5.  By 
dissolving  zinc,  in  contact  with  iron  or  platinum,  in  solution,  of  caustic  potash,  zincate 
of  potassium  being  then  formed : 

2KHO  +  Zn    =    ZnK202  +  H2. 

Hydrate  of  Zincate  of 

potassium.  potassium. 

The  use  of  the  iron  is  to  form  an  electric  couple  with  the  zinc,  the  latter  then  acting 
on  the  positive  or  active  metal. 

6.  By  acting  on  cuprous  hydride  with  hydrochloric  acid : 

Cu!H2     +     2HC1       =         Cu2CP     +     2H2. 

7.  By  heating  formates  or  oxalates  with  excess  of  hydrate  of  potassium,  sodium,  or 
calcium : 

CHKO2     +     KEO     =          CK203  +     H2. 

Formate  of  Carbonate  of 

potassium.  potassium. 

C2K20*     +    2KHO     =       2CK203    +     H2. 

Oxalate  of 
potassium. 

8.  By  the  action  of  hydrate  of  potassium  on  certain  organic  bodies  having  a  tendency 
to  form  acids  by  oxidation : 

C7H60     +    KHO      =    C7H5K02  +  H2. 

Hydride  of  Benzoate  of 

benzoyl.  potassium. 

Purification.— Hydrogen  prepared  by  dissolving  zinc  or  iron  in  sulphuric  acid — 
which  is  the  method  most  used — may  contain  the  following  impurities : — 1.  Sulphurous 
acid,  if  this  acid  is  present  in  the  sulphuric  acid  used. — 2.  Nitrous  oxide  or  nitric 
oxide  gas,  if  the  sulphuric  acid  contains  nitric  oxide,  nitrous  acid,  or  nitric  acid. — 

3.  Sulphydric  acid,  if  the  zinc  contains  sulphide  of  zinc,  or  if  the  sulphuric  acid  con- 
tains sulphurous  acid — or  if  a  fresh  quantity  of  strong  sulphuric  acid  be  added  to  tho 
dilute  acid  already  acting  on  the  zinc,  without  mixing  it  well  with  the  liquid. — 

4.  Phosphoretted  hydrogen,  if  the  zinc  contains  phosphorus. — 5.  Arsenetted  hydrogen, 
if  the  zinc  contains  arsenic,  or  if  the  sulphuric  acid  contains  arsenious  acid. — 6.  Car- 
bonic anhydride  has  occasionally  been  observed  in  hydrogen  prepared  with  peculiar 
kinds  of  zinc.     These  impurities,  which  give  the  gas  an  unpleasant  odour,  may  be 
removed  by  passing  it  over  substances  which  absorb  or  decompose  the  adventitious 
gases.     Dumas  passed  the  gas  through  two  U-tubes,  each  about  three  feet  long,  and 
filled  with  broken  glass,  the  glass  in  the  first  tube  being  moistened  with  nitrate  of  lead, 
which  removes  the  sulphydric  acid,  and  that  in  the  second  with  sulphate  of  silver,  by 
which  the  arsenetted  hydrogen  is  separated ;  then  through  a  third  U-tube  filled  with 
fragments  of  pumice-stone  saturated  with  strong  potash ;  and,  lastly,  to  render  it  anhy- 
drous, first  through  a  tube  containing  fragments  of  hydrate  of  potassium,  then  through 
another  containing  phosphoric  anhydride  or  pumice-stone  soaked  in  oil  of  vitriol.     TV 
avoid  the  presence  of  oxides  of  nitrogen,  it  is  best  to  use  sulphuric  acid  perfectly  free 
from  those  oxides. 

Hydrogen  gas  obtained  by  tho  use  of  iron  may  contain  the  same  impurities  as  that 
prepared  with  zinc — and  in  addition: — 1.  Ferruretted  hydrogen — to  be  removed  by 
fuming  nitric  acid  or  solution  of  mercuric  chloride ;  and  2.  The  vapour  of  an  oily 
hydrocarbon,  which  is  produced  in  larger  quantity  as  the  iron  contains  more  carbon, 
and  communicates  si  peculiarly  repulsive  odour  to  the  gas.  It  may  bo  removed  by 
passing  the  gas  through  alcohol,  and  the  alcohol  may  be  afterwards  separated  by  water. 
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According  to  Dobereiner  (Schw.  J.  iii.  377),  the  gas  obtained  with  either  zinc  or  iron 
may  be  deprived  of  all  odour  by  24  hours'  contact  with  moistened  charcoal  powder. 

In  whatever  manner  the  gas  may  be  prepared,  it  generally  contains  a  small  quantity 
of  atmospheric  air,  proceeding  from  the  liquids  used  in  the  preparation.  The  nitrogen 
cannot  be  removed ;  but  the  oxygen  may  be  separated  by  leaving  the  gas  for  a  while 
in  contact  with  spongy  platinum,  which  causes  the  oxygen  to  unite  with  a  portion  of 
the  hydrogen  and  form  water. 

Properties.— Hydrogen  is  a  colourless  gas,  of  specific  gravity  0-0693.  It  is  the 
lightest  of  all  known  substances,  being  about  14|-  times  as  light  as  atmospheric  air ;  it 
may  therefore  be  used  for  inflating  balloons.  Soap-bubbles  filled  with  it  rise  rapidly 
in  the  air.  It  escapes  rapidly  out  of  vessels  with  their  mouths  turned  upwards ;  but  a 
wide-mouthed  vessel  filled  with  it  may  be  carried  with  its  mouth  downwards  for  a 
considerable  distance  without  the  gas  escaping.  For  the  same  reason,  it  is  easily 
collected  by  displacement,  without  the  use  of  water,  viz.  by  holding  the  vessel  which 
is  to  receive  it,  over  the  extremity  of  a  vertical  tube  attached  to  the  mouth  of  the 
generating  vessel. 

Hydrogen  is  odourless  when  quite  pure,  but  as  usually  prepared,  it  has  a  disagreeable 
odour,  arising  from  impurities.  Small  animals  introduced  into  the  gas  die  instantly. 
In  man,  the  pure  gas  excites,  after  two  inspirations,  disagreeable  sensations  and  loss 
of  muscular  power ;  when  mixed  with  air,  it  may  be  breathed  for  a  longer  time,  but 
imparts  a  peculiar  squeaking  tone  to  the  voice.  It  is  not  directly  injurious,  but  so  long  as 
it  is  inhaled,  oxygen  gas,  which  is  essential  to  life,  is  prevented  from  entering  the  lungs. 

Hydrogen  is  very  inflammable,  and  burns  in  the  air  with  a  pale  blue  flame.  It  does 
not  support  the  combustion  of  those  bodies  which  burn  in  the  air :  for  instance,  if  a  jar 
full  of  hydrogen  be  held  with  its  mouth  downwards,  and  a  lighted  taper  plunged  into 
it,  the  hydrogen  will  be  set  on  fire  at  the  mouth,  but  the  taper  will  be  extinguished. 
A  jet  of  oxygen  will,  however,  burn  in  hydrogen,  as  well  as  a  jet  of  hydrogen  in  oxygen, 
though  with  a  somewhat  different  appearance.  The  experiment  may  be  made  by 
setting  fire  to  hydrogen-gas  at  the  mouth  of  a  bottle,  and  then  directing  a  jet  of  oxygen 
through  the  flame  into  the  body  of  the  gas.  A  flame  will  then  be  formed  at  the  orifice 
of  the  jet,  and  will  continue  to  burn  till  the  hydrogen  is  exhausted. 

Hydrogen  and  oxygen  unite  to  form  water,  in  the  proportion  of  2  volumes  of  hydrogen 
to  1  volume  of  oxygen ;  and  when  the  gases  are  mixed  in  these  proportions,  they  may 
be  made  to  unite,  either  slowly  or  rapidly,  the  entire  volume  of  gas  disappearing.  On 
bringing  a  burning  body  in  contact  with  the  mixture,  or  passing  an  electric  spark 
through  it,  combination  instantly  takes  place  throughout  the  whole  mass,  attended 
with  great  and  sudden  rise  of  temperature,  whereby  the  mixed  gases,  or  rather  the 
watery  vapour  resulting  from  their  union,  are  expended  with  a  force  sufficient  to  shatter 
the  containing  vessel,  if  not  of  great  strength.  If  the  vessel  is  entirely  closed,  and 
strong  enough  to  resist  the  expansive  force  of  the  gas,  no  noise  is  heard ;  but  if  the 
mouth  of  the  vessel  be  left  open,  or  the  gas  be  able  to  force  for  itself  a  passage  into  the 
air,  a  loud  detonation  is  the  result,  arising  from  the  concussion  of  the  air  by  the 
escaping  gases.  The  same  effect  is  produced,  though  with  much  less  intensity,  when  a 
mixture  of  2  vol.  hydrogen  and  5  vol.  atmospheric  air  (containing  1  vol.  oxygen,  the 
quantity  required  to  unite  with  2  vol.  hydrogen)  is  exposed  to  the  action  of  flame  or 
the  electric  spark.  Hence,  in  manipulating  with  hydrogen,  great  care  must  be  taken 
to  prevent  accidental  admixture  of  air,  as,  if  such  admixture  takes  place  unknown  to  the 
operator,  explosions  of  dangerous  character  may  ensue  when  the  gas  comes  in  contact  with 
flame.  In  collecting  the  gas,  a  considerable  quantity  should  be  suffered  to  escape  before 
any  of  it  is  collected,  so  that  the  air  in  the  apparatus  may  be  completely  eliminated. 

The  rapid  combination  of  hydrogen  and  oxygen  may  be  brought  about,  not  only  by 
the  contact  of  flame,  but  also  by  the  heat  of  a  red-hot  iron  wire,  or  a  coal  hot  enough  to 
exhibit  a  visible  glow  by  daylight.  According  to  Bio t  (Gilb.  Ann.  xx.  99),  the  heat 
produced  by  suddenly  compressing  the  detonating  gas,  is  sufficient  to  cause  the  explosion. 

The  presence  of  certain  metals  causes  the  gases  to  unite,  even  at  ordinary  tempera- 
tures. This  effect  is  exhibited  most  strikingly  by  platinum,  in  the  form  of  platinum- 
sponge  or  platinum-black  (see  PLATINUM)  ;  but.it  is  also  produced  by  a  plate  of  the 
metal  rendered  perfectly  clean  by  rubbing  it  while  hot  with  fused  potash,  then  washing 
it  with  water,  dipping  it  into  hot  oil  of  vitriol,  and  again  washing  with  water.  Similar 
effects  are  exhibited,  though  with  less  facility,  by  spongy  iridium  and  osmium,  finely 
divided  palladium,  gold  in  the  form  of  leaves  or  dust,  and  silver  leaf.  This  peculiar 
action  of  platinum  and  other  metals  appears  to  be  due  (in  part  at  least)  to  the  absorp- 
tion of  the  gases  by  the  metal,  and  their  condensation  within  its  pores.  (See  GASES, 
ABSORPTION  OF,  BY  SOLIDS,  ii.  804.) 

The  flame  of  hydrogen,  though  but  feebly  luminous,  is  intensely  hot,  and  when  a  jet 
of  oxygen  is  directed  through  it,  as  in  the  oxy-hydrogen  blowpipe,  the  proportions  of 
the  two  gases  being  properly  adjusted  so  that  neither  of  them  is  in  excess,  the  heat 
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produced  is  the  highest  that  can  be  obtained  by  chemical  combination.  (See  BLOW- 
PIPE, OXY-HYDROGEN,  j.  616.) 

Hydrogen  likewise  unites  very  energetically  with  chlorine,  forming  hydrochloric  acid. 
The  gases,  in  equal  volumes,  may  be  mixed  in  the  dark  without  uniting,  but  on  expo- 
sure to  diffused  daylight,  combination  takes  place  gradually,  and  exposure  to  the  direct 
rays  of  the  sun,  or  to  the  light  of  the  electric  arc,  or  of  lime  ignited  by  the  oxy-hydrogen 
flame,  causes  instant  combination,  attended  with  violent  explosion.  Explosion  is  also 
produced  by  contact  with  flame,  or  with  a  brick  heated  to  150°  C.  With  bromine- 
vapour,  hydrogen  does  not  unite  at  ordinary  temperatures,  even  in  sunshine ;  but  partial 
combination  is  effected  by  contact  with  a  red-hot  wire.  With  iodine,  it  unites  when  a 
mixture  of  hydrogen  and  iodine-vapour  is  passed  through  a  red-hot  tube,  and,  according 
to  Blundell  (Pogg.  Ann.  ii.  216),  at  ordinary  temperatures  under  the  influence  of 
spongy  platinum.  With  other  elements  hydrogen  does  not  unite  directly. 

Hydrogen  is  an  essential  constituent  of  acids — properly  so  called — these  bodies  being 
in  fact  salts  of  hydrogen.  (See  ACIDS,  i.  39.)  It  also  forms  basic  compounds,  viz. 
ammonia,  arsenetted,  antimonetted  hydrogen,  &c. ;  and  unites  with  metals  and  organic 
radicles,  forming  compounds  called  hydrides  (p.  180). 

HYDROGEN,  ANTIMONIDE  OF.     See  ANTIMONY,  HYDRIDE  OF  (i.  322). 

HYDROGEN-,  ARSENIDES  OF.     See  ARSENIC,  HYDRIDES  OF  (i.  371). 

HYDROGEN*,  BROMIDE  OF.     See  BROMIDE  OF  HYDROGEN  (i.  672). 

HYDROGEN,  CHLORIDE  OF.     See  CnLORHYDRic  ACID  (i.  890). 

HYDROGEN,  FLUORIDE  OF.     See  FI.TTOUHYDHIC  ACID  (ii.  669). 

HYDROGEN,  IODIDE  OF.     See  IODHYDRIC  ACID. 

HYDROGEN,  OXIDES  OF.  Hydrogen  forms  two,  or  perhaps  three,  com- 
pounds with  oxygen,  viz.  the  Protoxide  or  water,  H20 ;  the  dioxide  or  peroxide,  H*03, 
and  perhaps  Ozone,  which  according  to  Baumert  is  a  trioxide  of  hydrogen,  H203. 

Water.  H20. — The  properties  of  water  will  be  described  in  a  separate  article ; 
we  shall  here  speak  only  of  its  composition.  We  have  already  stated  that  when  pure 
oxygen  and  pure  hydrogen  are  mixed  in  the  proportion  of  2  vol.  H  to  1  vol.  0,  and 
exploded,  the  entire  volume  of  gas  disappears  and  nothing  is  produced  but  water. 
Now  the  density  of  oxygen  is  16  times  as  great  as  that  of  hydrogen:  hence  water  is 
composed,  by  weight,  of  8  pts.  of  oxygen  to  1  pt.  of  hydrogen.  This  composition  has 
hitherto  been  most  generally  represented  by  the  formula  HO,  water  being  thus 
regarded  as  a  compound  of  hydrogen  and  oxygen  in  equal  numbers  of  atoms,  and  the 
atom  of  oxygen  being  supposed  to  weigh  8  times  as  much  as  that  of  hydrogen.  But 
there  are  many  reasons  for  supposing  that  a  molecule  of  water  contains  2  at.  of 
hydrogen  united  with  1  at.  of  oxygen — a  composition  represented  by  the  formula 
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gO  or  H20.     These  reasons  have  already  been  given  in  the  article  ATOMIC  WEIGHTS 

(i.  461),  and  need  not  here  be  repeated.  We  will  merely  mention  that,  according  to 
the  formula  H80,  the  atomic  weights  of  oxygen  and  hydrogen  are  to  one  another  as  the 
densities  of  the  two  gases,  which  is  the  most  simple  supposition  that  can  be  made 
respecting  them,  and  is  in  accordance  with  the  conclusions  deduced  from  the  dynamical 
theory  of  heat  (p.  132). 

The  composition  of  water  by  weight  and  volume  may  be  ascertained  in  various  other 
ways,  besides  the  direct  combination  of  the  component  gases.  When  water  is  decom- 
posed by  electrolysis,  the  gases  are  evolved  very  nearly  in  the  proportion  of  2  vol.  H  to 
1  vol.  O,  but  the  volume  of  oxygen  is  always  somewhat  less  than  it  should  be  on  account 
of  its  greater  absorbability  in  water.  The  composition  might  also  be  ascertained  by 
passing  vapour  of  water  over  red-hot  iron,  measuring  the  volume  of  the  hydrogen 
evolved,  and  determining  the  increase  in  weight  of  the  iron. 

But  the  most  exact  method  is  that  adopted  by  Berzelius  and  Dulong  (Ann.  Ch. 
Phys.  [2]  xv.  86)  and  by  Dumas  (Ann.  Ch.  Phys.  [3]  viii.  189),  which  consists  in 
passing  pure  and  dry  hydrogen  gas,  obtained  as  described  at  p.  193,  over  red-hot  oxide 
of  copper.  This  oxide  then  gives  up  its  oxygen  to  the  hydrogen,  and  forms  water,  which 
is  collected,  partly  in  a  small  receiver  attached  to  the  end  of  the  tube  containing  the 
oxide  of  copper,  partly  in  a  tube  containing  dry  chloride  of  calcium.  The  quantity  of 
water  thus  produced  is  weighed,  and  the  loss  of  weight  which  the  oxide  of  copper 
sustains  by  parting  with  its  oxygen,  is  likewise  determined.  These  experiments  show 
that  water  is  composed  exactly  in  the  proportion  of  8  pts.  by  weight  of  oxygen  to  1  pt. 
of  hydrogen : 

Calculation.  Berzelius 

f  . » .  Dumas.  and  Dulong  ' 

H2  .  .  2  .  .  11-11  .  .  11-11  .  .  ll'l 
0  .  .  16  .  .  88-89  .  .  88-89  .  .  88'9 
H20  ~18~  100-00  100-00  100-0 

For  the  compounds  of  water,  see  HYDRATES  (p.  179). 
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Dioxide,  or  Peroxide  of  Hydrogen.  HO  or  H-'O2. — This  remarkable  com- 
pound  was  discovered  by  Th^nard  (TraiU  de  Ckimie,  4me.  ed.  iv.  2,  41). — It  is 
produced  when  peroxide  of  potassium,  sodium,  barium,  strontium,  or  calcium  is  digested 
in  any  acid  which  forms  a  soluble  salt  with  the  base  resulting  from  the  decomposition 
of  the-peroxide,  the  excess  of  oxygen  not  escaping  as  gas,  but  passing  over  to  a  portion 
of  the  water,  and  converting  it  into  peroxide  of  hydrogen,  e.g.'. 

BaO   +  HC1     =     2BaCl  +   HO. 

Preparation. — Pure  baryta  is  prepared  by  igniting,  in  a  porcelain  retort,  nitrate  of 
barium  free  from  iron  and  manganese.  The  baryta,  broken  into  pieces  about  the  size 
of  a  nut,  is  then  put  into  a  coated  glass  tube  and  heated  to  low  redness,  while  a  current 
of  oxygen  gas  free  from  carbonic  acid  and  dried  by  means  of  quicklime,  is  passed  over 
it.  For  the  first  eight  minutes  the  gas  is  eagerly  absorbed  by  the  baryta.  After  it  has 
begun  to  escape  from  the  farther  end  of  the  tube  (to  which  a  gas  delivery-tube  passing 
under  water  is  fitted),  the  stream  is  still  kept  up  for  the  space  of  ten  or  fifteen  minutes. 
The  peroxide  of  barium  obtained  by  this  process  is,  after  cooling,  preserved  in  a  bottle. 
In  the  next  place,  200  grms.  of  water  are  mixed  with  as  much  hydrochloric  acid  as  will 
neutralise  about  15  grms.  of  baryta.  Into  this  liquid,  contained  in  a  cylinder,  or 
better,  in  a  dish  of  silver  or  platinum  kept  cool  by  surrounding  it  with  ice,  12  grms.  of 
peroxide  of  barium,  slightly  moistened  and  rubbed  up  in  an  agate  mortar,  are  intro- 
duced by  means  of  a  wooden  spatula :  on  agitating  or  stirring  the  liquid  with  the  pestle, 
the  whole  dissolves  completely  and  without  effervescence.  The  baryta  is  next  pre- 
cipitated by  sulphuric  acid,  added  drop  by  drop  till  slightly  in  excess :  the  presence  of 
an  excess  of  the  acid  may  be  known  by  the  sulphate  of  barium  falling  down  more 
quickly  than  before.  12  grms.  more  of  the  peroxide  are  then  dissolved  in  the  same 
liquid,  and  likewise  precipitated  by  sulphuric  acid.  The  liquid,  which  now  contains 
hydrochloric  acid,  sulphuric  acid,  a  large  quantity  of  water,  and  a  small  quantity  of 
peroxide  of  hydrogen,  is  next  separated  by  filtration  from  the  sulphate  of  barium,  the 
precipitate  washed  with  a  little  water,  and  the  last  wash-water  retained  for  future 
washings.  The  filtrate  is  again  mixed,  as  above,  twice  with  peroxide  of  barium,  and 
twice  with  sulphuric  acid.  The  filtration  is  then  repeated,  and  the  process  continued 
in  the  same  way,  till  90  or  100  grms.  of  the  peroxide  are  consumed.  The  liquid  thus 
obtained  would,  on  decomposition,  yield  from  25  to  30  measures  of  oxygen  gas.  To 
separate  silica,  alumina,  sesquioxide  of  iron,  sesquioxide  of  manganese,  &c.,  which  pro- 
ceed from  the  porcelain  retort  in  which  the  nitrate  of  baryta  was  ignited,  the  liquid  is 
mixed  with  concentrated  solution  of  phosphoric  acid  (2  or  3  pts.  of  phosphoric  acid  to 
100  pts.  of  peroxide  of  barium) — then  surrounded  with  ice,  and  supersaturated  with 
pounded  peroxide  of  barium:  silica  and  the  phosphates  of  iron,  manganese,  and 
aluminium  then  separate  rapidly  in  flakes,  and  must  be  separated  from  the  liquid  by 
filtration  through  linen,  and  if  necessary  through  paper.  The  presence  of  a  large 
quantity  of  sulphate  of  barium  renders  the  filtration  diificult.  (If  no  phosphoric  acid 
were-present,  the  sesquioxides  of  iron  and  manganese  would  fall  down  by  themselves, 
and  give  rise  to  a  rapid  evolution  of  oxygen  gas  ;  but  when  they  are  mixed  with  phos- 
phoric acid,  they  do  not  produce  this  effect.)  Should  the  liquid  still  contain  portions 
of  these  oxides,  they  must  be  separated  by  the  addition  of  a  slight  excess  of  baryta- 
water  ;  whereupon,  the  liquid  must  be  immediately  and  rapidly  filtered  through  several 
filters  at  once,  and  the  filters  squeezed  between  linen  to  get  all  out.  The  whole  of  the 
baryta  must  then  be  separated  by  carefully  adding  sulphuric  acid  in  very  slight  excess, 
and  filtering.  The  filtrate  now  contains  nothing  but  water,  peroxide  of  hydrogen,  hy- 
drochloric acid,  and  a  very  little  sulphuric  acid.  To  separate  the  hydrochloric  acid, 
the  liquid  is  surrounded  with  ice,  and  mixed  with  sulphate  of  silver.  In  the  first  place, 
sulphate  of  silver,  obtained  by  heating  nitrate  of  silver  in  contact  with  oil  of  vitriol  in 
a  platinum  crucible,  is  introduced  in  the  form  of  powder  into  the  liquid— the  whole 
being  constantly  stirred  till  the  liquid  becomes  clear,  a  sign  that  the  hydrochloric  acid 
is  wholly  or  nearly  precipitated.  Any  hydrochloric  acid  that  may  still  remain  must 
be  separated  by  cautiously  adding  more  sulphate  of  silver.  If  the  .latter  has  been 
added  in  excess,  it  must  be  precipitated  by  carefully  dropping  in  a  dilute  solution  of 
chloride  of  barium.  The  liquid  should  contain  neither  hydrochlorie  acid  nor  silver,  and 
should  therefore  give  no  precipitate  either  with  solution  of  silver  or  with  hydrochloric 
acid.  The  chloride  of  silver  is  separated  by  filtration  and  pressure,  any  portion  of 
liquid  which  comes  through  turbid  being  filtered  over  again.  To  remove  the  sulphuric 
acid  also,  and  obtain  a  pure  mixture  of  water  and  peroxide  of  hydrogen,  the  liquid  is 
placed  in  a  glass  mortar  surrounded  with  ice,  and  rubbed  up  with  slaked  baryta 
previously  pounded  and  diffused  through  water :  the  baryta  is  added  till  the  sulphuric  acid 
is  very  nearly  saturated.  The  liquid  is  then  filtered,  the  filter  pressed  between  linen, 
and  baryta-water  added  in  slight  excess  :  this  often  occasions  the  precipitation  of  oxide 
of  iron  and  oxide  of  manganese,  as  well  as  sulphate  of  b.irium ;  hence  the  filtration 
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must,  be  rapidly  performed.  The  excess  of  baryta  is  removed  by  cautiously  adding 
dilute  sulphuric  acid,  so  that  there  may  be  rather  a  very  slight  excess  of  the  acid  than 
of  the  baryta.  The  whole  of  the  sulphuric  acid  may  likewise  be  removed  by  means 
of  carbonate  of  barium  obtained  in  a  finely-divided  state  by  precipitation,  instead  of 
by  slaked  baryta  and  baryta-water.  Finally,  to  separate  the  whole  or  nearly  the 
whole  of  the  water,  the  vessel  containing  the  liquid  is  placed  in  a  dish  containing  oil 
of  vitriol,  and  the  whole  placed  under  a  receiver  of  the  air-pump  :  the  water  then 
evaporates  before  the  peroxide  of  hydrogen.  The  fluid  is  agitated  from  time  to  time. 
If  it  should  deposit  flakes  of  silica,  which  give  rise  to  the  escape  of  oxygen  gas,  it  must 
be  decanted  off'  from  them  by  means  of  a  siphon :  if  it  should  evolve  oxygen — which  it 
will  do  as  soon  as  it  is  so  far  concentrated  as  to  contain  about  250  times  its  volume  of 
oxygen — two  or  three  drops  of  sulphuric  acid  must  be  added  to  it.  The  concentration 
must  be  stopped  after  a  few  days,  when  the  liquid  is  brought  to  such  a  state  that  when 
decomposed  it  would  evolve  475  volumes  of  oxygen  gas ;  for  this  residue,  if  left  longer 
in  vacuo,  would  evaporate  as  a  whole.  The  peroxide  of  hydrogen  must  be  kept  in 
long  glass  tubes  closed  with  stoppers  and  surrounded  with  ice  ;  but,  even  under  these 
circumstances,  it  decomposes  slowly  and  evolves  oxygen  gas.  (Thenard.) 

2.  Peroxide  of  barium  is  decomposed  by  hydrated  hydrofluoric  acid  or  solution  of 
hydrofluosilicic  acid,  the  whole  being  kept  constantly  cool :  in  this  case,  insoluble  fluoride 
of  barium  or  double  fluoride  of  silicium  and  barium  separates  at  once.  As  soon  as 
Buflicient  quantities  of  acid  and  peroxide  of  barium  have  been  mixed,  the  peroxide  of 
hydrogen,  still  containing  a  large  quantity  of  water,  is  filtered  from  the  precipitate  and 
concentrated  in  vacuo  over  oil  of  vitriol.  (Pelouze,  Berz.  Lekrb.  i.  411.) 

Properties. — Colourless  transparent  liquid,  of  specific  gravity  1*452;  it  does  not 
freeze  at  —30°;  evaporates  in  vacuo  at  ordinary  temperatures  without  decompo- 
sition, though  much  less  readily  than  water ;  does  not  redden  litmus,  but  gradually 
bleaches  both  litmus  and  turmeric  paper ;  has  a  harsh,  bitter  taste,  similar  to  that  of 
tartar-emetic;  whitens  the  tongue  and  thickens  the  saliva;  when  placed  upon  the 
hand,  it  instantly  turns  the  cuticle  white,  and  after  a  tune  produces  violent  itching. 
(Thenard.) 

Peroxide  of  hydrogen  is  miscible  in  all  proportions  with  water,  part  of  the  water 
freezing  out  on  exposure  to  cold.  A  solution  containing  eight  times  its  own  volume  of 
oxygen  gas  begins  to  evolve  gas  at  50°,  and  subsequently  gets  into  a  state  of  violent 
ebullition,  and  when  this  has  ceased,  nothing  is  left  but  water.  The  peroxide  likewise 
unites  with  acids,  e.g.  phosphoric,  sulphuric,  hydrochloric,  nitric  acid,  &c.,  forming 
mixtures  in  which  it  is  less  easily  decomposible  than  when  alone. 

It  is  doubtful  whether  peroxide  of  hydrogen  has  ever  been  obtained  quite  free  from 
water.  Thenard,  however,  found  in  a  specimen  prepared  as  above  described,  6 '02  per 
cent,  hydrogen,  and  93'98  oxygen,  the  formula  HO  requiring  5'88  H,  and  94'12  0. 

Decompositions. — The  second  atom  of  oxygen  is  retained  by  the  hydrogen  very 
loosely.  Under  various,  and  often  enigmatical  circumstances,  it  separates  from  the 
water  in  the  form  of  gas,  the  volume  of  which  at  14°  and  076m.  bar.  (29'8  inches) 
amounts  to  475  times  that  of  the  liquid.  The  gas  often  escapes  with  such  rapidity  as 
to  produce  violent  effervescence,  and  even  explosion.  Great  heat  is  also  developed, 
and  when  the  experiment  is  made  in  the  dark,  even  light  is  apparent. 

The  several  modes  of  decomposition  are  as  follows  : — 

1.  In  the  circuit  of  the  voltaic  battery,  peroxide  of  hydrogen,  like  water,  is  gradually 
resolved  into  hydrogen  at  the  negative  and  oxygen  at  the  positive  pole — only  that  the 
proportion  of  oxygen  is  greater  than  in  the  decomposition  of  water.     (The  nard.) 

2.  By  a  certain  elevation  of  temperature.     At  freezing  temperatures,  peroxide  of 
hydrogen  is  but  very  slowly  decomposed ;  at  ordinary  temperatures,  it  merely  evolves 
a  bubble  of  oxygen  now  and  then,  the  decomposition  not  being  complete  for  months ; 
at  20°  the  escape  of  gas  becomes  more  perceptible.     By  suddenly  raising  the  tempera- 
ture to  100°,  this  gradual  escape  of  gas  may  be  converted  into  a  kind  of  explosion. 
Finally,  there  remains  behind  nothing  but  pure  water.     Sunshine  does  not  appear  to 
accelerate  the  decomposition  at  ordinary  temperatures.     (Thenard.) 

3.  By  contact  with  certain  substances,  which  either  remain  unaltered,  or  take  up 
part  of  the  oxygen  of  the  peroxide,  or  on  the  contrary  themselves  evolve  oxygen. — 
The  rapidity  with  which  these  substances  induce  the  separation  of  oxygen  from  the 
peroxide  depends  partly  on  their  chemical  nature,  partly  on  the  minuteness  of  their 
mechanical  division :  the  further  this  is  carried,  the  more  rapid  is  the  action.  (Thenard.) 

a.  Peroxide  of  hydrogen,  whether  pure  or  in  aqueous  solution,  acts  as  a  powerful 
oxidising  agent.  It  converts  arsenious  acid  into  arsenic  acid,  sulphurous  acid  into 
sulphuric  acid,  sulphide  of  lead  into  sulphate  of  lead,  and  the  hydrated  protoxides  of 
manganese,  iron  and  cobalt,  into  the  peroxide  and  sesquioxides  respectively.  The 
protoxides  of  barium,  strontium,  and  calcium  are  transformed  into  the  corresponding 
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peroxides,  which,  being  insoluble,  are  precipitated.  The  concentrated  solution  of  pep- 
oxide  of  hydrogen  acts  with  great  violence  upon  certain  of  the  elements,  selenium, 
arsenic,  molybdenum,  chromium,  &c.,  converting  them  at  once  into  their  highest  oxides. 

b.  Certain  bodies,  among  which  are  included   charcoal,   many  metals,    and  some. 
metallic  oxides,  induce,  by  their  mere  contact,  a  more  or  less  violent  decomposition  of 
the  peroxide  into  water  and  oxygen,  without  themselves  undergoing  any  change :  gold, 
platinum,  and  silver,  particularly  when  in  the  precipitated  or  spongy  state,  act  most 
violently,  ahd  cause  a  great  disengagement  of  heat.     A  slightly  acid  solution  of  the 
peroxide  is  less  amenable  to  the  action  of  these  agents  than  is  the  pure  aqueous  solu- 
tion; alkalis  on  the  other  hand  facilitate  the  decomposition.     The  action  of  the  above- 
mentioned  bodies  in  causing  the  decomposition  of  the  peroxide  is  termed  catalytic. 
Its  nature,  however,  is  not  at  present  understood. 

c.  But  the  most  remarkable  circumstance  connected  with  peroxide  of  hydrogen  is  its 
property  of  acting  as  a  reducing  agent.     When  peroxide  of  hydrogen,  or  its  analogue, 
peroxide  of  barium,  is  added  to  any  one  of  the  following  substances,  namely,  the  pro- 
toxides of  silver  or  mercury,  the  peroxides  of  manganese  or  lead,  the  chromic,  perman- 
ganic, and  ferricyanic  acids,  or  their  salts,   not  only  is  oxygen  evolved  from  the 
peroxide  of  hydrogen,  but  also  from  the  other  oxidised  body.    Several  of  these  reactions 
were  noticed  by  Thenard  in  1818,   but  they  were   first  minutely   examined   and 
explained  by  Brodie  in  1850  (Phil.  Trans.  1850,  p.  759 ;  Chem.  Soc.  Qu.  J.  iv.  194  ; 
further,  Chem.  Soc.  Qu.  J.  vii.  304).     In  accordance  with  his  views,  it  seems  that  the 
second  atom  of  oxygen  in  the  peroxides  of  hydrogen  and  barium  is  not  merely  retained 
in  an  unstable  state  of  combination,  but  that  it  is,  by  association  with  the  oxide  of  an 
electro-positive  element,  like  hydrogen  or  barium,  thrown  into  a  polar  state,  opposite 
to  the  polar  state  of  the  oxygen  in  unstable  protoxides,  and  to  that  of  the  loosely 
combined  oxygen  in  the  more  or  less  chlorous  peroxides.     Hence  when  the  peroxide 
of  hydrogen  or  barium  is  brought  into  relation  with  one  or  other  of  these  oxygenised 
compounds,  the  two  oppositely  polarised  oxygens  unite  with  one  another,  as  indicated 
in  the  following  formulae :  — 

MnOO     +   H200  =  MnO  +     H20   +  00 

AgAgO    +   H200  =  AgAg  +     H2~0   +  00 

Cr'O'O8  +  H6030S  =  Cr208  +   3H20   +  300 

I2        +   H200  -  2HI  +     00 

Brodie  has  shown  that,  in  the  third  and  fourth  reactions,  the  amounts  of  oxygen  set 
free  correspond  exactly  with  the  above  expressions.  In  the  other  two  reactions,  some 
additional  oxygen  is  set  free  catalytically,  from  the  decomposition  of  the  peroxide  per 
se.  For  finely-divided  metallic  silver  has  the  property  of  decomposing  peroxide  of 
hydrogen  catalytically,  whence  the  oxygen  liberated  according  to  the  second  equation 
has  not  been  found  to  constitute  more  than  49,  instead  of  50,  per  cent,  of  the  total 
quantity  of  oxygen  evolved.  It  is  observable  that  in  no  case  can  the  oxygen  from  the 
peroxide  constitute  less  than  one-half  of  the  total  oxygen  liberated.  The  above  re- 
actions are  perfectly  comparable  with  admitted  reactions  showing  the  formation  of 
hydrogen  and  the  alcohol -radicles  (see  CHEMICAL  AFFINITY  i.  857),  for  example  : — 

Cu2H2     +   2HCl        =  Cu2Cl2  +   2HH. 
Zn(C2Hs)2  +   2(C+2H5)I  =    Znf2    +  2(C2H5)(CiHs). 

Schonbein,  apparently  unaware  of  Brodie' s  researches,  has  recently  drawn  attention 
to  the  phenomena  of  deoxidation  effected  by  the  peroxides  of  hydrogen  and  barium, 
and  has  shown  that  ozone  is  rendered  inactive  by  them.  He  regards  ozone  as  perma- 
nently negative  oxygen,  0,  which  can  form  ozonides  of  silver,  of  manganous  oxide,  &c., 
and,  in  the  above  reaction,  is  neutralised  by  the  permanently  positive  oxygen  or 

antozone,  0,  of  the  peroxide  of  hydrogen ;  whereas,  according  to  Brodie,  the  polarity  of 
the  oxygen  depends  upon  the  nature  of  the  body  with  which  it  is  associated,  and  is 
manifested  only  at  the  instant  of  its  disassociation.  (Schonbein,  Verhandl.  d.  naturf. 
Gesellsch.  in  Basel,  ii.  113,  463,  472  ;  Ann.  Ch.  Pharm.  cviii.  157 ;  J.  pr.  Chem.  Ixxvii. 
257,  263;  Ixxx.  266,  275;  Ixxxi.  1;  Ixxxiii.  86;  Jahresber.  1858,  p.  58;  1859,  p.  60; 
1860,  p.  54;  1862,  p.  96.) 

Schonbein  has  confirmed  the  observations  of  Meidinger  and  others,  that  peroxide  of 
hydrogen  may  sometimes  be  detected  in  water  which  has  undergone  electrolysis.  He 
Beems  also  to  have  shown  that  traces  of  peroxide  of  hydrogen  are  produced  in  many 
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Cases  of  slow  oxidation  occurring  in  the  presence  of  moisture ;  for  example,  those  of 
phosphorus,  ether,  zinc,  &c.  This  production  of  peroxide  of  hydrogen  he  considers 
to  be  correlative  of  the  other  oxidation.  Thus  when  moist  zinc-filings  are  oxidised  by 
exposure  to  air,  a  quantity  of  peroxide  of  hydrogen,  which  may  be  dissolved  out  by 
water  and  submitted  to  chemical  tests,  is  formed,  according  to  the  following  equation : 

Zn2  +  2I1-O  +  2HJ0  +  200  =  ZnH202  +  ZnH202  +  2H200. 

Peroxide  of  hydrogen,  even  in  a  very  dilute  state,  may  be  recognised  either  by  its 
oxidising  or  by  its  reducing  properties.  Thus  it  decolorises  a  solution  of  indigo,  especially 
in  the  presence  of  sulphate  of  iron,  which  apparently  serves  to  convey  the  oxygen  from 
the  peroxide  to  the  indigo  ;  and  similarly  it  liberates  iodine  from  a  solution  of  iodide 
of  potassium,  starch,  and  sulphate  of  iron.  On  the  other  hand,  it  decolorises  a 
solution  of  permanganate  of  potassium  by  reduction,  and  causes  a  blue  precipitate 
in  a  solution  containing  sesquichloride  of  iron  and  ferricyanide  of  potassium.  It 
eventually  reduces  chromic  acid  to  the  state  of  chromic  hydrate,  but  its  first  action 
is  to  produce,  by  oxidation,  a  very  unstable  perchromic  acid.  This  compound,  which 
has  a  deep  blue  colour,  is  readily  soluble  in  ether,  and  its  ethereal  solution  has  a 
certain  degree  of  stability ;  so  that  the  presence  of  peroxide  of  hydrogen  in  any  liquid 
may  be  ascertained  by  mixing  it  with  ether,  and  then  adding  a  few  drops  of  a  solution 
of  chromic  acid,  whereby  the  ether  assumes  a  bright  blue  colour. 

The  compound  radicle,  peroxide  of  hydrogen  HO,  is  equivalent  to  the  simple  radicle 
chlorine  01,  and  in  a  great  number  of  reactions  is  exchangeable  for  chlorine  and  its 
congeners.  One  of  the  most  generally  useful  modes  of  oxygenating  different  compounds 
consists  in  first  substituting  a  halogen  in  exchange  for  hydrogen,  and  then,  by  means 
of  water,  substituting  peroxide  of  hydrogen  in  exchange  for  the  halogen.  Thus,  by  thft 
action  of  "bromine  upon  acetic  acid,  we  obtain  bromacetic  acid: — 
C2H403  +  Br2  =  C2H3Br02  +  HBr. 

Then,  by  the  action  of  water  upon  bromacetic  acid,  we  obtain  glycollic,  or  oxyacetic 
acid : — 

C2H3Br02  +  H.HO     =     C2H3(HO)02,  or  C2H<03  +  HBr. 

(Odling's  Manual  of  Chemistry,  p.  124.) 

Trioxide  of  Hydrogen.  H203. — This,  according  to  Baumert  (Pogg.  Ann.  Ixxxix. 
38),  is  the  composition  of  OZONE  (q.  v.) 

HYDROGEN-,  PHOSPHIDES  OP.  Three  of  these  compounds  are  known, 
viz.  phosphoretted  hydrogen  gas,  PH3,  liquid  phosphide  of  hydrogen,  PH2,  and  the 
solid  phosphide,  P8H. 

1.  Phosphoretted    Hydrogen    or    Phosphamine.      PH3.  —  This    gas,    the 
analogue  of  ammonia,  is  produced  by  the  spontaneous  decomposition  of  phosphorised 
organic  bodies,  decaying  fish  for  example.     Its  natural  evolution  appears  to  be  the 
cause  of  igncsfatui  and  similar  luminous  appearances.     The  gas  is  also  liberated  in 
many  chemical  reactions,  but  it  is  very  difficult  to  obtain  pure,  being  always  mixed 
with  a  greater  or  lesser  proportion  of  free  hydrogen,  and  frequently  with  the  vapour  of 
liquid  phosphide  of  hydrogen,  which  renders  it  spontaneously  inflammable,  a  property 
which  it  does  not  possess  when  free  from  the  liquid  phosphide.     The  spontaneously 
inflammable  gas  was  discovered  in  1789  by  Gengembre  (Crell.  Ann.  i.  450),  and  the 
non -spontaneously  inflammable  gas  by  Davy  some  years  later. 

Production  of  the  spontaneously  inflammable  gas.  1.  The  compounds  of  phosphorus 
with  the  alkali-metals  are  resolved,  in  contact  with  water,  into  an  alkaline  hypophos- 
phite  and  phosphoretted  hydrogen.  An  impure  phosphide  of  calcium  is  generally  used 
for  the  purpose,  prepared  by  heating  phosphorus  with  lime  (i.  719).  When  it  is  thrown 
into  water,  spontaneously  inflammable  phosphoretted  hydrogen  is  slowly  liberated,  and 
the  bubbles  of  gas,  as  they  reach  the  surface,  take  fire,  burn  with  a  highly  luminous 
flame,  and  produce  thick  clouds  of  white  smoke,  which,  in  a  quiet  atmosphere,  ascend 
in  the  form  of  successive  gradually  expanding  rings. 

2.  Phosphide  of  zinc,  tin,  or  iron,  with  aqueous  sulphuric  or  hydrochloric  acid,  yields 
a  metallic  sulphate  or  chloride  and  phosphoretted  hydrogen  gas. 

3.  Phosphorus  heated  in  an  aqueous  solution  of  a  fixed  alkali,  yields  phosphoretted 
hydrogen  gas,  together  with  a  hypophosphite  and  phosphate  of  the  alkali-metal.     Such 
an  action  is  exerted  by  potash,  soda,  lithia,  baryta,  strontia,  and  lime,  and,  according 
to  Eaymond,  by  oxide  of  'zinc  and  protoxide  of  iron.     The  primary  decomposition 
yields  phosphoretted  hydrogen  and  hypophosphite ;  thus  with  lime-water : — 

3CaH202  +  P8  +  GH20  =  3CaH4P20»  +  2PH8 

Hydratfi  of  Hypophoi- 

calcium.  l>llite  of  cal- 

cium. 


200  HYDROGEN,  PHOSPHIDES  OF. 

But  from  the  very  beginning  of  the  action,  the  phosphoretted  hydrogen  gas  is  mixed 
with  more  or  less  free  hydrogen,  and  there  is  likewise  a  certain  quantity  of  phosphate 
produced ;  and  as  the  boiling  is  continued  and  the  solution  becomes  more  concentrated, 
the  quantity  of  hydrogen  gas  continually  increases,  because  a  greater  and  greater 
quantity  of  the  alkaline  hypophosphite  is  resolved,  by  boiling  in  the  alkaline  liquid, 
into  hydrogen  and  an  alkaline  phosphate,  e.g. : 

KH2P02  +   2KHO     =     K3P04  +  H4. 

Hypophosphite  Phosphate 

of  potassium.  of  potassium. 

This  secondary  decomposition  takes  place  especially  with  the  hypophosphites  of  the 
true  alkali-metals ;  hence  solutions  of  the  alkaline  earths  are  best  adapted  for  the 
preparation  of  pure  phosphoretted  hydrogen. 

4.  When  hypophosphites  are  heated,  phosphoretted  hydrogen  is  evolved,  generally  of 
the  more  inflammable,  more  rarely  of  the  less  inflammable  variety,  mixed  with  a 
certain  quantity  of  vapour  of  phosphorus  and  free  hydrogen  gas.  (H.  Rose.) 

The  non-spontaneoiisly  inflammable  gas  is  produced — 1.  When  hypophosphorous  or 
phosphorous  acid  is  heated,  these  acids  being  then  resolved  into  phosphoric  acid  and 
phosphoretted  hydrogen,  which  may  be  collected  over  jvater : 
2HSP02     =     PH3   +  H3PO«. 

Hypophos- 
phorous acid. 

4H3P03     »     PH3  +   3H3P04. 

Phosphorous 
.    f  acid. 

According  to  Dumas  and  H.  Rose,  the  first  portions  of  gas  evolved  by  this  process  are 
pure,  but  the  later  portions  contain  a  considerable  quantity  of  free  hydrogen.  The 
phosphorous  acid  should  be  gently  heated  in  a  flask  of  hard  glass,  as  when  softer  glass 
is  used,  a  phosphite  of  alkali-metal  is  frequently  formed,  which  is  decomposed  by  the 
heat  and  yields  free  hydrogen.  The  mixture  of  phosphorous  and  phosphoric  acids, 
sometimes  called  phosphatic  acid,  which  is  produced  when  phosphorus  is  left  to  oxidise 
slowly  in  moist  air,  may  be  used  for  the  purpose.  By  the  application  of  a  stronger 
heat,  hypophosphites,  as  well  as  hypophosphorus  itself,  yield  phosphoretted  hydrogen, 
but  the  gas  produced  from  the  salts  is  usually  spontaneously  inflammable  and  mixed 
with  free  hydrogen. — 2.  When  zinc  or  iron  is  dissolved  in  aqueous  phosphorous  acid, 
or  zinc  in  a  mixture  of  aqueous  phosphorous  acid  and  sulphuric  acid,  or  when  phos- 
phoric acid  is  deoxidised  by  potassium  or  sodium  (Wohler). — 3.  When  phosphorus  is 
boiled  with  hydrate  of  potassium  and  alcohol,  the  non-inflammable  gas  is  evolved,  mixed 
with  hydrogen  gas  and  alcohol  vapour,  and  there  remains  hypophosphite  of  potassium 
and  a  small  quantity  of  phosphate,  together  with  excess  of  potash  (H.  Rose). — 4.  When 
phosphide  of  calcium  is  decomposed  by  concentrated  hydrochloric  acid  (Dumas). — 
5.  Phosphorus,  under  the  influence  of  light,  decomposes  water,  producing  phosphoric 
oxide  [?  red  phosphorus]  and  phosphoretted  hydrogen  gas,  which  remains  dissolved  in 
the  water. 

Spontaneously  inflammable  phosphoretted  hydrogen  may  be  freed  from  the  com- 
pound PH8,  and  rendered  non-inflammable,  by  passing  it  through  a  freezing  mixture  of 
ice  and  salt ;  but  according  to  Graham,  the  addition  of  a  minute  quantity  of  nitric 
oxide  gas  will  confer  on  it  the  property  of  spontaneous  inflammability  [?  by  oxidising 
a  small  quantity  of  it  to  PIP].  It  is  also  deprived  of  its  spontaneous  inflammability 
by  exposure  to  sunlight,  by  contact  with  charcoal  and  other  pulverulent  bodies,  and  by 
admixture  with  the  vapours  of  ethylic  chloride,  ethylic  oxide,  alcohol,  turpentine,  &c. 

Properties.  Phosphoretted  hydrogen  is  a  colourless  gas  of  specific  gravity  1*214 
referred  to  air,  or  1 7 '25  referred  to  hydrogen  (D  u  m  a s ) ;  by  calculation  for  a  condensation 

O  J        i       O 

to  2  volumes  it  is  — =17.     It  is  liquefiable,  but  has  not  yet  been  solidified 

(p.  98).  It  smells  like  stinking  fish,  or  rather  the  fish  in  a  state  of  decomposition  have 
the  odour  of  the  gas,  since  they  evolve  it.  It  is  sparingly  soluble  in  water,  more  so  in 
alcohol,  ether,  and  volatile  oils.  Neither  the  gas  nor  its  solutions  have  any  action  upon 
blue  or  red  litmus  paper. 

Decompositions. — 1.  When  a  series  of  electric  sparJcs  is  passed  through  the  gas,  two 
volumes  of  it  are  converted,  with  deposition  of  phosphorus,  into  three  volumes  of  hy- 
drogen.— 2.  Most  metals  heated  in  the  gas  combine  with  the  phosphorus,  and  liberate 
the  hydrogen.—S.  Phosphoretted  hydrogen  is  very  inflammable,  burning  with  a 
brilliant  flame  and  evolving  a  white  smoke  of  phosphoric  acid.  A  mixture  of  the  non- 
spontaneously  inflammable  gas  and  oxygen  standing  over  water  is  gradually  absorbed, 
with  production  of  phosphorous  acid.  The  mixture  of  the  two  gases,  though  changing 
very  gradually  at  ordinary  pressures,  undergoes,  when  suddenly  rarefied,  an  instan- 
taneous decomposition,  attended  with  violent  explosion. — 4.  Phosphoretted  hydrogen 
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quickly  reduces  many  oxidised  bodies,  e.g.  nitric  oxide,  nitric  acid,  sulphurcus  anhy- 
dride and  sulphuric  acid.  It  is  completely  absorbed  by  solutions  of  hypochlorous  acid 
and  the  alkaline  hypochlorites. — 5.  It  precipitates  the  solutions  of  many  metallic  salts 
those  of  lead  very  slowly,  those  of  copper  more  quickly,  and  those  of  the  noble  metals 
most  quickly  of  all.  The  precipitates,  save  those  produced  with  mercury-salts,  are 
black  or  dark-coloured.  They  consist  of  metallic  phosphide,  as  in  the  case  of  copper; 
of  mixed  phosphide  and  metallic  salt,  as  in  the  case  of  mercury  ;  or  of  reduced  metal, 
as  in  the  case  of  silver  and  gold.  Solution  of  sulphate  of  copper  is  often  used  for 
estimating  the  proportion  of  free  hydrogen  in  ordinary  phosphoretted  hydrogen,  by 
observing  the  quantity  of  gas  which  it  leaves  unabsorbed. 

6.  Chlorine,  bromine,  and  iodine  decompose  phosphoretted  hydrogen,  abstracting  its 
hydrogen.  If  in  excess,  they  also  combine  with  its  phosphorus  to  form  the  respective 
chlorides,  bromides,  and  iodides,  or  their  products  of  decomposition  with  water.  When 
bubbles  of  phosphoretted  hydrogen  are  introduced  into  a  receiver  of  chlorine,  they  in- 
flame with  a  sharp  explosion,  producing  hydrochloric  acid  and  pcntachloride  of 
phosphorus.  Many  metallic  chlorides  also,  when  gently  heated  in  phosphoretted 
hydrogen,  produce  hydrochloric  acid  gas — the  volume  of  which  is  three  times  as  great, 
as  that  of  the  phosphoretted  hydrogen— and  a  metallic  phosphide ;  or  else  hydrochloric 
acid,  free  phosphorus  and  free  metal. — 6.  Sulphur  heated  in  phosphoretted  hydrogen 
forms  sulphide  of  hydrogen  and  sulphide  of  phosphorus. 

Phosphoretted  hydrogen,  though  devoid  of  any  alkaline  reaction,  is  in  other  respects 
closely  analogous  to  ammonia ;  hence  it  is  called  phosphamine.  Thus  it  unites 
directly  with  hydriodic  acid  to  form  the  hydriodate  of  phosphamine,  PIF.HI,  or 
iodide  of  phosphonium,  PH4I,  and  a  corresponding  compound  with  hydrobromio 
acid.  Moreover,  like  ammonia,  phosphamine  unites  with  the  perchlorides  of  many 
metals,  forming  white  saline  bodies  of  similar  constitution  to  the  ammonio-chlorides. 

Hydriodate  of  Phosphamine  may  be  obtained  by  the  direct  combination  of  the  two 
gases,  or  by  adding  a  little  water  to  equal  atomic  proportions  of  iodine,  ground  up  with 
pounded  glass,  and  phosphorus  cut  up  into  small  pieces.  Vapours  of  hydriodate  of 
phosphamine  mixed  with  hydriodic  acid  are  immediately  given  off,  the  former  condensing 
as  a  crystalline  deposit.  A  better  mode  of  preparation  is,  however,  that  given  by 
Hofmann,  which  consists  in  gently  heating  iodine  in  a  current  of  dry  phosphoretted 
hydrogen  gas : 

4PH3  +  I5     =     PP   +   3H4PI. 

The  salt  crystallises  in  cubes,  which  fuse  when  moderately  heated,  and  out  of  access  of 
air,  may  be  sublimed  without  change.  They  are  deliquescent  and  are  decomposed  by 
water  into  hydriodic  acid  and  phosphamine. 

Hydrobromate  of  Phosphamine,  PH3.HBr  or  PH4Br,  is  also  obtained  by  direct  com- 
bination, or  it  may  be  prepared  by  introducing  bromide  of  silicon,  together  with  a  little 
water,  into  a  jar  of  phosphoretted  hydrogen  (Semi las).  It  crystallises  in  cubes, 
sometimes  transparent,  sometimes  opaque ;  boils  at  about  30°.  Vapour-density,  obs. 
=  T906;  calc.  (2  vol.)  «=3'98  ;  hence  this  compound  affords  an  example  of  anomalous 
vapour-density,  probably  arising  from  disassociation  (i.  469  ;  ii.  816). 

Derivatives  of  Phosphamine. — The  three  atoms  of  hydrogen,  like  those  of  ammonia, 
in  phosphamine,  may  be  replaced  by  metals  or  organic  radicles,  e.g.  tricwpric  phos- 
phide,  P2(Cu")8;  tricuprous  phosphide,  P2(Cu2)3;  triethylphosphine,  P(C2H5)S.  The 
metallic  phosphamines  are  obtained  by  passing  phosphoretted  hydrogen  gas  over  the 
heated  metals  or  their  oxides,  or  into  solutions  of  the  respective  salts,  or  by  treating 
the  metals  directly  with  phosphorus.  (See  PHOSPHIDES.) 

The  organic  derivatives  of  phosphamine  constitute  a  more  important  class  of  com- 
pounds, exactly  analogous  to  the  tertiary  monamines  (i.  175).  Phosphorus-bases 
analogous  to  the  primary  and  secondary  monamines  have  not  yet  been  obtained.  The 
tertiary  phosphines  are  obtained  by  decomposing  the  zinc-compounds  of  the  alcohol- 
radicles  with  trichloride  of  phosphorus,  e.g. : 

3Zn(C2H5)2  +  2PC1S  -  3ZnCl2  +  2P(C2H»)S. 
Zinc-ethyl.  Triethyl- 


They  are  volatile  strongly  basic  compounds,  which  unite  readily  with  acids,  forming 
crystalline  salts,  analogous  to  those  of  triethylamine^  &c.  Tnethylphosphine  (like 
triethylamine)  unites  directly  with  iodide  of  ethyl,  forming  the  iodide  of  tetrethylphos- 
phonium,  P(C2H5)4I,  from  which,  by  the  action  of  moist  oxide  of  silver,  the  hydrate  of 
tetrethylphosphonium,  P(C2H5)4HO,  may  be  obtained.  (See  PHOSPHORUS-BASES.) 

Liquid  Phosphide  of  Hydrogen.  This  compound,  which  communicates  sponta- 
neous inflammability  to  phosphoretted  hydrogen  gas,  was  discovered  by  Paul 
Th^nard  (Ann.  Ch.  Phys.  [3]  xiv.  5),  and  regarded  by  him  as  PH2.  13y  some 
chemists,  however,  it  is  supposed  to  contain  oxygen  as  well  as  hydrogen,  and  to 
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constitute  the  hydrogen  representative  of  oxychloride  of  phosphorus,  namely,  H3PO. 
It  is  produced,  together  with  spontaneously  inflammable  pho.sphorettcd  hydrogen  gas, 
by  the  action  of  water  on  phosphide  of  calcium  (i.  719) : 

5PCa    +   5H20     =     5CaO    +   5PH2  (P.  Thenard), 

and  may  be  separated  by  passing  the  gas  through  a  U-tube  cooled  by  a  freezing  mixture. 
Into  the  middle  tubulure  of  a  three-necked  Woulfe's  bottle,  holding  about  a  pint,  is 
inserted  a  glass  tube  12  inches  long  and  half  an  inch  wide,  so  as  to  reach  nearly  to  the 
bottom.  To  the  second  tubulure  is  adapted  a  tube  twice  bent  at  right  angles  ;  this 
tube  dips  into  water  and  serves  for  a  safety-tube.  Into  the  third  is  fitted  a  U-tube  of 
£  inch  diameter,  immersed  to  the  depth  of  5  or  6  inches  in  a  freezing  mixture.  The  part 
which  projects  above  the  freezing  mixture  is  bent  at  a  not  very  acute  angle,  and  drawn 
out  at  two  points  not  far  from  each  other  and  near  the  end,  so  that,  at  the  conclusion  of  the 
operation,  the  liquid  may  be  introduced  into  the  intermediate  part  of  the  tube,  and  the 
parts  which  have  been  drawn  out  closed  by  the  blowpipe.  The  apparatus  being  thus 
arranged,  the  bottle  is  three  parts  filled  with  water  and  placed  in  a  water-bath  heated 
to  between  60°  and  70° ;  the  last-mentioned  tube  is  closed ;  and  a  few  drops  of  phos- 
phide of  calcium  are  thrown  through  the  middle  one  into  the  bottle.  The  gas  evolved 
takes  fire,  and  drives  out  the  air  through  the  safety-tube.  The  U-tube  is  now  to  be 
opened,  and  from  400  to  600  grains  of  phosphide  of  calcium  gradually  introduced  into 
the  bottle:  in  a  few  minutes,  oily  drops  of  liquid  are  seen  to  collect  in  the  part  of  the 
tube  nearest  to  the  bottle.  The  process  must  be  stopped  after  16  or  20  minutes, 
because  water  condenses  in  the  tube,  together  with  the  phosphide  of  hydrogen,  and 
often  stops  it.  The  tube  is  now  to  be  sealed  at  the  narrowed  neck  nearest  to  its 
extremity,  then  removed  from  the  bottle,  and  held  by  the  finger  (covered  with 
caoutchouc  to  save  the  operator  from  being  burnt)  in  such  a  position  that  any 
remaining  gas  may  escape ;  it  is  then  warmed  by  the  hand  to  cause  the  portions  of 
liquid  which  have  been  separated  by  particles  of  ice  to  run  together,  and  again  placed 
in  the  freezing  mixture  to  solidify  the  water,  and  prevent  it  running  back.  This  being 
effected,  the  liquid  is  made  to  flow  towards  the  sealed  end  of  the  tube,  and  the  other 
neck  of  the  tube  is  closed  by  the  blow-pipe.  A  well-conducted  operation  yields  about 
30  grains  of  liquid. 

Liquid  phosphide  of  hydrogen  is  colourless  and  does  not  solidify  at  —  20°  ;  at  30°  or 
40°,  it  appears  to  volatilise  and  to  be  decomposed  at  the  same  time ;  refracts  light 
Btrongly.  It  is  insoluble  in  water.  Alcohol  and  oil  of  turpentine  appear  to  dissolve 
it,  but  it  quickly  decomposes  in  the  solution.  It  burns  spontaneously  in  the  air,  with 
an  intensely  bright  white  flame,  and  produces  dense  white  fumes.  It  communicates 
spontaneous  inflammability  to  500  times  its  weight  of  phosphoretted  hydrogen  gas. 
All  combustible  gases  are  rendered  spontaneously  inflammable  by  admixture  with  liquid 
phosphide  of  hydrogen. 

By  the  action  of  light  it  is  resolved  into  solid  and  gaseous  phosphide  of  hydrogen, 
6PH2  =  P2H  +  3PH8.  It  is  also  decomposed,  like  peroxide  of  hydrogen,  by  contact 
with  various  substances.  An  indefinite  quantity  of  liquid  phosphide  of  hydrogen  may 
be  decomposed  by  a  cubic  centimetre  of  hydrochloric  acid  gas. 

Solid  Phosphide  of  Hydrogen.  P2H? — When  spontaneously  inflammable 
phoephoretted  hydrogen  is  exposed  to  sunshine,  a  solid  yellowish  compound  is  de- 
posited on  the  sides  of  the  glass,  the  gas  at  the  same  time  losing  its  property  of  spon- 
taneous inflammability  (Leverrier,  Ann.  Ch.  Phys.  Ix.  175).  The  same  solid  com- 
pound is  obtained  in  larger  (Juantity  by  treating  liquid  phosphide  of  hydrogen  with 
hydrochloric  acid,  or  by  dissolving  phosphide  of  calcium  in  strong  hydrochloric  acid, 
the  liquid  phosphide  being  then  resolved  into  the  solid  and  gaseous  phosphides  (see 
above).  Hence  spontaneously  inflammable  phosphoretted  hydrogen  passed  through 
aqueous  hydrochloric  acid  loses  its  spontaneous  inflammability  and  yields  a  deposit  of 
solid  phosphide. 

This  compound  is  insoluble  in  water  and  in  alcohol.  It  dissolves  in  warm  potash, 
with  liberation  of  non-spontaneously  inflammable  phosphoretted  hydrogen.  It  takes 
fire  at  about  150°.  (P.  T  h  6  n  a  r  d,  loc.  cit, ) 

HYDROGEN*,  SEXi'E'N'XD'E  OF*  H2Se.  Selcnhydric  or  Hydroselcnic  add. 
Seleniettcd  Hydrogen. — A  gaseous  compound  analogous  to  sulphydric  acid,  produced 
by  the  action  of  dilute  hydrochloric  or  sulphuric  acid  on  selenide  of  potassium,  iron,  or 
other  metals.  It  is  colourless  and  inflammable,  soluble  in  water,  and  cannot  long  be 
preserved  over  mercury.  It  has  a  most  offensive,  acrid  odour,  impairing  or  even  de- 
stroying the  sense  of  smell  for  several  hours,  and  producing  inflammation  of  the  eyes.  Its 
aqueous  solution  absorbs  oxygen  from  the  air,  and  deposits  selenium.  It  has  a  he-pal  ie 
taste,  a  slight  acid  reaction,  and  gives  with  the  solutions  of  most  metals,  precipitates 
consisting  of  metallic  selenides,  those  of  manganese,  zinc,  and  cerium  being  flesh- 
coloured,  the  remainder  brown  or  black.  (B  e  r  z  e  1  i  u  s.) 
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HYDROGEN1,  SULPHIDES  OP.  Sulphur  unites  with  hydrogen  in  two  propor- 
tions, forming  the  protosulphide,  H2S  ;  and  the  persulphide,  probably  HS  or  H2S3. 

Protosulphide  of  Hydrogen.  H2S.  Kidphydric  acid.  Hydrosulphuric  acid. 
Hydrothionic  acid.  Sulphuretted  hydrogen. — This  compound  may  bo  formed  in  small 
quantity  by  burning  sulphur-vapour  in  hydrogen  gas,  or  hydrogen  gas  in  sulphur- 
vapour,  precisely  as  its  analogue,  water,  is  produced  under  similar  circumstances  from 
oxygen  and  hydrogen. 

The  gas  is  ordinarily  prepared  by  the  action  of  an  acid — sulphuric  or  hydrochloric 
for  instance — upon  a  metallic  sulphide,  usually  that  of  iron  or  antimony.  Dilute  sul- 
phuric acid  acts  readily  upon  sulphide  of  iron,  producing,  even  in  the  cold,  a  rapid 
effervescence  of  sulphydric  acid  : 

FeS  +   H2SO«     =     H2S  +  FeSO4. 

Inasmuch  as  sulphide  of  iron  is  an  artificial  product,  nearly  always  containing  an 
excess  of  metallic  iron  in  admixture,  the  sulphydric  acid  obtained  from  it  is  generally 
contaminated  with  free  hydrogen ;  but  the  native  crystalline  trisulphide  of  antimony, 
being  a  normal  sulphide,  when  acted  upon  by  boiling  hydrochloric  acid,  yields  the  gas 
in  question  in  a  very  pure  state,  thus : 

Sb2S3  +   6HC1     =     3H2S   +   2SbCP. 

The  sulphydric  acid  obtained  from  either  of  these  sources  may  be  passed  through  a 
small  quantity  of  water  to  wash  it,  and  over  chloride  of  calcium  to  render  it  dry.  It 
may  be  collected  in  the  gaseous  state  over  mercury,  or  absorbed  at  once  into  water,  in 
which  it  is  very  soluble. 

Sulphydric  acid,  more  frequently  sulphydrate  of  ammonia,  results  from  the  sponta- 
neous decomposition  of  sulphuretted  organic  compounds ;  also  from  treating  non- 
sulphuretted  organic  compounds  with  sulphur.  Keinsch  recommends  a  laboratory 
process  for  obtaining  pure  sulphydric  acid,  by  heating  in  a  glass  flask  a  mixture  of 
equal  parts  of  sulphur  and  suet. 

Sulphydric  acid  occurs  naturally,  and  is  not  unfrequently  evolved  from  fumaroles  and 
volcanoes.  It  exists  to  a  considerable  extent  in  certain  mineral  waters  known  as  hepatic 
waters,  those  of  Harrogate,  for  instance.  It  is  also  produced  spontaneously  in  many 
waters  charged  with  organic  matter  and  sulphates,  usually  sulphate  of  calcium. 

Properties. — At  ordinary  temperatures  and  pressures,  sulphydric  acid  is  gaseous.  It' 
may  be  obtained  in  the  liquid  state  by  generating  it  in  one  limb  of  a  sealed  tube,  from 
sulphuric  acid  and  sulphide  of  iron  freed  from  metallic  iron,  and  condensing  it  in  the 
other  limb,  which  should  be  immersed  in  a  freezing  mixture,  that  of  ice  and  salt  being 
sufficient  for  the  purpose ;  or  liquid  persulphide  of  hydrogen  may  be  gently  heated  in 
one  limb  of  a  bent  sealed  tube,  when  it  breaks  up  into  sulphur,  which  remains,  and 
sulphydric  acid,  which  may  be  condensed  in  the  other  limb  kept  cool  for  the  purpose. 
By  the  powerful  refrigeration  resulting  from  the  evaporation  in  vacua  of  a  mixture  of 
solid  carbonic  anhydride  and  ether,  it  may  be  solidified.  Solid  sulphydric  acid,  or 
sulphur-ice,  is  a  white  transparent  mass  which  melts  at  —85 '5°.  Liquid  sulphydric 
acid  is  a  colourless  transparent  fluid,  remarkable  for  its  extreme  thinness  or  mobility. 
Its  specific  gravity  is  0*9  compared  with  that  of  water  as  1.  Sulphydric  acid  gas  is 
transparent  and  colourless.  Its  density  is  somewhat  greater  than  that  of  atmospheric 
air,  being  1-1781  referred  to  air,  or  17  referred  to  hydrogen,  as  unity.  It  is  characterised 
by  an  offensive  odour  resembling  that  of  rotten  eggs,  the  smell  of  which  indeed  is  due 
to  the  evolution  of  this  gas,  or  of  its  compound  with  ammonia.  In  the  concentrated 
state  it  cannot  be  breathed  with  impunity,  and  even  when  much  diluted  it  frequently 
gives  rise  to  nausea  and  vertigo.  An  atmosphere  containing  ^  per  cent,  of  this  gas 
proves  fatal  to  the  lower  animals. 

Sulphydric  acid  is  readily  inflammable.  It  burns  with  a  bluish  flame,  forming  sul- 
phurous acid,  and  frequently  deposits  free  sulphur  from  the  imperfect  access  of 
oxygen.  Most  metals  when  heated  in  the  gas  absorb  the  sulphur  and  leave  the  hydro- 
gen. Cadmium  or  tin  is  generally  used  for  the  purpose :  Cd2  +  IPS  =  Cd2S  -f  H2. 
The  bulk  of  the  resulting  hydrogen  is  equal  to  that  of  the  original  sulphydric  acid ;  or, 
in  other  words,  two  volumes  of  sulphydric  acid,  IPS,  when  acted  on  by  metal,  leave 
two  volumes  of  hydrogen.  Sulphydric  acid  in  the  gaseous  state,  or  dissolved  in  water, 
is  decomposed  by  chlorine,  bromine,  and  iodine,  with  liberation  of  sulphur  and  forma- 
tion of  hydrochloric,  hydrobromic,  and  hydriodic  acids  respectively.  In  a  similar 
manner  it  is  decomposed,  with  liberation  of  sulphur,  by  nearly  all  oxidising  agents ; 
and  even  sulphurous  acid,  which  usually  acts  as  a  deoxygenant  by  absorbing  oxygen, 
acts  in  this  case  as  an  oxygenant  by  affording  oxygen : 

2H2S  +  SO2  =  2H20  +  Ss. 

In  some  cases,  however,  a  peculiar  sulphur-acid,  the  pentathionic,  is  formed  in  addi- 
tion, thus 

6S02  =  4H20  +  H«SS08  +  Ss. 
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A  saturated  aqueous  solution  of  sulphydric  acid  contains  about  three  times  its  volume 
of  the  gas.  It  is  a  clear  colourless  liquid,  having  a  slight  acid  reaction,  and  the  smell 
and  taste  of  the  gas.  It  is  gradually  decomposed  by  exposure  to  air,  its  hydrogen 
being  oxidised  into  water  and  its  sulphur  set  free.  Sulphydric  acid  when  burnt  yields 
sulphurous  acid,  as  we  have  seen ;  but  moist  sulphydric  acid,  mixed  with  air  or 
oxygen,  and  exposed  to  a  moderately  warm  temperature,  from  40°  to  90°,  is  converted 
into  sulphuric  acid. 

Sulphydric  acid,  like  water,  is  capable  of  giving  up  the  half  or  the  whole  of  its  hy- 
drogen in  exchange  for  a  metal,  the  resulting  compound  being  a  sulphydrate  or  a  sul- 
phide, according  as  1  or  2  at.  H  are  thus  replaced ;  e.  g.  sidphydrate  of  barium,  BaHS ; 
sulphide  of  barium,  Ba2S.  It  is  only  the  alkali-metals  and  alkaline-earth-metals  that 
appear  to  be  capable  of  forming  definite  sulphydrates,  all  of  which  are  soluble  in 
water  and  crystallisable.  The  heavy  metals  form  insoluble  sulphides,  which  may  be 
derived  from  a  single  or  a  multiple  molecule  of  sulphydric  acid,  just  as  the  correspond- 
ing oxides  are  derived  from  a  single  or  multiple  molecule  of  water :  c.  g.  sulphide  of 
silver,  Ag2S ;  mercuric  sulphide,  Hg2S  or  Hhg"S ;  trisulphidc  of  antimony,  Sb'-'S3,  &c. 
(See  SULPHIDES  and  SULPHYDRATES.) 

The  sulphides  of  the  heavy  metals  are  precipitated  from  solution  of  metallic  salts  by 
Bulphydric  acid  or  an  alkaline  sulphide  or  sulphydrate : 

CuSO4     +          H2S  .  HSS04        +     CuS. 

2SbCl»     +         3H2S  =  6HC1          +     Sb2S3. 

FeSO4     +     NH4.H.S         =        NH4.H.S04     +     FeS. 

Some  metals  are  precipitated  in  this  manner  from  their  acidified  solutions  by  sulphydric 
acid  gas  or  its  aqueous  solution ;  others  only  from  neutral  or  nearly  neutral  solutions,  by 
an  alkaline  sulphide  or  sulphydrate,  in  some  cases  as  sulphides  (nickel,  cobalt,  manga- 
nese, zinc,  uranium),  in  others  as  hydrates  (chromium,  and  the  metals  of  the  earths 
proper)  ;  and  and  lastly,  there  are  some  metals,  namely  those  of  the  alkalis  and  alkaline 
earths,  which  are  not  precipitated  either  by  sulphydric  acid  or  an  alkaline  sulphydrate. 
On  these  reactions  is  founded  a  division  of  the  metals  into  groups,  which  forms  the 
basis  of  the  mode  of  separating  them  usually  adopted  in  analysis.  (See  ANALYSIS,  INOR- 
GANIC, i.  217.) 

Sulphydric  acid  is  recognised  by  the  black  discoloration  it  produces  on  paper 
moistened  with  solutions  of  lead  or  bismuth,  and  by  the  black  tarnish  it  gives  to  silver- 
foil. 

Persulphide  of  Hydrogen.    H2S2  ? — This  compound  seems  to  be  the  sulphur- 
representative  of  peroxide  of  hydrogen,  which  it  much  resembles  in  its  properties.     It 
is  made  by  gradually  adding  the  solution  of  a  persulphide  of  alkaline  earth-  or  alkali- 
metal  to  an  excess  of  hydrochloric  acid  diluted  with  twice  its  bulk  of  water : 
CaS5   +   2HC1     =      CaCl2+   IPS2   +   S3. 

The  persulphide  of  hydrogen  is  formed  without  any  evolution  of  gas,  and  separates  as 
a  yellowish  oily  fluid,  heavier  than  water.  It  has  the  property  of  dissolving  sulphur 
to  a  considerable  extent,  owing  to  which  circumstance  its  composition  has  not  been 
satisfactorily  established.  Persulphide  of  hydrogen  has  a  peculiar,  sulphurous,  disagree- 
able odour.  It  produces  superficial  white  eschars  on  the  skin  and  mouth.  It  is 
insoluble  in  water,  but  soluble  in  ether,  forming  a  solution  which  soon  decomposes  and 
deposits  crystals  of  sulphur.  It  is  readily  inflammable,  and  burns  with  a  blue  flame. 
It  is  possessed  of  bleaching  properties  analogous  to  those  of  peroxide  of  hydrogen. 

Persulphide  of  hydrogen  is  a  very  unstable  substance,  and,  especially  at  increased 
temperatures,  undergoes  spontaneous  decomposition  into  sulphydric  acid  and  sulphur. 
By  effecting  this  decomposition  in  a  sealed  tube,  liquid  sulphydric  acid  may  be  obtained 
(p.  203).  The  stability  of  the  persulphide  is  increased  by  the  presence  of  moderately 
strong  acids.  Alkalis,  on  the  other  hand,  promote  its  decomposition.  Hence  if,  in  its 
preparation,  the  hydrochloric  acid  be  added  to  the  alkaline  persulphide,  instead  of  the 
persulphide  to  the  acid,  no  persulphide  of  hydrogen,  but  only  sulphydric  acid  and  sul- 
phur will  be  obtained.  Under  the  influence  of  catalytic  agents,  such  as  finely-divided 
platinum,  gold,  iridium,  and  charcoal,  which  effect  the  similar  decomposition  of  peroxide 
of  hydrogen  into  oxygen  and  water,  persulphide  of  hydrogen  undergoes  an  instantaneous 
decomposition  into  sulphur  and  sulphydric  acid.  It  reduces  peroxide  of  manganese 
and  the  oxides  of  silver  and  gold,  the  last  two  with  great  violence,  and  frequently  even 
with  ignition.  (Odling's  Manual  of  Chemistry.') 

HYDROGEN",  TELLURIDE  OP.  H2Te.  Tcllurhydric  or  Hydrotclluric  acid. 
Tetturetted  hydrogen. — This  compound  is  evolved  as  a  gas,  when  certain  metallic  tellu- 
rides,  the  telluride  of  zinc  being  generally  used,  are  treated  with  hydrochloric  acid : 

ZnTe  +   2HC1     =     H2Te   +   ZnCP. 

It  closely  resembles  its  analogues,  sulphydric  and  selenhydric  acids,  smells  very  much 
like  the  former,  burns  with  a  blue  flame,  has  a  slight  acid  reaction,  and  dissolves  in 
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water,  forming  a  colourless  liquid  which  deposits  tellurium  when  exposed  to  the  air. 
It  precipitates  most  metals  from  their  solutions  in  the  form  of  tellurides  (q.  v.) 

HYDROHAXiZTE.  A  native  hydrated  chloride  of  sodium,  NaC1.2H20.'  (Dana, 
ii.  506.) 

HYDROXXNOTCE.     See  HYDROQUINONE. 

HYDROXiEXC  ACID.     See  OLEIC  ACID. 

HYDRO&ITE.     Syn.  with  GMELINITE  (ii.  924). 

HYDROXKAG-NESXTE:.  Hydrated  carbonate  of  magnesium,  4Mg0.3C02.4IPu 
=  3(MgC03.H20).MgH202  or  3(MgH2C04).MgH202.— It  occurs  native  in  small  mono- 
clinic  crystals,  usually  acicular  or  bladed  and  tufted,  also  amorphous  or  as  a  chalky 
crust.  Specific  gravity  =  2' 145.  Hardness  of  crystals  =  3'5.  Lustre  vitreous  to 
silky  or  sub-pearly ;  also  earthy.  Colour  and  streak  white.  It  is  found  in  serpentine 
at  Hrubschitz  in  Moravia ;  near  Kumi  in  Negroponte  ;  at  Hobokeu,  New  Jersey,  and 
other  localities  in  North  America  (Dana,  ii.  457).  A  specimen  from  Texas,  Lancaster 
county,  Pennsylvania,  analysed  by  Smith  and  Brush  (Sill.  Am.  J.  [2]  xv.  207),  gave 
36-00  per  cent.  CO2,  43'96  MgO,  19-68  water,  and  0'36  silica.  Artificially  prepared 
hydrocarbonate  of  magnesium  has  sometimes  the  same  composition. 

HYDROIVSAGTIOCAX.CSTE.      Syn.  with  HYDRODOLOMITE. 

HYDROMARGARXC  and  HYDROXKARGARXTXC  ACIDS.  Acids  of 
doubtful  constitution,  which  Fremy  obtained  by  treating  olive-oil  with  strong  sulphuric 
acid.  (See  MARGARIC  ACID  and  PALMITIC  ACID.) 

HYX>ROMEZiXiON£L      See  M  F.I.I. ONE. 

HYDROMETER  (v'Swp,  water;  per  pov,  measure).  Gravimetcr,  Pese-liqueur  ;  on 
the  Continent,  most  commonly  called  the  Areometer  (dpatbs,  rare,  subtle).  An  instru- 
ment which,  on  being  placed  in  a  liquid,  shows  its  specific  gravity,  either  by  direct 
inspection,  or  by  simple  adjustment  and  calculation. 

Its  action  depends  on  the  simple  principle  of  hydrostatics,  that  a  floating  body  must 
displace  its  own  weight  of  liquid.  The  truth  of  this  principle  is  seen  if  we  consider 
that  any  part  of  a  mass  of  liquid  at  rest  must  be  supported  by  the  pressure  of  the 
surrounding  liquid,  and  will  certainly  continue  to  be  supported,  so  long  as  it  has  the 
same  weight  and  volume  :  hence  it  may  be  conceived  to  become  solid  without  altering 
the  conditions  of  equilibrium.  Now  weight  is  mere  downward  pressure,  and  the  solid 
immersed  in  a  liquid  need  not  weigh  so  much  as  an  equal  volume  of  liquid,  provided 
that  the  difference  is  exactly  made  up  by  downward  pressure,  or  weight  communicated 
from  another  part  of  the  solid,  above  the  surface  of  the  liquid. 

Thus,  in  fig.  557,  suppose  the  solid  AB  to  have  the  same  weight  as  a  volume  of 
water  equal  to  the  volume  of  the  part  AC.     When  placed  in  water,  the  solid  will  sink 
up  to  the  point  C:  for  the  upward  pressure  of  the  water,  which         ™.     ~-7 
usually  supports  a  volume  of  water  equal  to  AC,  will  then  be  exactly  ^' 

sufficient  to  support  the  weight  of  the  solid  AB.  If  we  now  place  AB 
in  a  liquid  of  less  specific  gravity,  the  weight  of  AB  will  be  greater 
than  the  weight  of  the  volume  AC  of  the  liquid,  and  equal,  for  instance, 
to  the  weight  of  the  volume  AC^  Then  by  similar  reasoning,  AB 
will  sink  into  this  lighter  liquid  up  to  the  point  Cj.  Again,  if  AB 
sink  in  a  third  liquid  only  up  to  the  point  C2,  it  is  obvious  as  before, 
that  the  volume  of  liquid  AC2  is  equal  in  weight  to  the  solid  AB. 

Now  the  specific  gravities  of  bodies  are,  by  definition,  in  the  propor- 
tion of  the  weights  of  equal  volumes  of  the  bodies,  or,  which  is  the 
same,  in  the  inverse  proportion  of  the  volumes  of  equal  weights.  In 
other  words,  the  specific  gravity  is  less,  as  it  requires  a  larger  volume 
to  make  a  given  weight.  Now  the  volumes  AC,  ACj,  AC2,  of  the 
respective  liquids  are  all  of  one  weight,  that  of  the  solid  AB :  hence 
the  specific  gravities  have  the  inverse  proportion  of  AC,  ACj,  AC2, 
or  if  we  assume  the  first  (water)  to  have  the  specific  gravity  TOO,  the 

specific  gravities  of  the  others  are  -ir^r,  -TTT- 

AUj   AC>2 

The  hydrometers  commonly  used  do  not  differ  from  the  solid  body 
AB  above  described,  except  that  the  part  which  meets  and  cuts  the 
surface  of  the  liquid  is  usually  of  very  narrow  section,  in  order  that 
slight  differences  in  the  density  of  the  liquid  may  cause  the  hydro- 
meter to  rise  or  sink  through  a  considerable  space.  The  form  of  those 
parts  of  the  hydrometer  below  the  liquid  has  no  effect  upon  the  accuracy  of  the  result, 
but  for  convenience  the  lower  parts  are  usually  much  expanded,  in  order  that  they  may 
be  proportionally  shorter.  Several  different  forms  of  the  hydrometer  are  shown  in 
figs.  558,559,  560.  The  hydrometer  in  fig.  558  would  indicate  specific  gravities  differing 
through  a  considerable  range,  but  without  much  accuracy.  It  is  accompanied  by  a  tube 
TB,  which  holds  the  liquid  under  examination.  That  i&fig.  559,  on  the  contrary,  has 
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a  very  slender  stem  (SM),  and  would  indicate  with  great  accuracy  any  specific  gravities 
within  a  certain  narrow  range.  Hydrometers  are  usually  made  of  light  glass  tubes 
and  bulbs  blown  in  a  single  piece.  The  chief  part  of  the  weight  is  given  by  small  shots 
or  mercury,  carefully  adjusted  so  that  the  instrument  shall  sink  to  a  convenient 
depth  in  the  required  liquids,  and  then  sealed  up  in  a  small  bulb  at  the  lowermost 
extremity.  In  other  cases,  the  hydrometer  is  made  of  thin  gilt  brass  or  silver,  as  iu 
fig.  560,  but  the  weight  is  still  placed  below,  in  order  that  the  instrument  may  float 
upright  and  stiffly. 

Fig.  558.        Fig.  559.     Fig.  560.  Fig.  561. 


Graduation. — We  have  yet  to  consider 
the  nature  of  the  graduation  on  the  stem 
of  any  hydrometer  which  is  to  give  by  in- 
spection the  specific  gravity  of  the  liquid 
in  which  it  floats.  Reverting  to  fig.  557, 
let  the  distance  AC  to  which  the  hydro- 
meter sinks  be.  successively  ar0,  x^  x2,  &c. 
when  AB  stands  in  liquids  of  the  densities 
Po,  Pi,  P2»  &c- 


Then 


Of  these 


1-3 


1-6 
~.\-7 
1-8 


CO 


quantities  let  p0  be  the  density  of  distilled 
water  at  the  temperature  62°  F.,  which  we 
assume  as  I'OO;  call  ths  corresponding 
length  XQ,  the  unit  of  length.  Then 

1  1    ,  ,  -     1       1 

a:,  = — ,#2  = —  &c.,  anda?!— ara== » 

Pi  P2  Pi      Pa 

Thus  we  see  that  equal  differences  of  spe- 
cific gravity  are  indicated,  not  by  any  equal 
intervals  on  the  scale,  but  by  the  differences 
of  the  reciprocals  of  those  specific  gravities, 
or  by  quantities  proportional  to  them.  The 
scale  which  must  then  be  employed  is  to  be 
obtained  by  calculation,  and  its  character  is  shown  with  some  accuracy  in  the  divided 
line  KB  fig.  561. 

Until  recently,  indeed,  it  was  customary  to  graduate  the  stem  of  every  hydrometer 
into  some  series  of  equal  divisions  arbitrarily  chosen,  and  the  indications  were  either 
used  conventionally,  without  reference  to  specific;  gravity  at  all,  or  the  corresponding 
specific  gravity  was  ascertained  by  calculation  or  reference  to  a  table.  It  is  obviously 
desirable,  however,  to  adopt  the  true  scale  of  specific  gravities,  since  this  can  always  be 
constructed  with  facility  and  sufficient  accuracy. 

A  mode  of  graduating  hydrometers  with  accuracy,  as  practised  by  Mr.  Ackland,  is 
described  in  the  Reports  of  the  Jurors  of  the  Exhibition  of  1851  (p.  25).  It  consists 
of  the  following  processes: 
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1.  Ascertaining  the  exact  position  of  three  or  more  points  of  the  scale,  according  as 
the  stem  of  the  hydrometer  is  more  or  less  truly  cylindrical. 

2.  Dividing  with  great  accuracy  a  scale  on  boxwood,  to  show  the  specific  gravities 
required  to  be  indicated  by  the  hydrometer. 

3.  Making  a  reduced  copy  of  the  boxwood  scale,  so  as  to  form  a  scale,  the  points  of 
which  shall  correspond  with  the  ascertained  points  on  the  hydrometer-tube.     The 
scale  so  formed  on  paper  is  ready  to  be  engraved  on  the  hydrometer. 

For  example,  suppose  it  be  required  for  a  hydrometer  to  show  specific  gravities  from 
TOO  to  0-700.  A  bulb  is  chosen  with  a  stem  as  uniform  as  possible,  and  three  points — 
for  instance,  -700,  '850,  and  1-000— are  ascertained  as  follows :  Load  the  hydrometer  till 
it  sinks  in  distilled  water  of  the  temperature  62°  to  some  marked  point  convenient  for 
the  degree  I'OO;  let  the  weight  of  the  instrument  then  be  x.  To  ascertain  the  point 

1*00  x  x 
of  the  degree  -85,  alter  the  weight  of  the  hydrometer  until  it  is  • — ,  and  placing 

it  in  water,  mark  where  it  is  cut  by  the  surface.    Lastly,  alter  the  weight  to  — — — -, 

and  mark  the  point  as  before,  which  will  correspond  with  the  specific  gravity  700.  Tho 
original  weight  x  of  the  hydrometer  may  then  be  restored  and  the  tube  sealed.  This 
method,  requiring  the  use  of  no  liquid  but  water,  is  very  convenient,  and  was 
suggested  to  Mr.  Ackland  by  Dr.  Clarke  of  Aberdeen. 

The  remainder  of  Mr.  Ackland's  processes  are  performed  by  calculating  the  reciprocals 
of  the  specific  gravities  required,  forming  them  into  a  scale,  and  then  reducing  this 
scale  and  transferring  it  to  the  glass  tube  by  a  dividing  engine  of  peculiar  and  ingenious 
construction. 

We  have  formed  the  following  table  of  the  reciprocals,  and  their  differences.  Inter- 
mediate degrees  can  easily  be  interpolated  when  necessary. 


Specific 
gravity. 

Reciprocal  . 

Difference  of 
Reciprocals. 

Specific 
gravity. 

Reciprocal. 

Difference  of 
Reciprocals. 

2-00 
1-95 
1-90 
•85 
•80 
•75 
•70 
•65 
•60 
•55 
1-50 
1-45 
1-40 
1-35 
1-30 

•500 
•513 
•526 
•541 
•556 
•571 
•588 
•606 
•625 
•645 
•667 
•690 
•714 
•741 
•769 

•013 
•013 
•015 
•015 
•015 
•017 
•018 
•019 
•020 
•022 
•023 
•024 
•027 
•028 
•031 

1-25 
1-20 
1-15 
1-10 
1-05 
1-00 
•95 
•90 
•85 
•80 
•75 
•70 
•65 
•60 
•55 
•50 

•800 
•833 
•870 
•909 
•952 
1-000 
1-053 
1-111 
1-176 
1-250 
1-333 
1-429 
1-538 
1-667 
1-818 
2-000 

•033 
•037 
•039 
•043 
•048 
•053 
•058 
•065 
•074 
•083 
•096 
•109 
•129 
•151 
•182 

We  shall  now  describe  a  graphical  method  which  the  chemist  can  easily  use  as  a 
substitute  for  Mr.  Ackland's  dividing  engine,  so  as  to  graduate  his  own  hydrometers 
with  accuracy.  Draw  a  line  AB  (fig.  561)  on  a  sheet  of  good  paper,  and  lay  off  upon  it, 
with  exactness,  as  many  of  the  reciprocal  numbers  or  differences,  given  in  the  table,  as 
are  likely  to  be  required  within  the  range  of  the  hydrometers  to  be  graduated :  this 
may  easily  be  done  with  the  aid  of  a  decimal  or  diagonal  scale  and  a  pair  of  compasses. 
The  absolute  size  of  this  scale  is  of  no  importance,  except  that  the  larger  it  is  the  more 
accurate  will  the  result  probably  be. 

Now  suppose  the  points  on  a  hydrometer  have  been  determined  for  the  specific 
gravities  '700,  TOO  and  1*30.  Draw  a  line  exactly  parallel  to  AB,  and  measure  off 
distances  PQ,  QR,  equal  to  the  absolute  distances  of  the  points  on  the  hydrometric  stem, 
placing  the  points  P,Q,R,  as  nearly  as  possible  opposite  the  specific  gravities  700,  I'OO, 
1-30,  on  the  scale  AB.  Draw  lines  through  P  and  the  degree  -70,  and  through  Q  and 
the  degree  TOO.  If  theselines  never  meet,  the  scale  on  PQ  will  be  identical  with  that 
on  AB.  But  suppose  they  meet  in  S :  draw  lines  through  S  and  the  several  degrees 
on  AB  between  70  and  TOO.  Then  the  intersections  of  these  lines  and  PQ  give  the 
required  points  for  the  scale  PQ.  Next  draw  a  line  through  K  and  the  degree  1*3.  If 
this  also  pass  through  the  point  S  it  will  indicate  that  the  stem  of  the  hydrometer  is 
perfectly  uniform.  But  wherever  S',  the  point  of  intersection  of  Q  — I'OO  and  R— 1-30 
may  be,  draw  lines  from  S',  through  the  degrees  of  AB,  giving  by  their  intersection 
with  QR  the  required  points  of  graduation. 

If  necessary,  other  points  besides  P,  Q,  R,  might,  for  the  sake  of  accuracy,  be 
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determined  on  the  stem  of  the  hydrometer,  and  the  graduation  could  still  be  performed, 
with  but  little  extra  trouble,  from  many  successive  points  of  intersection. 

The  hydrometer  scale,  when  once  obtained  on  paper,  can  be  transferred  to  the  glass 
stem  of  the  instrument  by  the  usual  process  of  etching  with  hydrofluoric  acid.  The 
glass  must  be  covered  with  bees'-wax,  and  firmly  fixed,  at  a  proper  distance,  in  the 
same  straight  line  with  the  divided  scale,  the  degrees  of  which  may  then  be  easily  and 
accurately  transferred  by  a  beam-compass.  For  fuller  directions  on  the  method  of 
graduating  glass  tubes,  the  reader  must  consult  Bunsen' s  Gasometry  (p.  25),  also  the 
article  ANALYSIS  OP  GASES  in  this  Dictionary  (i.  269).  Were  it  desired  often  to 
graduate  hydrometers,  it  would  be  best  to  engrave  the  scale  AB  (fig,  561)  upon  a 
glass  plate,  together  with  converging  lines  drawn  through  the  degrees,  and  then  to  use 
it  as  Bunsen  describes. 

The  smaller  intervals  of  a  hydrometer  scale  may  always  be  subdivided  into  equal 
parts  by  estimation,  or  otherwise,  without  appreciable  error. 

The  delicacy  of  the  hydrometer  may  always  be  increased  to  an  indefinite  extent  by 
lessening  the  diameter  of  the  stem ;  but  in  the  same  proportion  it  becomes  more  limited 
in  range,  and  troublesome  to  use.  The  adhesion  of  air-bubbles  is  a  great  source  of 
discrepancy,  especially  in  the  metal  instruments,  and  for  this  reason  all  hydrometers 
should  be  made  with  as  smooth  and  small  a  surface  as  possible. 

Again,  the  attraction  of  the  glass  or  metal  stem  for  the  water  causes  the  surface  of 
water  to  rise  up  against  the  stem  in  a  parabolic  curve.  This  phenomenon  alone,  by 
preventing  us  from  getting  an  exact  reading,  is  almost  enough  to  condemn  the  hydro- 
meter as  a  standard  instrument  of  measurement.  Fortunately  the  hydrostatic  balance 
and  the  specific  gravity  bottle  are  means  of  determining  specific  gravities  with 
unlimited  accuracy  and  considerable  ease.  The  hydrometer  takes  a  subordinate  rank, 
and  is  chiefly  employed  in  approximately  determining  the  strength  of  solutions  or 
mixtures  of  liquids.  It  often  effects  a  wonderful  saving  of  time  or  trouble,  and  any 
person  frequently  occupied  with  liquids  of  a  variable  strength  or  composition  should 
nave  hydrometers  suitably  constructed  in  range  and  delicacy  for  testing  them.  To 
treat  the  instrument  as  suitable  for  exact  scientific  measurement,  and  to  investigate  and 
determine  corrections  for  every  little  error  which  might  arise,  would  be  a  mistake. 
We  accordingly  proceed  to  describe  various  well-known  forms  of  the  hydrometer,  which 
are  extensively  used  for  practical  purposes. 

Sykes'  Hydrometer  is  of  importance  because,  by  Act  of  Parliament  (58  Geo.  III. 
c.  28 ;  see  also  3  &  4  Will.  IV.  c.  52  §  123)  it  is  employed  in  the  collection  of  the  ex- 
F'     562          c*se  reyenue  °f  *^e  United  Kingdom  levied  upon  spirituous  liquors, 
fig.  o  /.         Q£  Wj1jcj1  Of  course  the  strength  must  be  determined.    It  is  made  of 
5]..^  F       brass  (jig.  562)  with  a  spherical  bulb  A,  l£  inch  in  diameter,  a  weight 
2  """"El      (B)  to  sink  it  and  maintain  it  upright  in  the  liquor,  and  a  flat  uni- 
form stem  C,  3^-  inches  long,  divided  into  ten  parts,  each  of  which  is 
again  divided  into  two  parts.    A  series  of  nine  weights  of  the  form  D 
accompany  the  instrument,  having  the  proportions  10,  20,  30,    ... 
90.    These  weights  are  placed  in  succession  at  E,  until  the  instru- 
ment is  found  to  sink  in  the  liquor  up  to  some  point  of  the  divided 
scale.     The  numerical  reading  of  the  scale  at  the  point  where  it  is 
cut  by  the  surface  of  the  liquor,  added  to  the  number  on  the  weight 
employed,  gives  the  required  result.     But  the  temperature  of  the 
liquor  must  also  be  observed,  and  the  proportion  of  spirit  it  contains 
ascertained  by  a  table  in  which  the  variables  are  the  degrees  of  the 
hydrometer  and  thermometer. 

The  supernumerary  weight  F  may  be  placed  on  the  summit  of  the 
stem,  and  then  causes  the  hydrometer,  loaded  with  the  circular 
weight  60,  to  sink  to  the  same  point  in  pure  water  to  which  it  would 
otherwise  sink  in  proof  spirits.  Concerning  the  determination  of 
the  proportion  of  alcohol  contained  in  a  mixture  with  water,  see 
ALCOHOLOMETKY  (i.  81). 

Jones'  Hydrometer  is  an  improvement  on  that  of  Sykes.  It  is  ac- 
companied by  three  detached  weights,  so  that,  according  as  these  are 
used  or  not,  the  hydrometer  may  have  four  different  degrees  -of  weight. 
Corresponding  to  these  are  four  separate  scales  on  the  sides  of  the 
stem,  .which  is  made  square  for  the  purpose.  A  thermometer,  also  with  four  different 
scales,  is  included  in  the  lower  part  of  the  instrument,  and  the  whole  is  so  contrived 
that  the  number  of  gallons  in  the  100  under  or  over  proof  may  be  read  off. 

The  following  formulae  apply  to  any  hydrometer,  as  for  instance  Sykes'  or  Jones',  in 
which  weights  are  added  below  the  liquid. 
Let  w  ss  weight  of  hydrometer. 

v  =  volume  of  hydrometer  up  to  the  bottom  of  the  scale. 
m  «=  area  of  section  of  stem  (supposed  uniform). 
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In  liquid  A  let  the  hydrometer  loaded  with  the  weight  w±  sink  to  the  degree  xr 
(measured  in  inches  from  the  bottom  of  scale),  and  in  liquid  B,  when  loaded  with  wa, 
let  it  sink  to  xz.  Also  let  v^  «=  volume  of  weight  wlf 

Then  the  volume  of  A  displaced  is  V  +  vt  +  x-,.m. 
B        '     „          V  +  v2  +  x.,.m. 
The  weight  of  the  volume  of  A  displaced  is  W  +   wlt 
B  „         W  +   wz. 

Then  ( \  +  vx  +  x^m)  and  ( V  +  v2  +  x2.m)  +  Wl  axe  the  volumes  of  equal 
weights  of  A  and  B.  And  we  have 

specific  gravity  of  A    _    (V  +  vz  +  x2.m)(W+  wj 
specific  gravity  of  B    ~    ( V  +  v±  +  x^.m^  W  +  w2)' 

Hydrometers  could  easily  be  constructed  in  which  weights  might  be 
added  above  the  surface  of  the  liquid,  so  that  the  volume  of  the  lower 
parts  of  the  instrument  should  not  be  altered.  The  above  formula  would 
then  apply,  after  omission  of  v-^  and  vz.  A  hydrometer  of  this  kind, 
giving  any  specific  gravity  from  -6  to  2'0,  was  shown  in  the  Exhibi- 
tion of  1851.  (Jury  Beports,  p.  296.) 

Baume's  Hydrometer  is  extensively  employed  on  the  Continent,  and 
was  originally  described  by  Baume  in  his  Siemens  de  Pharmacie,  p.  466. 
Separate  instruments  are  usually  constructed  for  liquids  heavier  and 
lighter  than  water,  although  it  is  obvious  that  this  is  not  necessary. 
For  liquids  heavier  than  water,  the  graduation  is  as  on  the  right- 
hand  side  of  fig.  563,  and  is  determined  by  marking  as  0  the  point 
to  which  the  hydrometer  sinks  in  pure  water,  and  as  15  the  point  to 
which  it  sinks  in  a  solution  of  15  pts.  by  weight  of  salt  in  85  pts.  of 
water.  The  interval  is  divided  into  15  equal  parts,  and  a  scale  of 
similar  equal  parts  is  extended  as  far  as  desirable. 

For  liquids  lighter  than  water,  the  graduation  is  as  on  the  left-hand 
side  of  fig.  563.  The  degree  10  is  now  determined  by  pure  water,  while 
the  degree  0  is  the  point  to  which  the  hydrometer  sinks  in  a  solution 
of  10  pts.  of  salt  in  90  pts.  of  water.  The  interval  is  divided  into 
10  equal  parts,  and  the  scale  is  extended  as  in  the  former  case. 

The  degrees  of  Baume's  hydrometers  being  entirely  arbitrary,  the 
following  tables  must  be  used  to  ascertain  from  their  indications  the  specific  gravities 
of  liquids  with  respect  to  water  as  the  standard : 

Comparison  of  the  Degrees  of  B  a u m e '  s  Hy  dro meter  with  the  real  Specific  Gravities 
of  liquids  heavier  than  water. 


20  .40 


Degrees. 

Sppcific 
gravity. 

Degrees. 

Specific 
gravity. 

Degrees. 

Specific 
gravity. 

Degrees. 

Specific 
gravity. 

0 

i-ooo 

20 

1-152 

39 

1-345 

58 

1-617 

1 

1-007 

21 

1-160 

40 

1-357 

59 

1-634 

2 

1-013 

22 

1-169 

41 

1-369 

60 

1-652 

3 

1-020 

23 

1-178      i 

42 

1-382 

61 

•670 

4 

1-027 

24 

1-188 

43 

1-395 

62 

•689 

5 

1-034 

25 

1-197 

44 

1-407 

63 

•708 

6 

1-041 

26 

1-206 

45 

1-421 

64 

•727 

7 

1-048 

27 

1-216 

46 

1-434 

65 

•747 

8 

1-056 

28 

1-226 

47 

1-448 

66 

•767 

9 

1-063 

29 

1-236 

48 

1-462 

67 

•788 

10 

1-070 

30 

1-246 

49 

1-476 

68 

•809 

11 

1-078 

31 

1-256 

50 

1-490 

69 

•831 

12 

1-086 

32 

1267 

51 

1-505 

70 

•854 

13 

1-094 

33 

1-277 

52 

1-520 

71 

1-877 

14 

1-101 

34 

1-288 

53 

1-535 

72 

1-900 

15 

1-109 

35 

1-299 

54 

1-551 

73 

1-924 

16 

1-118 

36 

1-310 

55 

1-567 

74 

1-949 

17 

1-126 

37 

1-322 

56 

1-583 

75 

1-974 

18 

1-134 

38 

1-333 

57 

1-600> 

76 

2-000 

19 

1-143 
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Baurae's  Hydrometer  for  liquids  lighter  than  water. 


Degrees, 

Specific 
gravity. 

Degrees. 

Specific 
gravity. 

Degrees. 

Specific 
gravity. 

Degrees. 

Specific 
gravity. 

10 

1-000 

23 

•918 

36 

•849 

49 

•789 

11 

0-993 

24 

•913 

37 

•844 

50 

•785 

12 

•986 

25 

•907 

38 

•839 

51 

•781 

13 

•980 

26 

•901 

39 

•834 

52 

•777 

14 

•973 

27 

•896 

40 

•830 

53 

•773 

15 

•967 

28 

•890 

41 

•825 

54 

•768 

16 

•960 

29 

•885 

42 

•820 

55 

•764 

17 

•954 

30 

•880 

43 

•816 

56 

•760 

18 

•948 

31 

•874 

44 

•811 

57 

•757 

19 

•942 

32 

•869 

45 

•807 

58 

•753 

20 

•936 

33 

•864 

46 

•802 

59 

•749 

21 

•930 

34 

•859 

47 

•798 

60 

•745 

22 

•924 

35 

•854 

48 

•794 

Cartier's  Hydrometer  is  sometimes  used  on  the  Continent.  The  degree  of  its  scale 
22  coincides  with  the  degree  22  of  Baume,  but  above  and  below  this  point,  the  degrees  of 
Baume  are  diminished  in  the  ratio  of  16  to  15.  This  hydrometer  is  only  constructed 
for  liquids  lighter  than  water,  and  any  who  may  require  it  can  easily  reduce  its  readings 
to  those  of  Baume,  and  make  use  of  the  table  already  given  for  Baume's  hydrometer. 

Beck's  Hydrometer  has  a  scale  of  which  0  corresponds  to  the  specific  gravity  TOO, 
and  30  to  that  of  '850,  and  the  scale  is  extended  in  equal  parts  above  or  below  0,  as 
far  as  desirable.  The  following  tables  are  necessary : 

Table  for  converting  degrees  of  Beck's  Hydrometer  into  real  Specific  Gravities. 


! 

Specific  gravity. 

I 

Specific  gravity. 

Degrees. 

Specific  gravity. 

Greater 
than  1-000. 

Less  than 
1-000. 

Greater 
than  1-000. 

Less  than 
I  -000. 

Greater 
than  1  -000 

Less  than 
1-000. 

i 

1-006 

•994 

25 

1-172 

•872 

48 

1-393 

•780 

2 

1-012 

•988 

26 

1-181 

•867 

49 

1-405 

•776 

3 

1-018 

•983 

27 

1-189 

•863 

50 

1-417 

•773 

4 

1-024 

•977 

28 

1-197 

•859 

51 

1-429 

•769 

5 

1-030 

•971 

29 

1-206 

•854 

52 

1-441 

•766 

6 

1-037 

•966 

30 

1-214 

•850 

53 

1-453 

•762 

7 

1-043 

•960 

31 

1-223 

•846 

54 

1-466 

•759 

8 

1-049 

•955 

32 

1-232 

•842 

55 

1-478 

•756 

9 

1-056 

•950 

33 

1-241 

•837 

56 

1-491 

•752 

10 

1-063 

•944 

34 

1-250 

•833 

57 

1-504 

•749 

11 

1-069 

•939 

35 

1-259 

•829 

58 

1-518 

•746 

12 

1-076 

•934 

36 

1-268 

•825 

59 

1-532 

•742 

13 

1-083 

•929 

37 

1-278 

•821 

60 

1-546 

•739 

14 

1-090 

•924 

38 

1-288 

•817 

61 

1-560 

•736 

15 

1-097 

•919 

39 

1-298 

•813 

62 

1-574 

•733 

16 

•104 

•914 

40 

1-308 

•810 

63 

1-589 

•730 

17 

•111 

•909 

41 

1-318 

•806 

64 

1-604 

•727 

18 

•118 

•904 

42 

1-328 

•802 

65 

1-619 

•723 

19 

•126 

•899 

43 

1-339 

•798 

66 

1-635 

•720 

20 

•133 

•895 

44 

1-349 

•794 

67 

1-651 

•717 

21 

•141 

•890 

45 

1-360 

•791 

68 

1-667 

•714 

22 

•149 

•885 

46 

1-371 

•787 

69 

1-683 

•711 

23 

•157 

•881 

47 

1-382 

•783 

70 

1-700 

•708 

24 

1-164 

•876 

Twaddell's  Hydrometer  is  often  used  in  England  for  testing  liquids  denser  than 
water.  It  is  graduated  in  such  a  manner  that  the  reading,  or  number  of  degrees, 
multiplied  by  5  and  added  to  1000,  gives  the  specific  gravity  with  reference  to  water 
as  1000.  Thus, 

10°  Twaddell  indicates  the  specific  gravity  1050  or  1-050, 
90°  „  „  1450  or  1-450. 

(E.  Dingier,  Polytech.  Jour.  bdi.  329.) 
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D  ep  ar  cieux'  s  Hydrometer  is  an  instrument  with  a  large  bulb  and  very  narrow  stem, 
used  for  determining  the  specific  gravity  of  water  from  various  springs  or  other 
sources.  (Prony's  Architecture  Hydraulique,  torn.  i.  §  614-627.) 

The  Marine  Hydrometer  is  adapted  to  taking  the  specific  gravity  of  sea- water.  In 
fig.  561  is  shown  an  accurate  instrument  of  this  kind  made  of  gilt  brass,  the  flat  stem 
of  which  is  divided  into  40  parts,  from  3  or  more  points  experimentally  determined. 
Each  degree  corresponds  to  a  point  in  the  third  place  of  decimals ;  thus  the  degree  27 
represents  the  specific  gravity  T027,  and  the  whole  range  of  the  instrument  is  accord- 
ingly from  1-000  to  1-040. 

The  hydrometers  supplied  by  Government  to  the  navy  and  mercantile  shipping  are 
slender  glass  instruments,  but  their  accuracy  is  secured  by  comparison  and  determi- 
nation of  the  error,  if  any,  just  as  in  the  case  of  barometers  and  thermometers.  They 
are  employed  in  daily  or  hourly  observations  on  the  water  of  the  ocean. 

The  Lactometer  is  a  hydrometer  closely  resembling  Sykes'  hydrometer,  but  adapted  by 
Dicas  of  Liverpool  for  determining  the  quality  of  milk.  By  means  of  a  series  of  eight 
weights,  the  scale  has  a  range  of  80  degrees,  and  a  thermometer  and  an  ivory  sliding- 
rule  accompany  the  instrument  in  order  that  the  milk  may  be  tested  at  any  tempe- 
rature, and  the  result  reduced  to  the  standard  temperature  of  55°  without  calculation 
(Brewster's  Edinburgh  Cyclopaedia,  or  Agric.  Survey  of  Lancashire).  This  instrument 
must  not  be  confused  with  the  other  lactometer  first  described  by  SirJosephBanks 
(Brande's  Journal,  iii.  pp.  393-4),  and  consisting  of  a  simple  graduated  test-tube,  in 
which  the  new  milk  is  allowed  to  stand,  until  the  cream  rises  to  the  top  and  its  pro- 
portional amount  may  be  directly  measured  off. 

Wilson's  Beads  consist  of  a  series  of  little  balloon-shaped  glass  bubbles,  adjusted  to 
certain  degrees  of  specific  gravity.  When  a  number  of  them  are  thrown  into  a  liquid, 
those  which  are  of  greater  specific  gravity  than  the  liquid  sink  into  it,  those  which  are 
of  less  specific  gravity  float,  while  only  the  single  bead  which  corresponds  in  specific 
gravity  with  the  liquid  remains  indifferently  in  any  part  of  the  liquid,  or  at  least 
sinks  or  rises  very  slowly.  Upon  each  bead  is  engraved  the  specific  gravity  which 
it  indicates.  These  useful  little  instruments  were  much  improved  and  patented  by 
Mrs.  Lovi. 

Fahrenheit's  Hydrometer  differs  somewhat  from  and  is  even  simpler  than  the  com- 
mon hydrometer.  In  place  of  a  scale,  it  has  only  a  single  mark  on  the  stem,  but  at  the 
top  of  the  stem  is  a  small  scale-pan  on  which  weights  are  to  be 
placed  until  the  hydrometer  sinks  up  to  the  mark  in  the  liquid 
which  is  being  tested.  By  this  means  we  measure  the  weight 
of  a  constant  volume  of  the  liquid  displaced :  for  this  weight,  by 
the  principles  of  hydrostatics,  is  equal  to  the  whole  weight  of 
the  loaded  hydrometer  supported  by  the  liquid.  Hence  the 
ratio  of  this  weight  for  any  given  liquid  to  the  weight  for 
pure  water  at  62°  F.,  is  the  specific  gravity  required. 

This  hydrometer  would  admit  of  more  accurate  results  than 
the  common  instrument,  but  would  be  inconvenient  in  common 
use. 

Nicholson's  Hydrometer  (fig.  564),  invented  by  the  author 
of  the  "  Chemical  Dictionary,"  is  an  ingenious  modification  of 
Fahrenheit's  hydrometer,  by  which  it  is  rendered  capable  of  de- 
termining specific  gravities  of  solid  bodies  as  well  as  of  liquids. 
It  has  a  single  mark  on  the  stem,  and  bears  three  scale-pans, 
one  at  the  summit  of  the  stem,  above  the  surface  of  the 
liquid,  and  the  other  two,  one  of  which  is  concave  down- 
wards, at  the  lower  extremity  of  the  instrument.  When 
it  is  placed  in  water,  the  air  must  be  allowed  to  escape  from 
this  lowest  scale-pan. 

In  taking  the  specific  gravities  of  liquids,  this  hydrometer  is  identical  with  that  of 
Fahrenheit.  The  weight  of  the  instrument  is  generally  adjusted  from  the  first  so  that 
1,000  grains  placed  in  the  upper  dish  will  cause  it  to  sink  in  pure  water,  at  62°  F.,  up 
to  the  mark  on  the  stem.  Let  the  weight,  however,  required  for  this  purpose,  what- 
ever it  may  amount  to,  be  called  tolf  the  weight  of  the  instrument  itself  being  W. 
When  placed  in  a  liquid  of  which  the  specific  gravity  differs  from  that  of  water,  and  is 
required  to  be  known,  a  weight  W2  less  or  greater  than  w  must  be  placed  in  the  upper 

pan  to  sink  it  to  the  zero  mark.    Then      +^2  is  obviously  the  specific  gravity 

required. 

To  take  the  specific  gravity  of  ary  solid  substance,  a  portion  of  it  weighing  less  than 
«>!  is  placed  in  the  tipper  pan,  with  such  additional  weight,  say  ws,  that  the  hydro- 
meter will  sink  in  pure  water  up  to  the  zero  mark,  as  it  does  when  loaded  with  t/>,. 

p2 
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Then  the  weight  of  the  substance  is  obviously  w^  —  w3.  Now  transfer  the  substance 
to  one  of  the  lower  pans,  that  which  is  concave  downwards  being  used  when  the 
substance  is  lighter  than  water,  and  has  to  be  forced  under.  The  instrument  must 
again  be  adjusted  so  as  to  float  in  water  at  the  usual  level,  and  it  will  be  found  that 
some  further  weight  has  to  be  added  for  this  purpose.  Let  the  weight  now  in  the 

pans  be  w4.     Then  the  specific  gravity  of  the  substance  is     *~    3. 

This  instrument  becomes  more  and  more  delicate  and  accurate  in  its  indications  as 
the  stem  is  of  smaller  diameter.  As  actually  constructed  by  the  inventor,  the  stem 
was  a  piece  of  hardened  steel  wire  ^  inch  in  diameter.  But  the  more  delicate,  the 
more  troublesome  does  the  instrument  become  in  use  ;  the  adherence  of  water  to  the 
parts  above  the  surface,  the  adherence  of  air  to  those  below,  and  the  inevitable  changes 
of  temperature  in  the  water,  are  sources  of  unavoidable  error.  The  chemist,  in  his 
balance  and  specific  gravity  bottle,  has  always  at  hand  the  means  of  ascertaining 
specific  gravities  with  any  degree  of  accuracy,  and  is  not  likely  to  use  Nicholson's 
hydrometer.  But  this  instrument  is  a  valuable  companion  to  the  scientific  traveller  ; 
since,  besides  its  use  in  taking  specific  gravities,  it  may  be  employed  in  place  of  a 
balance  for  ascertaining  any  small  weight. 

Having  now  given  all  that  it  is  likely  to  be  practically  useful  concerning  the 
hydrometer,  we  think  it  quite  needless  to  describe  all  the  minute  varieties  of  construc- 
tion and  arbitrary  scales  proposed  by  Homberg,  Clarke,  Gay-Lussac,  Dica,  Kichter, 
Adie,  Quin,  Guyton,  Speers,  Charles,  and  others.  Much  information  is  given  in  the 
Handworterbuch  der  Chemie,  2te  Aufl.,  &c.,  ii.  165-190. 

The  hydrometer  is  said  to  have  been  first  invented  by  Hypatia,  daughter  of  Theon 
Alexandrinus,  who  flourished  about  the  end  of  the  fourth  century,  but  the  discovery 
is  sometimes  ascribed  to  Archimedes.  However  this  may  be,  the  English  philosopher 
Eobert  Boyle  appears  to  have  first  brought  it  into  use,  having  described  it  in  Phil. 
Trans,  for  1675  (x.  329).  or  Boyle's  works  (1772,  iv.  204).  His  instrument  was  almost 
identical  with  Nicholson's  hydrometer,  and  was  especially  intended  to  determine  the 
fineness  of  gold  alloys,  being  hence  called  a  "  New  Essay  Instrument" 

Many  references  concerning  the  history  and  varieties  of  the  hydrometer  will  be 
found  in  Young's  Lectures  [1845]  i.  240.  —  Benoit's  Theorie  Generate  des  Pese-liqueurs 
[1821],  is  a  work  we  have  not  been  able  to  meet  with.  Clarke's  hydrometer  (Phil. 
Trans,  xxxvi.  [1730],  p.  277),  B  r  ewst  e  r's  Capillary  Hydrometer,  Staktometer,  or  Drop- 
measurer,  are  described  in  the  Edinburgh  Cyclopaedia,  xi.  pt.  ii.'p.  442.  —  W.  S.  J. 

HYDRONICXELIVI  AGlffESITE,  also  called  Pennite.  A  variety  of  hydrodolo- 
mite  (p.  191)  containing  2  per  cent,  or  less  of  carbonate  of  nickel,  with  water.  It  forma 
pale-green  or  whitish  incrustations,  having  a  surface  of  minute  spherules,  and  occurs 
together  with  emerald-nickel,  into  which  it  graduates,  also  with  chromic  iron,  at  Texas, 
Lancaster  county,  Pennsylvania,  and  according  to  Heddle,  at  Swinaness,  in  Unst, 
Shetland.  Hermann  found  in  it  44'54  CO2,  20-10  CaO,  27-02  MgO,  1'25  Na'O,  070 
FeO,  0-40  MnO,  0-15  A120S,  and  5'84  H20  =  100.  (Dana,  ii.  457.) 

HYDROPH  ANTE.  A  variety  of  opal,  which  becomes  transparent  when  immersed 
n  water. 

HYDROPHZZiITE.     A  name  applied  to  chloride  of  calcium. 

HYDROPHXTE,  also  called  Jenkinsite.  A  hydrated  silicate  of  magnesium  and 
iron,  which  occurs  massive,  and  sometimes  fibrous.  Specific  gravity  2-46  —  2*65. 

Hardness  =  3-5.  Lustre,  feeble,  subvitreous.  Colour,  mountain-green  to  blackish- 
green:  streak  pale;  translucent  to  opaque. 

SiO"             FeO           MnO           MgO  AlaQ3         V3Q3            H'O 

a.  36-19        22-73        1'66        21-08  2'895      0-125        16-08  =  100-75 

b.  38-97        19-30        4-36        22'87  0-53          .     .          13-36  =    99-38 

c.  37-42        20-60        4-05        2275  0'98          .     .          13-46  =    99'28 

a.  Hydrophite  from  Taberg,  in  Sweden  (Svanberg,  Pogg.  Ann.  Ii.  535).  —  b.  Jen- 
kinsite from  O'Neil's  mine,  Orange  county,  New  York  (Smith  and  Brush,  Sill.  Am. 

J.  ii.  369).    These  analyses  lead  to  the  formula  1  4.3Si02.3H20  ;  which,  regarding 


2  at.  water  as  basic,  may  be  reduced  to  the  form  of  an  orthosilicate,  3(2M2O.Si02).H20, 
or  3M'Si04.H20. 

HYDROPITE.  A  silicate  of  manganese  with  excess  of  manganous  oxide, 
containing,  according  to  Du  Menil's  analysis,  54'37  per  cent.  SiO2,  41'33  MnO,  0'92 
FeO,  and  1-25  CaO.  (Rammelsberg's  Miner  alchemic,  p.  459.) 

HYDROPSIN.  The  name  given  by  Garnal  (Schmidt's  Jahrb.  d.  ges.  Med. 
cvi.  8)  to  an  albuminous  substance  which  he  obtained  from  a  dropsical  effusion. 
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Hydrochinone,  Hydrokinone  (Wohler,  Ann.  Ch.  Pharm 
xlv.  354  ;  li.  150;  Hesse,  ibid.  ex.  194  ;  cxiv.  292).— This  name  is  applied  to  two  sub- 
stances, one  colourless  and  the  other  green. 

COLOUELBSS  HYDBOQUINONE  (Pyroquinole),  C6H602,  isomeric  with  oxyphenic  acid, 
is  the  chief  product  of  the  dry  distillation  of  quinic,  carbohydroquinonic,  and  oxysali- 
cylic  acids  (q.  v.},  and  is  likewise  produced  by  the  action  of  reducing  agents  (stannous 
chloride  or  sulphurous  acid)  on  quinone,  from  which  it  differs  by  2  at.  H ;  also,  together 
with  a  brown  crystalline  body  containing  C18H14N202,  by  the  action  of  phenylamine 
on  quinone  (A.  W.  Hofmann,  Proc.  Koy.  Soc.  xiii.  4) : 

2C6H7N   +   3C6H402     =     C18HUN208  +   2C6H602. 

Phenylamine.        Quinone.  Brown  crystals.      Hydroquinone. 

Preparation. — 1.  The  distillate,  mixed  with  solid  particles,  which  is  obtained  by 
the  dry  distillation  of  quinic  acid,  is  filtered  from  tar,  and  again,  after  cooling,  to 
separate  benzoic  acid ;  the  yellow,  heavy,  oily  mixture  of  benzene,  phenic  acid  and 
salicylous  acid,  is  distilled  from  the  filtrate ;  the  brown  residue  in  the  retort  is  evapo- 
rated and  left  to  cool  till  benzoic  acid  crystallises  out ;  the  mother-liquor  is  diluted 
with  water,  which  makes  the  liquid  milky  and  separates  tar  ;  and  the  resulting  filtrate 
is  evaporated  till  the  hydroquinone  crystallises  out. — 2.  Sulphurous  acid  gas  is  passed 
through  warm  water  saturated  with  quinone,  and  having  quinone  also  suspended  in  it, 
till  all  the  quinone  is  dissolved,  and  the  liquid  appears  colourless ;  the  solution  is  then 
gently  evaporated  to  the  crystallising  point,  and  the  crystals  are  purified  by  pressure 
and  recrystallisation. — It  is  not  necessary  previously  to  remove  the  sulphuric  acid  by 
carbonate  of  barium. — A  saturated  aqueous  solution  of  quinone  may  also  be  mixed 
with  aqueous  hydriodic  acid,  and  the  watery  liquid,  after  filtration  from  the  iodine, 
evaporated  to  the  crystallising  point. 

Properties. — Hydroquinone  forms  transparent,  colourless,  rhombic  crystals  ex 
hibiting  the  combination,  oopoo.  <x!Pa>.  P  .  oP  (Hesse).  It  sublimes,  when  heated, 
in  shining  laminae,  like  benzoic  acid;  melts  at  177 '5°  and  solidifies  to  a  crystalline  mass 
at  163°.  It  is  inodorous,  has  a  sweetish  taste,  and  is  neutral  to  vegetable  colours.  It 
dissolves  easily  in  water,  especially  when  hot,  also  in  alcohol  and  in  ether.  From 
solutions  of  alkaline  sulphites,,  it  crystallises  unaltered,  sometimes  however  in  sulphur- 
yellow  rhombohedrons  or  long  four-sided  prisms,  resembling  the  sulphydrates  of  hy- 
droquinone. (Hesse.) 

Decompositions. — 1.  Hydroquiuone,  suddenly  heated  above  the  boiling  point,  is  par- 
tially decomposed  into  quinone  and  green  hydroquinone.  When  passed  in  the  state  of 
vapour  through  a  glass  tube  at  a  low  red  heat,  it  is  resolved  into  quinone  and  hydrogen 
(Hesse). — 2.  Oxidising  agents,  viz.  chlorine,  chromate  of  potassium,  sesquichloride 
of  iron,  or  nitrate  of  silver,  convert  hydroquinone  dissolved  in  water  into  green  hydro- 
quinone, with  formation  of  hydrochloric  acid,  chromic  oxide,  or  protochloride  of  iron 
and  hydrochloric  acid,  or  with  precipitation  of  silver. — 3.  Strong  nitric  acid  converts  it 
almost  wholly  into  oxalic  acid  (Hesse). — With  hydrochloric  acid  and  chlorate  of 
potassium  it  yields  tetrachlorquinone  (chloranil)  (Hesse). — 4.  The  aqueous  solution 
of  hydroquinone  imparts  a  saffron-yellow  colour  to  cupric  acetate,  and  when  heated 
throws  down  cuprous  oxide,  quinone  volatilising  at  the  same  time. — 5.  Ammonia 
imparts  to  it  a  brown-red  colour,  and  yields  on  evaporation  a  brown  mass  like  ulmic 
acid.  Potash  acts  in  like  manner.  (Wohler.) 

Hydroquinone  dissolves  in  a  moderately  concentrated  hot  solution  of  neutral  acetate 
of  lead,  and  the  solution,  on  cooling,  yields  prisms  containing  C6H602.C4H6Pb04  + 
|  H20.  These  crystals  give  off  5'23  per  cent,  of  water  (nearly  f  at.)  over  sulphuric 
acid. 

Sulphydrates  of  Hydroquinone. — There  are  two  of  these  salts.  The  first,  containing 
4C6H602.H2S,  is  obtained  in  colourless  prisms  by  passing  sulphydric  acid  gas  into  a 
saturated  solution  of  hydroquinone  heated  to  40°. — The  second  3C6H602.H2S,  is  obtained, 
by  passing  sulphydric  acid  into  a  cold  saturated  solution  of  hydroquinone,  in  small 
shining  crystals,  which  redissolve  when  heated  if  the  passage  of  the  gas  be  continued, 
the  solution,  as  it  cools,  yielding  the  compound  in  very  regular  colourless  rhombohe- 
drons. These  crystals  remain  unaltered  when  dry,  but  water  eliminates  sulphydric 
acid  from  them,  and  on  boiling  the  solution,  hydroquinone  is  reproduced. 

GREEN  HYDBOQUINONE  or  QUINHYDRONE.  C12H'°04  =  C6H608.C8H402.—  This  com- 
pound  may  be  regarded  either  as  a  compound  of  quinone  and  colourless  hydroquinone, 
or  as  a  double  molecule  of  the  latter  compound  minus  2  at.  H,  or  again  as  a  double 
molecule  of  quinone  (C12H804)  plus  2  at.  H. 

It  is  produced : — 1.  By  mixing  the  aqueous  solutions  of  quinone  and  hydroquinone, 
whereupon  it  is  immediately  precipitated  in  the  crystalline  form. — 2.  By  combining 
aqueous  quinone  with  a  quantity  of  hydrogen  not  sufficient '  for  the  formation,  of 
colourless  hydroquinone ;  e.  g.  aqueous  quinone  mixed  with  sulphuric  acid  at  the 
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negative  pole  of  the  galvanic  circuit ;  quinone  mixed  with  sulphuric  acid  in  contact 
with  zinc ;  aqueous  solution  of  quinone  with  gradual  addition  of  dichloride  of  tin  or 
protosulphate  of  iron,  or  sulphurous  acid,  or  alloxantin,  the  latter  being  converted  into 
alloxan. — 3.  By  the  partial  dehydrogenation  of  aqueous  hydroquinone;  e.g.  when 
spongy  platinum  or  animal  charcoal  moistened  with  the  solution  is  exposed  to  the  air; 
when  chlorine  gas  is  passed  through  aqueous  hydroquinone,  or  that  liquid  is  mixed  with 
nitric  acid,  chromate  of  potassium,  sesquichloride  of  iron,  or  nitrate  of  silver. — The 
mixtures  prepared  according  to  (2)  or  (3)  with  concentrated  solutions,  assume  for  a 
while  a  black-red  colour,  and  then  become  filled  with  long,  green,  metallic-looking  prisms 
of  quinhydrone  ;  but  if  the  solutions  are  too  dilute,  the  quinhydrone  remains  dissolved 
and  is  decomposed,  emitting  the  odour  of  quinone. — The  largest  crystals  are  obtained 
by  at  once  adding  to  a  saturated  aqueous  solution  of  quinone  (or  even  to  its  mother-liquor) 
a  quantity  of  aqueous  sulphurous  acid  just  half  sufficient  for  the  formation  of  hydro- 
quinone. 

Properties. — Quinhydrone  forms  very  long  and  thin  green  prisms,  having  a  metallic 
lustre,  like  the  wings  of  gold-beetles  or  humming  birds,  and  brighter  even  than 
murexid ;  they  appear  red-brown  by  transmitted  light  when  strongly  magnified.  It 
melts  easily  to  a  brown  liquid,  and  sublimes  partly  undecomposed  in  green  laminae. 
Smells  slightly  like  quinone,  and  has  a  pungent  taste. 

It  dissolves  sparingly  in  cold  water,  abundantly  and  with  red-brown  colour  in  hot 
water,  separating  as  it  cools.  Alcohol  and  ether  dissolve  it  readily,  forming  yellow  or 
red  solutions.  Ammonia  dissolves  it  with  green  colour.  The  aqueous  solution  forms 
with  acetate  of  lead  a  bright  greenish-yellow  precipitate,  quickly  changing  to  dirty 
grey. 

Decompositions. — 1.  When  quinhydrone  is  heated,  it  sublimes  partly  undecomposed, 
partly  converted  into  yellow  quinone. — 2.  When  it  is  boiled  with  water,  quinone  distils 
over,  and  the  remaining  dark  red-brown  liquid  contains,  together  with  a  large  quantity 
of  hydroquinone,  a  brown  tar,  which  separates  partly  on  cooling,  partly  on  subsequent 
addition  of  water. — 3.  The  green  solution  of  quinhydrone  in  ammonia  quickly  assumes 
a  dark  red-brown  colour  on  exposure  to  the  air,  and  leaves  a  brown  amorphous  mass 
when  evaporated.— 4.  Quinhy  drone  is  converted  into  colourless  hydroquinone  by 
aqueous  sulphurous  acid,  stannous  chloride,  or  zinc  and  sulphuric  acid,  but  not  by 
hydriodic  acid  or  tellurhydric  acid. — 5.  The  aqueous  solution  quickly  reduces  nitrate 
of  silver,  on  addition  of  ammonia. 

Derivatives  of  Hydroquinone. 

Carbohydroquinonic  acid.   C7H804  =  C6H602.C02  =(C7H^)'" j Q«.  (0.  Hesse, 

Ann.  Ch.  Pharm.  cxii.  527,  cxiv.  292;  cxxii.  22;  E.  Lautemann,  ibid.  cxx.  315).— 
An  acid  produced : — 1.  By  the  action  of  bromine  on  aqueous  quinic  acid. — 2.  By  heat- 
ing quinic  acid  to  above  200°. — 3.  Small  quantities  of  it  are  likewise  obtained  by  the 
action  of  chlorate  of  potassium  and  hydrochloric  acid  on  dilute  aqueous  quinic  acid, 
or  of  peroxide  of  manganese  and  sulphuric  acid  on  aqueous  quinate  of  calcium.  (H  e  s  s  e.) 

Preparation. — Bromine  is  added  to  aqueous  quinic  acid  by  portions  of  10  drops  each, 
till  a  portion  of  it  remains  undissolved,  even  after  the  liquid  has  been  frequently 
agitated  and  left  to  stand  for  12  hours.  The  solution  is  then  decanted  from  the  un 
dissolved  bromine,  diluted,  filtered,  and  mixed  with  carbonate  of  lead,  as  long  as  a 
brisk  evolution  of  gas  is  thereby  set  up,  and  bromide  of  lead  produced.  The  filtrate, 
evaporated  to  a  thick  syrup  on  the  water-bath,  and  shaken  up  with  about  5  vol.  ether, 
yields  to  this  liquid  carbohydroquinonic  acid,  which  after  the  ether  has  been  distilled 
off,  remains  as  a  brown  crystalline  residue.  It  is  purified  by  re-crystallisation  from 
water  containing  hydrochloric  acid,  with  help  of  animal  charcoal. —  Or  the  solution, 
treated  with  bromine  and  filtered,  is  mixed  with  carbonate  of  lead,  till  this  salt  begins 
to  take  up  organic  substances;  the  filtrate  is  precipitated  with  solution  of  neutral 
acetate  of  lead,  and  then,  after  this  precipitate  has  been  collected,  a  further  precipitate 
is  obtained  by  addition  of  ammonia.  By  decomposing  the  precipitates  suspended  in 
water  with  sulphydric  acid,  then  boiling  up  and  diluting  the  filtrate,  carbohydro- 
quinonic acid  is  obtained  from  the  first  precipitate.  The  acid  obtained  from  the  second 
lead-precipitate  still  retains  unaltered  quinic  acid,  from  which  it  may  be  separated 
by  ether.  (Hesse.) 

Properties. — Carbohydroquinonic  acid  crystallises  from  its  aqueous  solution  with 
1  at.  water  (C'H604.H20),  in  furcate  groups  of  needles,  also  in  rhombic  laminae  or 
granular  crystals.  It  is  dimorphous.  The  granular  crystals  are  distorted  twins, 
belonging  to  the  monoclinic  system.  The  needles  are  rhombic  prisms,  having  the 
acute  edges  perpendicularly  truncated,  cleavable  at  right  angles  to  the  prismatic  faces 
(Hesse). —The  crystallised  acid  dissolves  in  40  or  50  pts.  of  water  at  17°,  very  easily 
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in  boiling  water  and  in  alcohol,  but  is  insoluble  in  ether.  It  has  a  sour  and  bitter 
taste  and  reddens  litmus.  Heated  to  100°  it  gives  off,  on  the  average,  10-5  per  cent. 
water,  leaving  the  anhydrous  acid,  C7H804,  which  melts  at  207°  (corrected)  with 
partial  decomposition,  and  solidifies  in  the  radio-crystalline  form  between  160°  and 
170°  (Hesse).  When  cautiously  heated,  it  sublimes  with  partial  decomposition. 
(Lautemann.) 

Decompositions.  —  1.  Carbohydroquinonic  acid  is  resolved  by  fusion,  and  with  great 
facility  when  heated  to  240°,  into  carbonic  anhydride  and  hydroquinone,  C7H604  = 
C8H602  +  CO2  (Hesse).  When  it  is  heated  with  pumice,  pyrocatechin  is  obtained 
instead  of  hydroquinone,  the  former  being  apparently  capable  of  passing,  under  circum- 
stances not  exactly  known,  into  hydroquinone  (Lautemann).  —  2.  It  is  not  altered  by 
boiling  dilute  nitric  acid  ;  the  concentrated  acid  converts  it,  with  rise  of  temperature 
and  evolution  of  nitrous  acid,  into  oxalic  acid,  together  with  a  trace  of  a  yellow  sub- 
stance. —  3.  Sulphuric  anhydride  dissolves  it,  without  evolution  of  gas,  forming  a  blue 
liquid,  brownish  by  reflected  light.  No  conjugated  sulphuric  acid  can  be  obtained  from 
this  solution.  —  In  oil  of  vitriol,  Carbohydroquinonic  acid  dissolves  slowly,  and  chars 
when  heated.  —  4.  Bromine  dissolves  slowly  in  the  aqueous  acid,  with  evolution  of  gas. 
—  5.  Aqueous  Carbohydroquinonic  acid,  in  contact  with  add  carbonate  of  calcium  and 
air,  acquires  a  dark,  nearly  black  colour,  and  deposits  a  black  precipitate,  which 
effervesces  with  acids  (Hesse).  —  6.  From  cupric  hydrate  and  potassio-cupric  tartrate 
aqueous  .Carbohydroquinonic  acid  separates  cuprous  oxide  ;  from  mercuric  and  silver- 
salts  it  separates  the  metal.  Dilute  aqueous  Carbohydroquinonic  acid,  mixed  at  8°  or 
10°  with  neutral  solution  of  nitrate  of  silver,  becomes  dark-coloured  in  a  quarter 
of  an  hour,  even  in  the  dark,  and  in  three  hours  separates  metallic  silver  (Hesse). 
According  to  Lautemann  it  reduces  nitrate  of  silver  when  heated,  but  not  in  the 
cold. 

The  carbohydroquiue  nates  are,  for  the  most  part,  easily  soluble  in  water, 
sparingly  soluble  or  insoluble  in  alcohol.  Hesse  regards  the  acid  as  monobasic,  and 
the  ammonium-salt  as  a  basic  salt,  in  which  1  at.  ammonia  takes  the  place  of  water  of 


crystaUisation,  C7H5(NH4)04.NH3.     The  formula        g,         0s  represents  it  as  tria- 

tomic  but  monobasic,  like  glyceric  acid  (ii.  875).  Str  ecker  (Handwbrterb.  ii.  [2],  996), 
regards  the  acid  as  dibasic.  Carbohydroquinonic  acid  decomposes  the  carbonates  of 
the  alkaline  earths.  Its  salts  turn  brown  in  the  air.  In  contact  with  a  small 
quantity  of  sesquichloride  of  iron,  they  acquire  a  violet  colour  ;  with  a  larger  quantity, 
a  fine  purple-violet  to  chrome-green  colour  especially  in  neutral  solution.  (Hesse.) 

Ammonium-salts.  —  When  dry  ammonia-gas  is  passed  over  dry  Carbohydroquinonic 
acid,  100  pts.  of  the  acid  take  up  from  22'3  to  227  pts.  of  ammonia  (2  at.  =  22-08 
NH3),  without  giving  off  water.  The  resulting  compound,  freed  from  excess  of  ammonia 
by  standing  over  oil  of  vitriol,  contains  447  per  cent.  C,  and  6*2  H,  corresponding 
to  the  formula,  C7H5(NH4)O4.NH3  (calc.  44-68  per  cent.  C,  and  6-38  H).  When 
exposed  to  moist  air,  it  quickly  gives  off  ammonia,  and  dissolves,  with  alkaline  reac- 
tion, in  water  and  alcohol.  The  latter  solution,  when  evaporated,  deposits  small  acid 
crystals.  Hydrated  ether  partially  dissolves  the  ammonium-salt,  leaving  a  portion, 
perhaps  consisting  of  C7H5(NH4)04.H20.  An  ether-alcoholic  solution  of  Carbohydro- 
quinonic acid  becomes  turbid  when  ammonia  gas  is  passed  over  it,  and  then  clear, 
depositing  concentric  groups  of  prisms.  Brown  substances  are  formed  at  the  same 
time.  (Hesse.) 

Lead-salt.  —  From  aqueous  Carbohydroquinonic  acid,  an  aqueous  or  alcoholic  solution 
of  neutral  acetate  of  lead  throws  down  an  amorphous  yellow  precipitate,  easily  soluble  in 
nitric  acid,  with  difficulty  in  acetic  acid.  Part  of  the  Carbohydroquinonic  acid  dissolves 
at  the  same  time  in  the  acetic  acid  which  is  set  free,  so  that  the  filtrate  still  gives  a 
precipitate  with  ammonia.  (Hesse.) 

The  potassium-salt  is  precipitated  from  its  aqueous  solution  by  alcohol  in  the  form 
of  a  syrup.  —  The  manganous  salt  forms  small  prisms,  easily  soluble  in  water.  —  The 
zinc-salt  forms  laminae.  —  Aqueous  Carbohydroquinonic  acid  yields  a  greyish-yellow  pre- 
cipitate with  tartar  emetic  ;  and  with  ferric  hydrochlorate,  a  dark  green  solution  chang- 
ing to  violet  on  addition  of  acid  carbonate  of  sodium,  or  of  tartaric  acid,  ferric  hydro- 
chlorate,  and  ammonia.  It  does  not  precipitate  gelatin. 

The  following  acids  give  reactions  very  similar  to  those  of  Carbohydroquinonic  acid: 
1.  Morintannic  acid  and  Morin,  which,  according  to  Hlasiwetz,  are  isomeric  with 
Carbohydroquinonic  acid.—  2.  Deuterocatechuic  add,  C8H"04,  and  Tricatechuic  add, 
C9H'°04.  These  two  acids  are  supposed  by  Strecker  (Ann.  Ch.  Pharm.  cxviii. 
280)  to  exist  in  catechu,  inasmuch  as  he  regarded  the  pyrocatechin,  first  as  the  one, 
then  as  the  other  of  these  acids,  and  finally,  as  a  mixture  of  the  two.—  3.  Proto- 
catechuic  add.  This  acid,  according  to  Lautemann  (Ann.  Ch.  Pharm.  cxx.  315), 
must  be  regarded  as  identical  with  Carbohydroquinonic  acid,  since  the  latter  acid,  when 
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heated  with  pumice,  is  capable  of  yielding  pyrocatechin.  But  according  to  Hesse 
(Ann.  Ch.  Pharm.  cxxii.  221),  the  two  acids  react  differently  with  cupric  tartrate,  and 
must  therefore  be  regarded  as  only  isomeric. — 4.  Oxy  salicylic  acid.  With  regard  to 
this  acid,  Lautemann  thinks  it  probable  that  it  may  be  capable  of  passing  into  carbo- 
hydroquinonic  acid  (or  the  latter  into  oxysalicylic  acid). —  5.  Hypogallic  acid. 

Ethyl-car  bohydroquinonic  acid,  C9H1004  =  jj2  C?I5  I0"'  Carbohydroqui- 
nonic  ether. — To  prepare  this  compound,  carbohydroquinonic  acid  is  dissolved  in 
alcohol  of  90  per  cent. ;  the  solution  is  saturated  with  hydrochloric  acid  gas ;  the 
alcohol  is  distilled  off  in  the  water-bath ;  the  residue  is  shaken  up  with  ether,  as  long 
as  that  liquid  takes  up  a  substance  which  colours  ferric  chloride ;  the  ether  is  then 
distilled  off;  the  brown  crystalline  residue  is  shaken  up  with  boiling,  very  dilute 
alcohol,  and  a  small  quantity  of  carbonate  of  sodium ;  the  solution  is  left  to  cool ; 
and  the  acid  is  again  exhausted  with  ether.  The  ethereal  solution  when  evaporated 
leaves  coloured  crystals,  which  may  be  decolorised  by  again  treating  them  with  dilute 
alcohol,  soda,  and  ether.  It  forms  colourless  prisms  united  in  radiate  groups,  neutral, 
melting  at  134°  (corrected),  and  becoming  crystalline  again  at  124'3°. 

The  ether  melts  in  boiling  water  before  dissolving ;  dissolves  easily  in  alcohol,  and 
especially  in  common  ether.  The  aqueous  solution,  added  to  neutral  acetate  of  lead, 
forms  a  white  amorphous  precipitate  soluble  in  acetic  acid ;  it  colours  ferric  hydro- 
chlorate  violet,  changing  to  purple-violet  on  addition  of  a  larger  quantity  of  the  iron- 
salt,  and  finally  to  chrome-green.  It  reduces  mercuric  chloride,  nitrate  of  silver,  and 
potassio-cupric  tartrate.  (Hesse,  loc.  cit.) 

Chlorinated  Hydroqui nones.  (Wohler,  Ann.  Ch.  Pharm.  li.  155. — Stadeler, 
ibid.  Ixix.  132,  306,  321.) — These  compounds  are  produced  by  the  action  of  reducing 
agents  on  the  corresponding  chlorinated  derivatives  of  quinone  :  they  are  most  easily 
prepared  by  means  of  sulphurous  acid.  They  bear  a  greater  resemblance  to  "hydro- 
quinone  in  proportion  as  they  contain  less  chlorine.  They  act  like  weak  acids,  their 
alcoholic  solutions  yielding  white  precipitates  with  acetate  of  lead,  the  quantity  of  the 
precipitate  being  increased  by  addition  of  ammonia.  The  chlorine  in  these  compounds 
does  not  exhibit  its  usual  reaction  with  nitrate  of  silver.  By  oxidising  agents,  viz.  by 
nitric  acid  and  sesquichloride  of  iron,  they  are  converted  either  into  the  corresponding 
chlorinated  quinones,  or  compounds  of  these  with  the  chlorinated  hydroquinones. 

Monochlorinated  Hydroquinone,  C6H5C102,  forms  tufts  of  colourless  prisms, 
very  soluble  in  water,  alcohol  and  ether,  and  liquefying  in  contact  with  the  vapour  of 
ether.  It  melts  easily,  and  sublimes  in  white  laminae,  with  partial  decomposition.  Its 
aqueous  solution  reduces  nitrate  of  silver.  It  dissolves  in  ammonia,  forming  a  dark- 
blue  solution,  changing  to  green,  yellow,  and  red-brown. 

Dichlorinated  Hydroquinone,  C6H4C1202,  forms  beautiful  nacreous  crystals, 
which  melt  at  164°,  and  begin  to  sublime  at  120°.  It  reddens  litmus ;  dissolves 
sparingly  in  cold  water,  easily  in  boiling  water,  also  in  alcohol,  in  ether,  and  in  hot 
acetic  acid ;  sparingly  in  boiling  hydrochloric  acid ;  it  is  soluble  also  in  hot  concen- 
trated sulphuric  acid,  and  separates  on  cooling.  With  dilute  potash  it  forms  a  colour- 
less solution,  which  on  exposure  to  the  air  turns  green,  then  red,  and  deposits  a  violet 
powder.  With  ammonia,  it  forms  a  yellow  solution,  which  reddens  in  contact  with  the 
air,  and  deposits  a  brownish  precipitate. 

Trichlorinated  Hydroquinone,  C6HSC1802,  forms  colourless  laminae,  or 
flattened  prisms  melting  at  a  little  above  130°,  and  subliming  in  iridescent  scales.  It 
dissolves  readily  in  alcohol  and  in  ether  ;  the  alcoholic  solution  reddens  litmus.  It 
dissolves  in  potash  and  in  ammonia,  forming  green  solutions,  which  turn  first  red, 
then  brown,  and  yield  copious  precipitates  with  hydrochloric  acid. 

Tetrachlorinated  Hy  droquinone,  C6H2C1402,  forms  colourless,  nacreous  laminae, 
insoluble  in  water,  very  soluble  in  alcohol  and  ether ;  its  solutions  redden  litmus. 
When  heated,  it  begins  to  turn  brown  at  160°,  the  colour  becoming  stronger  towards 
220°;  it  then  sublimes  rapidly,  but  does  not  melt  till  more  strongly  heated;  the 
melted  mass  crystallises  on  cooling.  It  dissolves  in  potash  and  in  ammonia.  The 
potash  solution,  saturated  hot,  deposits  on  cooling,  prismatic  crystals,  apparently  con- 
sisting of  a  potassium-salt 

Octochlorinated  Acetyl-dihy droquinone,  C^4H6C1805  =  C12H8(C*HS0)C1804 
(Hesse,  Ann.  Ch.  Pharm.  cxiv.  292). — Produced  by  passing  sulphurous  anhydride 
into  a  mixture  of  tetrachloroquinone  and  glacial  acetic  acid,  then  evaporating  and 
subliming : 

2C6C140*  +   C2H402  +   H20   +   2S02     =     C14H8C1805  +   2SOS. 

It  forms  colourless  laminae,  which  melt  at  230°,  dissolve  easily  in  ether,  alcohol, 
hot  benzene,  and  strong  acetic  acid,  but  are  nearly  insoluble  in  water. 


HYDRCQUINONE.  217 

Octochlorinated  Ethyl-dihydroquinone,  CI4H8C1804  =  CI2H3(C2H5)C1804 
(Hesse,  loc.  cit.}. — Obtained  by  passing  sulphurous  anhydride  for  some  time  through  a 
heated  mixture  of  tetrachloroquinone  with  20  pts.  alcohol  of  92  per  cent.  The  tetrachloro- 
quinone  then  dissolves,  and  the  solution  mixed  with  water  yields  the  octochlorinated  ethyl- 
hydroquinone,  which  crystallises  from  benzene  in  colourless  rhombic  laminae,  often  an 
inch  long,  and  exhibitingthe  combination  oopoo  .  ooP  .  ni$ao  .  The  compound  melts  at 
236°,  sublimes  almost  unaltered  at  210° ;  is  nearly  insoluble  in  water  and  in  solutions  of 
sulphites,  but  dissolves  easily  in  alcohol,  ether,  hot  benzene,  and  acetic  acid.  The 
alcoholic  solution  after  a  while  becomes  acid  and  brown-coloured,  and  ultimately 
deposits  black  prisms  having  a  metallic  lustre ;  on  addition  of  hypochlorite  of  sodium, 
the  solution  yields  green  crystals,  and  then  tetrachloroquinone.  Octochlorinated  ethyl- 
hydroquinone  mixed  with  quicklime,  and  moistened  with  a  few  drops  of  water, 
exhibits  a  fine  green  colour. 

Chlorinated  Quinhydrones. — The  chlorinated  hydroquinones  combine  with  the 
chlorinated  quinones,  forming  compounds  which  may  be  regarded  as  chlorinated 
quinhy drones  (p.  213).  These  compounds  are  produced  by  mixing  the  aqueous 
solutions  of  their  components,  or  by  the  action  of  oxidising  agents  on  the  chlorinated 
hydroquinones,  or  of  reducing  agents  on  the  chlorinated  quinones.  The  dichlorinated 
compound,  C6H5C102.  C6H3C102,  sublimes  in  brown  needles,  which  colour  the  skin 
purple,  and  redden  litmus. — The  tetrachlorinated  compound,  C6H4C1202.  C6H2C1-02,  in 
the  anhydrous  state,  forms  yellow  crystals  ;  in  the  hydrated  state,  with  2H20, 
it  forms  violet  crystals.— The  hexchlorinatcd  compound,  C6H3CP02.C6HC1302,  appears 
to  be  formed  by  treating  trichloroquinone  with  a  quantity  of  sulphurous  acid  not 
sufficient  to  convert  it  completely  into  trichlorinated  hydroquinone  ;  and  the  octochlo- 
rinated compound,  C6H2Cl4Oa.  C8C1402,  by  the  action  of  nitrate  of  silver  on  perchlorinated 
hydroquinone. 

Pnosphohydroquinonic  acid.  C6H7P05  ==  C6H602.PH03  (Hesse,  Ann.  Ch. 
Pharm.  cxiv.  292). — Quinic  acid  dissolves  in  cold  dilute  aqueous  phosphoric  acid  with- 
out decomposition  ;  but  on  evaporating  the  solution,  a  copious  evolution  of  gas  takes 
place  at  a  certain  degree  of  concentration,  and  the  remaining  brown  solution  contains 
an  acid,  whose  calcium-salt,  which  separates  partly  crystalline,  partly  amorphous,  has 
the  composition  C6H6CaP05.  The  formation  of  the  acid  is  represented  by  the  equation  : 

C7H1206  +   PHS04     =     C6H7P05  +   CO  +  4H20. 

Phosphohydro- 

Quinic  acid.  quinonic 

acid. 

Sulphite  of  Hydroquinone,  CI8HI8S08  =  3C6H602.S02  (A.  Clemm,  Ann.  Ch. 
Pharm.  ex.  345). — When  sulphurous  anhydride  is  passed  through  a  solution  of 
quinone  till  that  compound  is  completely  converted  into  colourless  hydroquinone,  and 
the  passage  of  the  gas  is  then  further  continued,  the  liquid  again  turns  yellow,  and 
deposits,  after  concentration,  yellow  rhombohedral  crystals  having  the  above  composi- 
tion. This  compound  is  very  easily  decomposible,  and  gives  off  sulphurous  anhydride 
when  heated,  leaving  colourless  hydroquinone. 

Sulphohydroquinonic  acids.  Acids  containing  the  elements  of  hydroquinone 
and  sulphuric  anhydride ;  produced  by  the  action  of  sulphuric  acid  or  anhydride  on 
quinic  acid  and  hydroquinone.  (0.  Hesse,  Ann.  Ch.  Pharm.  ex.  194;  cxiv.  292.) 

1.  Disulpho-hydroquinonic  acid,  C6H6S*08  =  C6H602.2S03.— Preparation  of 
the  barium-salt. — Fuming  sulphuric  acid  is  poured  into  fused  or  finely  pulverised 
quinic  acid,  till  a  fresh  addition  no  longer  causes  any  considerable  evolution  of  gas ; 
the  liquid  is  gently  warmed  towards  the  end  of  the  operation,  diluted  after  cooling  with 
a  large  quantity  of  water,  neutralised  with  carbonate  of  barium,  and  evaporated  to  the 
crystallising  point.  The  crystals  which  first  separate  take  up  a  large  quantity  of 
colouring  matter,  so  that  the  mother-liquor  yields  a  less  coloured  salt. 

The  aqueous  acid,  obtained  by  decomposing  the  barium-salt  with  the  exactly  equiva- 
lent quantity  of  sulphuric  acid,  or  the  lead-salt  with  sulphydric  acid,  forms  an  acid 
syrup,  easily  soluble  in  alcohol,  insoluble  in  ether. 

The  acid  is  dibasic,  but  only  the  dimetallic  salts  have  been  obtained.  The  salts  and 
the  aqueous  acid  produce  with  ferric  hydrochlorate  a  fine  blue  colour,  which  disappears 
on  heating,  and  reappears  with  a  dingy  tint  on  cooling.  The  blue  colour  is  also 
destroyed,  slowly  by  access  of  air,  or  by  addition  of  nitric  or  acetic  acid,  quickly  by 
addition  of  hydrochloric,  sulphuric,  or  tartaric  acid.  A  similar  action^  is  exerted  by 
sal-ammoniac,  chloride  of  barium,  chloride  of  calcium,  sulphate  of  magnesium,  phosphate 
of  sodium,  neutral  acetate  of  lead,  and  ferric  hydrochlorate.  The  salts  separate  metallic 
silver  from  the  nitrate. 

The  ammonium-salt,  obtained  by  decomposing  the  barium-salt  with  carbonate  of 
ammonia,  separates  from  the  concentrated  solution  in  large  crystals. 
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The  barium-salt,  C*H4Ba"S208.4H*O,  forms  beautiful  monoclinic  prisms,  with 
angles  of  113°  4'.  When  heated,  it  gives  off  suffocating  vapours,  hydroquinone, 
quinhydrone,  and  water,  leaving  a  residue  of  charcoal.  The  salt  dried  in  the  air,  or 
over  oil  of  vitriol,  gives  off  at  90°  from  10'8  to  1T5  per  cent,  water  (3  at.  «=  11-31  per 
cent.  H2O),  then  between  120°  and  160°  an  additional  3'3  per  cent.  (1  at.  =  377  per 
cent.  H20),  corresponding  in  all  to  4  at.  The  salt  dissolves  readily  in  boiling  water,  with 
difficulty  in  cold  water,  and  in  alcohol  either  cold  or  boiling,  but  is  insoluble  in  ether. 

The  calcium-salt  resembles  the  barium-salt. 

The  lead-salt,  C6H4Pb"S208.Pb"H202,  is  separated  from  the  concentrated  solution  of 
the  barium-salt  by  neutral  acetate  of  lead,  as  a  bulky  precipitate,  which  quickly  changes 
into  yellowish  microscopic  crystals  having  a  silky  lustre.  When  heated,  it  assumes  a 
lemon-yellow  colour,  and  becomes  carbonised.  It  is  nearly  insoluble  in  water  and 
acetic  acid,  easily  soluble  in  nitric  acid,  precipitable  by  ammonia. 

The  potassium-salt,  2C6H4K2S208.3H'O,  is  obtained  by  neutralising  the  aqueous 
acid  with  carbonate  of  potassium,  and  separates  with  the  same  composition,  even  from 
solutions  containing  2  at.  acid  to  1  at.  potash.  It  forms  colourless  prisms  having  a 
saline  taste,  easily  soluble  in  water,  sparingly  in  alcohol.  They  retain  6'9  per  cent, 
water  over  oil  of  vitriol,  give  off  the  whole  at  150°,  and  decompose  when  melted. 

2.  Sulphodihydroquinonic  acid,  C12H16S09  =  2C6H602.S03.2H20. Produced 

by  the  action  of  fuming  sulphuric  acid  on  hydroquinone.    The  solution,  which  is  formed 
without  evolution  of  gas,  yields,  when  saturated  with  carbonate  of  barium,  a  barium- 
salt,  which  crystallises  in  concentrically  grouped  needles  containing  C24H30Ba"S2018. 
This  salt  is  easily  soluble  in  water  and  in  aqueous  alcohol,  sparingly  soluble  in  abso- 
lute alcohol,  and  is  precipitated  therefrom  in  flocks  by  ether. 

3.  Disulphodihydroquinonicacid,Q™W*&Q"  =  W«WQ\2$Q\WQ.— Hydro- 
quinone exposed  to  the  vapour  of  sulphuric  anhydride  deliquesces  and  yields  this  acid. 
The  potassium-salt,  C12H13KS2On,  crystallises   in  colourless  monoclinic  prisms  or  in 
flattened,  sharp-pointed  needles,  easily  soluble  in  water  and  in  hot  alcohol.     The  solu- 
tion treated  with  ferric  hydrochlorate  acquires  a  transient  dark-blue  colour ;  it  forms  a 
white  precipitate  with  ammoniacal  acetate  of  lead,  and  reduces  silver  from  the  nitrate. 

HYDROSAI, ICY! AMIDE.  C21H18N208  =  N2(C7H«0)3.  Salhydramide.  Salicy- 
limide.  Hydride  of  Azosalicyl  (Ettling,  Ann.  Ch.  Pharm.  xxxv.  261). — This  compound 
is  produced  by  the  action  of  ammonia  on  hydride  of  salicyl  (salicylous  acid) : 

3C7H602  +   2NH8    •-     C21H1SN203  +   3H20. 

The  hydride  of  salicyl  is  dissolved  in  3  or  4  times  its  volume  of  cold  alcohol,  and  a 
quantity  of  ammonia  is  added  equal  to  that  of  the  hydride  of  salicyl  employed.  The 
solution  then  immediately  yields  yellowish- white  needles,  and  soon  solidifies  in  a  mass. 
On  applying  a  gentle  heat,  the  product  dissolves  completely,  and  the  liquid,  on  cooling, 
deposits  crystals  of  hydrosalicylamide. 

Hydrosalicylamide  crystallises  in  triclinic  prisms,  without  modification.  Angle 
00/P  :  ooP;  =117°  30';  oP  :  ooT  =103°  30';  oP  :  ooP/  =93°  30'.  It  appears  to 
be  insoluble  in  water,  and  dissolves  but  sparingly  in  cold  alcohol,  but  quickly  in  about 
50  pts.  of  boiling  alcohol.  At  300°  it  melts  to  a  yellow  and  brownish  mass,  yielding 
a  white,  very  light  sublimate.  At  a  higher  temperature  it  carbonises.  It  is  not 
decomposed  by  weak  potash-ley  in  the  cold,  but  on  boiling  it  gives  off  ammonia  and 
forms  salicylide  of  potassium.  Dilute  acids  also  do  not  decompose  it  in  the  cold,  but 
on  heating,  ammonia  is  produced,  and  hydride  of  salicyl  is  set  free.  With  an  alcoholic 
solution  of  sulphydric  acid,  it  yields  hydride  of  sulphosalicyl: 

C21HI8N203  +   3H2S     =     3C7H6OS  +   2NH3. 

Hydrosalicyl-  Hydride  of 

amide.  sulpho-salicyl. 

Hydrosalicylamide  forms  several  salts  in  which  part  of  the  hydrogen  is  replaced  by 
metallic  radicles. 

The  cupro-cuprammonic  salt,  C42HsoCu2(N*H8Cu)"N406,  is  obtained  by  mixing  a  very 
dilute  and  slightly  cooled  alcoholic  solution  of  hydrosalicylamide  with  ammoniacal 
acetate  of  copper  (acetate  of  cuprammonium).  The  liquid  immediately  acquires  a  fine 
emerald-green  colour,  and  gradually  deposits  brilliant  laminae  of  the  same  colour,  the 
solution  being  at  the  same  time  decolorised.  The  crystals  are  insoluble  in  water  and 
in  alcohol ;  they  dissolve  in  cold  dilute  acids,  but  are  reprecipitated  on  saturating  the 
solution  with  an  alkali.  Strong  mineral  acids  decompose  them  completely,  liberating 
hydride  of  salicyl.  Dilute  potash  does  not  decompose  them  without  the  aid  of  heat, 
and  even  then  but  slowly.  They  melt  when  heated,  and  yield  by  distillation  an  oil 
which  solidifies  on  cooling,  in  a  crystalline  mass  having  the  odour  of  gum-benzoin. 

Ferrico-ferricammonicsalt,C™'Bi}6fe\1$'H.3fe)WOa*. — To  prepare  this  salt,  an  aqueous 
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solution  of  ferric  chloride  is  mixed  with  a  quantity  of  tartaric  acid  sufficient  to  prevent 
its  precipitation  by  a  large  excess  of  ammonia ;  a  saturated  alcoholic  solution  of  hydro- 
salicylamide  is  then  mixed  with  a  quantity  of  ammonia  sufficient  to  enable  it  to  be 
treated  with  30  or  40  times  its  volume  of  cold  water  without  becoming  turbid ;  and  the 
two  solutions  are  mixed.  The  mixture  immediately  acquires  a  deep  blood-red  colour, 
and  after  some  time  deposits  a  yellowish-red  flocculent  precipitate  which  gradually 
becomes  darker  coloured  and  granular.  This  precipitate  is  partially  soluble  in  alcohol. 
It  is  not  decomposed  by  cold  dilute  hydrochloric  acid,  but  the  hot  concentrated  acid 
decomposes  it,  with  separation  of  hydride  of  salicyl. 

Lead-salts. — Two  of  these  salts  appear  to  exist.  One  of  them  is  obtained  by  mixing 
a  solution  of  acetate  of  lead  with  ten  times  its  volume  of  alcohol,  heating  the  mixture, 
pouring  in  a  little  ammonia,  and  adding  an  alcoholic  solution  of  hydrosalicylamide 
containing  a  small  quantity  of  ammonia  till  the  precipitate  which  forms  at  first  no 
longer  redissolves  in  the  hot  liquid  ;  this  liquid  on  cooling  deposits  a  yellow  granular 
powder. — The  other  lead-salt  of  hydrosalicylamide  is  obtained  by  mixing  a  solution  of 
the  hydramide  with  aqueous  ammonia,  and  adding  in  the  cold  a  solution  of  acetate  of 
lead.  Light  yellow  flocks  are  then  formed,  which  become  strongly  electric  by  friction. 

Hydrobromosalicylamide.  C21H15Br3N203  =  N2(C7HaBrO)3.  Hydride  of 
Bromazosalicyl.  Bromosamide. — Obtained  by  the  action  of  ammonia  on  hydride  of 
bromosalicyl  (bromosalicylous  acid).  Its  properties  and  reactions  are  precisely  analo- 
gous to  those  of  the  following  compound.  (Piri  a.) 

Hydrocblorosalicylamide.  C21H15013N-0»  =  N2(C7H5C10)3.  Hydride  of 
Chlorazosalicyl.  Chlorosamide  (Piria,  Ann.  Ch.  Phys.  [2]  Ixix.  309). — Produced  by 
the  action  of  ammonia-gas  on  hydride  of  chlorosalicyl  (chlorosalicylous  acid) : 

3C7H5C102  +   2NH3     =     C21H15C13N203  +    3H20. 

On  passing  a  current  of  dry  ammonia  gas  over  dry  chlorosalicylous  acid,  the  gas  is 
absorbed  and  a  yellow  resinous  mass  is  formed.  To  complete  the  reaction,  it  is  neces- 
sary to  withdraw  the  mass  from  time  to  time,  pulverise  it,  and  again  submit  it  to  the 
action  of  the  gas.  The  product  is  then  crystallised  from  absolute  alcohol,  or  better 
from  hot  anhydrous  ether. 

Hydrochlorosalicylamide  crystallises  in  small  yellow  scales,  tasteless,  nearly  insoluble 
in  water,  but  soluble  in  alcohol  and  ether,  especially  with  aid  of  heat.  Absolute  alcohol 
dissolves  it  without  alteration ;  but  hot  aqueous  alcohol  decomposes  it,  eliminating 
ammonia,  especially  in  presence  of  acid  or  alkaline  liquids. 

HYDROSILICITE.  A  hydrous  variety  of  augite,  occurring  in  amorphous  masses 
or  as  a  crust  on  the  palagonite  tufa  at  Palagonia  and  Aci  Castello  in  Sicily,  associated 
or  mixed  with  herschelite,  phillipsite  and  calcite.  According  to  v.  Waltershausen,  it 
contains  42-02  SiO2,  4'94  A1203,  27'19  CaO,  3'41  MgO,  2'51  Na20,  2'67  K20,  15'06 
water  and  carbonic  acid,  and  2'19  insoluble  matter.  (Rammelsberg' s  Miner  alchemic, 
p.  861.) 

HYDROSTEATXTE.  A  steatite  from  Gopfersgrun,  in  which  Klaproth  found  59 '6 
per  cent,  silica. 

HYDROTAX.CITE.  A  talc-like  mineral,  translucent  in  thin  folia,  from  Snarum 
in  Norway,  where  it  occurs  imbedded  in  serpentine.  Hardness  =  2*0  (Hochstetter). 
Specific  gravity  =  2-091  (Rammelsb  erg).  It  dissolves  easily  and  with  effervescence 
in  acids,  retaining  its  solubility  after  ignition.  Hermann  examined  a  mineral  (which 
he  called  Volknerite}  evidently  identical  with  this,  from  Scheschemskaja  Gora  in  the 
Ural,  where  it  occurs  in  the  mica  slate,  together  with  chlorospinel,  hydrargillite,  and 
other  minerals,  and  is  said  sometimes  to  form  six-sided  prisms  cleaving  perfectly 
parallel  to  the  terminal  faces.  Specific  gravity  =  2'04. 

Analyses,  a.  by  Hochstetter  (J.pr.  Chem.xxvii.  376).— b— e.  by  Kammelsberg 
(Mineralchemie,  p.  165). — -/.  by  Hermann  (J.  pr.  Chem.  xlvi.  237). 

a.  b.  c.  d.  e.  f. 

Alumina         .        .  12'00         19'25         17'78         18-00        18-87        16-96 
Ferric  oxide  .         .6*90 

Magnesia        .         .  36-30         37'27         38'18         37'30         37'04         37'08 
Carbonic  anhydride  10-54  2'61  6'05  7'32  7'30  3-92 

Water  .          .         .  32-66         41'59         37'99         37'38         37'38         42-04 

Insoluble  residue    .     1-20      

99-60       100-72       lOO'OO       100-00       100'59       100*00 

Kammelsberg's  and  Hermann's  analyses,  abstracting  the  carbonic  acid,  lead  to  the 
formula  A1203.3H20  +  5— 6(Mg"0.2H20)  or  (A12)"H606.5— 6Mg"H<03. 

HYDROUS  AKTTKOPKYIiIiITE.  An  altered  form  of  asbestiform  tremolite 
(p.  169)  found  on  New  York  Island  and  in  Scotland. 
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H YDROZINCITE.      See  ZlNC-BLOOM. 

HYUURII.IC  ACID.  C8H6N406.— An  acid  belonging  to  the  uric  acid  group 
discovered  by  Schlieper  (Ann.  Ch.  Pharm.  cvi.  11),  and  further  investigated  by 
Baeyer  (ibid,  cxxvii.  11).  Schlieper,  who  assigned  to  it  the  formula  Cl*H*N*On, 
once  obtained  it  accidentally  in  treating  uric  acid  with  dilute  nitric  acid,  and  concen- 
trating the  mother-liquor  remaining  after  the  alloxan  (i.  135)  had  crystallised  out; 
but  he  did  not  succeed  in  preparing  it  a  second  time.  It  was  really  produced  by  the 
decomposition  of  dial  uric  acid,  which  is  one  of  the  products  of  the  action  of  nitric  acid 
upon  uric  acid  (ii.  965),  and  in  Schlieper's  experiment  was  decomposed  by  the  heat  of 
the  sand-bath  in  which  the  syrupy  liquid  had  been  allowed  to  remain. 

Baeyer  obtains  hydurilic  acid  by  heating  dialuric  acid  with  glycerin  (which  ^acts 
merely  as  a  solvent)  to  about  160°,  the  dialuric  acid  then  splitting  up  into  hydurilate 
of  ammonium,  formic  acid,  and  carbonic  anhydride : 

5C4H4N204     =     2C8H5(NH4)N408   +   CH202  +   3C02. 

Dialuric  acid.  Hydurilate  of  am- 

monium. 

Preparation  from  Uric  acid. — The  uric  acid  is  first  converted  into  alloxan  by 
Schlieper's  method  of  oxidation  with  hydrochloric  acid  and  chlorate  of  potassium 
(i.  135) ;  and  the  alloxan,  after  being  dissolved  in  lukewarm  water,  filtered  from  the  un- 
altered uric  acid,  and  decolorised  if  necessary  with  pure  animal  charcoal,  is  converted 
into  dialuric  acid  by  reduction  with  stannous  chloride.  For  this  purpose,  a  quantity 
of  tin  equal  to  the  weight  of  uric  acid  employed,  is  dissolved  in  excess  of  strong 
hydrochloric  acid ;  the  still  hot  liquid  is  added  all  at  once  to  the  alloxan  solution ;  and 
more  hydrochloric  acid  is  added  till  the  volume  of  the  liquid  amounts  to  4  litres  for  a 
pound  of  uric  acid  decomposed.  The  preceding  proportions  must  be  carefully  observed, 
for  with  a  smaller  proportion  of  tin,  alloxantin  is  obtained  instead  of  dialuric  acid ; 
and  unless  a  large  excess  of  hydrochloric  acid  is  used,  dialurate  of  tin  separates  in 
hard  crusts,  very  difficult  to  decompose.  On  leaving  the  strongly  acid  solution  to 
stand  for  a  day,  dialuric  acid  crystallises  out  in  yellowish  stellate  groups  of  short  four- 
sided  prisms,  which  must  be  quickly  washed,  and  dried  in  a  vacuum.  The  quantity 
obtained  amounts  to  about  50  per  cent,  of  the  uric  acid  employed. 

To  convert  the  dialuric  acid  into  hydurilic  acid,  9  pts.  of  the  perfectly  dry  substance 
is  mixed  in  a  capacious  flask  with  5  pts.  of  concentrated  glycerin  (as  it  is  obtained  by 
evaporation  in  a  basin  till  its  temperature  rises  to  160°).  and  heated  in  an  oil-bath  to  140° 
— 150°.  A  brisk  and  regular  evolution  of  carbonic  anhydride  then  takes  place,  and  as 
soon  as  this  ceases  and  the  contents  of  the  flask  have  become  solid,  the  temperature  is 
raised  for  a  short  time  to  160°,  and  the  glycerin,  after  cooling,  is  removed  by  washing. 
A  yellowish-white  granular  powder  is  then  left,  consisting  of  acid  hydurilate  of 
ammonium  (p.  221).  The  glycerin  takes  no  part  in  the  reaction,  but  acts  merely  as  a 
solvent. 

To  obtain  the  free  acid,  it  is  best  to  convert  the  acid  ammonium-salt  into  a  copper-salt 
and  decompose  this  salt  with  hydrochloric  acid.  The  crude  ammonium-salt  is  dissolved 
in  boiling  water,  ammonia  is  added  in  slight  excess,  and  solution  of  cupric  sulphate  is 
added  to  the  filtrate.  The  liquid  then  assumes  a  dark-green  colour,  and,  if  hot,  deposits 
on  cooling  red  warty  crystals  of  neutral  hydurilate  of  copper.  This  salt  is  then  de- 
composed by  hot  hydrochloric  acid,  and  the  hydurilic  acid  which  crystallises  out  is 
washed  with  dilute  hydrochloric  acid  and  dried  over  the  water-bath. 

Properties. — Hydurilic  acid  prepared  as  above  forms  a  bulky  white  powder  having  a 
yellowish  tinge ;  by  once  re-crystallising  it  from  water,  it  may  be  obtained  quite  pure 
and  colourless.  It  is  very  sparingly  soluble  in  cold  water,  somewhat  more  in  hot  water, 
and  crystallises  therefrom  on  cooling  in  small  four-sided  prisms  containing  4  at.  water, 
C8H6N406.4H20.  It  is  also  but  Very  slightly  soluble  in  alcohol,  which,  however,  does 
not  precipitate  it  from  the  aqueous  solution. — Sulphuric  acid  dissolves  it  without  de- 
composition, and  on  adding  water,  part  of  the  hydurilic  acid  separates  out  again.  In 
hydrochloric  acid  it  is  even  less  soluble  than  in  water,  and  is  gradually  precipitated 
by  it  from  the  aqueous  solution.  From  a  hot  concentrated  solution  in  hydrochloric 
acid,  or  from  an  ammoniacal  solution  decomposed  by  hydrochloric  acid,  it  separates 
as  a  crystalline  powder  consisting  of  rhombic  tablets  containing  2  at.  water  of  crys- 
tallisation :  C8H6N408.2H20.  The  water,  amounting  to  6'86  per  cent  (2  at.  =  677) 
is  given  off  at  140°. 

Hydurilic  acid  bears  a  tolerably  high  temperature  without  decomposition ;  it  like- 
wise offers  considerable  resistance  to  the  action  of  alkalis,  being  attacked  but  slowly 
and  without  blackening,  by  melting  potash,  with  formation  of  oxalic  acid.  It  is  not 
attacked  by  reducing  agents ;  but  oxidising  agents,  such  as  chlorine,  bromine,  nitric  acid, 
oxide,  of  silver,  peroxide  of  lead,  and  sesquichloride  of  iron,  attack  it  very  quickly, 
yielding  various  products.  When  heated  with  ferric  chloride,  it  yields  oxyhy- 
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durilic  acid,  an  acid  not  yet  examined,  but  characterised  by  the  blood-red  colour 
which  it  produces  with  ferric  salts.  With  a  mixture  of  hydrochloric  acid  and  chlorate 
of  potassium,  hy  durilic  acid  yields  dichloro-hydurilic  acid,  C8H4CPN408.  — 
Fuming  nitric  acid  converts  it  into  allox  an  without  any  other  product;  but  with 
nitric  acid  of  ordinary  strength,  it  yields  alloxan  together  with  violuric  acid, 
violantin  and  dilituric  acid  (ii.  965).  If  the  action  be  carried  on  to  the  end, 
with  aid  of  heat,  the  only  product  is  dilituric  acid  *  ;  but  if  it  be  interrupted  at  an 
earlier  stage,  a  mixture  is  obtained,  varying  in  composition  according  to  the  duration  of 
the  action  : 


C8H6N408  +  NHO3  =  C4H3N304  +  C4H2N204  +  H20; 

Hydurilic  acid.  Violuric  Alloxan. 

acid. 

C8H6N406  +   2NH03     =     C4H3N305  +   C4H2N204   +  NHO2   +   H20. 

Hydurilic  Dilituric  Alloxan. 

acid.  acid. 

Dilituric  acid  may  indeed  be  regarded  as  a  product  of  the  oxidation  of  violuric  acid, 
C4H3N305  =  C'H3NS04  +  0  ;  and  violantin,  C8H6N609,  is  a  compound  of  the  two.  With 
nitrous  acid,  the  same  products  are  obtained.  With  nitrite  of  potassium  and  excess  of 
nitrous  acid,  the  products  are  violurate  of  potassium  and  alloxan: 

C8H6N4Ofl   +   NKO2   +   2NH02     =     CJH-KN304    +  C4H2N-04   +   2H20   +    2NO. 
Hydurilic  Violurate  of  Alloxan. 

acid.  potassium. 

Hydurilic  acid  is  most  distinctly  characterised  by  the  splendid  dark-green  colour 
which  the  acid  and  its  salts  produce  in  a  solution  of  ferric  chloride.  The  colour  is 
destroyed  by  strong  acids  and  alkalis,  also  by  heat,  the  hydurilic  acid  then  decomposing 
and  the  colour  changing  to  red.  Characteristic  also  are  the  chalk-white  precipitates 
produced  on  adding  hydrochloric  acid  to  the  alkaline  solution,  and  the  reactions  with 
hydrochloric  acid  and  chlorate  of  potassium  and  with  nitric  acid,  just  mentioned. 

Hydurilates.  Hydurilic  acid  is  dibasic,  yielding  both  acid  and  neutral  salts.  It 
dissolves  easily  in  ammonia,  potash,  and  soda,  forming  moderately  soluble  salts  ;  the 
other  hydurilates  are  sparingly  soluble  or  insoluble.  These  salts  cannot,  however,  in 
general  be  obtained  by  double  decomposition,  since  the  acid  has  a  great  tendency  to 
form  double  salts  ;  they  must  therefore  be  prepared  with  the  free  acid.  The  acid 
decomposes  most  metallic  chlorides,  forming  acid  salts  ;  also  acetates,  with  formation 
of  neutral  salts,  excepting  in  the  case  of  the  ammonium-  and  potassium-salts. 

Hydurilates  of  Ammonium.  —  The  acid  salt,  C8H5(NH4)N406,  obtained  by 
heating  dialuric  acid  in  glycerin  (p.  220),  is  nearly  pure,  having  only  a  faint  yellowish 
colour.  It  is  moderately  soluble  in  boiling  water,  and  separates,  on  cooling,  in  crusts 
and  granules.  By  solution  in  hot  dilute  ammonia,  and  precipitation  with  acetic  acid, 
it  is  obtained  quite  pure,  in  small  octahedral  crystals,  which,  however,  soon  lose  their 
form.  Strong  acids  remove  only  part  of  the  ammonia.  The  crystals  are  anhydrous. 

The  neutral-salt,  C8H4(NH4)206,  is  obtained  by  mixing  the  acid  salt  with  ammonia, 
and  separates  from  a  hot  saturated  solution  by  rapid  cooling  in  needles  containing  2  at. 
water  ;  it  is  also  obtained  in  the  same  form  by  precipitation  with  sulphide  of  ammonium, 
in  which  it  is  insoluble.  The  solution  when  left  to  stand,  or  slowly  evaporated,  deposits 
large  shining  monoclinic  prisms,  with  dihedral  summits,  containing  4  at.  water,  and 
efflorescing,  with  loss  of  water  and  ammonia,  when  exposed  to  the  air.  (For  Rammels- 
berg's  determination  of  the  form  of  these  crystals,  see  Ann.  Ch.  Pharm.  cxxvii.  19.) 
The  salt  is  moderately  soluble  in  water,  very  easily  in  ammonia,  and  is  completely 
precipitated  therefrom  by  alcohol  in  amorphous  flocks  or  in  needles. 

Hydurilate  of  Barium  (neutral),  C8H4Ba"N406.2H20,  is  obtained  as  an  amor- 
phous precipitate,  which  soon  becomes  crystalline,  on  adding  a  hot  solution  of  hydurilic 
acid  to  acetate  of  barium. 

Hydurilates  of  Calcium.—  The  acid  salt,  C16Hl°Ca"N9012.16H20,  separates,  on 
adding  hydurilic  acid  to  a  solution  of  chloride  of  calcium,  in  small  shining  prisms, 
insoluble  in  water.  The  neutral  salt,  C8H4Ca"N406.6H20,  is  obtained  by  decomposing 
acetate  of  calcium  with  hydurilic  acid,  as  an  amorphous  precipitate,  which  becomes 
crystalline  on  standing.  It  gives  off  2  at.  water  at  130°. 

Hydurilates  of  Copper.—  The  acid  salt,  C16H10Cu"N8012.16H20,  is  obtained  by 
adding  cupric  acetate  to  excess  of  hydurilic  acid,  or  by  mixing  the  acid  with  cupric 
sulphate.  From  concentrated  solutions  it  separates  in  green  needles  ;  from  more  dilute 
solutions,  in  thin  prisms  of  a  shining  yellow  colour.  It  is  decomposed  by  excess  of 

*  Schlieper's  "  nitro-hydurilic  acid,"  obtained  by  the  action  of  hot  nitric  acid  on  hydurilic  acid,  was 
most  probably  dilituric  acid  containing  potash,  derived  from  the  impure  hydurilic  acid  used.  (Baey  er, 
Ann.  Ch.  Pharm.  cxxvii.  211.) 


222  HYGRINE. 

strong  acids.  When  heated,  it  gives  off  the  whole  of  its  water,  and  is  converted  into 
a  red  powder  of  the  anhydrous  salt,  which  is  also  precipitated  immediately  from  hot 
solutions. 

The  neutral  salt,  C8H4Cu"N408.8H20,  is  obtained  by  adding  hydurilic  acid  to  excess 
of  cupric  acetate,  or  by  mixing  the  neutral  ammonium-  or  sodium-salt  with  cupric 
sulphate.  Cold  dilute  solutions  yield  a  red  precipitate  of  the  hydrated  salt;  consisting 
of  short  needles ;  warm  concentrated  solutions,  a  dark  brown-red  precipitate  of  the 
anhydrous  salt.  The  red  salt  is  converted  by  heat  into  the  brown  salt,  giving  off  its 
water,  but  recovers  it  in  contact  in  water.  The  salt  is  decomposed  by  excess  of  hydro- 
chloric acid,  yielding  hydurilic  acid  and  chloride  of  copper. 

Hydurilates  of  Iron. — The  ferric  salt  is  a  dark  green,  easily  decomposible  pre- 
cipitate; the  ferrous  salt  is  a  white  precipitate  which  soon  turns  green. 

Hydurilate  of  Lead  is  a  white  precipitate,  insoluble  in  acetic  acid,  insoluble  in 
water,  soluble  in  nitric  acid;  obtained  by  adding  hydurilic  acid  to  neutral  acetate 
of  lead. 

Hydurilate  of  Potassium  has  not  been  obtained  in  definite  form.  A  solution  of 
hydurilic  acid  in  potash  mixed  with  acetic  acid,  yields  hydurilic  acid  containing 
variable  quantities  of  potash ;  alcohol  also  throws  down  from  the  same  solution  a 
substance  containing  more  potash  than  the  neutral  salt  would  contain. 

Hydurilate  of  Silver. — Acetate  of  silver  forms  with  hydurilic  acid  small  shining 
prisms,  which  soon  turn  grey :  with  a  cold  Solution  of  hydurilate  of  ammonium,  it 
forms  a  white  precipitate ;  with  a  warm  solution,  crystals  which  soon  turn  black.  On 
boiling  the  silver-salt  with  water,  silver  is  reduced,  and  the  hydurilic  acid  is  oxidised, 
forming  oxyhydurilic  acid  (p.  221). 

Hydurilate  of  Sodium,  C8H4Na2N406.H20,  is  obtained  by  acidulating  a  solution 
of  hydurilic  acid  in  strong  soda-ley  with  acetic  acid,  and  adding  alcohol.  The  neutral 
salt  then  separates  in  small,  colourless,  shining  prisms,  which  are  moderately  soluble 
in  cold,  easily  in  hot  water.  The  acid-salt  does  not  appear  to  exist. 

Hydurilates  of  Zinc. — The  acid  salt,  C16H'°Zn"N8012,  crystallises  from  a  solution 
of  zinc-chloride  mixed  with  hydurilic  acid,  in  beautiful  feathery  groups  of  needles 
having  a  strong  lustre.  The  neutral  salt,  C8H4Zn"N406.4H20,  separates  on  mixing 
hydurilic  acid  with  excess  of  zinc-solution,  as  a  white  amorphous  precipitate,  which 
soon  becomes  crystalline. 

Dicblorohydurilic  acid.  C8H4CPN408. — This  compound  is  prepared  on  adding 
chlorate  of  potassium  by  small  portions,  and  with  constant  stirring,  to  a  pasty  mixture  of 
hydurilic  and  strong  hydrochloric  acid.  A  snow-white  powder  is  thus  obtained,  which  is 
very  slightly  soluble  in  water,  either  hot  or  cold,  and  is  most  easily  purified  by  dissolving 
it  in  strong  sulphuric  acid,  which  exerts  but  little  action  on  it,  but  thickens  when  heated 
with  it  over  the  water-bath,  and,  on  gradual  addition  of  water,  deposits  the  chlorinated 
acid  in  small  rhombic  crystals,  containing  C8H4C12N406.4H20.  It  is  especially  per- 
manent in  acid  liquids,  is  not  attacked  by  chlorine,  and  but  slowly  by  warm  nitric 
acid,  with  formation  of  dilituric  acid,  but  is  easily  decomposed  by  alkalis. 

Dichlorohydurilic  acid  is  a  strong  dibasic  acid,  which  dissolves  in  alkalis,  especially 
with  aid  of  heat,  and  is  reprecipitated  by  hydrochloric  acid.  The  solutions  turn  red 
on  boiling,  yielding  a  metallic  chloride,  and  an  acid  not  yet  examined. 

The  neutral  potassium-salt,  C8H2K2C12N406.4H20,  crystallises  from  a  warm  solution 
of  potash  saturated  with  the  acid  in  small,  beautiful  six-sided  tables.  It  dissolves 
sparingly  in  cold,  more  readily  in  hot  water.  It  retains  its  water  of  crystallisation  at 
120° ;  at  a  stronger  heat  it  turns  red  and  decomposes. 

HYGRIUE.  (Wohler  and  Lossen,  Ann.  Ch.  Pharm.  cxxi.  374. — Lessen, 
Dissertation.') — An  organic  base  occurring,  together  with  cocaine,  in  coca-leaves 
(i.  1059).  To  extract  the  two  bases,  the  leaves  are  exhausted  with  rain-water  at  a 
temperature  of  60°  to  80°  ;  the  united  extracts  are  precipitated  with  neutral  acetate  of 
lead  and  filtered;  the  filtrate  is  precipitated  with  a  saturated  aqueous  solution  of 
sulphate  of  sodium,  again  filtered  and  concentrated  ;  and  the  concentrated  liquid,  after 
being  rendered  slightly  alkaline  by  carbonate  of  sodium,  is  agitated  four  or  six  times 
with  ether  to  extract  the  cocaine.  The  remaining  liquid  mixed  with  an  additional 
quantity  of  carbonate  of  sodium,  and  again  shaken  with  ether,  yields  hygrine  and  a 
neutral  oil  having  the  odour  of  tobacco.  These  substances  remain  when  the  ether  is 
distilled  off;  and  on  further  heating  the  residue,  till  it  boils,  the  temperature  quickly 
rises  to  above  280°,  and  a  brown  alkaline  oil  distils  over,  while  a  black  resin  is  left 
behind.  When  the  distillate  is  maintained  at  140°,  for  some  hours,  in  a  stream  of 
hydrogen,  the  greater  part  passes  over  of  a  yellow  colour  (a),  while  the  remainder 
volatilises  only  at  140°  to  230°,  and  condenses  to  a  thick  brown  oil  (b\  Hygrine  is 
contained  in  both  portions ;  that  in  b,  however,  is  contaminated  with  a  neutral  oil ; 
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that  in  a  with  an  easily  volatilised  substance.  To  remove  a  little  ammonia  present,  a 
is  converted  into  oxalate,  the  salt  is  dissolved  in  absolute  alcohol,  the  solution 
evaporated,  and  the  residue  mixed  with  caustic  potash,  which  separates  the  hygrine 
in  the  form  of  oil.  The  alkaline  solution  is  heated  to  boiling  in  a  stream  of  hydrogen, 
when  the  hygrine,  dissolved  in  the  water,  passes  over  (by  adding  water  to  the  residue 
and  again  distilling  to  dryness,  a  further  quantity  may  be  obtained),  and  is  extracted 
from  the  distillate  by  ether ;  on  again  distilling  the  ethereal  solution,  the  hygrine 
remains  behind.  The  neutral  oil  in  b  is  removed  by  dissolving  b  in  water  containing 
hydrochloric  acid,  shaking  the  solution  with  ether,  and  separating  the  ethereal  layer ; 
after  which,  the  acid  solution  is  supersaturated  with  caustic  soda,  and  the  hygrine 
taken  up  by  ether,  as  in  the  treatment  of  a.  (Loss en.) 

Hygrine  is  a  thick,  pale-yellow  oil,  having  a  strong  alkaline  reaction,  a  burning 
taste,  and  an  odour  of  trimethylamine.  It  produces  white  clouds  with  the  volatile 
acids ;  distils  very  slowly  with  vapour  of  water.  It  does  not  appear  to  be  poisonous. 

Hygrine  does  not  dissolve  in  water  in  all  proportions.  The  aqueous  solution  forms 
a  white  precipitate  with  dichloride  of  tin,  yellowish  with  sulphate  of  iron,  light  blue 
with  sulphate  of  copper;  on  boiling  the  solution,  the  copper  precipitate  becomes 
granular,  but  not  brown.  Hygrine  forms  white  precipitates  with  chloride  of  mercury 
and  nitrate  of  silver ;  the  silver  precipitate  quickly  turns  brown. 

Hygrine  combines  with  hydrochloric  acid,  forming  deliquescent  crystals.  The 
aqueous  hydrochlorate  forms  a  brown  flocculent  precipitate  with  di-iodide  of  potassium, 
red- white  with  dichloride  of  tin,  white  with  corrosive  sublimate,  partly  flocculent  and 
partly  in  oily  drops.  With  tetrachloride  of  platinum  it  forms  dirty  white-yellow  (or  red) 
flakes,  which  are  decomposed  by  heating  the  liquid,  and  do  not  appear  in  very  dilute 
solutions.  Picric  acid  throws  down  from  hydrochlorate  of  hygrine  a  yellow  powder  ; 
gallotannic  acid,  a  white  poecipitate. 

Hygrine  dissolves  in  alcohol  and  in  ether. 

HYGROMETER.  HYGROXVXETRY.  A  Hygrometer  (vypts,  moist;  juer/wv, 
measure)  is  any  instrument  which  measures  the  amount  or  degree  of  moisture  in  the 
atmosphere.  There  are,  however,  several  kinds  of  hygrometers  which  measure,  or  are 
said  to  measure  moisture,  by  entirely  different  modes,  and  the  problem  itself — to  esti- 
mate the  degree  of  moistness  of  the  air — is  found  on  examination  to  be  quite  ambiguous. 
It  is  therefore  necessary  to  attend  to  the  principles  of  the  subject. 

Principles  of  Hygrometry. — Water,  both  liquid  and  solid,  always  tends  to  assume 
the  gaseous  form,  and  in  so  doing  exerts  an  elastic  force  increasing  as  the  temperature 
rises.  In/^.  565  the  curve  ABC*  is  drawn  so  as  to  represent  the  law  of  the  elastic 
force  of  aqueous  vapour :  if  the  divisions  along  the  horizontal  axis  represent  the  tern- 

Fig.  565. 


perature  of  the  water  in  degrees  Fahr.,  the  perpendicular  lines  drawn  from  them  to  the 
curve,  being  measured,  will  give  the  corresponding  force  of  its  vapour  estimated  in  the 
height  of  the  column  of  mercury  which  it  would  be  able  to  sustain. 

The  elastic  force  obviously  increases  in  a  higher  ratio  than  the  temperature,  and,  in 
order  that  such  increasing  force  may  be  exerted  when  water  is  confined  in  a  given  space, 
it  is  necessary  that  a  larger  and  larger  quantity  of  water  should  become  vapour.  It  is 
true  that  if  the  weight  of  vapour  be  not  increased,  its  elastic  force  will  rise  with  its 
temperature,  but  in  a  much  less  ratio.  For  aqueous  vapour,  like  any  other  gas,  tends  to 
expand  by  ^-th  part  of  its  volume  at  32°  F.  for  every  degree  of  increased  temperature. 
Thus,  if  the  vapour  which  rises  from  water  at  the  temperature  of  60°  F.  and  has  the 
elastic  force  of  '518  inch  be  confined  in  the  same  space,  but  apart  from  water,  and 
heated,  its  elastic  force  will  rise  in  a  manner  represented  by  the  straight  line  BE 
(fig.  565) ;  but  if  more  water  be  present  to  supply  additional  vapour,  the  elastic  force  of 
the  whole  vapour  would  rise,  as  shown  by  the  curve  BC. 
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On  the  other  hand,  if  the  vapour  at  60°  F.  bn  cooled,  it  will,  as  a  gas,  tend  to  exert 
an  elastic  force  falling  as  the  straight  line  ED.  But  the  elastic  force  which  liquid 
water  exerts  falls  more  rapidly,  as  shown  by  the  curve  BA  ;  hence  part  of  the  vapour 
must  be  condensed  to  the  liquid  condition  until  the  elastic  force  of  the  remainder  is 
not  greater  than  that  which  rises  from  water  at  that  temperature.  The  following 
definitions  will  now  be  understood.  Aqueous  vapour  is  said  to  be  saturated,  and  of 
maximum  elastic  force,  when  any  reduction  of  temperature,  or  any  increase  of  pressure, 
would  cause  some  of  the  vapour  to  be  condensed.  The  temperature  of  saturated 
vapour  is  said  to  be  at  the  dew-point.  Thus  aqueous  vapour  of  60°  F.  and  of  an  elastic 
force  of  -518  inch  is  saturated,  and  60°  is  its  dew-point.  Any  portion  of  aqueous 
vapour  has  a  dew-point ;  for  the  temperature  may  always  be  reduced  so  low  that  a 
portion  will  be  condensed  by  any  further  reduction. 

What  is  true  of  aqueous  vapour  alone  is  also  true  of  aqueous  vapour  mixed  with  air : 
for  it  is  a  law  that  mixed  gases  do  not  exert  their  pressure  upon  each  other.  The 
only  difference  is,  that  vapour  does  not  spread  so  rapidly  into  a  space  occupied  by  air 
as  it  does  into  a  vacuous  space.  In  an  indefinitely  small  space,  then,  the  vapour  and 
air  may  be  considered  perfectly  independent  of  each  other.  The  larger  the  volume, 
the  longer  do  we  need  to  wait  until  diffusion  has  produced  perfect  mixture.*  Air  is 
said  to  be  saturated  with  moisture  when  the  aqueous  vapour  it  contains  is  of  maximum 
elastic  force.  The  temperature  of  the  air  is  then  called  its  dew-point — for  any  reduc- 
tion of  temperature  would  cause  the  condensation  of  some  vapour  in  the  form  of  dewy 
particles. 

The  degree  of  humidity,  or  of  saturation,  is  the  ratio  which  the  vapour  in  the  air 
bears  to  what  it  might  contain.  (See  HEAT,  pp.  81,  83.) 

Condensing:  Hygrometers  are  those  which,  by  cooling  the  air  until  the  contained 
vapour  begins  to  be  condensed,  indicate  the  dew-point,  and  thus  enable  us  to  learn  the 
elastic  force  of  the  vapour.  D  alt  on  first  proposed  this  method  of  Hygrometry,  using 
a  cup  of  cold  water.  Le  Koi  proposed  the  use  of  ice  for  this  purpose;  and  in 
the  absence  of  any  hygrometer,  the  dew-point  may  be  ascertained  very  accurately,  by 
exposing  to  the  air  a  small  bright  metal  cup,  for  instance  a  platinum  crucible, 
containing  water  cooled  by  ice  or  by  some  salt,  such  as  sal-ammoniac  or  nitrate  of  am- 
monium, dissolved  in  it.  The  water  is  to  be  stirred  with  the  bulb  of  a  small  thermometer, 
and  the  degree  noted  at  which  dew  begins  to  form  or  to  evaporate  on  the  bright  metallic 
surface. 

Daniell's  Hygrometer -WAS  the  first  accurate  instrument  invented,  and  may  still  be 
used  to  determine  the  dew-point  with  considerable  ease  and  exactness  (Daniell's 
Meteorological  Essays,  p.  127).  It  consists  (fig.  566)  of  a 
small  glass  siphon,  at  each  end  of  which  is  a  thin  glass 
bulb  about  l£  inch  in  diameter.  The  longer  leg  ab  is 
about  4  inches  long  and  contains  a  small  but  very  delicate 
thermometer,  the  bulb  of  which  is  within  the  terminal 
glass  ball.  The  siphon  contains  so  much  common  ether 
as  when  poured  into  the  lower  bulb  c  will  rather  more 
than  half  cover  the  enclosed  thermometer-bulb.  Before 
the  tube  is  sealed  up,  the  ether  is  boiled,  so  as  to  drive  out 
the  whole  of  the  air.  The  essential  part  of  the  instru- 
ment is  completed  by  covering  the  upper  bulb  d  with 
muslin  and  gilding  a  part  of  the  lower  bulb.  It  is  now 
usual,  however,  to  make  this  lower  bulb  of  black  glass. 
The  siphon-tube  is  placed  for  use  upon  the  little  stand 
which  contains  the  second  thermometer/,  in  order  that 
the  temperature  of  the  air  may  be  observed  at  the  same 
£  ^\  .  time  as  its  dew-point. 

f 9      j  f  To  make   an   observation,   all   the   ether  within   the 

<V         ')       -  >  instrument  is   first  poured  into  the  lower  bulb.     Then 

'™  taking  a  bottle  of  common  ether,  a  few  drops  are  poured 

upqn  the  muslin  of  the  upper  bulb.  Its  evaporation  cools 
the  bulb  and  condenses  the  ether  vapour  within.  Fresh 
vapour  flows  along  the  bent  tube  from  the  lower  bulb,  and, 
in  the  manner  of  Wollaston's  cryophorus,  the  tempera- 
ture of  this  lower  bulb  is  gradually  reduced,  until  the  dew-point  of  the  surrounding 
air  is  reached,  and  dew  may  be  observed  forming  upon  the  gilded  or  blackened  surface 
of  the  bulb.  The  dew-point,  as  shown  by  the  included  thermometer,  is  then  to  be 
read,  but  accuracy  is  only  to  be  attained  by  observing  several  successive  depositions 

*  A  neglect  of  this  fact  has  led  many  eminent  meteorologists  to  consider  the  atmosphere  as  com- 
posed of  two  independent  atmospheres,  namely  of  aqueous  vapour  and  of  the  other  gases.    Nothing  can 
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HYGROMETRY. 


225 


and  evaporations  of  dew  in  a  manner  fully  described  under  the  head  of  Regnault's 
Hygrometer. 

The  hygrometer  of  Daniell,  however  elegant  and  pleasing  in  theory,  has  many 
sources  of  inconvenience  and  inaccuracy.  The  expenditure  of  ether  is  considerable  and 
costly,  and  in  a  hot  and  dry  climate  it  is  very  difficult  to  obtain  any  deposition  of  dew, 
during  the  long-continued  manipulation  and  close  observation  of  the  instrument  which 
is  always  necessary.  The  warmth  and  moisture  of  the  hand  and  body  are  sure  to  affect 
the  indications  of  both  thermometers.  The  cold  ether  vapour  flowing  from  the  upper 
bulb  may  also  cause  inaccuracy.  The  last  and  most  important  objection  is  that  cold 
is  produced  only  at  the  surface  of  the  ether  in  the  lower  bulb,  and  there  is  no  agitation 
of  the  liquid  to  ensure  uniformity  of  temperature.  Hence  the  internal  thermoim  l< r 
may  often  indicate  a  temperature  some  degrees  different  from  that  at  which  dew  is  being 
deposited.  This  objection  is  partially  remedied  by  making  the  lower  bulb  oblique,  ,<-o 
that  one  part  of  it  shall  be  nearly  in  contact  with  the  thermometer-bulb  within. 
Daniell,  well  aware  of  this  objection,  remarks  that  dew  will  first  be  deposited  in  a 
circle  round  the  bulb  near  to  the  surface  of  the  ether,  and  directs  that  the  thermometer- 
bulb  shall  bo  placed  so  as  to  be  cut  by  the  surface  of  the  ether. 

Subsequent  to  Daniell's  invention,  several  dew-point  instruments  were  devised,  in 
which  the  evaporation  of  ether  was  made  to  cool  the  bulb  of  a  thermometer  and  cause 
a  deposit  of  dew,  either  upon  the  bulb  or  a  metallic  capsule  in  a  more  simple  manner. 
Such  is  that  of  Jones  (Phil.  Trans.  [1826]  cxvi.  pt.  ii.  53).  Of  a  similar  nature  are 
the  hygrometre  a  capsule  and  the  hygrometre  a  virole  d'or  of  Pouillet  (Elem.  de. 
Phys.  [7th  ed.  1856]  ii.  739).  That  of  M.  Belli  (Ann.  Ch.  Phys.  [3]  xv.  506)  is 
different  and  very  ingenious,  giving  a  continual  indication  of  the  dew-point. 

C  onnell's  Hygrometer,  very  lately  proposed,  and  to  some  extent,  we  believe,  brought 
into  use,  consists  of  a  thermometer  with  its  bulb  immersed  in  ether,  contained  within 
a  small  metal  globe.  A  common  exhausting  syringe  is  used  to  cause  the  evaporation 
of  the  ether,  and  the  dew-point  is  then  ascertained,  exactly  as  in  Daniell's  or  Regnault's 
hygrometer.  This  method  presents  some  slight  advantages  over  Daniell's,  but  retains 
all  its  worst  causes  of  error  and  inconvenience.  It  is  also  an  expensive  instrument,  and 
cannot  compare  with  Regnault's  Condenser  Hygrometer  either  in  theory  or  in  practice. 
It  is  described  in  the  Transactions  of  the  Royal  Society  of  Edinburgh  xxi.,  and  Phil. 
Mag.  [4]  viii.  81. 

Dr.  George  Cumming's  Hygrometer  (Quar.  Jour,  of  Sci.  &c.  1828,  Jan.  to  June, 
p.  403)  seems  first  to  have  introduced  a  method  now  finally  adopted  as  the  best.  It 
consisted  (Jiff.  567)  of  a  thin  glass  or  metallic  tube 
containing  a  delicate  thermometer  enveloped  in 
sponge  or  other  porous  substance,  upon  which  a 
little  ether  was  to  be  poured.  Almost  any  degree 
of  artificial  cold  could  then  be  produced  by  a  stream 
of  air  from  a  pair  of  bellows,  or  other  pneumatic 
contrivance.  The  only  important  objection  to  this 
instrument  is  the  presence  of  a  spongy  or  porous 
substance,  which  would  prevent  perfect  uniformity  of 
temperature  within  the  tube. 

Dobereiner  further  proposed  a  hygrometer  in 
which  a  current  of  air  from  a  forcing  pump  is  made 
to  traverse  the  ether,  disposed  as  in  Daniell's  instru- 
ment, and  thus  produce  cold  by  evaporation.  (Pogg. 
Ann.  Ixv.  339.) 

Regnault's  Condenser  Hygrometer  (Ann.  Ch. 
Phys.  [3]  xv.  129)  may  be  described  as  a  perfect 
instrument  of  its  kind.  In  its  complete  form  (Jig. 
568)  it  consists  of  a  very  thin  and  brightly  polished 
silver  thimble  a,  45  mm.  high  and  20  mm.  in 
diameter,  fitted  to  the  glass  tube  b,  which  again  is 
fixed  by  the  small  lateral  tube  t,  and  the  metallic 
tube  d,  to  the  stand.  The  upper  end  of  the  glass 
tube  b  is  closed  by  a  cork,  bearing  a  thin  glass 
tube  e,  descending  nearly  to  the  bottom  of  the  silver 
thimble,  and  a  very  delicate  and  accurate  thermo- 
meter, the  pear-shaped  bulb  of  which  is  in  the  centre 
of  the  thimble.  A  second  exactly  similar  thermo- 
meter, similarly  placed  within  a  glass  tube  and  silver 
thimble,  is  mounted  on  the  other  side  of  the  stand, 
but  the  cork  is  not  penetrated  by  any  glass  tube. 

To  make  an  observation,  so  much  good  ether  is  poured  into  the  tube  b  as  will  rather 
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more  than  fill  the  thimble  to  the  level  /,  and  the  cork  being  fitted  in  air  tight,  the  in- 
strument is  put  in  connection,  by  means  of  the  caoutchouc  tube  g,  with  a  common  aspi- 
rator, by  which  an  exactly  regulated  flow  of  air  through  the  instrument  may  be  obtained. 
The  aspirator,  which  may  have  a  capacity  of  3  or  4  litres  (3  or  4  quarts)  is  placed  close 
to  the  observer,  and  the  hygrometer  may  be  at  some  distance,  for  instance  outside  a 
window,  being  observed,  if  necessary,  with  a  telescope. 

Now  when  water  is  allowed  to  flow  from  the  aspirator,  air  is  drawn  through  the 
tube,  and  bubbling  up  through  the  ether,  causes  a  more  or  less  rapid  evaporation.  The 
temperature  of  the  ether  is  thus  slowly  reduced,  and  from  its  constant  agitation  by  the 
stream  of  air,  the  silver  thimble  and  the  thermometer-bulb  are  maintained  at  an  exactly 
similar  temperature.  After  a  minute  or  two  at  the  most,  dew  will  begin  to  form  on 
the  thimble  and  will  be  very  visible  on  its  brightly  polished  surface.  The  ther- 
mometer is  instantly  to  be  read,  and  the  stream  from  the  aspirator  to  be  stopped. 
Suppose  that  the  reading  observed  is  48-1°  F.,  the  deposit  of  dew  may  increase  for  a 
few  moments,  but  will  soon  begin  to  evaporate  again,  the  thermometer  rising.  At  the 
moment  that  the  dew  entirely  disappears,  read  the  thermometer  again  ;  let  it  be  49 '3. 
Considering  that  dew  requires  a  short  time  to  form  or  evaporate  in  a  visible  degree,  it 
is  obvious  that  the  dew-point  lies  between  48'1  and  49'3.  Let  an  exceedingly  slow 
current  of  air  be  now  drawn  through  the  ether,  so  that  the  thermometer  is  very 
gradually  reduced  to  49'2,  49'1,  49'0,  and  so  on.  The  point  at  which  dew  first  appears 
may  now  be  observed  with  much  greater  accuracy ;  let  it  be  48 '8.  Still  it  is  probable 
that  48-8  is  somewhat  below  the  exact  dew-point.  If,  when  the  current  is  stopped,  the 
small  deposit  of  dew  vanishes  at  49'0,  we  may  consider  the  mean,  or  48'9,  to  be  the  true 
dew-point ;  but  if  necessary  we  may,  by  still  slower  procedure,  approximate  even  more 
closely.  "All  these  operations,"  observes  M.  Regnault,  "  take  more  time  to  describe 
than  to  execute  ;  with  a  little  practice,  three  or  four  minutes  are  sufficient  for  deter- 
mining the  dew-point  almost  within  ^  of  a  degree  Centigrade." 

At  the  same  time,  the  second  thermometer  is  to  be  read,  to  give  the  common  tempe- 
rature of  the  air.  From  its  parallel  circumstances  and  position,  its  indications  would 
be  exactly  similar  to  those  of  the  other ;  hence  the  difference  of  the  two  gives  the  depres- 
sion of  the  dew-point  free  from  almost  all  kinds  of  error.  It  is  obvious  that  all  the 
objectionable  points  in  Daniell's  hygrometer  are  avoided  in  this  admirable  instru- 
ment. The  only  remaining  objection  is  the  inconvenience  of  keeping  or  carrying  about 
a  large  aspirator,  and  frequently  filling  it  with  water.  In  the  Kew  Observatory,  the 
aspirator  is  in  the  form  of  a  circular  bellows,  to  the  lower  movable  board  of  which  a 
weight  is  attached.  Mr.  Welsh  also  proposed  to  expand  the  upper  end  of  the  tube  e 
into  a  small  funnel  by  which  fresh  ether  may  readily  be  introduced. 

Lieut.  Noble  has  obtained  dew  with  this  hygrometer,  at  all  temperatures  down  to 
—  35°,  the  limit  of  graduation  of  his  thermometer,  the  only  requisites  when  the  dew- 
point  is  very  low  being  patience,  and  pure  ether.  (Phil.  Mag.  [4]  xi.  305.) 

Several  London  instrument-makers  have  rendered  this  instrument  less  expensive  by 
omitting  the  second  thermometer  and  its  appendages.  They  have  likewise  substituted 
a  closed  tube  of  black  glass  for  the  polished  silver  thimble.  This  is,  on  the  whole,  an 
improvement,  for  the  dew  is  even  more  visible  on  the  black  surface,  and  the  difficulty 
of  maintaining  the  silver  bright  is  avoided ;  but  on  the  other  hand  the  uniformity  of 
Fiq  569  temperature  is  not  so  rigorously  ensured.  As  regards  the 

'  temperature  of  the  air,  we  think  it  is  best  learnt  by  an  ordinary 

thermometer  freely  exposed,  and  that  Kegnault's  parallel  ar- 
rangement of  the  second  thermometer,  although  beautiful  in 
theory,  is  actually  erroneous  and  undesirable  in  the  ordinary 
use  of  the  instrument. 

Except,  however,  for  refined  researches  or  long  continued  series 
of  observation,  a  much  simpler  apparatus  will  serve.  The  prac- 
tical chemist  has  only  to  take  a  common  test-tube,  containing 
about  1£  inch  depth  of  ether,  insert  somewhat  loosely  a  delicate 
tube-thermometer  and  glass  tube,  as  shown  in  fig.  569,  and  gently 
blow  with  the  mouth  through  the  bent  tube  a,  and  the  whole 
process  of  observation  can  be  conducted  almost  as  well  as  in 
Regnault' s  complete  instrument.  It  is  necessary  to  have  the 
tube  a  of  considerable  length,  that  the  moistness  and  warmth  of 
the  body  and  the  breath  may  not  affect  the  air  surrounding  the 
tube.  The  writer  had  used  such  an  apparatus  daily  for  many 
months  before  noticing  that  Rcguault  mentions  its  successful 
use. 

Hygrometry  by  Evaporation. — Dr.  Hut  ton  of  Edin- 
burgh first  suggested  that  the  degree  of  cold  produced  by  the  evaporation  of  water  in  the 
air,  would  depend  upon  and  therefore  indicate  the  moistuess  of  the  air,  Leslie  again 
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very  distinctly  stated  this  principle  (Leslie,  On  the  Relations  of  Air  to  Heat  and 
Moisture,  1813,  p.  39),  and  reduced  it  to  practice  by  covering  one  of  the  bulbs  of  his 
differential  air-thermometer  with  wet  muslin.  The  motion  of  the  column  of  water 
towards  the  moist  bulb,  of  course,  shows  the  depression  of  the  temperature  of  evapo- 
ration. This  hygrometer  might  yet,  wo  think,  bo  often  used  in  certain  researches,  and 
might  be  added  to  the  common  weather-glass. 

The  Dry-  and  Wet-Bulb  Hygrometer,  called  on  the  Continent  the  Psychromctcr  (tyvxpts, 
cold;  jueVpoj/,  measure),  is  formed  of  two  similar  delicate  thermometers  placed  in  a 
gentle  current  of  air,  the  bulb  of  one  thermometer  being  covered  with  muslin  and  kept 
moist  by  a  cotton  thread  leading  from  a  small  reservoir  of  rain  or  distilled  water.  The 
dry-bulb  thermometer  indicates  the  true  temperature  of  the  air ;  the  other  will  be 
found  to  remain  stationary  at  a  temperature  said  to  be  that  of  evaporation,  which  is 
usually  several  degrees  below  that  of  the  air.  In  saturated  or  moist  air,  the  thermo- 
meters read  alike ;  the  difference  increases  in  some  proportion  to  the  dryness  of  the  air, 
and  may  be  iised  as  a  sufficient  measure  of  the  dryness  in  many  practical  matters, 
such  as  the  ventilation  of  dwelling-houses,  halls,  plant-houses  and  so  on. 

From  observations  of  the  dry-  and  wet-bulb  thermometers,  it  is  further  possible,  by 
means  of  tables  previously  determined  by  experiment,  or  by  calculation  from  a  priori 
principles,  to  determine  the  existing  tension  of  aqueous  vapour,  and  other  hygrometric 
data.  The  most  trustworthy  table  for  such  reductions  is  the  following,  which  has  been 
obtained  by  Mr.  G-laisher  from  the  combination  of  all  the  simultaneous  observations 
of  the  dry-  and  wet-bulb  thermometers  with  Daniell's  hygrometer,  taken  at  the  Eoyal 
Observatory,  Greenwich,  from  the  year  1841  to  1854,  with  some  observations  taken  at 
high  temperatures  in  India,  and  others  at  Toronto. 

TABLE  I.  To  obtain  the  dew-point,  multiply  the  difference  of  reading  of  the  thermo- 
meters  by  the  factor  opposite  the  dry-bulb  reading,  and  subtract  the  product  from  the 
dry-bulb  reading. 


Dry-bulb 
thermo- 
meter F. 

Factor. 

Dry-bulb 
thermo- 
meter F. 

Factor. 

Dry-bulb 
thermo- 
meter K. 

Factor. 

Dry-bulb 
thermo- 
meter F. 

Factor. 

10° 

8-78 

33° 

3-01 

56° 

1-94 

78° 

1-69 

11 

878 

34 

2-77' 

57 

1-92 

79 

1-69 

12 

8-78 

35 

2-60 

58 

1-90 

80 

1-68 

13 

8-77 

36 

2-50 

59 

1-89 

81 

1-68 

14 

8-76 

37 

2-42 

60 

1-88 

82 

1-67 

15 

8-75 

38 

2-36 

61 

1-87 

83 

1-67 

16 

8-70 

39 

2-32 

62 

1-86 

84 

1-66 

17 

8-62 

40 

2-29 

63 

1-85 

85 

1-65 

18 

8-50 

41 

2-26 

64 

1-83 

86 

1-65 

19 

8-34 

42 

2-23 

65 

1-82 

87 

1-64 

20 

8-14 

43 

2-20 

66 

1-81 

88 

1-64 

21 

7-88 

44 

2-18 

67 

1-80 

89 

1-63 

22 

7-60 

45 

2-16 

68 

1-79 

90 

1-63 

23 

7-28 

46 

2-14 

69 

178 

91 

1-63 

24 

6-92 

47 

2-12 

70 

77 

92 

1-62 

25 

6-53 

48 

2-10 

71 

•76 

93 

1-61 

26 

6-08 

49 

2-08 

72 

75 

94 

1-60 

27 

5-61 

50 

2-06 

73 

•74 

95 

1-60 

28 

5-12 

61 

2-04 

74 

•73 

96 

1-59 

29 

4-63 

52 

2-02 

75 

•72 

97 

1-59 

30 

4-15 

53 

2-00 

76 

•71 

98 

1-58 

31 

3-70 

54 

1-98 

77 

1-70 

99 

1-58 

32 

3-32 

55 

1-96 

As  an  example,  let  the  dry-bulb  thermometer  stand  at  64-3°  F.,  and  the  wet-bulb  at 
60-8°  : 

64-3  -  60-8  =  3-5  =  difference  of  readings. 

i°,  the  nearest  degree  to  64-3  : 
=  57'9°  =;  dew-point. 


The  factor  to  be  used  is  1-83  opposite  6 
64-3  -  3-5  x   1-83 


In  the  Phil.  Mag.  [4]  xi.  304,  is  a  table  for  reduction  of  dry  and  wet-bulb  readings 
from  51°  F.  down  to  -  16°,  giving  also  the  probable  error  and  measure  of  precision  of 
the  results  determined  by  Lieut.  Noble  from  observations  at  Toronto. 

The  dry-  and  wet-bulb  thermometer  having  long  become  the  ordinary  working 
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hygrometer  of  the  meteorological  observer,  Mr.  Glaisher  has  paid  much  attention  to  the 
perfecting  of  the  instrument  in  every  detail.     He  has  finally  adopted  a  pair  of  very 
delicate  thermometers  (sccfig.  570)  about  one  foot  long,  and  with 
Fig.  570.  small  spherical   bulbs  of  thin  glass  of  about  £  inch  diameter. 

They  are  mounted  upon  metal  scales  graduated  from  about  — 10° 
to  +  130°  F.  and  fixed  parallel  to  each  other  from  2  to  4  inches 
apart  upon  a  metal  cross  piece.  Care  is  taken  that  each  pair  of 
thermometers  is  as  exactly  similar  as  possible.  The  bulb  of  the 
wet  thermometer  is  covered  with  thin  muslin,  round  the  neck  of 
which  is  twisted  a  conducting  thread  of  lamp-wick,  common  darn- 
ing cotton,  or  floss  silk;  this  passes  into  an  adjacent  vessel  of 
water  placed  about  three  inches  distant  from  the  wet  bulb,  a 
little  beueath  it,  and  on  the  opposite  side  to  the  dry-bulb  ther- 
mometer. It  is  a  very  objectionable  practice  to  place  a  long 
glass  cistern  between  the  two  thermometers ;  for  the  water  will 
seldom  be  of  exactly  the  same  temperature  as  the  surrounding 
air,  and  will  tend  slightly  to  vitiate  the  readings  of  both  thermo- 
meters. The  writer  prefers  for  a  cistern  a  short  narrow-necked 
glass  bottle,  from  which  but  little  evaporation  will  take  place. 
The  water  must  be  either  rain  or  distilled  water.  Care  must  be 
taken  never  to  record  any  readings  when  the  bulb  is  not 
thoroughly  moist  all  over.  As  dust  and  saline  particles  gradually 
_  _^ — TJT  settle  on  the  wet  muslin,  it  is  well  to  re-cover  the  bulb  and  supply 
IB  a  fresh  wick  about  every  month.  Before  use,  too,  each  wick 
should  be  washed  in  a  solution  of  carbonate  of  soda,  and  pressed  whilst  under  water 
throughout  its  length.  The  supply  of  water  to  the  bulb  can  be  easily  regulated  by 
raising  or  lowering  the  cistern. 

In  taking  an  observation,  the  dry-bulb  thermometer  is  first  to  be  read,  because  it  is 
most  liable  to  change ;  the  wet-bulb  is  then  to  be  read,  the  two  readings  to  be  recorded, 
and  a  comparison  with  the  thermometers  made,  to  secure  the  correct  number  of  whole 
degrees.  The  observer  must  follow  the  directions  under  the  article  THERMOMETER,  as 
regards  placing  the  instrument,  correcting  the  thermometer-readings,  &c. 

The  dry-  and  wet-bulb  hygrometer  continues  to  act  even  when  the  water  is  frozen, 
since  evaporation  still  takes  place ;  but  especial  care  must  be  taken  that  the  bulb  really 
is  covered  with  ice,  and  if  not,  water  must  be  poured  upon  it,  and  the  observation 
delayed  till  the  water  be  frozen,  and  the  thermometer  sink  to  a  constant  reading.  In 
frosty  weather  it  is  best  to  wet  the  bulb  after  every  periodic  observation,  or  at  least 
ten  minutes  before  the  next. 

Theory  of  the  Psychrometer. — Although  we  may  ascertain  the  dew-point  from  read- 
ings of  the  dry-  and  wet-bulb  thermometers  on  purely  experimental  grounds,  as  in  using 
Glaisher's  factors,  the  subject  also  admits  of  mathematical  investigation.  Mr.  Ivory 
first  solved  the  problem  (Phil.  Mag.  [3]  Ix.  80)  with  substantial  correctness.  August 
of  Berlin,  and  Bohnenberger,  showed  the  coincidence  of  the  theory  with  experi- 
ment, and  determined  the  constants  with  accuracy  (August,  Uelcr  die  Fortschritte 
der  Hygrometrie  in  der  Neuesten  Zeit,  Berlin,  1830. — Bohnenberger,  Tubingen  Nat. 
Hist.  Soc.  Memoirs,  vol.  ii.).  But  the  subject  is  best  known  in  England  from 
Dr.  Apjohn's  excellent  results  (Phil.  Mag.  [3]  vi.  182;  vii.  266,  470;  xiii.  261). 

We  now  give  the  investigation  as  it  is  stated  by  Regnault  after  the  method  of 
M.  August. 

The  evaporation  of  a  liquid  involves  the  conversion  of  sensible  into  latent  heat,  and 
the  supply  of  heat  must  be  drawn  from  the  liquid  evaporated,  from  the  remaining 
liquid,  or  from  surrounding  objects.  "When  air  is  in  contact  with  the  moistened  bulb 
of  a  thermometer,  the  evaporation  of  the  water  will  reduce  the  temperature  of  the  bulb, 
but  the  fall  of  temperature  will  be  checked  by  heat  communicated  from  the  remainder 
of  the  air.  At  some  point,  the  amounts  of  heat  subtracted  and  communicated  will  be 
equal,  and  an  invariable  temperature  of  evaporation  will  be  the  result. 

Let  us  suppose,  with  M.  August,  that  the  portions  of  air  successively  in  contact 
with  the  moist  thermometer-bulb  become  thereby  perfectly  saturated  with  moisture, 
and  are  reduced  to  the  temperature  of  the  bulb. 
Let  w  =  weight  of  stratum  of  dry  air  surrounding  the  bulb  at  0°  C.,  and  under 

the  pressure  of  0-760. 
h  =  height  of  barometer. 

t  =  temperature  of  surrounding  air  given  by  the  dry-bulb  thermometer. 
t'  —  temperature  of  evaporation,  or  the  reading  of  the  wet-bulb  thermometer. 
/andy*=  the  elastic  forces  of  saturated  aqueous  vapour  for  the  temperatures 

t  and  t'. 
x  «=  the  actual  elastic  force  of  vapour  in  the  air  at  the  time. 
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In  the  stratum  of  air  surrounding  the  bulb,  th«  aqueous  vapour  exerts  the  elastic  force 
f,  and  the  air  consequently  exerts  the  elastic  force  h—f.  The  weight  of  dry  air  is  then 


1  +  at1'  ~30~' 

a  being  the  coefficient  of  expansion  of  a  gas  for  every  degree  of  temperature.     The 
weight  of  vapour  already  in  this  air  is 

1  £_e 

*  30  ; 


in  which  5  represents  the  specific  gravity  of  aqueous  vapour  in  relation  to  air.     The 
weight  of  vapour  added  by  contact  with  wet  bulb  similarly  is 

1         f-x 


Now,  if  7  be  the  specific  heat  of  air,  the  quantity  of  heat  disengaged  by  the  dry  air 
in  cooling  from  t  to  t'  is 

' 


Similarly  Jc  being  the  specific  heat  of  aqueous  vapour,  the  quantity  of  heat  disengaged 
by  the  vapour  previously  in  the  air  is 


Lastly,  let  A  be  the  latent  heat  absorbed  by  water,  when  becoming  gaseous  between 
the  temperatures  t  and  t'. 

The  quantity  of  heat  absorbed  will  be 


. 

1  +  o  t'       30 

Now  when  the  temperature  of  evaporation  is  constant,  this  heat  absorbed  in  evapo- 
ration must  be  equal  to  that  given  out  by  the  air  and  the  other  portion  of  vapour  ; 

or  we  have,  by  equating  them  and  striking  out  the  factor  w  •   -  ->  .  —  , 

1  4-  a  t       oO 

7(*-/)(^-0  +  »**(*-0  =  »*(/-*); 


r  ' 

i  +  ~  (t-f]        i+fp-0 

Inserting  values  of  the  known  quantities,  namely,  for  7,  0-2669,  for  k,  0-2669  (the 
specific  heat  of  aqueous  vapour  being  assumed  equal  to  that  of  air),  for  5,  the  specific 
gravity  of  aqueous  vapour,  0-6235,  and  for  A,  the  latent  heat  of  aqueous  vapour, 
640  —  £',  according  to  the  law  of  Watt,  and  neglecting  some  of  the  smaller  terms, 

August   obtains   the    formula  x  =  f  —  —  .      _   ,  •  •  h,    the  temperatures  being 

expressed  in  centigrade  degrees. 

Kegnault,  using  more  accurate  data,  namely,  for  5,  0-622,  and  for  A,  610  —  f 
(y  =  k  =  0-2669  as  before),  modifies  this  to. 


Experimentally,  Reguault  has  found  that  the  formula  x  =  f  —    •         —  -;  —  -  •  K 

gives  an  almost  perfect  coincidence  between  the  calculated  and  true  results,  when  the 
air  is  not  more  than  ~  saturated.  Otherwise  the  first  coefficient  0'429  is  to  be  pre- 
ferred. 

The  formula  which  has  been  most  used  in  the  reduction  of  dry-  and  wet-bulb 
observations  is  that  obtained  by  Dr.  Apjohn.  In  the  Greenwich  observations  it  is 
given  as  follows  : 

v__*_d_     A         F=f-~     — 
~J       88  '  30  J       96  '  30 

The  first  formula  is  to  be  used  when  the  reading  of  the  wet-bulb  ia  above  32°  F., 
and  the  second  when  below.  In  the  above,  d  is  the  difference  of  the  dry-  and  wet  -bulb 
readings,  h  the  height  of  the  barometer,/  the  elastic  force  of  vapour  for  the  temperature 
of  the  wet-bulb,  to  be  taken  from  Table  II.,  and  F  the  elastic  force  of  vapour  at  the 
dew-point,  from  which  the  dew-point  may  be  found,  if  necessary,  by  the  table. 
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From  a  statement  in  Danicll's  Meteorology  [Essays,  1856]  ii.  100,  it  would  seem  that 
the  errors  of  results  obtained  by  Apjohn's  formula,  lie  within  closer  limits  than  those 
obtained  by  Glaisher's  factors. 

Taking  the  expression  in  the  form 


the  term  with  r-r  being  inconsiderable  except  at  great  heights,  the  following  values 

of  the  coefficient  m  have  been  given  (for  degrees  Fahr.  )  : 

Ivory         .         .        ......     -0139 

Apjohn  —  a  priori  calculation     .  "01149 


experiments  on  dew-point 
„  „  refrigeration 

„      other  experiments 
Eohnenberger — first  56  observations 

„  second  45          „ 

Kaemtz          above  32°  F. 
below  32  F. 


•01151 

•0115 

•0114 

•0114 

•011398 

•0118 

•0112 

•01135 


Kupffer  above  32  F. 

The  supposed  great  accuracy  of  many  of  these  determinations  has  been  somewhat 
shaken  by  the  later  experiments  of  Kegnault  (Ann.  Ch.  Phys.  [3]  xv.),  for  he 
finds  that  the  temperature  of  evaporation  is  not  invariable,  but  sinks  lower,  the  greater 
the  rapidity  with  which  the  air  surrounding  the  wet  bulb  is  moving.  He  is  thus  led 
to  doubt  the  soundness  of  August's  assumption,  that  the  stratum  of  air  surrounding  the 
wet  bulb  is  always  saturated  and  of  the  same  temperature  as  the  bulb,  and  he  considers 
that  the  radiant  heat  falling  on  the  bulb  is  an  element  not  to  be  neglected.  The 
ordinary  formulae,'  however,  may  be  considered  sufficiently  accurate  as  long  as  the 
velocity  of  the  air  does  not  exceed  5  or  6  metres  (16  to  20  feet)  per  second. 

We  quite  agree,  however,  with  Dr.  Drew  ("  Practical  Meteorology,"  p.  169),  that  the 
problem  of  the  dry-  and  wet-bulb  thermometers  is  still  quite  open  to  fresh  investigation. 

Hygromctric  Calculations. — Having  found  the  dew-point  of  the  air,  it  is 
usually  required  to  deduce  other  data  concerning  the  moistness  of  the  air.  The 
necessary  calculations  are  a  little  intricate,  but  have  been  brought  to  a  very  satisfactory 
state  of  accuracy  by  Mr.  Grlaisher,  whose  excellent  hygrometrical  tables  for  the  dry- 
and  wet-bulb  thermometers,  give  all  the  necessary  deductions  from  the  readings  of 
the  thermometers,  almost  without  calculation.  These  tables  are  quite  indispensable  to 
any  person  who  has  frequently  to  make  hygrometrical  calculations,  but  the  ingenious 
hygrometric  sliding  rule  of  Mr.  Welsh  (Brit.  Assoc.  1851;  Trans.  Sec.  p.  42),  as 
manufactured  by  Adie,  will  also  give  most  of  the  required  results  mechanically.  Wo 
can  here  only  enter  the  subject  briefly. 

The  elastic  force  of  aqueous  vapour  in  the  air  is  the  same  as  the  maximum  elastic 
force  at  the  dew-point,  and  we,  therefore,  ascertain  it  by  referring  to  the  temperature 
of  the  dew-point  in  a  table  of  the  maximum  elastic  force  of  vapour.  The  following 
table  (II.),  having  been  calculated  from  the  experimental  results  of  Regnault,  is  the 
most  reliable  of  the  kind. 

If  there  be  a  fractional  part  of  a  degree  over,  multiply  it  into  the  next  following  differ- 
ence in  the  third  column  (dividing  by  10  if  a  decimal),  and  add  the  result  to  the 
number  opposite  the  whole  degree. 

This  table  differs  somewhat  from  that  adopted  by  the  Eoyal  Society  in  their 
"Report  on  Physics"  (p.  89),  and  from  several  others  calculated  from  older  and  less 
trustworthy  experiments  than  those  of  Regnault. 

To  find  the  weight  of  a  cubic  foot  of  aqueous  vapour  of  maximum  tension  at  any 
temperature  t,  let  Et  be  the  elastic  force  at  that  temperature.  Then  since  258-448 
grains  is  the  weight  of  a  cubic  foot  of  vapour  at  212°,  of  an  elastic  force  of  30  inches, 

77| 

258-448  grains    x  —  would  be  the  weight  of  a  cubic  foot  of  the  vapour  saturated  at 

temperature  t,  after  it  has  been  heated  up  to  212°  and  kept  under  the  same  pressure 
Et  as  before.  Since  a  gas  expands  0-3665  of  its  own  volume  from  32°  to  212°,  or 
0-0020361  for  each  degree  Fahr., 

268-448  grains  ^x 

will  be  the  weight  of  a  cubic  foot  of  vapour  saturated  at  the  temperature  t.  From  this 
formula,  the  numbers  in  Table  III.  (p.  232),  column  2,  were  obtained. 

When  the  air  is  saturated  with  vapour  and  the  temperature  of  the  air  of  evaporation 
and  of  the  dew-point  coincide,  the  required  weight  of  vapour  in  a  cubic  foot  of  air  may 


HYGROMETRY. 


23] 


TABLE  II.  Showing  the  Maximum  Elastic  Force  of  Aqueous  Vapour  in  inches  of 
Mercury  for  every  degree  Fahr.from  0°  to  100°. 


Tempera- 
ture. 

Force  of 
vapour. 
Inch 
mercury. 

Differ- 
ence. 

Tempera- 
ture. 

Force  of 
vapour. 
Inch 
mercury. 

Differ- 
ence. 

Tempera- 
ture. 

Force  of 
vapour. 
Inch 
mercury. 

Differ- 
ence. 

0 

•044 

9 

34 

•196 

68 

•684 

1 

•046 

2 

35 

•204 

69 

•708 

24 

2 

•048 

36 

•212 

• 

70 

•733 

/O 

3 

•050 

2 

37 

•220 

71 

•759 

26 

4 

•052 

o 

38 

•229 

72 

•785 

zo 

5 

•054 

39 

•238 

73 

•812 

27 

6 

7 
8 
9 
10 

•057 
•060 
•062 
•065 
•068 

3 
2 
3 
3 

40 
41 
42 
43 
44 

•247 
•257 

•267 
•277 
•288 

10 
10 
10 

11 

74 
75 

76 

77 
78 

•840 
•868 
•897 
•927 
•958 

28 
28 
29 
30 
31 

11 

•071 

3 

45 

•299 

11 
12 

79 

•990 

32 

00 

12 

•074 

46 

•311 

80 

1-023 

OO 

13 
14 

•078 
•082 

4 

4 

4" 

47 
48 

•323 
•335 

12 

12 

I  0 

81 
82 

1-057 
1-092 

34 
35 

op 

15 

•086 

49 

•348 

JLo 

83 

1-128 

OO 

16 

•090 

4 

4" 

50 

•361 

13 

84 

1-165 

37 

OQ 

17 

•094 

4. 

51 

•374 

14 

85 

1-203 

GO 

on 

18 
19 

•098 
•103 

5 

£ 

52 
53 

•388 
•403 

15 

86 

87 

1-242 

1-282 

Ov 

40 
4.1 

20 

•108 

O 
S 

54 

•418 

15 

88 

1-323 

^j. 

21 

•113 

O 

55 

•433 

1  K 

89 

1-366 

22 
23 

•118 
•123 

5 

a 

56 
57 

•449 
•465 

10 

16 

17 

90 
91 

1-410 
1-455 

45 

24 

•129 

u 

58 

•482 

1  S 

92 

1-501 

25 

•135 

« 

59 

•500 

1  O 

18 

93 

1-548 

2* 

26 
27 

•141 
•147 

o 
6 

60 
61 

•518 
•537 

19 
1  9 

94 
95 

1-596 
1-646 

50 

Ki 

28 

•153 

7 

62 

•556 

JL  & 

on 

96 

1-697 

0  1 

29 
30 
31 

•160 
•167 
•174 

| 

7 
7 

7 

63 
64 
65 

•576 
•596 
•617 

£\j 
20 
21 
22 

97 
98 
99 

1-751 
1-806 
1-862 

55 
56 
56 

32 

•181 

1 

66 

•639 

100 

1-918 

33 

•188 

7 
8 

67 

•661 

22 
23 

be  taken  at  once  from  the  formula  or  table.  In  all  other  cases,  however,  since  Tapour 
above  its  dew-point  expands  like  any  other  gas,  we  must  have 

Actual  weight  of  a     >    =  Weight  of  a  cubic  foot  )    ,  Volume  at  dew-point 

cubic  foot  of  vapour  >    ~  of  vapour  at  dew-point)    '      volume  at  temperature  of  air. 
The  weight  of  a  cubic  foot  of  dry  air  is  easily  calculated  from  the  following  data  of 
Begnault,     Dry  air  expands  by    491.13  or  -0020361  parts  of  its  volume  at  32°  F.  for 

every  increase  of  1°  of  heat,  and  a  cubic  foot  of  dry  air  at  32°  under  a  pressure  of  30 
inches  of  mercury  weighs  566  '8  5  grains.  Thus  are  calculated,  for  a  pressure  of 
30  inches  of  mercury,  the  numbers  in  column  3  of  Table  III. 

If  a  cubic  foot  of  dry  air  and  a  cubic  foot  of  aqueous  vapour  of  the  same  tempera- 
ture be  mixed  together  and  compressed  into  a  cubic  foot  of  space,  the  elastic  force  of 
the  mixture  will  be  the  sum  of  the  elastic  forces  of  the  air  and  vapour.  In  order 
that  the  mixed  or  moist  air  may  have  the  same  elastic  force  as  the  dry  air  previously, 
it  must  be  allowed  to  expand,  in-the  proportion  of  the  elastic  force  of  the  dry  air  to  the 
sum  of  the  elastic  forces  of  the  air  and  vapour. 

Thus,  if  Et  =  elastic  force  of  vapour  at  temperature  t, 

and  p  —  elastic  force  of  moist  air—  say  the  atmospheric  pressure  as  shown  by 

the  barometer  - 
we  have  p  —  Et  —  elastic  force  of  dry  air, 

.  volume  of  moist  air  _  p  __ 

"  ~ 


volume  of  dry  air 


~-  Et  ' 
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TABLE   III. 


1 

2 

3 

4 

1 

2 

3 

4 

Tempe- 
rature 
°F. 

Weight  of 
a  cubic  foo 
ofsaturatec 
vapour. 
Grains. 

Weight  of  a 
cubic  foot  of 
dry  air. 

Grains. 

Weight  of  a 
cubic  foot  of 
air  saturated 
with  vapour. 
Grains. 

Tempe- 
rature. 
°F. 

Weight  of 
a  cubic  fool 
ofsaturatec 
vapour. 
Grains. 

Weight  of  a 
cubic  foot  of 
dry  air. 

Grains. 

Weight  of  a 
cubic  foot  of 
air  saturated 
with  vapour. 
Grains. 

0 

0-55 

606-37 

606-03 

56 

5-04 

540-45 

537-45 

6 

0-68 

599-83 

599-40 

57 

5-21 

539-40 

636-30 

10 

0-84 

593-44 

592-94 

58 

5-39 

538-36 

535-15 

15 

1-04 

587-18 

586-55 

59 

5-58 

537-32 

534-00 

20 

1-30 

581-05 

680-26 

60 

5-77 

536-28 

532-84 

25 

1-61 

575-05 

574-08 

61 

5-97 

535-25 

531-69 

30 

1-97 

569-17 

567-99 

62 

6-17 

534-22 

530-55 

32 

2-13 

566-85 

565-58 

63 

6-38 

533-20 

529-42 

35 

2-39 

563-42 

561-99 

64 

6-59 

532-18 

528-28 

65 

6-81 

531-17 

527-14 

40 

2-86 

557-77 

556-03 

66 

7-04 

530-16 

526-01 

41 

2-97 

556-66 

554-86 

67 

7-27 

529-15 

524-86 

42 

3-08 

555-55 

553-69 

68 

7-51 

528-14 

523-71 

43 

3-20 

554-44 

552-52 

69 

7-76 

527-14 

522-56 

44 

3-32 

553-34 

551-35 

70 

8-01 

526-15 

521-41 

45 

3-44 

552-24 

550-19 

71 

8-27 

525-16 

520-27 

46 

3-56 

551-15 

549-02 

72 

8-54 

524-17 

519-12 

47 

3-69 

550-06 

547-85 

73 

8-82 

523-18 

517-98 

48 

3-82 

548-97 

546-69 

74 

9-10 

522-20 

516-83 

49 

3-96 

547-89 

545-53 

75 

9-39 

521-22 

515-69 

50 

4-10 

546-81 

544-37 

51 

4-24 

545-74 

543-21 

80 

10-98 

516-39 

509-97 

52 

4-39 

544-67 

542-06 

85 

12-78 

511-65 

504-19 

53 

4-55 

543-61 

540-89 

90 

14-85 

506-99 

498-43 

54 

471 

542-55 

539-75 

95 

17-18 

502-41 

492-56 

55 

4-87 

541-50 

538-60 

100 

19-84 

497-93 

486-65 

Thus  one  cubic  foot  of  dry  air,  after  becoming  saturated  with  moisture,  expands  into  the 
volume  ^  if  it  be  confined  under  the  same  pressure  as  before. 


P 

We  may  now  find  the  weight  of  a  cubic  foot  of  air  saturated  with  aqueous  vapour  at 
any  temperature :  for  it  is  obviously 

(Weight  of  cubic  foot  of  dry  air  +  weight  of  cubic  foot  of  vapour)  x  *— I — ^ 

Thus  are  obtained  the  numbers  in  column  4  of  Table  III.  When  the  dry-  and  wet- 
bulb  thermometers  read  alike,  we  have  at  once  the  weight  of  a  cubic  foot  of  the 
atmosphere  for  the  barometric  pressure  of  30  inches.  For  any  other  height  of  the 
barometer  we  must  multiply  by  this  height  in  inches  and  divide  by  30.  When  the 
air  is  not  saturated,  we  must  subtract  the  following : 

Weight  of  cubic  foot  of  vapour  at  dew- 

/Weight  of  cub.  >  __  j  weight  of  cub.  ft.\       point 

\ft.  of  dry  air     \       (of  saturated  air    )  x  Weight  of  cubic  foot  of  vapour  at  tem- 
perature of  air : 

from  the  weight  of  a  cubic  foot  of  dry  air,  and  reduce  the  result  as  before  to  the 
barometric  pressure  at  the  time. 

The  Degree  of  Humidity  represents  the  proportional  saturation  of  the  air  with 
moisture,  decimally  expressed,  so  that  saturated  air  has  the  degree  100,  and  perfectly 
dry  air  the  degree  0.  It  is  found  by  dividing  the  weight  of  vapour  (Table  III. 
column  2)  at  the  dew-point  by  the  weight  which  would  be  present  at  the  temperature 
of  the  air,  if  it  were  saturated.  Some  writers  use  the  corresponding  elastic  forces  of 
the  vapours  at  the  dew-point  and  temperature  of  the  air  (Table  II.)  in  place  of  the 
weights  of  vapour,  but  the  results  are  nearly  the  same. 

Chemical  Method  of  Hygrometry.  The  chemist  may  always  avoid  the 
difficulties  attending  the  use  of  hygrometers,  by  absorbing  the  aqueous  vapour  from 
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any  given  volume  of  air  and 
actually  weighing  it  upon  the 
chemical  balance.  The  necessary 
apparatus  (fig.  671)  consists  of  a 
common  aspirator  a  and  two  U- 
shaped  drying  tubes  b,  c,  con- 
taining fragments  of  pumice-stone 
soaked  in  strong  sulphuric  acid. 
The  aspirator  being  full  of  water, 
the  second  tube  c  is  detached, 
weighed  accurately,  and  again 
attached  on  one  side  to  the  other 
drying  tube  b,  on  the  other  side 
to  a  long  perfectly  dry  tube  d, 
by  means  of  which  air  from  any 
required  point,  as  for  instance 
from  the  open  atmosphere  out- 
side the  laboratory  window,  may 
be  drawn  through  the  apparatus. " 

The  fixed  drying  tube  b  is  employed  to  prevent  any  -vapour  passing  back  from 
the  aspirator.  Regnault  took  great  pains  to  ascertain  the  least  necessary  size  of  the 
weighed  drying  tube.  He  generally  indeed  employed  two  weighed  tubes,  each  0'18 
metre  in  height,  filled  with  large  fragments  of  pumice-stone.  But  the  second  tube 
rarely  gained  1  or  2  milligrammes  in  weight,  and  chiefly  served  to  afford  a  proof 
that  the  absorption  by  the  first  tube  was  complete.  It  is  probably  best  therefore 
to  dispense  with  a  second  weighed  tube,  as  the  increased  error  in  weighing  the  larger 
apparatus  will  probably  be  greater  than  the  minute  weight  of  vapour  which  may  be 
lost.  Additional  accuracy  may  always  be  had  by  increasing  the  volume  of  air  passed 
through  the  tube. 

A  determinate  volume  of  water  having  been  allowed  to  flow  slowly  and  uniformly 
from  the  aspirator  by  the  tap  e,  an  equal  volume  of  air,  of  course,  passes  through  the 
tube  c,  and  becomes  desiccated.  The  weight  of  vapour  absorbed  is  learnt  by  again 
weighing  the  tube  c,  but  to  determine  the  corresponding  weight  of  air  with  accuracy, 
we  must  read  the  temperature  at  the  end  of  the  experiment  by  a  thermometer  placed 
in  the  centre  of  the  aspirator,  and  likewise  observe  the  barometer,  then  performing 
the  calculation  as  directed  on  page  230. 

_  This  method  may  also  be  used  to  determine  the  amount  of  water  suspended  in  the 
air  in  the  form  of  mist  or  cloud.  The  weight  of  the  watery  particles  is  the  excess  of 
the  whole  weight  absorbed  over  the  maximum  weight  of  vapour  (saturated)  as  given 
in  Table  III.  column  2. 

The  chemical  determination  of  vapour  has  been  fully  considered  by  B  r  u  n  n  e  r.  (Ann. 
Ch.  Phys.  [3]  iii.  309.) 

The  chemical  method  might  obviously  be  used  to  determine  the  average  amount  of 
vapour  in  the  air  during  any  period  of  time.  It  is  only  necessary  for  this  purpose  that 
a  perfectly  uniform  stream  of  air  pass  through  the  drying  tube  throughout  the  period. 
The  total  weight  of  vapour  absorbed,  divided  by  the  total  weight  of  air  passed  through, 
gives  the  required  result.  Such  a  process  was  proposed  by  Dr.  Andrews  (Brit. 
Assoc.  1851,  Trans,  of  Sec.  p.  29),  who  has  also  described  an  aspirator  suitable  for  the 
purpose  (Phil.  Mag.  [4]  iv.  330),  and  we  know  not  why  it  is  not  adopted,  at  least  in 
some  of  the  principal  observatories. 

Hygroscopic  bodies.  Most  organised  structures  expand  or  contract  according  to 
their  state  of  moisture  or  dryness,  and  many  organic  substances  to  such  a  degree  that 
they  afford  very  delicate  indications  of  hygrometric  changes.  Thus  a  thin  shaving  of 
whalebone  laid  on  the  hand  instantly  curls  up,  and  a  slip  of  whalebone  furnished  with 
a  multiplying  index  formed  the  hygrometer  finally  adopted  by  Deluc  (Phil.  Trans. 
[1791]  Ixxxi.  419).  An  ivory  hygrometer  was  also  constructed  by  D  e  1  u  c  (Phil.  Trans. 
[1773]  p.  404)  and  Leslie  (Ann.  Ch.  Ph.  i.  468).  A  hygroscope  formed  of  pieces  of 
deal-wood  was  designed  in  1676  by  John  Coniers  (Phil.  Trans,  xi.  715).  Chimney 
ornaments  are  often  seen  in  which  certain  figures  are  caused  to  move  by  the  contraction 
or  expansion  of  catgut,  thus  indicating  the  approach  of  rain  or  fine  weather.  The  awn 
of  the  Andropagon  contortum  has  been  used  for  similar  purposes  by  Capt.  Kater;  the 
awn  of  the  Avcnafatua,  or  wild  oat,  by  Hooke;  the  internal  membrane  of  the  Arundo 
Phragmitcs,  or  common  reed,  by  Adi  e ;  and  the  Funaria  hygromctrica,  or  common  cord- 
moss,  the  arista  of  the  seed  of  the  Stipa  pcnnita,  or  common  feather-grass,  by  others. 
The  hygroscope  usually  placed  at  the  top  of  the  common  barometer  or  weather-glass 
consists  of  an  awn  or  vegetable  filament  which  in  twisting  or  untwisting  moves  a  light 
index. 
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Fig.  572. 


Saussure's  Hair  Hygrometer  is  the  only  instrument  of  this  class  which  has  been  sup- 
posed in  late  years  to  possess  any  scientific  accuracy  or  importance.  To  construct  it, 
long,  soft  and  straight  human  hairs  must  be  procured  and  boiled  for 
half  an  hour  in  a  litre  of  water  containing  10  grammes  of  crystallised 
carbonate  of  soda.  After  being  well  washed  in  pure  water  and  dried  with- 
out heat,  the  best  hair  is  chosen,  of  a  length  of  about  24  centimetres. 
One  end  is  fixed  to  the  top  of  the  instrument  (  fig.  572),  and  the  other, 
being  passed  round  a  pulley  of  the  diameter  of  5  millimetres,  is 
attached  to  a  weight  of  about  0-2  gramme  (3  grains).  An  index 
fixed  to  the  pulley  mores  over  a  divided  circle,  the  divisions  of  which 
are  determined  by  placing  the  instrument  first  over  water  and  then 
over  sulphuric  acid,  that  is  in  perfectly  moist  and  perfectly  dry  air,  and 
dividing  the  space  which  the  index  is  thus  caused  to  move  over  into 
100  equal  parts.  "When  well  and  delicately  constructed,  such  an  instru- 
ment will  promptly  show  the  slightest  changes  of  moisture  in  the  air. 
Regnault,in  his  "Etudes  de  I'Hygrom^trie,"  has  spent  much  labour 
and  ingenuity  in  trying  to  render  the  Hair  Hygrometer  scientifically 
useful.  He  has  only  succeeded  in  showing  that  two  of  these  instruments 
will  give  very  different  results,  if  there  exists  the  slightest  difference 
in  the  nature  of  the  hairs,  their  preparation,  or  the  weight  by  which 
they  are  extended  ;  that  the  most  carefully  constructed  instru- 
ments are  but  little  accordant  ;  and,  that,  after  all,  the  degrees  are  quite 
arbitrary,  and  can  only  be  reduced  to  true  degrees  of  humidity  or  force 
of  aqueous  vapour,  by  a  table  specially  determined  by  experiment  for 
each  instrument.  Such  a  table  may  be  found  in  Pouillet's  Elements 
de  Physique,  7th  ed.  ii.  p.  742,  having  been  prepared  by  Gray-Lussac,  and  supposed  by 
him  to  apply  to  all  Hair  Hygrometers. 

Eegnault,  indeed,  has  found  that  the  zero  of  the  Hair  Hygrometer,  at  which  it  should 
stand  in  perfectly  dry  air,  is  quite  illusory,  for  the  hair  will  continue  to  shrink  more  or 
less  even  when  it  has  been  exposed  for  some  months  to  the  dry  air.  He  therefore 
commences  the  graduation  for  air  about  ^  saturated,  or  of  20  degrees  of  humidity. 

Ksemtz  (Meteorologie,  Paris,  1858,  p.  74)  compares  the  table  of  G-ay-Lussac  with 
others  calculated  for  Saussure's  Hygrometer  by  Prinsep,  Melloni,  and  August.  There 
is  very  little  accordance. 

A  great  number  of  experiments  on  hygroscopes  and  hygroscopic  substances  are  given 
in  the  three  elaborate  papers  by  D  eluc  in  the  Philosophical  Transactions  (1773  and 
1791),  and  he  says  (Ph.  Trans.  [1791]  Ixxxi.  40),  "  I  have  concentrated  in  these  pages 
an  account  of  twenty  years'  assiduous  labours  in  hygrometry,  mostly  occasioned  by  the 
anomalies  of  the  hygroscopic  threads." 

There  is  a  complete  and  learned  history  of  hygrometry  by  Suerman,  entitled 
"  Commentatk)  de  definienda  Quantitate  Vaporis  aquei  in  Atmosphera,"  4to.  Lugd.  Bat. 
1831. 

In  Prof.  Forbes'  Supplementary  Report  on  Meteorology  (Brit.  Assoc.  Eeport,  1840. 
pp.  95-101)  is  an  excellent  resume  of  the  theory  of  the  wet-bulb  thermometer. 

A  general  account  of  hygrometry,  with  examples  of  the  calculations  required  in  me- 
teorology, is  to  be  found  in  Dr.  Drew's  Practical  Meteorology.  W.  S.  J. 

ACID.    Syn.  with  HYOCHOLIC  ACID. 


HTOCKOIiZC  ACXD.  C25HI004.  —  An  acid  obtained,  together  with  glycocine,  by 
the  action  of  potash  on  hyoglycochoKc  acid.  It  is  insoluble  in  water,  soluble  in 
alcohol  and  ether,  and  crystallises  in  mammellated  granules.  Its  barium-salt  dried  at 
180°  contains  C50H78Ba"08.  (Strecker.) 

HYOGLYCOCHOIIC  ACID.  C27H4SN05.  Formerly  called  Hyocholic  acid. 
(Strecker  and  Grundelach,  Ann.  Cli.  Pharm.  Ixii.  205.)  —  An  acid  which,  in  the 
form  of  a  sodium-salt,  constitutes  the  principal  part  of  the  bfle  of  the  pig  :  hence  its 
name  (from  vs,  v6s  a  pig,  and  x°^  bile). 

To  prepare  the  sodium-salt  in  the  pure  state,  the  fresh  bile  is  completely  saturated 
with  sulphate  of  sodium  ;  the  mixture  is  heated  for  some  hours  on  a  sand-bath,  and 
then  left  to  cool  ;  and  the  resulting  precipitate,  consisting  of  hyoglycocholate  of  sodium 
mixed  with  mucus  and  a  small  quantity  of  yellow  colouring  matter,  is  washed  with  a 
concentrated  solution  of  sulphate  of  sodium,  first  by  decantation  and  then  on  a  filter,. 
after  which  it  is  dried  at  110°  C.  and  treated  with  absolute  alcohol,  which  dissolves  the 
hyoglycocholate  of  sodium.  The  alcoholic  solution  is  decolorised  with  animal  charcoal, 
then  precipitated  by  ether,  and  the.  precipitate  is  dried  at  100°. 

The  free  acid  is  obtained  by  precipitating  the  aqueous  solution  of  the  sodium-salt 
with  dilute  sulphuric  acid,  dissolving  the  precipitate  in  alcohol  and  precipitating  with 
water.  The  liquid  is  milky  at  first,  but  becomes  limpid  after  a  while,  and  deposits' 
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transparent  drops.  It  must  be  loft  on  the  sand-bath  for  several  days,  because  the 
precipitation  is  not  complete  till  the  last  traces  of  alcohol  are  evaporated.  By  repeat- 
ing this  operation  two  or  three  times,  the  acid  is  obtained  quite  pure. 

Hyoglycocholic  acid  is  a  white  resinous  body  which  melts  in  hot  water,  and  then 
presents  a  silky  aspect.  It  solidifies  after  remaining  for  a  few  days  over  the  water- 
bath,  and  after  it  has  lost  all  traces  of  water ;  does  not  melt  even  at  120°.  It  is  but 
slightly  soluble  in  water,  imparting,  however,  an  acid  reaction;  easily  soluble  in 
alcohol,  but  quite  insoluble  in  ether.  It  dissolves  readily  in  ammonia  and  in  dilute 
solutions  of  the  fixed  alkalis  or  their  carbonates.  According  to  F.  Hoppe  (Jahresber. 
1858,  p.  568),  the  solutions  of  the  free  acid  exhibit  an  optical  rotatory  power 
=  +  2° ;  that  of  the  sodium-salt  does  not  act  on  polarised  light.  It  differs  from  tho 
acid  of  ox-bile  (glycocholic  acid)  by  its  sparing  solubility  in  water,  and  by  forming 
precipitates  insoluble  in  water,  with  baryta,  lime,  &c. ;  in  this  respect  it  resembles 
cholonic  and  choloi'dic  acids. 

Hyoglycocholic  acid  is  not  altered  by  dilute  sulphuric  acid :  the  concentrated  acid 
blackens  it,  with  evolution  of  sulphurous  acid.  It  is  not  oxidised  by  a  mixture  of 
sulphuric  acid  and  peroxide  of  lead;  but  when  the  acid  or  any  of  its  salts  is  heated 
with  concentrated  nitric  acid,  nitrous  fumes  are  evolved,  and  a  yellowish  mass  is 
formed,  consisting  chiefly  of  oxalic  and  cholesteric  acids ;  at  the  same  time  volatile 
fatty  acids  are  formed  homologous  with  acetic  acid.  These  volatile  acids  are 
also  produced,  together  with  hydrocyanic  acid,  when  hyoglycocholic  is  oxidised  by  a 
mixture  of  chromate  of  potassium  and  sulphuric  acid. 

Hyoglycocholic  acid,  boiled  for  a  long  time  with  strong  hydrochloric  acid,  is  decom- 
posed in  the  same  manner  as  glycocholic  acid  (ii.  900),  yielding  first  a  resinous 
substance  soluble  in  alkalis  (hyocholoi'dic  acid  ?),  then  hyodyslysin  insoluble  in 
alkalis,  while  glycocine  remains  in  solution: 

C27H43N05    =    C25H3803  +   C2H5N02 

Hyoglycocholic  acid.     Hyodyslysin.        Glycocine. 

Potash  induces  a  similar  transformation,  yielding  hyocholic  acid,  which  differs  from 
hyodyslysin  only  by  the  elements  of  1  at.  water. 

Hyoglycocholic  acid  is  monobasic,  the  hyoglycocholates  in  the  dry  state  containing 
C27H42MN05.  The  ammonium-salt  is  obtained  by  adding  chloride,  carbonate,  or 
sulphide  of  ammonium  to  fresh  pig's  bile,  or  a  solution  of  the  sodium-salt.  It 
dissolves  very  easily  in  water,  but  very  sparingly  in  strong  solutions  of  ammoniacal- 
salts.  It  is  decomposed  by  boiling.  The  barium-salt,  C54H84Ba"N2010.2H20,  dissolves 
very  sparingly  in  water,  very  readily  in  alcohol.  The  calcium-salt,  C^H^Ca'^O'^H^O, 
resembles  the  barium-salt.  The  lead-salt  is  a  white  precipitate  obtained  by  mixing  a 
solution  of  the  sodium-salt  with  neutral  acetate  of  lead.  This  mother-liquor  yields 
with  the  basic  acetate  another  precipitate  which  appears  to  be  a  basic  salt. 

The  potassium-salt,  2C"H'-KN05.H-0,  is  prepared  by  dissolving  the  acid  in  caustic 
potash,  and  treating  the  solution  with  sulphate  of  potassium,  &c.,  as  in  the  preparation 
of  the  sodium- salt.  It  is  a  white  amorphous  mass,  which  melts  at  the  heat  of  the  water- 
bath  so  long  as  it  retains  water  or  alcohol;  when  quite  dry,  it  remains  solid  even  at  120°. 

The  silver-salt,  C27H42AgN05,  is  a  gelatinous  precipitate,  which  becomes  flocculent 
when  boiled. 

The  sodium-salt,  2C27H42NaN05.II20,  is  a  white  powder  which  docs  not  become 
moist  by  exposure  to  the  air.  Its  alcoholic  solution  yields  by  evaporation  a  perfectly 
transparent  varnish.  It  has  a.bitter  and  very  persistent  taste.  Heated  on  platinum- 
foil,  it  melts,  swells  up,  and  burns  with  a  smoky  flame. 

HYOCHOSiOlBIC  ACID.  The  resinous  substance  formed  previous  to  hyodys- 
lysin, when  hyoglycocholic  acid  is  boiled  with  strong  hydrochloric  acid,  is  perhaps 
homologous  with  cholo'idic  acid,  C24H3804.  According  to  Hoppe  (Jahresber.  1858, 
p.  568),  its  solutions  have  a  dextro-rotatory  power  =  23'6°. 

K  YODYSXiYSZZST.  C25H3803. — A  substance  homologous  with  dyslysin,  produced  by 
the  continued  action  of  boiling  hydrochloric  acid  on  hyoglycocholic  acid.  It  is  insoluble 
in  water,  potash,  and  ammonia,  sparingly  soluble  in  boiling  alcohol,  moderately  soluble 
in  ether. 

HYOSCYAMINE.  (Oeiger  and  Hesse,  [1833]  Ann.  Ch.  Pharm.  vii.  270.)-- An 
alkaloid  contained  in  henbane  (Hyoscyamus  niger),  and  other  species  of  Hyoscyamus. 
To  prepare  it,  the  bruised  seeds  of  henbane  are  exhausted  with  hot  alcohol  containing 
2  per  cent,  of  sulphuric  acid ;  the  expressed  juice  is  mixed  with  a  qxiantity  of  slaked 
lime,  sufficient  to  produce  a  strong  alkaline  reaction ;  the  filtered  liquid  is  slightly 
supersaturated  with  sulphuric  acid,  and  again  filtered;  the  alcohol  is  distilled  off  to  one- 
fourth  ;  the  residue  diluted  with  water ;  and  the  rest  of  the  alcohol  driven  off  at  the 
lowest  possible  temperature.  To  the  remaining  liquid  is  then-  cautiously  added  a  con- 
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centrated  solution  of  carbonate  of  potassium,  the  liquid  being  again  filtered  if  any 
turbidity  is  thereby  produced ;  then  a  large  excess  of  the  same  solution ;  and  the  whole 
is  shaken  with  ether  as  long  as  that  liquid  takes  anything  up.  The  ethereal  solution, 
separated  from  the  watery  liquid  and  evaporated,  leaves  impure  hyoscyamine,  which 
may  be  purified  by  mixing  it  with  water  till  a  clear  solution  is  produced ;  adding  to 
this  solution  twice  its  weight  of  ether-alcohol,  digesting  with  animal  charcoal,  and  eva- 
porating off  the  ether-alcohol,  first  at  a  gentle  heat,  and  afterwards  in  vacuo.  If  the 
residue  is  still  coloured,  it  must  be  once  more  dissolved  in  dilute  acid ;  the  solution 
mixed  with  an  equal  quantity  of  alcohol,  digested  with  animal  charcoal,  and  decomposed 
by  excess  of  carbonate  of  potassium ;  the  hyoscyamine  extracted  by  ether ;  and  the 
whole  process  repeated  if  necessary. 

Hyoscyajnine  may  also  be  prepared,  though  less  advantageously,  from  the  herb 
of  the  plant,  while  in  flower,  by  boiling  the  expressed  juice,  filtering,  mixing  with 
lime,  treating  the  filtrate  with  excess  of  carbonate  of  potassium,  and  dissolving  out  the 
hyoscyamine  by  agitation  with  ether.  The  dried  herb  likewise  yields  it  when  treated 
with  acidulated  alcohol. 

Hyoscyamiue  crystallises  in  stellate  groups  of  silky  needles,  but  is  frequently  also 
obtained  as  an  amorphous  sticky  mass.  When  perfectly  dry  it  is  inodorous,  but  in  the 
moist  state,  it  has  an  unpleasant  odour  resembling  that  of  tobacco.  It  is  soluble  in 
water,  alcohol,  and  ether.  The  aqueous  solution  has  an  alkaline  reaction.  It  melts 
when  heated,  and  then  volatilises  with  partial  decomposition.  It  is  decomposed  when 
heated  with  acids.  Strong  nitric  acid  dissolves  it  without  colour ;  strong  sulphuric 
acid  turns  it  brown.  Iodine  added  to  its  aqueous  solution  forms  a  copious  precipitate 
having  the  colour  of  kermes.  Taken  internally,  even  in  small  doses,  it  acts  as  a 
narcotic  poison.  Rubbed  into  the  eye,  even  in  minute  quantity,  it  produces  persistent 
dilatation  of  the  pupil. 

Hyoscyamine  neutralises  acids  completely.  Many  of  its  salts  crystallise  and  are  per- 
manent in  the  air.  They  have  no  odour,  but  an  acrid,  nauseous  taste,  and  are  very 
poisonous.  Their  solutions  are  not  precipitated  by  dichloride  of  platinum  ;  but  yield 
whitish  flocks  with  chloride  of  gold.  With  infusion  of  galls  they  form  a  white  preci- 
pitate. 

HYPARGYRXTZi.     See  MIARGYRITE. 
HYPERSPXROXXiXC  ACID.     Syn.  with  SALICYLIC  ACID. 
HYPER,  as  a  prefix,  syn.  with  PER.  .     . 

HYPERSTHETJE  (from  vnfy  and  ffBevos,  strength,  on  account  of  the  greater 
hardness  and  density  of  this  mineral  as  compared  with  hornblende,  with  which  it  was 
formerly  confounded).  It  is  a  sub-species  of  augite,  containing,  according  to  Muir's 
analyses  (Pogg.  Ann.  Ixiv.  162), 

SiOa  Al'O1  CaO  MgO  FeO  MnO  H'O 

51-35          .     .          1-83         11-09         33-92          .     .          0-50  =  98*69 
It  is  distinguished  from  common  augite  and  diallage  by  its  small  proportion  of  calcium 
and  large  proportion  of  iron,  and  may  be  represented  by  the  formula  (Mg ;  Fe)2Si03. 

Hypersthene  has  a  density  of  3'3 — 3'6,  and  a  greyish  or  greenish-black  colour,  with 
a  more  or  less  distinct  copper-red  metallic  iridescence  on  the  most  distinct  cleavage- 
surface,  arising  from  the  presence  of  microscopic  laminse  of  titaniferous  iron  imbedded 
in  the  mineral.  It  is  remarkable  that  all  the  augitic  rocks  of  Sweden  contain  titanife- 
rous iron. 

The  name  Paulite  is  given  to  hypersthene  found  in  the  island  of  St.  Paul  on  the  coast  of 
Labrador.  Gedrite  is  hypersthene  in  which  the  quantity  of  iron  attains  its  maximum. 
HYPERSTHENITE  or  Hypersthcnc-rock  is  a  crystallo-granular  mixture  of 
hypersthene  and  labrador,  with  small  quantities  of  titaniferous  iron  imbedded  in  the 
hypersthene.  and  occasional  admixture  of  iron  pyrites,  mica,  hornblende,  olivine,  garnet, 
opalite,  &c.  Labrador  is  usually  the  chief  component.  Quartz  is  never  found  in  this 
rock.  Hypersthene-rock  belongs  to  the  less  frequently  occurring  crystalline,  unstiati- 
fied  formations.  It  is  found  in  the  island  of  St.  Paul,  on  the  coast  of  Labrador,  at 
Elfdalen  in  Sweden,  at  several  localities  in  Norway,  in  the  Isle  of  Skye,  in  Cornwall,  in 
the  Harz  in  Silesia,  Bohemia,  &c. 

The  following  analyses  of  hyperstheuite  are  by  Bun  sen  (Jahresb.  1861,  p.  1070): 
a.  Coarse-grained,  containing  brown  hypersthene  and  greyish-white  labradorite,  from 
a  vein  nearPenigin  Saxony. — b.  Medium-grained,  greenish-brown,  containing  greenish- 
white  labradorite  and-  dark  green  augite,  from  Tabor,  near  Getschin  in  Bohemia. — • 
c.  Somewhat  finer-grained  and  browner,  from  Stransko  near  Liebstadl. — d.  Greyish- 
green,  crystalline,  medium-grained,  very  slightly  magnetic,  containing  triclinic  felspar, 
fromllrabacownear  Starkenbach. — c.  From  the  railway  cutting  of  the  Woleschka  valley, 
between  Semil  and  Kostialow  near  Poric.  It  is  finely  crystalline,  dark  grey  to  greenish, 


HYPOBROMOUS  ACID— HYPOCHLORITES.          237 

and  effervesces  with  acids,  in  consequence  of  small  masses  of  calcspar  disseminated 

through  it ;  scarcely  magnetic,  and  with  a  weathered  crust : 

Na2O        H2O 

1-68       1-46  =  102-01 


SiO" 

A1203 

Fe3O3 

CaO 

MgO 

K»0 

a. 

49-90 

16-04 

7-81 

14-49 

10-08 

0-55 

b. 

49-97 

c. 

56-20 

15-26 

13-40 

9-50 

3-21 

d. 

51-98 

16-27 

13-53 

7-34 

5-85 

3-30 

e. 

54-44 

18-06 

9-64 

1-20       2-71  =  102-18 

H  YPOBROIVTOTTS  ACID,  BrllO. — The  formation  of  bleaching  liquids  analogous 
to  the  hypochlorites  by  the  action  of  bromine  on  solutions  of  the  alkalis  and  alkaline 
earths  was  noticed  by  Balard  in  his  original  memoir  on  bromine  (Ann.  Ch.  Phys.  [2] 
xxxii.  337),  and  subsequently  by  Lowig  (Pogg.  Ann.  xiv.  14,  485),  Fritzsche  (J.  pr. 
Chem.  xxiv.  294),  and  G-ay-Lussac  (Compt.  rend.  xiv.  951).  Balard  also  found  that 
bromine-water  forms  with  mercuric  oxide  a  sparingly  soluble  oxybromide  of  mercury 
and  a  bleaching  liquid  which,  by  distillation  in  a  vacuum,  yields  a  liquid  also  possessing 
bleaching  properties,  and  supposed  to  be  hypobromous  acid  (i.  679). 

More  recently,  3piller  (Jahresber.  1859,  97  ;  1862,  73)  and  Dancer  (Chem.  Soc. 
J.  xv.  447)  have  shown  that  when  bromine  is  added  to  excess  of  solution  of  nitrate  of 
silver,  half  the  bromine  is  precipitated  as  bromide  of  silver,  while  the  other  half  remains 
in  solution  as  hypobromous  acid,  forming  a  strongly  bleaching  liquid,  from  which,  ac- 
cording to  Dancer,  the  hypobromous  acid  may  be  distilled  under  a  pressure  of  50  mm. 
of  mercury,  the  liquid  then  boiling  at  50°.  The  distillate,  which  does  not  contain  free 
bromine,  is  straw-yellow,  has  an  acid  reaction,  bleaches  strongly,  and  decomposes  when 
heated  above  60°.  It  gave  by  analysis  numbers  corresponding  with  the  formula  of 
hypobromous  acid. 

Hypobromous  acid  is  likewise  obtained  in  solution  by  agitating  bromine-water  with 
excess  of  mercuric  oxide  or  oxide  of  silver.  When  bromine  is  brought  in  contact  with 
excess  of  dry  mercuric  oxide,  the  mixture  becomes  very  hot.  By  heating  the  two 
substances  together  in  a  sealed  tube  to  100°  a  powder  is  obtained  which  smells  like 
chloride  of  lime  and  bleaches  when  moistened  with  water ;  it  is  a  mixture  of  mercuric 
bromide,  oxide  and  hypobromite.  If  the  bromine  is  in  excess,  a  solid  mass  is  formed 
consisting  merely  of  mercuric  bromide  and  oxide.  Oxygen  is  set  free  in  both  cases. 
(Dancerv) 

All  attempts  to  prepare  hypobromous  anhydride  by  methods  similar  to  those  which 
yield  hypochlorous  anhydride  (i.  908)  were  unsuccessful,  the  compound  being  decom- 
posed, both  at  common  temperatures  and  at  —18°,  into  bromine  and  oxygen. 

HYPOCHXiORIC  ACID.  Syn.  with  Perchloric  oxide.  (See  CHLOBINE,  OXIDES  OF, 
i.  912.) 

HYPOCHLORITE.  (Grime  Eiscncrde.)—A.  mineral  occurring  at  Schneeberg, 
Johanngeorgenstadt,  and  Briiunsdorf  in  Saxony,  in  minute  greenish  crystals  and 
grains,  or  massive  and  earthy.  It  contains,  according  to  Schiller's  analysis,  50-24  per 
cent,  silica,  14-65  alumina,  13-03  oxide  of  bismuth,  10'54  protoxide  of  iron,  and  9'62 
phosphoric  anhydride,  with  a  trace  of  manganese,  and  is  perhaps  a  silicate  of  bismuth 
and  iron  mixed  with  phosphate  of  aluminium.  (Dana,  ii.  182.) 

HYPOCHLORITES.  C1MO. — The  formation,  general  properties  and  reactions 
of  these  salts,  arid  the  methods  of  estimating  the  quantity  of  aA-ailable  chlorine  contained 
in  them,  have  been  already  described  under  CHLORINE  (i.  904,  908).  For  the  prepara- 
tion of  h  y  p  o  c  h  1  o  r  i  t  e  of  c  a  1  c  i  u  m,  its  uses  as  a  bleaching  and  disinfecting  agent,  and 
the  methods  of  estimating  its  commercial  value,  see  Ure's  Dictionary  of  Arts,  &c. 
i.  904 ;  also  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  pt.  3,  pp.  360-425. 

A  sample  of  "  chloride  of  lime,"  analysed  by  F.  Rose  under  the  direction  of  Frese- 
nius  (Ann.  Ch.  Pharm.  cxviii.  317),  yielded  2672  per  cent.  CaCl202,  25'51  CaCl2, 
23-05  CaO,  and  24'72  combined  and  hygroscopic  water.  On  repeatedly  triturating 
it  with  fresh  quantities  of  water  to  a  thin  pulp,  the  chloride  of  calcium  was  found  to 
dissolve  at  the  first  trituration,  the  hypochlorite  only  at  the  third.  Hence  Fresenius 
concludes  that  the  two  salts  exist  in  the  bleaching  powder  merely  in  a  state  of  mixture, 
or  at  most  as  a  loose  combination  easily  decomposed  by  water.  He  regards  bleaching 
powder  as  a  mixture  of  hypochlorite  and  basic  chloride  or  oxychloride  of  calcium, 
CaCl202  +  (CaCl2.2CaO)  +  4H*0.  The  basic  chloride  is  resolved  by  water  into  chloride 
and  hydrate  of  calcium. 

Solutions  of  the  hypochlorites  of  the  alkali-metals  have  long  been  used  as  disinfect- 
ing agents.  The  so-called  chloride  of  soda  or  Labarraque's  disinfecting 
liquid,  is  a  mixture  of  hypochlorite  and  chloride  of  sodium,  prepared  by  passing 
chlorine  into  a  solution  of  caustic  soda  or  carbonate  of  sodium,  or  by  decomposing 
hypochlorite  of  calcium  (Meaching  powder)  with  carbonate  or  sulphate  of  sodium.  In 
the  first  mode  of  preparation,  about  40  Ibs.  of  soda-crystals  are  dissolved  in  about  20 
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gallons  of  water,  and  a  stream  of  chlorine  is  passed  through  the  solution  till  it  has 
attained  a  specific  gravity  of  TOG.  A  rise  of  the  density  above  this  point  indicates  the 
formation  of  chlorate  of  sodium.  To  prepare  the  disinfecting  liquid  by  the  second 
method,  about  20  Ibs.  of  good  bleaching  powder  are  dissolved  in  about  26  gallons  of 
water,  and  to  the  filtered  liquid  is  added  a  solution  of  40  Ibs.  soda-crystals  in  about 
9  gallons  of  warm  water.  The  filtered  solution  constitutes  Labarraque's  liquid. 

Chloride  ofPot  ash  or  Eau  de  Javcllc  is  a  mixture  of  hypochlorite  and  chloride 
of  potassium  prepared  by  similar  methods. 

A  mixture  of  hypochlorite  of  magnesium,  prepared  by  decomposing  chloride  of 
lime  with  an  equivalent  quantity  of  sulphate  of  magnesium,  is  said  by  Claussen  to  be 
more  efficacious  than  other  chlorine-compounds  for  bleaching  flax  and  hemp. 

Hypochlorite  of  Aluminium,  prepared  by  mixing  equivalent  quantities  of  sulphate  of 
aluminium  and  hypochlorite  of  calcium,  is  recommended  by  Orioli  (Rep.  Pat.  Inv. 
April  1860)  as  a  bleaching  and  antiseptic  agent.  It  is  very  easily  decomposed,  and 
therefore  acts  very  rapidly  on  organic  matters.  It  may  also  be  used  as  a  mordant 
instead  of  acetate  of  aluminium,  all  the  hypochlorous  acid  being  disengaged  at  the 
heat  of  the  dye-bath  while  the  alumina  remains  attached  to  the  fibre. 

Hypochlorite  of  Zinc  is  also  used  as  a  mordant,  and  is  recommended  byVarrentrapp 
(Dingl.  pol.  J.  clviii.  378),  on  account  of  its  ready  decomposibility,  as  a  bleaching 
agent.  The  action  of  chloride  of  lime  may  be  advantageously  accelerated  by  the 
addition  of  chloride  of  zinc  instead  of  a  mineral  acid. 

HYPOCHI.OROUS  ACID  and  ANHYDRIDE  (i.  908).—  This  gas  is  absorbed 
by  sulphuric  anhydride,  and  when  the  latter  compound,  in  a  state  of  perfect  dryness 
and  in  quantities  of  not  more  than  5  or  6  grms.  at  a  time,  is  saturated  with  hypochlorous 
anhydride,  a  dark-red  thickish  liquid  is  formed,  which  solidifies  on  cooling  to  a  mass  of 
light  red  needles  apparently  consisting  of  CF0.4S03.  These  crystals  melt  at  55°,  and 
detonate  when  suddenly  raised  to  a  higher  temperature.  They  are  instantly  decom- 
posed by  water  into  sulphuric  and  hypochlorous  acids  ;  hence  the  compound  acts  as 
a  powerful  oxidising  agent  on  sugar,  alcohol,  and  other  organic  substances.  Iodine 
decomposes  it,  with  evolution  of  chlorine  and  formation  of  iodic  acid. 

When  hypochlorous  anhydride  is  passed  into  liquid  sulphurous  anhydride,  a  very- 
brisk  reaction  takes  place  as  soon  as  the  containing  vessel  is  removed  from  the  freezing 
mixture,  chlorine  being  evolved  and  a  red  viscid  substance  remaining,  composed  of 
sulphuric  and  hypochlorous  anhydrides  in  a  proportion  not  yet  determined.  (S  ch  u  t  z  - 
enberger,  Compt.  rend.  Hi.  135  ;  liii.  538;  Jahresber.  1861,  p.  142.) 
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HTTPOGJEZC  ACID.   C16H3002  =  J  j  0.—  An  acid  belonging  to  the  oloic 

series  OH2B-202,  discovered  in  1855  by  G-ossmann  and  Scheven  (Ann.  Ch.  Pharm. 
xciv.  230)  in  oil  of  earthnut  (Arachis  Tiypocjced)  It  is  isomeric,  if  not  identical,  with 
physetoleic  acid,  discovered  in  1844  by  Hofstadter  (Ann.  Ch.  Pharm.  xci.  177)  in 
sperm-oil  (see  PHYSETOLEIC  ACID),  also  with  the  acid  obtained  by  oxidation  of  axinic 
acid  (C^EPO2),  an  acid  produced  by  the  saponification  of  the  fatty  substance,  age  or 
axin,  contained  in  the  Mexican  plant,  Coccus  Axin.  (F.  Hoppe,  J.  pr.  Chem.  Ixxx. 
102.) 

Preparation  from  Earth-nut  oil.  —  The  fatty  acids  of  the  oil  are  dissolved  in  alcohol; 
arachidic  and  palmitic  acids  are  precipitated  by  ammonia  and  acetate  of  magnesium  ; 
the  precipitate  is  removed  ;  and  the  filtrate  is  mixed  with  ammonia  and  an  alcoholic 
solution  of  neutral  acetate  of  lead.  The  precipitate  is  collected  after  a  few  days,  pressed 
and  dissolved  in  ether  ;  the  ethereal  solution  is  agitated  with  aqueous  hydrochloric 
acid  ;  the  chloride  of  lead  is  filtered  off;  the  filtrate  is  shaken  up  with  water  which  has 
been  freed  from  air  by  boiling  ;  the  ethereal  layer  which  separates  again  on  leaving 
the  liquid  at  rest  is  taken  off;  and  the  ether  is  removed  by  distillation.  The  remaining 
liquid  on  cooling  deposits  yellowish  crystals,  which  may  be  purified  by  pressure  and 
recrystallisation  from  alcohol  at  a  very  low  temperature.  An  additional  quantity  of 
crystals  may  be  obtained  from  the  mother-liquor.  (G-6'ssmann  and  Scheven.) 

Axinic  acid  yields  by  oxidation,  agin  in  insoluble  in  ether,  and  the  acid,  C16H3002, 
which  may  be  dissolved  out  by  ether,  and  crystallises  from  the  ethereal  solution. 

Hypogaeic  acid  crystallises  in  stellate  groups  of  needles,  inodorous,  melting  at  34°  or 
35°  (physetoleic  acid  melts  at  30°  and  solidifies  at  28°),  easily  soluble  in  alcohol  and 
in  ether.  —  1.  When  exposed  to  the  air,  it  acquires  a  yellowish  colour  and  rancid  odour, 
and  then  crystallises  with  difficulty,  even  at  very  low  temperatures.  —  2.  When 
subjected  to  dry  distillation,  it  first  gives  off  a  reddish-yellow  liquid,  then  yellowish- 
white  crystalline  sebacic  acid,  and  lastly,  a  fetid  oil,  leaving  a  small  quantity  of  char- 
coal. 

Nitrous  acid  converts  hypogseic  acid  into  the  isomeric  compound  gaidic  acid,  which 
is  related  to  it  in  the  same  manner  as  elai'dic  to  oleic  acid.  It  forms  a  colourless  crys- 
talline mass,  permanent  in  the  air,  melting  at  38°,  solidifying  in  the  radio-crystalline 
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form  on  cooling,  and  volatilising  undecomposed  at  higher  temperatures.     (Caldwell 
and  G-ossman n,  Ann.  Ch.  Pharm.  xcix.  305.) 

Hypogseic  acid  is  monobasic.  The  barium-salt  is  obtained  by  adding  alcoholic 
acetate  of  barium  to  an  alcoholic  solution  of  the  acid  mixed  with  excess  of  ammonia, 
in  white  grains  which  dissolve  when  heated  and  separate  again  on  cooling. 

Hypogaate  of  Copper,  C32H5SCu"04,  is  obtained,  in  like  manner,  by  mixing  alcoholic 
cupric  acetate  with  a  hot  alcoholic  solution  of  the  acid  containing  ammonia,  and  sepa- 
rates on  cooling  in  violet-blue  crystalline  grains,  soluble  in  alcohol  and  cohering  to  a 
translucent  wax  at  75°. —  Gaidate  of  copper  is  obtained  by  mixing  aqueous  gaidate  of 
sodium  with  cupric  sulphate,  as  a  scarcely  crystalline  precipitate,  which  dissolves  with 
difficulty  in  alcohol,  and  separates  therefrom  in  granules.  It  melts  without  decom- 
position at  a  temperature  above  120°. 

Hypogcsate  of  Ethyl,  C16H29(C2H3)02,  is  obtained  by  passing  hydrochloric  acid  gas 
through  a  solution  of  hypogseic  acid  in  alcohol  of  95  per  cent,  and  separates  on  warming 
the  liquid,  as  an  oil  which  may  be  freed  from  adhering  acid  by  washing  with  small 
quantities  of  alcohol,  and  dried  in  a  stream  of  carbonic  anhydride  between  100°  and 
120°.  It  is  yellow,  inodorous,  lighter  than  water,  but  sinks  in  alcohol,  in  which  it  is 
but  slightly  soluble.  Not  volatile  without  decomposition. 

Gaidate  of  Ethyl  is  prepared  by  passing  hydrochloric  acid  gas  through  a  solution 
of  gaidic  acid  in  absolute  alcohol,  precipitating  after  12  hours  with  water,  and  subject- 
ing the  separated  mixture  of  gaidic  ether  and  gaidic  acid  to  a  second  treatment  with 
hydrochloric  acid.  The  product  is  washed  and  dried  at  100°  in  a  stream  of  hydrogen. 
It  is  a  colourless,  lamino-crystalline  mass,  which  melts  between  9°  and  10°,  and 
volatilises  undecomposed  at  a  higher  temperature.  It  is  inodorous,  lighter  than 
water,  heavier  than  alcohol,  and  sparingly  soluble  in  alcohol. 

Gaidate  of  Silver  is  obtained  by  precipitation  as  a  white  amorphous  mass  which,  when 
washed,  and  especially  if  blated  with  water,  alcohol  or  ether,  turns  black  without 
dissolving. 

Gaidate  of  Sodium  is  obtained  by  dissolving  the  acid  in  aqueous  carbonate  of  sodium, 
evaporating,  and  exhausting  the  residue  with  absolute  alcohol ;  the  solution  on  cooling 
deposits  the  salt  as  a  translucent  jelly :  from  dilute  solutions  it  separates  in  crystalline 
grains. 

H-STPOGAX.X.XC  ACID.  C7H604.  (Matthiessen  and  Foster,  Chem.  Soc.  J. 
xvi.  350.)— An  acid  produced  by  the  action  of  boiling  concentrated  hydriodic  acid  on 
hemipinic  acid  (p.  142) : 

C10H1006  +   2HI     =     C7H604   +   2CH3I   +   CO2. 

;  Hemipinic  Hypogallic        Iodide  of 

acid.  acid.  methyl. 

It  is  isomeric  with  carbohydroquinonic,  protocatechuic  and  oxysalicylic  acids,  and 
intermediate  in  composition  between  salic^hc  acid,  C7H603,  and  gallic  acid,  C7H605. 

Hypogallic  acid,  when  pure,  is  only  slightly  soluble  in  cold  water,  but  dissolves 
easily  in  hot  water, -alcohol,  and  ether;  its  solution  reacts  strongly  acid  with  litmus- 
paper.  It  separates  from  hot  water  in  small  prismatic  crystals,  united  into  stellate 
groups,  and  containing  1^  at.  water  of  crystallisation,  which  they  lose  at  100°.  The 
acid  melts  at  about  180°,  but  as  it  begins  to  decompose  even  at  a  lower  temperature, 
its  melting-point  could  not  be  accurately  ascertained. 

Hypogallic  acid  gradually  turns  brown  when  heated  in  the  air  to  a  little  above  100° ; 
the  same  Change  occurs  more  quickly  when  a  solution  of  it,  especially  if  neutral  or 
alkaline,  is  evaporated.  Added  to  solution  of  nitrate  or  ammonio-nitrate  of  silver,  it 
causes  an  immediate  precipitation  of  metallic  silver,  even  in  the  cold ;  with  sulphate 
of  copper  and  a  slight  excess  of  potash,  it  gives  a  yellowish  green  solution,  from  which 
an  orange-yellow  precipitate  is  thrown  down  on  warming ;  in  a  mixture  of  sesguichloride 
of  iron  and  red  prussiate  of  potash,  it  immediately  produces  a  blue  precipitate  ;  when 
boiled  with  solution  of  mercuric  chloride,  it  reduces  it  to  calomel.  With  sesquichloride 
of  iron,  it  gives  an  intense  indigo-blue  coloration,  which  is  changed  to  violet  by  a  very 
small  quantity  of  ammonia,  and  to  blood-red  by  excess  of  ammonia,  no  precipitate 
being  produced,  unless  too  much  chloride  of  iron  has  been  used ;  the  colour  is  destroyed 
by  strong  acids,  but  restored  by  neutralisation  with  alkali,  and  partially  by  addition 
of  water.  A  solution  of  the  acid  immediately  becomes  brown  on  addition  of  alkali, 
the  colour  quickly  becoming  darker  by  exposure  to  the  air.  With  ammonia  and 
chloride  of  barium  or  calcium,  it  gives  a  brownish  white  flocculent  precipitate ;  with 
acetate  of  lead,  a  pale  yellow  precipitate. 

Hypogallic  acid  is  decomposed  by  heat  into  carbonic  anhydride  and  a  substance 
which  solidifies  in  the  neck  of  the  retort  to  a  colourless  crystalline  mass.  The  decom- 
position begins  at  about  170°,  and  goes  on  rapidly  at  200°.  The  crystalline  pro- 
duct melts,  in  the  crude  state,  at  about  90° ;  it  dissolves  easily  in  water,  and 
crystallises  in  needles  when  the  solution  is  evaporated.  It  is  rapidly  attacked  by  nitric 
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acid,  even  when  diluted,  giving  a  red-brown  solution.  With  sesquichloride  of  iron  it 
gives  a  bluish-black  amorphous  precipitate  ;  with  acetate  of  lead  it  gives  a  white  or 
yellowish-white  precipitate,  soluble  in  an  excess  of  acetic  acid.  It  slowly  assumes  a 
darker  colour  by  exposure  to  air  in  contact  with  alkali.  This  substance  has  not  yet 
"been  prepared  in  sufficient  quantity  for  complete  investigation. 

The  three  acids  above  mentioned  as  isomeric  with  hypogallic  acid,  have  about  the 
same  solubility  in  water,  alcohol,  and  ether,  as  the  latter  ;  they  all  likewise  give  a  dark 
coloration  with  the  smallest  trace  of  sesquichloride  of  iron  :  reduce  nitrate  of  silver  ; 
become  dark  brown  when  mixed  with  alkali  and  exposed  to  the  air;  give  a  yellowish- 
white  precipitate  with  acetate  of  lead  ;  and  at  a  high  temperature  are  all  decomposed 
into  carbonic  anhydride  and  oxyphenic  acid  or  hydroquinone.  Nevertheless,  no  two 
of  these  acids  appear  to  have  quite  the  same  properties.  The  following  are  the  most 
important  points  in  which  differences  have  been  observed.  Hypogallic  acid  crystallises 
with  1|  molecule  of  water  (14'9  per  cent.),  carbohydroquinonic  and  protocatechuic  acids 
with  1  molecule  (10'4  per  cent.),  and  oxysalicylic  acid  without  water.  Hypogallic  and 
oxysalicylic  acids  give  a  dark-blue  colour  with  sesquichloride  of  iron,  the  other  two 
acids  a  dark-green  colour.  Hypogallic  acid  reduces  nitrate  of  silver  immediately  in 
the  cold  ;  carbohydroquinonic  acid  reduces  it  slowly  in  the  cold,  rapidly  when  boiled  ; 
oxysalicylic  acid  has  no  action  on  nitrate  of  silver  in  the  cold,  but  reduces  it  completely 
when  boiled.  Carbohydroquinonic  acid  reduces  cuprous  oxide  from  a  mixture  of  cupric 
acetate,  tartaric  acid,  and  excess  of  potash  ;  protocatechuic  acid  causes  no  reduction  of 
the  same  solution.  Hypogallic  acid  causes  a  precipitate  in  a  mixture  of  chloride  of 
barium  and  ammonia  ;  protocatechuic  acid  only  on  addition  of  alcohol.  •  Some  of  these 
differences  may  perhaps  be  due  to  accidental  causes,  depending  on  the  different  sources 
and  modes  of  preparation. 

HYPO-IODIC  ACID.    See  IODINE,  OXACIDS  OF. 


HYPONXOBIC  ACID.     See 

HYPONITRIC  ACID.    Syn.  with  Pernitric  oxide.     (See  NITROGEN,  OXIDES  OF.) 
HYP  ONI  TROIVIE  CONIC  ACID.     Syn.  with  Nitromeconin.     (See  MECONIN.) 
HYPONITROUS  ACID.     Syn.  with  NITROUS  ACID. 

HYPOPHOSPHGROUS   ACID.      See   PHOSPHORUS,    OXYGEN-ACIDS   OF. 

HYPOSCI.ERITE.  A  name  applied  by  Breithaupt  to  a  mineral  from  Arundel, 
which,  according  to  Eammelsberg,  is  probably  albite  mixed  with  augite.  (See  ALBITB 
under  FELSPAR.) 

HYPOSTZliBITE.     Syn.  with  STILBITE. 

HYPOSUXiPHAMYXiIC  ACID.     Syn.  with  Amyl-sulphurous  acid.     (See  SUL- 

PHUPvOUS  ETHERS.) 

HYPOSUIiPHARSENIOUS  ACID.  Syn.  with  Bisulphide  of  Arsenic.  (See 
ARSENIC,  SULPHIDES  OF,  i.  386.) 

HYPOSUIiPHETHYIiIC  ACID.  Syn.  with  Ethyl-sulphurous  acid.  (See 
SULPHUROUS  ETHERS.) 

HYPOSUXiPHINDIGOTIC  ACID.)        . 

HYPOS1TI.PHOC<ERUI,IC  ACID.  }      See  ^^O-SULPHURIC  ACIDS. 

HYPOSUXiPHOGIiUTIC  ACID.     Syn.  with  SULPHOGLUTIC  ACED. 

HYPOSTrx.PH01KETHYX.XC  ACID.  Syn.  with  Methyl-sulphurous  acid.  (See 
SULPHUROUS  ETHERS.) 

KYPOSTJT.PHOarAPHTHAX.IC       and      HYPOSUI.PHONAPHTHINIC 

ACIDS.     See  SULPHONAPHTHALIC  ACIDS. 

HYPOSUX.PHOPHOSPHORXC      and      HYPOSITLPHOPHOSPHOROUS 

ACIDS.     See  PHOSPHORUS,  SULPHIDES  OF. 

HYPOSUXiPHURIC  and  HYPOStlLPHUROUS  ACIDS.  See  SuLPHUR, 
OXYGEN-ACIDS  OF. 

HYPOVANADIC  ACID.     See  VANADIUM. 

HYPOXANTHINE.  An  azotised  organic  substance  discovered  by  Scherer 
(Ann.  Ch.  Pharm.  Ixxiii.  328)  in  the  spleen  of  man  and  in  the  ox,  and  since  found  to 
exist  in  many  other  parts  of  the  animal  body.  It  is  probably  identical  with  SARCINB 
(fr*) 

HYSSOPINE.  A  doubtful  alkaloid,  said  by  Herberger  to  exist  in  the  herb  of 
Hyssopus  officinalis. 

HYSSOP,  oxit  OP.     A   volatile  oil    obtained  from  Hyssopw   officinalis  by 
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3r.     It  is  yellow  wh< 
s  like  camphor. 

HYSTATXTE.     Syn.  with  ILMENITE. 


distillation  with  water.     It  is  yellow  when  fresh,  but  turns  red  by  keeping;  has  a 
sharp  taste  and  smells  like  camphor. 


ZASP ACHATES.     A  variety  of  agate. 

IBERZTE.  A  silicate  from  Montoval,  near  Toledo,  occurring  in  large  six-sided 
prisms  with  basal  cleavage.  Hardness  =  2-5.  Specific  gravity  =  2'89.  Contains, 
according  to  Norlin  (Kongl.  Vetensk.  Akad.  Fcirhandlingar,  1844  215)  40'90 
per  cent.  SiO2,  3074  APO3,  15-47  FeO,  MnO  1-33,  0-40  CaO,  0-81  MgO,  4-57  K20, 
0-04  Na20,  5-56  H2O  =  99-82.  Fuses  to  a  dark  pearl  before  the  blowpipe.  It  is  pro- 
bably allied  to  dichroite. 

ICE-SPAR.  A  name  sometimes  applied  to  a  transparent  variety  of  felspar  found 
in  Vesuvian  lavas :  the  term  includes  pellucid  varieties  of  other  species  of  felspar. 
(Dana.) 

ZCEZiAOTD-SPAR.     Transparent  calc-spar.     (See  CALC-SPAR.) 

ICHTKiDDIltf.     A  substance  contained  in  the  immature  eggs  of  cyprinoi'd  fishes. 

ICHTHIN.  The  azotised  constituent  of  the  eggs  of  cartilaginous  fishes.  It  is 
easily  extracted  from  the  eggs  of  the  ray  by  poxiring  the  yolk  into  a  large  quantity  of 
distilled  water,  washing  the  dense  granules  which  fall  to  the  bottom  till  the  wash- 
water  contains  only  traces  of  albumin  and  saline  matters,  and  finally  exhausting  them 
with  alcohol  and  ether. 

Ichthin  thus  obtained  forms  homogeneous,  white,  transparent  grains,  soft  to  the 
touch,  insoluble  in  water,  alcohol,  and  ether.  Hydrochloric  acid  dissolves  it  without 
violet  coloration ;  it  is  also  readily  soluble  in  dilute  acetic  and  phosphoric  acid,  and  in 
other  acids  in  the  concentrated  state.  Solutions  of  potash  and  soda  dissolve  it  slowly ; 
ammonia  does  not  act  upon  it.  It  gives  by  analysis  50'2  to  51*0  per  cent,  carbon,  6*7 
to  7'8  hydrogen,  14'7  to  15'4  nitrogen,  and  1-9  phosphorus  (?).  It  does  not  appear  to 
contain  sulphur.  It  leaves  but  a  trace  of  ash  when  burnt.  (Valenciennes  and 
Fremy,  Compt.  rend,  xxxviiii.  480,  528.) 

ICHTHUIiIW.  The  very  young  eggs  of  cyprinoi'd  fishes  contain,  besides  icthidin, 
a  strongly  albuminous  liquid  which  holds  in  suspension  certain  mineral  salts,  together 
with  icthulin,  which  may  be  precipitated  by  water.  When  first  precipitated,  it  is  viscid 
like  gluten ;  but  when  treated  with  alcohol  and  ether,  it  loses  its  viscosity  and  becomes 
solid  and  pulverulent.  Like  ichthin,  it  dissolves  in  acetic  and  in  phosphoric  acid,  also 
in  hydrochloric  acid,  without  violet  coloration.  It  contains  52*5  to  53*3  per  cent, 
carbon,  8'0  to  8'3  hydrogen,  15'2  nitrogen,  TO  sulphur,  and  0'6  phosphorus  (?).  It 
seems  to  disappear  as  the  eggs  approach  maturity,  and  to  be  replaced  by  albumin. 
(Valenciennes  and  Fremy.) 

ZCKTHirocoz.Ii  or  ISINGLASS.     See  GELATIN  (ii.  826). 

ICHTHYOPHTHAZ.1VHTE.      Syn.  with  APOPHYLLITE  (i.  351). 

ZCZCA-RESZN*.  A  resin  very  similar  to  elemi,  obtained  from  trees  very  common 
in  Guiana,  belonging  to  the  order  Tercbmthacees.  It  occurs  in  small  masses  or  opaque 
grains,  having  a  yellowish-white  colour,  and  a  sweet,  rather  agreeable  odour,  the 
strength  of  which  is  increased  by  heat  It  is  friable  and  tasteless.  It  gives  up  nothing 
to  water,  and  is  but  sparingly  soluble  in  alcohol,  requiring  for  complete  solution  45 
parts  of  cold  alcohol  of  36°,  and  15  parts  of  boiling  alcohol ;  it  dissolves  also  in  3| 
parts  of  oil  of  turpentine  at  ordinary  temperatures.  It  is  insoluble  in  alkalis.  Its 
alcoholic  solution  does  not  precipitate  lead  or  silver  salts. 

Icica-resin  is  composed  of  three  distinct  substances,  separable  by  their  different 
degrees  of  solubility  in  alcohol. 

a.  If  the  resin  be  completely  dissolved  in  boiling  alcohol,  one  of  these  substances, 
viz.  brean,  crystallises  on  cooling.  It  has  the  composition  of  cholesterin,  and  forms 
white,  tasteless,  needle-shaped  crystals,  insoluble  in  water  and  in  alkalis,  sparingly 
soluble  in  alcohol,  and  having  a  neutral  reaction.  It  melts  at  157°,  and  solidifies  on 
cooling  to  a  mass  resembling  amber.  By  dry  distillation  it  yields  empyreumatic  oils, 
a  volatile,  solid,  amorphous  substance  which  collects  in  the  neck  of  the  retort,  and 
a  small  residue  of  charcoal.  It  is  dissolved,  with  red  colour,  by  sulphuric  acid,  and 
precipitated  unaltered  by  water.  Nitric  acid  decomposes  it,  with  evolution  of  nitrous 
fumes,  forming  a  yellow  body  soluble  in  excess  of  nitric  acid,  and  precipitated  on 
addition  of  water. 
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b.  On  removing  the  brean  and  concentrating  the  mother-liquor,  a  certain  quantity 
of  the  same  substance,  in  an  impure  state,  first  separates,  and  afterwards  another 
crystalline  resin,  icican,  which  has  the  same  melting-point  as  brean,  and  resembles  it 
in  most  of  its  other  properties,  but  is  distinguished  by  its  greater  solubility  in  alcohol. 
It  gives  by  analysis  82-01  per  cent.  C,  11'65  H,  and  6-34  O,  which  may  be  represented 
by  the  formula  C20HS40.     Its  composition  is  about  the  same  as  that  of  the  resin  of 
Ceroxylon  Andicola. 

c.  The  mother-liquor  of  icican,  after  being  completely  freed  from  crystallisable 
matter,  deposits  a  small  quantity  of  a  yellow  amorphous  resin,  which  melts  below  100°, 
and  is  much  more  soluble  in  alcohol  and  ether  than  brean  or  icican.     Its  alcoholic 
solution  is  slightly  acid  to  test-paper,  but  the  resin  does  not  dissolve  in  alkalis.     It 
contains  77'93  per  cent.  C,  10'69  H,  and  11-47  0,  corresponding  approximately  with  the 
formula  C^HW.     (Scribe,  Ann.  Ch.  Phys.  [3]  xiii.  166.) 

IDIOTYPE.  A  term  applied  by  Guthrie  (Chem.  Soc.  J.  xiii.  35)  to  bodies 
derived  by  replacement  from  the  same  substance,  including  the  typical  substance  itself ; 
ammonia,  for  example,  is  idiotypic  with  ethylamine,  phenylamine,  and  all  the  organic 
basis  derived  from  it  by  substitution,  and  these  are  idiotypic  one  with  the  other. 

The  same  term  was  applied  by  Wackenroder  (J.  pr.  Chem.  xxiv.  18)  to  certain 
non-crystalline  organic  bodies  which,  according  to  his  observations,  exhibit  certain 
similarities  of  structure. 

XDOCRASE.     See  Vrsi  YIAN. 

IDRIALIU.  C42H*80  (?).— The  essential  constituent  of  idrialite,  from  which  it 
is  obtained  either  by  dry  distillation  in  an  atmosphere  of  carbonic  anhydride — or  better, 
by  boiling  the  mineral  with  rock-oil  or  oil  of  turpentine ;  the  liquid  on  cooling  solidifies 
in  a  mass,  which  may  be  freed  from  the  solvent  by  means  of  bibulous  paper. 

Idrialin  forms  colourless  scales,  which  melt  at  a  very  high  temperature,  with  partial 
decomposition.  When  distilled,  it  partly  volatilises,  but  at  least  ^  of  it  is  decomposed 
at  the  same  time,  even  in  an  atmosphere  of  carbonic  anhydride.  It  is  insoluble  in 
water,  even  at  the  boiling  heat,  and  nearly  insoluble  in  alcohol  and  ether ;  the  best 
solvent  for  it  is  boiling  oil  of  turpentine.  It  gives  by  analysis  917  to  92-0  per  cent, 
carbon,  and  5'1  to  5 '4  hydrogen,  agreeing  nearly  with  the  formula  above  given — which 
requires  91'07  C,  5'11  H,  and  2-92  0.  (Bodeker,  Ann.  Ch.  Pharm.  Hi.  100.) 
Dumas  and  Laurent  regarded  it  as  a  hydrocarbon  C15H10,  but  these  results  were 
calculated  according  to  the  old  atomic  weight  of  carbon. 

Idrialin  heated  with  strong  sulphuric  acid  forms  a  solution  of  a  fine  blue  colour, 
like  that  of  sulphindigotic  acid.  The  solution  diluted  with  water  forms  with  bases 
peculiar  salts,  among  which  the  potassium-salt  is  distinguished  by  its  beautiful  crystal- 
line character. — Idrialin  boiled  with  strong  nitric  acid  yields  a  red  powder  (Laurent's 
nitrite  of  idrialase]  destitute  of  taste  and  odour,  insoluble  in  water  and  ether,  soluble 
in  sulphuric  acid,  to  which  it  imparts  a  mahogany  colour.  In  potash  it  dissolves  with 
brown  colour.  Heated  in  a  closed  tube,  it  decomposes  with  explosion  and  emission  of 
light.  According  to  Laurent's  analysis,  it  contains  627  to  63*3  per  cent,  carbon,  3'2 
to  3-0  hydrogen,  and  10*5  nitrogen,  approximating  to  the  formula  C42H23(N02)50. 
(65-2  C,  2-9  H,  and  9'0  N). 

XDRXAXiXTE.  The  mineral  from  which  idrialin  is  obtained.  It  is  found  in  the 
quicksilver  mine  of  Idria,  muted  with  cinnabar,  and  is  sometimes  called  inflammable 
cinnabar  (  Quecksilberbranderz).  It  is  massive  and  opaque,  with  greasy  lustre,  greyish 
or  brownish-black  colour,  and  blackish  streak  inclining  to  red.  Specific  gravity,  1'4 
to  1-6.  Hardness,  1  to  1'5. 

IDRYL.  Bodeker  found  in  a  product  obtained  by  the  dry  distillation  of  the 
quicksilver  ore  of  Idria  in  a  close  vessel,  two  peculiar  hydrocarbons,  one  of  which 
(idryl)  formed  mammellated  groups,  fusible  at  86°,  volatile  without  decomposition, 
very  soluble  in  alcohol,  ether,  acetic  acid,  and  oil  of  turpentine ;  while  the  other  formed 
scales  melting  above  100°,  volatilising  before  melting,  and  much  more  soluble  than  the 
former.  Their  composition  agreed  nearly  with  the  formula,  rcC3H2  (947  C  and  5'3  H). 

ZGASURIC  ACID.  Pelletier  and  Caventou  (Ann.  Ch.  Phys.  [2],  x.  142). 
An  acid  contained,  in  very  small  quantity,  combined  with  strychnine,  in  the  bean  of 
St.  Ignatius ;  also  in  nux  vomica,  and  in  the  root  of  Strychnos  colubrina.  It  is  pre- 
pared by  washing  the  magnesia  which  has  served  for  the  preparation  of  strychnine, 
with  cold  water,  till  the  colouring  matter  is  removed,  then  boiling  it  with  a  large 
quantity  of  distilled  water,  which  dissolves  the  igasurate  of  magnesium,  precipitating 
it  with  acetate  of  lead,  decomposing  with  sulphydric  acid,  and  evaporating  to  a  syrup. 
The  acid  is  then  deposited,  after  a  while,  in  small  hard  granular  crystals.  It  has  a 
sour,  styptic  taste,  and  is  very  soluble  in  water  and  in  alcohol.  Corriol  regards  it  as 
identical  with  lactic  acid;  but,  according  to  Marsson  (Ann.  Ch.  Pharm.  Ixxii.  296), 
this  identity  does  not  exist,  for  igasuric  acid  precipitates  acetate  of  lead,  which  lactic 
acid  does  not. 
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The  igasuratcs  are  for  the  most  part  soluble  in  water  and  in  alcohol.  The  ammo- 
nium-salt is  perfectly  neutral,  does  not  precipitate  the  salts  of  iron,  mercury,  or  silver, 
but  colours  copper-salts  green,  and  then  forms  a  greenish-white  precipitate  sparingly 
soluble  in  water. 

IGASURINE.  An  alkaloid,  discovered  in  1853  by  Desnoix  (J.  Pharm.  [3], 
xxv.  202).  It  exists  in  nux  vomica,  and  is  found  in  the  mother-liquors  from  which 
strychnine  and  brucine  have  been  precipitated  by  lime  at  the  boiling  heat.  These 
mother-liquors,  if  sufficiently  concentrated,  deposit  the  igasurine  in  crystals  on  the 
sides  of  the  vessel.  It  may  be  purified  by  dissolving  in  water  acidulated  with  hydro- 
chloric acid,  treating  the  solution  with  animal  charcoal,  precipitating  by  ammonia,  and 
recrystallising. 

Igasurine  crystallises  in  colourless  prisms,  having  a  silky  lustre.  It  is  more  soluble 
in  water  than  strychnine  or  brucine,  dissolving  in  200  parts  of  cold  and  100  parts  of 
boiling  water ;  it  is  sparingly  soluble  in  ether,  very  soluble  in  alcohol.  The  alcoholic 
solution  turns  the  plane  of  polarisation  to  the  left:  [  a  ]  =  —  62-9°.  It  has  not 
been  analysed,  but  its  atomic  weight  appears  to  be  intermediate  between  those  of 
strychnine  and  brucine. 

Igasurine,  when  heated,  melts  and  gives  off  water  (about  10  per  cent.)  ;  at  a  higher 
temperature,  it  is  decomposed,  with  evolution  of  ammoniacal  vapours.  Strong  sulphuric 
acid  communicates  to  it  a  rose-colour,  which  passes  to  yellow,  and  then  to  yellowish- 
green.  Nitric  acid  colours  it  deep  red  like  brucine ;  on  adding  a  few  drops  of  stannous 
chloride,  the  colour  changes  to  violet.  Chlorine,  passed  into  a  very  dilute  solution  of 
hydrochlorate  of  igasurine,  produces  first  a  rose,  then  a  red,  then  a  yellow  colour,  each 
bubble  of  gas  being  enveloped  by  a  white  pellicle,  which  is  gradually  deposited  in  the 
pulverulent  form.  If  the  stream  of  chlorine  be  discontinued,  the  precipitate  redissolves 
on  agitation,  and  the  solution  soon  afterwards  loses  its  red  colour,  retaining  only  a 
slight  greenish  tint.  Iodide  of  potassium,  added  to  a  solution  of  igasurine,  produces 
a  crystalline  precipitate  after  a  considerable  time ;  iodurctted  iodide  of  potassium 
immediately  forms  a  brown  precipitate.  Igasurine  is  not  precipitated  by  chlorate  of 
potassium,  but  its  solutions  yield  a  yellow  precipitate  with  tetrachloride  of  platinum, 
white  with  tannin,  and  with  infusion  of  galls. 

Igasurine  is  intensely  poisonous,  being  intermediate  in  power  between  strychnine 
and  brucine. 

Igasurine  dissolves  easily  in  dilute  acids,  and  is  precipitated  from  the  solutions  by 
potash,  soda,  and  ammonia,  the  precipitate  redissolving  in  excess  of  the  alkali,  espe- 
cially in  potash.  It  is  also  precipitated  in  needle-shaped  crystals  by  acid  carbonate 
of  sodium,  or  potassium,  in  presence  of  tartaric  acid. 

The  salts  of  igasurine  are  for  the  most  part  crystallisable.  The  sulphate  forms 
colourless,  silky  crystals,  soluble  in  about  4  pts.  of  boiling  water,  and  10  pts.  of  cold 
water.  The  hydrochlorate  resembles  the  sulphate  in  form,  but  dissolves  in  2  pts.  of 
hot,  and  about  4  pts.  of  cold  water.  The  nitrate  forms  colourless  crystals,  more 
soluble  in  water  than  either  of  the  preceding  salts. 

According  to  Schiitzenberger  (Compt.  rend.  xlvi.  1234;  Ann.  Ch.  Pharm.  cviii. 
348),  igasurine,  prepared  as  above  from  the  seeds  of  Strychnos  nux  vomica,  yields  by 
treatment  with  hot  water,  and  fractional  crystallisation,  no  fewer  than  nine  distinct 
bases,  all  colourless,  very  bitter,  and  acting  like  strychnine.  They  crystallise  in 
transparent  needles,  or  in  nacreous  bulky  geodes.  They  are  reddened  by  nitric  acid 
like  brucine,  which  they  also  resemble  in  their  chemical  reactions,  but  they  are  more 
soluble  in  water  and  in  alcohol.  They  all  contain  water  of  crystallisation  (3  or  4  at.), 
which  they  give  off  at  100°.  Schutzenberger  distinguishes  them  as  a,  b,  c,  &c. 
igasurine,  and  assigns  to  them  the  following  formulae  : 

Igasurine  a.  C^H^N'CHSIPO  very  slightly  soluble. 
„          b.  C18H24N207.3H20  slightly  soluble. 

c.  CI8H24N204.3H20  moderately  soluble. 

d.  C17H32N208.3H20 

e.  C18H26N204.3H20 

/.  C21H30N204.3  or  4H20 
g.  C21H28N206.3H20  very  slightly  soluble. 
h.  C21H26N206.3H20  moderately  soluble. 
«.  C20H2flN207.3H20 

Irrasurine  /  yields,  by  oxidation  with  nitrous  acid,  a  base  having  the  formula 
C21H3'N209,  which  crystallises  in  colourless  needles,  containing  4  at.  water,  melting  in 
their  water  of  crystallisation  at  100°,  and  coloured  red  by  nitric  acid. 

In  the  absence  of  confirmatory  evidences,  these  results  must  be  considered  rather 
doubtful. 

IGIiESIASITE.     Syn.  with  HORN-LEAD.     (See  LEAD,  CHLORIDE  OF.) 

B  2 
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or  IGliOlTE.     Syn.  with  ARRAOONITE  (i.  358). 

ILDEFOlffSITE.  A  columbite  from  Ildcfonso,  in  Spain,  having  a  submetallic 
vitreo-adamantine  lustre.  Specific  gravity  7'416  (Dana,  ii.  355). 

IZ.XCZC  ACID.  (Moldenhauer,  Ann.  Ch.  Pharm.  cii.  350).  —  An  acid  con- 
tained in  the  leaves  of  the  holly  (Ilex  aqidfolium).  It  is  known  only  in  combination 
with  bases.  To  prepare  the  calcium-salt,  an  aqueous  decoction  of  the  leaves  is  pre- 
cipitated with  basic  acetate  of  lead  ;  the  filtrate,  freed  from  lead  by  sulphydric  acid, 
is  heated  with  hydrate  of  lead  ;  the  dissolved  lead  is  again  removed  by  sulphydric 
acid  ;  and  the  filtrate  is  reduced  to  a  syrup.  The  laminae  formed  after  some  days  are 
purified  by  pressing,  dissolving  in  water,  precipitating  with  alcohol,  and  recrystallising 
with  the  help  of  animal  charcoal,  whereby  colourless  ilicate  of  calcium  is  obtained. 

Ilicate  of  calcium  contains  12-86  per  cent,  calcium,  and  is  readily  soluble  in  water,  but 
insoluble  in  alcohol.  An  aqueous  solution  does  not  precipitate  salts  of  manganese,  zinc, 
iron,  copper,  or  silver,  but  produces  a  precipitate  with  stannous  chloride,  and  with  the 
neutral  and  basic  acetates  of  lead.  When  the  lead-salts  are  decomposed  by  sulphydric 
acid,  a  colourless  syrup  is  formed,  which  still  contains  lime,  and  by  neutralisation  with 
carbonate  of  barium,  yields  amorphous  ilicate  of  barium. 

Holly-leaves  gathered  in  January  contain  gum,  or  a  similar  substance,  which  inter- 
feres with  the  extraction  of  the  acid. 

lIiICIW.  The  bitter  principle  of  Hex  aquifolinm.  According  to  Deleschamps 
(Repert.  Pharm.  xli.  230),  the  decoction  of  the  leaves  is  precipitated  with  basic  acetate 
of  lead  ;  carbonate  of  potassium  is  added  to  make  the  liquid  filter,  and  to  precipitate 
any  excess  of  the  lead-salt  ;  and  the  filtrate  is  acidified  with  dilute  sulphuric  acid,  again 
filtered,  saturated  with  carbonate  of  calcium,  and  evaporated  to  a  syrup.  Alcohol 
extracts  from  the  syrup  a  light  brown,  very  hygroscopic  substance,  which,  in  thin 
layers,  dries  up  to  small  shining  scales.  Or,  the  aqueous  extract  is  exhausted  with 
alcohol,  the  alcoholic  solution  evaporated,  and  the  dry  residue  exhausted  with 
water  at  40°.  The  filtrate  is  precipitated  with  basic  acetate  of  lead,  freed  from  excess 
of  lead  by  sulphydric  acid,  evaporated,  and  treated  with  alcohol,  which  takes  up  the 
ilicin,  and  leaves  it  behind  on  evaporation.  The  aqueous  solution  of  the  alcoholic 
extract  may  also  be  treated,  as  above,  with  acetate  of  lead,  dilute  sulphuric  acid,  and 
carbonate  of  calcium  in  succession,  the  filtrate  evaporated,  and  the  ilicin  extracted 
from  the  residue  by  alcohol.  It  is  a  bitter,  amorphous,  brown,  very  hygroscopic  mass 
(still  containing  a  little  potash),  converted  by  acids  at  a  gentle  heat  into  a  black  sub- 
stance, with  empyreumatic  odour.  It  is  soluble  in  water  and  alcohol,  insoluble  in 
ether.—  Lebourdin  (Ann.  Ch.  Pharm.  Ixvii.  254)  agitates  the  decoction  of  the  leaves 
with  animal  charcoal,  then  heats  it  therewith  to  boiling  ;  leaves  it  to  cool  ;  removes 
the  now  colourless  and  tasteless  liquid  ;  washes  the  charcoal  with  cold  water  ;  boils 
it  with  alcohol  ;  and  leaves  the  filtrate  to  evaporate  :  it  then  leaves  a  colourless,  very 
bitter  syrup,  and  finally  an  amorphous,  neutral  jelly,  easily  soluble  in  water  and  in 
alcohol.  —  Moldenhauer's  ilicin  (Ann.  Ch.  Pharm.  cii.  352)  appears  also  to  be  different 
from  this.  Moldenhauer  removes  the  alcohol  from  the  alcoholic  extract  of  the  leaves 
by  distillation,  and  the  separated  resin  by  filtration  ;  precipitates  with  basic  acetate  of 
lead  ;  washes  the  yellow  precipitate,  and  decomposes  it  under  water  with  hydrosulphuric 
acid.  The  sulphide  of  lead,  after  being  well  boiled  with  water,  yields  the  ilicin  to 
alcohol,  as  a  very  bitter,  dark  brown  substance,  resembling  tannin,  and  slightly  in 
water.  —  Bennemann  (N.  Br.  Arch,  xciii.  4)  gives  the  name  of  ilicin  to  crystals  which 
he  obtains  as  follows  :  He  precipitates  the  decoction  with  basic  acetate  of  lead  ; 
decomposes  the  washed  precipitate  under  water  with  sulphydric  acid  ;  filters  the  liquid 
from  the  sulphide  of  lead,  and  evaporates  to  dryness.  By  repeatedly  exhausting  the 
residue  with  alcohol,  and  leaving  the  solution  to  evaporate,  needles  were  finally 
obtained,  but  not  in  sufficient  quantity  for  further  examination. 

ILZXANTHIN-.  C^H^O".  (Moldenhauer,  Ann.  Ch.  Pharm.  cii.  346.)—  A 
substance  occurring  in  the  leaves  of  the  holly  (Ilex  aquifolium}.  The  leaves  gathered 
in  January  contain  scarcely  any  ilixanthin,  while  those  gathered  in  August-contain  a 
large  quantity.  The  leaves  are  exhausted  with  alcohol  of  80  per  cent.  ;  the  tincture 
thus  obtained  is  freed  from  the  greater  part  of  the  alcohol  by  distillation  ;  and  the 
residue  is  set  aside  to  crystallise.  The  granules,  which  separate  after  some  days,  are 
dried,  washed  with  ether  to  remove  the  green  colouring  matter  of  the  leaves,  dissolved 
in  alcohol,  and  again  separated  by  evaporation  and  addition  of  water  ;  they  are,  lastly, 
recrystallised  from  hot  water.  A  further  quantity  of  ilixanthin  may  be  obtained  from 
the  mother-liquor  by  reducing  it  to  a  syrup,  dissolving  in  absolute  alcohol,  evaporating 
the  alcoholic  solution,  dissolving  the  residue  in  water,  and  precipitating  with  basic 
acetate  of  lead.  The  washed  precipitate  is  decomposed  under  hot  water  with  sulphydric 
acid,  and  the  filtrate  is  evaporated  to  a  syrup,  whereupon  the  ilixanthin  crystallises  out 
in  straw-yellow  microscopic  needles,  which  melt  at  198°  to  transparent  red-yellow  drops, 
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Ilixanthin  bulls  and  decomposes  at  215°.  It  does  not  reduce  an  alkaline,  solution 
of  cupric  oxide,  even  on  prolonged  boiling.  It  is  nearly  insoluble  in  cold  water,  but, 
dissolves  easily  in  hot  water,  forming  a  yellow  solution  ;  also  in  alcohol,  but  is  insoluble 
in  ether.  It  dissolves  in  warm  concentrated  hydrochloric  acid.  The  colour  of  the 
aqueous  solution  is  changed  to  orange-yellow  by  alkalis  and  alkaline  carbonates,  but 
becomes  colourless  on  addition  of  sulphuric  acid.  Ferrous  and  cupric  salts  do  not 
affect  ilixanthin  ;  ferric  chloride  colours  it  green.  Neutral  or  basic  acetate  of  lead  pro- 
duces in  the  aqueous  solution  of  ilixanthin  a  splendid  yellow  precipitate,  soluble  without 
colour  in  acetic  acid. 

Ilixanthin  forms  a  yellow  dye  on  cloth  prepared  with  alumina  or  iron  mordants. 
Titaniferous  Iron.     See  TITANATES. 


XI.IVSENXUXVX.  According  to  Hermann  (J.  pr.  Chem.  xxxviii.  91,  119;  xl.  475; 
Ixv.  52),  Siberian  yttrotantalite,  or  yttroilmenite,  contains  a  peculiar  metal  which  forms 
an  acid,  ilmenic  acid,  closely  resembling  niobic  acid  (see  NIOBIUM),  but,  nevertheless, 
distinguished  from  it  by  its  lower  specific  gravity,  by  the  insolubility  of  its  hydrate  in 
hydrochloric  acid,  and  by  forming  with  sulphuric  acid  a  compound  which  is  decomposed 
by  a  large  quantity  of  water,  leaving  a  residue  of  hydrated  ilmenic  acid.  According  to 
H.  Rose,  however  (Pogg.  Ann.  Ixxi.  157),  the  supposed  ilmenic  acid  is  merely  niobic 
acid,  more  or  less  impure.  Rose  also  regards  yttro-ilmenite  as  identical  with  urano- 
tantalite  or  Samarskite  (q.  v.) 

XXiVAXTE.      See  LlEVEITE. 

XIKABENZXX.X:.  C14HnNO.  (Laurent,  Rev.  scient.  x.  122;  J.  pr.  Chem.  xxvii. 
312.)  —  Produced,  together  with  benzilam  and  benzilimide,  by  the  action  of  ammonia 
on  benzile  : 

Njp     =     CI4H"NO   +   H20. 


Benzile  is  dissolved  in  warm  absolute  alcohol  ;  dry  ammoniacal  gas  is  passed  through 
the  still  warm  solution  ;  and  the  liquid  is  left  to  cool,  while  the  passage  of  the  gas  is 
continued.  After  24  hours,  the  liquid,  together  with  the  sediment  which  has  formed, 
is  heated  to  the  boiling  point,  and  filtered  at  the  same  temperature.  Imabenzile  then 
remains  on  the  filter,  and  may  be  purified  by  washing  with  ether. 

Imabenzile  is  a  white  inodorous  powder,  which  separates  from  its  solution  in  boiling 
ether-alcohol,  in  microscopic  right  rhombic  prisms  with  dihedral  summits,  whose  faces 
rest  on  the  obtuse  lateral  edges.  It  melts  at  140°,  remains  soft  and  glutinous  on  cooling, 
and  then  solidifies  without  crystallising.  It  is  quite  insoluble  in  boiling  alcohol  and 
ether.  It  is  partially  decomposed  during  fusion.  When  subjected  to  dry  distillation, 
it  neither  gives  off  gas  nor  leaves  any  carbonaceous  residue.  When  gently  heated 
with  nitric  acid,  it  gives  off  red  vapours,  and  yields  a  yellow  oil,  which  solidifies  in  Ihe 
crystalline  form  on  cooling,  dissolves  in  alcohol,  and  crystallises  therefrom  in  small 
needles  united  in  tufts,  but  is  insoluble  in  ammonia.  It  is  not  altered  by  boiling  with 
hydrochloric  acid.  It  dissolves  in  gently  heated  sulphuric  acid,  and  the  solution,  mixed 
with  water,  deposits  benzilam.  It  dissolves  readily  in  boiling  alcoholic  potash  ;  and 
water  added  to  the  solution  throws  down  benzilimide,  while  nothing  but  potash  remains 
dissolved. 

XIKASATXC  ACI3>.     Syn.  with  ISAMIC  Acm. 

XXKASATXN.  C16HnN303.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  483.)—  A  com- 
pound produced  by  boiling  a  solution  of  isatin  in  ammonia.  It  is  of  a  greyish-yellow 
colour,  often  inclining  to  brown  or  green,  and  crystallises  sometimes  in  lamellated 
grains,  sometimes  in  radiated  spheres  of  a  darker  colour.  It  is  insoluble  in  water  and 
in  ether,  very  sparingly  soluble  in  boiling  alcohol.  It  is  decomposed  by  dry  distilla- 
tion, yielding  a  large  quantity  of  charcoal  and  a  sublimate  of  colourless  needles.  It 
is  not  attacked  by  boiling  hydrochloric  acid.  Caustic  potash  dissolves  it,  and  the 
solution,  diluted  with  water  and  neutralised  by  an  acid,  yields  a  whitish,  gelatinous 
precipitate. 

Dichlorimasatin,  Cl6HnCl2N3Os,  is  a  powder  of  slightly  reddish  colour,  produced  by 
the  action  of  ammonia  on  an  alcoholic  solution  of  chlorisatin. 

Tetrabromimasatin,  C'6H7Br4N303.  Reddish-yellow  scales  produced  by  the  action 
of  ammonia  on  tetrabromisatin. 

XIMCATRA  STONES.  Stony  concretions  found  in  a  marly  formation  on  the 
Schuttgebirg  in  Finland.  They  were  regarded  by  Parrot  (Petersb.  Acad.  Bull.  1839, 
vi.  183)  as  petrified  molluscs,  on  the  ground  that  they  contained  calcium  and  sulphur, 
neither  of  which  elements  were  found  by  him  in  the  formation  in  which  they  were 
imbedded.  On  the  other  hand,  Virlet  (Bull.  Geol.  ii.  219  ;  iv.  22  ;  Jahresber.  1847-8, 
p.  1298)  regarded  them  merely  as  calcareo-aluminous  concretions  produced  by  mole- 
cular attraction.  The  concretions  (A),  and  the  formation  (7^)  in  which  they  are  found, 
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have  been  analysed  by  Ulex  (Jahresber.  1861,  p.  1086);  the  latter,  also  (B')  by 
Salvetat(W.  1298): 

SiO1  CaCO3  Al'O3  Fe'O3  Mn'O*  H»O      Alkali   TlS"g'od 

A.  70-3  .     .  15-1  8-8        2-1  37        .    .        .    •  =  100-0 

B.  31-8  51-1  8-2  6-5        2'4 =  100-0 

E.     34-1  47-8  9-0  4-0        2-0  .    .        0'5      traces  =    97'4 

I1VTESATIN.  C8H6N20.  (Laurent,  loc.  cit.) — Obtained  by  passing  dry  am 
monia  gas  into  a  boiling  solution  of  isatin  in  absolute  alcohol,  in  which  a  slight  excess  of 
pulverised  isatin  is  suspended.  It  forms  colourless  right  prisms,  with  rectangular  base, 
inodorous,  insoluble  in  water,  moderately  soluble  in  boiling  alcohol,  very  sparingly  in 
ether.  Heated  with  a  small  quantity  of  alcohol  and  hydrochloric  acid,  it  dissolves 
readily  and  decomposes,  yielding  isatin  and  sal-ammoniac.  The  same  decomposition 
is  produced  by  potash. 

Chlorimesatin,  C8H5C1N20,  resembles  imesatin,  and  is  obtained  in  like  manner  from 
chlorisatin.  It  forms  yellow  hexagonal  scales,  sparingly  soluble  in  boiling  alcohol, 
nearly  insoluble  in  ether.  It  is  slowly  decomposed  by  boiling  water,  with  evolution  of 
ammonia.  When  heated,  it  gives  off  ammonia,  yields  a  sublimate  of  yellow  needles, 
and  leaves  charcoal. 

IMIDES.  Monamides,  in  which  2  at.  hydrogen  are  replaced  by  a  diatomic  radicle ; 
e.g.  succinimide,  N(CO)"H;  pyro-tartrimide,  N(C5H60)"H.  (See  AMIDES.) 

HVIPERATORIA  OSTRUTHIUXVI.  (Masterwort.}—  The  root  of  this  plant 
(analysed  by  Keller)  contains  0'2  per  cent,  of  a  resin  called  imperatorin  or  peucedanin ; 
16'0  fat  and  volatile  oil;  5-6  extract  soluble  in  water  and  alcohol;  8'8  gum  and  salts 
soluble  in  water ;  9*2  starch  and  extract  soluble  in  boiling  water ;  41*2  vegetable  fibre, 
and  19'0  water  (and  loss).  (Pelouze  and  Fremy,  Traite,  vi.  398.) 

I'MPERATORIN.     See  PEUCEDAHIN. 

INCINERATION-.    See  ASH  (i.  417). 

INDEI.IBROIVIE.  C16H8Br4N304.— A  yellow  substance,  insoluble  in  water, 
produced  by  the  action  of  bromine  on  isamic  acid.  (Laurent.) 

INDIANITE.  A  variety  of  anorthite  (i.  308)  found  in  the  Carnatic,  differing 
somewhat  from  ordinary  anorthite  (from  Vesuvius)  in  the  composition  of  the  protoxides 
which  it  contains.  According  toLaugier's  analysis  (Mem.  du  Mus.  d.  hist.  nat.  vii. 
341),  it  contains  42-0  to  43'0  per  cent/SiO2,  34-0—34-5  AFO3, 15-0—15-6  CaO,  3'35— 
2-6  Na20,  3-20—1-0  Fe203,  and  1-0  water. 

INDIAN  INK  or  CHINA  INK.  A  black  pigment,  the  best  varieties  of  which 
are  imported  from  China.  It  is  composed  of  a  very  fine  black,  said  by  Prechot  to  be 
obtained  from  camphor,  cemented  together  with  gelatin. 

INDIAN  RED.  A  mineral  from  the  Persian  Gulf,  used  as  a  pigment.  The  hard 
coarse  powder  has  a  dark  red  colour,  with  a  tinge  of  purple.  Specific  gravity  3'843. 
The  following  analyses,  A,  of  the  entire  mineral,  B,  of  the  portion  soluble  in  hydro- 
chloric acid,  are  by  How  (Edinb.  New  Phil.  J.  new  series,  ii.  306;  Jahresber.  1835, 
p.  925): 

SiOa          Fe'O3        Al'O3        CaO         MgO        SO3         CO»         H2Q 

A.  30-17       56-59       379       2-65       1'43       2-28       173       1-62  =  100-26 

B.  (.     .         3-91       2-22      2-65      0'87       2-28      173       .   .)  =    13-66 
The  principal  portion  (insoluble  in  hydrochloric  acid)  is  a  ferric  silicate,  Fe203.3Si02. 
The  name  Indian  red  is  also  applied  to  another  pigment  of  similar  colour,  consist- 
ing chiefly  of  sesquioxide  of  iron. 

INDIAN  YEIiIiOW  or  PURREE.  A  yellow  pigment  consisting  essentially  of 
euxanthate  of  magnesium.  (See  EUXANTHIC  ACID,  ii.  609,  and  PURREE.) 

INDICAN.  C28H31N017  (Schunck,  Phil.  Mag.  [4]  x.  73;  xv.  29,  117,  283; 
Jahresber.  1855,  p.  660;  1858,  p.  465.— Grm.  xvi.  1.)— A  colourless  substance  existing 
in  woad,  and  most  probably  in  other  plants  which  yield  indigo-blue.  It  likewise  occurs 
in  human  urine,  both  healthy  and  diseased,  and  when  present  in  considerable  quantity, 
causes  the  urine,  after  spontaneous  fermentation,  or  on  addition  of  acids,  to  deposit, 
sometimes  indigo-blue,  sometimes  indirubin.  It  may  be  detected  by  precipitating  the 
urine  with  basic  acetate  of  lead,  collecting  the  precipitate  which  forms  in  the  filtrate 
on  addition  of  ammonia,  and  decomposing  it  with  cold  dilute  acids,  the  filtrate  then 
depositing,  first,  indigo-blue,  then  indirubin,  and  afterwards  other  products  of  the 
decomposition  of  indican.  Indican  is  also  found  in  the  blood  of  man,  and  in  the  blood 
and  urine  of  the  ox.  (Carter,  Ed.  Med.  J.,  Aug.  1859.) 

Preparation. — From  wood-leaves,  carefully  dried  and  pulverised  while  warm 1.  The 

leaves  are  exhausted  with  cold  alcohol  in  a  percolating  apparatus;  the  green  tincture 
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is  precipitated  with  alcoholic  sugar-of-lead  and  a  little  ammonia-water ;  and  the  pale 
green  precipitate,  after  washing  with  cold  alcohol,  is  decomposed  under  water  by  a 
stream  of  carbonic  anhydride ;  it  then  loses  its  colour,  and  yields  a  yellow  solution, 
which,  when  freed  from  dissolved  lead  by  sulphydric  acid,  and  evaporated  over  oil  of 
vitriol,  yields  indican. — 2.  The  tincture  prepared  with  cold  alcohol  is  concentrated, 
after  addition  of  a  little  water,  by  passing  a  stream  of  air  over  it  at  the  common  tem- 
perature ;  the  fat  which  separates  is  removed  by  filtration ;  the  filtrate  shaken  up  with 
recently  precipitated  cupric  hydrate ;  the  liquid  again  filtered ;  the  filtrate  freed  from 
dissolved  copper  by  sulphydric  acid ;  and  the  liquid  separated  from  the  sulphide  of 
copper  is  evaporated  at  the  temperature  of  the  air.  From  the  residual  brown  syrup, 
cold  alcohol  dissolves  out  the  indican,  leaving  undissolved  a  brown  viscid  mass  which 
contains  oxindicanin.  By  mixing  the  alcoholic  solution  with  2  vol.  ether,  further  pro- 
ducts of  decomposition  are  precipitated,  whilst  the  indican  is  obtained  by  evaporating 
the  filtrate.  When  thus  prepared  it  still  retains  a  little  fat. 

Properties. — Indican  forms  a  yellow  or  yellow-brown  syrup,  which  cannot  be  dried 
without  decomposing.  It  has  a  slightly  bitter  and  repulsive  taste,  dissolves  in  water, 
with  yellow  colour,  also  in  alcohol  and  ether.  The  alcoholic  solution  forms,  with  acetate 
of  lead,  a  sulphur-yellow  precipitate,  which  increases  on  addition  of  ammonia;  the 
aqueous  solution  is  precipitated  by  acetate  of  lead  only  after  addition  of  ammonia. 

Decompositions. — 1.  Indican  decomposes  even  when  gently  warmed,  and  at  a  stronger 
heat  swells  up  and  emits  vapours  which  condense  to  an  oil,  solidifying  partially  in  the 
crystalline  form. 

2.  The  aqueous  solution  is  decomposed  by  heat,  and  by  spontaneous  evaporation, 
yielding  the  following  products : 

a.  Oxindicanin,  C20H23N016.     This  compound  separates  on  spontaneous  evaporation, 
and  may  be  purified  by  repeated  solution  in  water  and  precipitation  by  alcohol.     It 
is  a  brown  viscid  combustible  gum,  having  a  nauseous  taste ;  by  boiling  with  dilute 
sulphuric  acid,  it  is  resolved  into  indifuscin  and  indiglucin : 

2C20H23N016     =     C24H20N209  +   2C6H'°06  +   4C02  +   3H20 

Oxindicanin.  Indifuscin.  Indiglucin. 

b.  Oxindicasin. — Produced  when  an  aqueous  solution  of  indican  is  evaporated  by 
heat,  the  indican,  according  to  Schunck,  being  first  converted,  with  separation  of  indi- 
glucin, into  indicanin,  the  latter,  with  absorption  of  oxygen,  into  oxindicanin,  and  this 
last  being  resolved,  with  assumption  of  water,  into  oxindicasin  and  indiglucin : 

2C20H23N016  +    3H20     =     C^ETO-O23   +   2C6H1006 

Oxindicanin.  Oxindicasin.  Indiglucin. 

It  is  purified  like  the  preceding,  which  it  resembles.  Its  aqueous  solution, 'preci- 
pitated with  excess  of  neutral  acetate  of  lead,  yields  a  yellow  lead-salt  containing 
C28H32N2.4Pb20. 

c.  Indicasin. — The  liquid  filtered  from  the  lead-salt  of  oxindicasin,  and  containing 
excess  of  lead-acetate,  yields,  when  treated  with  a  large  quantity  of  alcohol,  a  pale 
yellow  precipitate  =  C28H40N2023.6Pb20. 

3.  In  contact  with  soda-ley  or  baryta-water,  iudican  is  resolved  into  indicanin  and 
indiglucin : 

C26H3iNOn   +   H20     =     C^Ja^NO12  +   C6H'°06 

Indican.  Indicanin.  Indiglucin. 

A  solution  of  indican,  left  for  several  days  in  contact  with  soda-ley,  yields,  with  acids, 
indirubin  produced  from  the  indicanin;  after  longer  standing,  indiretin  is  likewise 
obtained,  and  in  some  cases  the  latter  is  the  only  product. 

4.  Indican  is  decomposed  by  dilute  acids  in  the  cold,  and  more  quickly  when  heated. 
The  decomposition  is  induced  by  tartaric  and  oxalic  acids,  as  well  as  by  mineral  acids, 
less  easily  by  acetic  acid.     Aqueous  indican  mixed  with  dilute  sulphuric  acid,  becomes 
turbid  on  standing,  and  deposits  blue  flocks,  the  formation  of  which  ceases  after  24  hours. 
The  filtrate,  after  standing  for  some  time,  and  still  more  when  heated,  deposits  a  brown 
powder,  while  leucine  and  indiglucin  remain  in  solution,  together  with  certain  volatile 
products,  viz.  carbonic,  formic,  acetic,  and  perhaps  propionic  acid,  which  escape  when 
the  liquid  is  heated. 

The  substance  insoluble  in  water  is  a  mixture  of  six  different  bodies.  On  exhausting 
it,  first  with  cold,  then  with  warm  dilute  soda-ley,  indihumin,  indifuscin,  and  indiretin 
are  dissolved ;  the  residue  yields  to  alcohol,  a-  or  ft-indifulvtol  and  indirubin,  together 
with  residues  of  indifuscin,  while  indigo-blue  remains  in  solution.  Instead  of  indifuscin, 
indifuscone  is  sometimes  obtained.  Schunck  gives  the  following  formulae : — 

a.  Formation  of  indigo-blue  or  its  isomer,  indirubin,  and  of  indiglucin : 

C26H«iNOi7   +   2IPO     =     C8HSNO   +    3C6H'°06 
Indican.  Imligo-blue.         ladiglucin. 
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Part  of  the  indigo-blue  is  said  to  split  up  into  leucine,  formic  acid,  and  carbonic 
anhydride : 

C"H5NO  +   5H20     =     C6HI3N02  +   CH202  +   CO2 

Indigo-blue.  Leucine.         Formic  acid. 

b.  Formation  of  a-indifulvin,  indiglucin,  and  formic  acid : 

2C26H81N017  +   5H20     =     C22H20N203  +   4C6H1006  +  6CH202 

a.  Indifulx -in.  Indiglucin.        Formic  acid. 

c.  Formation  of  j8-indifulvin,  indiglucin,  formic  acid,  and  carbonic  acid : 
4C26HSIN017  +   7H20     =     C44H38N403  +   8C6H">06  +   10CH202  +  2C02 

Indican.  /3  Indifulvin.  Indiglucin.         Formic  acid. 

d.  Formation  of  indihumin,  indiglucin,  propionic  acid,  and  carbonic  anhydride : 

C26H31N017   +   2H20     =     C10H9N03   +   2C6H1006  +   C3HG02  +   CO3 

Indican.  Indihumin.  Indiglucin.         **%$$?** 

e.  Formation  of  indifuscone,  indiglucin,  acetic  acid,  and  carbonic  anhydride 

.    2C26H31N017   +   3H20     =     C»2H20N205  +   4CfiH'°06  +   2C2H402  +   2C02 

Indican.  Indifuscone.  Indiglucin.          Acetic  uciti. 

/.  Formation  of  indiretin,  indiglucin,  carbonic  anhydride,  and  water : 

C26H3INO"     =     CI8H17N05  +   C6H1006  +   2C02   +    2H20 

Indican.  Indirelin.  Indiglucin. 

INDICAKTINT.  C^EFNO12.  (Schunck,  Phil.  Mag.  [4]  xv.  183.)— This  com- 
pound  is  produced,  together  with  indiglucin,  by  the  action  of  aqueous  alkalis  or  baryta 
water  on  indican : 

C6H31N017  +   H20     =     C20H23N012  +   C6H1006. 

Indicanin  is  left  in  contact  with  baryta- water ;  the  liquid  is  precipitated  with  dilute 
sulphuric  acid ;  and  the  filtrate  is  freed  from  excess  of  sulphuric  acid  by  carbonate  of 
lead,  from  lead  by  sulphydric  acid,  and  evaporated  in  a  stream  of  air  at  mean  tempera- 
ture. The  residue  is  dissolved  in  alcohol ;  the  solution  is  mixed  with  twice  its  volume 
of  ether,  which  precipitates  indiglucin ;  and  the  filtrate  is  left  to  evaporate. 

Indicanin  is  a  yellow  or  brown  bitter  syrup,  soluble  in  water,  alcohol,  and  ether. 
When  heated  on  platinum-foil,  it  swells  up  strongly  and  leaves  charcoal.  By  dry  dis- 
tillation it  yields  a  brown  oil  in  which  white  needles  form.  When  boiled  with  acids, 
it  yields  indiglucin  and  indirubin,  and  if  impure,  likewise  indiretin  and  indifuscin. 
Formation  of  indirubin : 

C»H»N012  +   H20     =     C8H5NO   +    2C6H1008. 
When  boiled  with  soda-ley,  it  gives  off  ammonia. 

Aqueous  indicanin  forms  a  slight  precipitate  with  neutral  acetate  of  lead;  from 
alcoholic  indicanin  an  alcoholic  solution  of  neutral  acetate  of  lead  throws  down  a  copious 
sulphur-yellow  precipitate,  soluble  in  excess  of  the  lead-acetate,  precipitable  by  am- 
monia, and  containing  C20H*3N012.3Pb20. 

INDIFlTliVIW.  (Schunck,  loc.  cit.} — This  name  is  applied  to  two  compounds, 
distinguished  as  a  indifulvin,  C22H20N20S,  and  j8  indifulvin,  C44H38N403,  which  are 
obtained,  together  with  indifuscin,  indiglucin,  indigo-blue,  indihumin,  indiretin,  and 
indirubin,  by  treating  indican  with  dilute  acids. 

Preparation.—  Indican  is  heated  with  dilute  sulphuric  acid ;  the  flocks  which  sepa- 
rate are  collected  (the  solution  which  runs  off  being  preserved  for  the  preparation  of 
indiglucin),  washed  with  cold  water,  and  treated,  first  with  cold,  then  with  warm  dilute 
soda-ley,  which  dissolves  one  portion,  and  leaves  another  containing  a-  and  j8-indifulvin, 
indirubin,  and  indigo-blue.  The  alkaline  solution  is  precipitated  with  hydrochloric 
acid,  and  the  precipitate  is  collected,  washed,  and  treated  with  boiling  ammonia,  which 
dissolves  indifuscin  and  indiretin,  and  leaves  indihumin.  The  ammoniacal  solution, 
neutralised  with  acetic  acid,  yields  a  precipitate  of  indifuscin,  and  an  additional 
quantity  of  this  product  is  precipitated  from  the  filtrate  by  alcoholic  sugar-of-lead.  The 
indiretin  which  still  remains  in  solution  is  separated  by  ammonia,  in  combination  with 
lead-oxide  and  contaminated  with  indifuscin ;  it  is  separated  from  the  lead-oxide  by 
treating  the  precipitate  with  acetic  and  then  with  hot  hydrochloric  acid,  and  purified 
by  repeated  solution  in  alcohol,  which  leaves  the  indifuscin  undissolved. 

The  mixture  of  a-  and  /3-indifulvin,  indirubin,  and  indigo-blue,  insoluble  in  dilute 
soda-ley,  gives  up  to  boiling  alcohol  everything  excepting  the  indigo-blue.  The  purple- 
brown  alcoholic  solution,  mixed  with  ammonia  and  alcoholic  sugar-of-lcad,  deposits 
residues  of  substances  soluble  in  soda-ley ;  and  on  separating  these,  then  adding  excess 
of  acetic  acid,  distilling  off  the  alcohol,  and  diluting  largely  with  water,  purple-brown 
flocks  are  obtained,  from  which,  when  purified  with  dilute  soda-ley,  a  small  quantity  of 
cold  alcohol  extracts  indifulvin.  On  boiling  the  residue  with  an  alkaline  solution  of 
protochloride  of  tin,  filtering  hot,  and  exposing  the  filtrate  to  the  air,  a  purple-mi 
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deposit  is  formed,  consisting  of  indirubin.  This  is  washed  with  water  and  dissolved 
in  alcohol.  The  portion  insoluble  in  the  alkaline  solution  is  a  mixture  of  indirubin 
and  indifulvin. 

Indifulvin  is  obtained  of  various  composition,  a  or  0,  according  to  circumstances 
not  well  understood.  It  is  a  brittle,  friable,  reddish-yellow  resin,  which,  when  heated, 
melts,  burns  with  flame,  and  leaves  charcoal.  Heated  in  a  glass  tube,  it  gives  off  a 
strong-smelling  vapour,  condensing  to  a  brown  oil,  which  solidifies  in  the  crystalline 
form.  Dissolves  in  strong  sulphuric  acid,  with  green-brown  colour,  and  chars  when 
heated.  By  ordinary  nitric  acid,  it  is  scarcely  attacked,  even  at  the  boiling  heat ;  but 
it  dissolves  in  fuming  nitric  acid,  and  is  precipitated  by  water  in  orange-yellow  flocks. 
By  heating  and  evaporating  the  liquid,  a  yellow  resin  is  obtained,  together  with  crystals 
soluble  in  water,  and  different  from  oxalic  acid.  It  is  slowly  decomposed  by  chromic 
acid.  It  does  not  dissolve  in  aqueous  alkalis,  even  at  the  boiling  heat,  or  on  addition 
of  grape-sugar,  or  dichloride  of  tin. 

ITJDIFUSCIW,  C24H20N203,  and  INDIPUSCOTTE,  C22H20N205  ?— These  com- 
pounds are  produced  in  greatest  quantity  by  the  action  of  dilute  sulphuric  acid  on 
indican  which  has  been  previously  exposed  to  the  air.  A  brown  powder  is  then  formed, 
containing  from  59'4  to  67'5  per  cent.  C,  578  to  7'12  N,  and  29-12  to  20-23  0,  so  that 
it  appears  to  agree,  sometimes  with  one,  sometimes  with  the  other  of  the  formula?  just 
given.  When  heated,  it  emits  vapours,  with  an  odour  of  burning  turf,  and  yields  an 
oily  distillate.  It  burns  without  fusion ;  colours  chromic  acid  green ;  with  boiling 
nitric  acid,  it  yields  oxalic  and  picric  acids ;  dissolves  in  strong  sulphuric  acid,  with 
brown  colour,  giving  off  sulphurous  anhydride  when  heated.  It  is  insoluble  in  boiling 
water ;  dissolves  easily  in  alcoholic  ammonia,  whence  it  is  precipitated  in  brown  flocks 
by  acids ;  also  in  aqueous  alkalis  and  alkaline  carbonates,  and  is  precipitated  therefrom 
by  metallic  salts  ;  sparingly  soluble  in  boiling  alcohol. 

ZlffDIGZ.UCZia-.  C8HI006.  (Schunck,  Phil.  Mag.  [4]  x.  73 ;  xv.  183 ;  Jahresber. 
1856,  659;  1858,  465;  Gm.  xv.  302.) — Produced,  together  with  the  products  above 
mentioned,  by  heating  indican,  indicanin,  oxindicanin,  or  oxindicasin,  with  water, 
acids,  or  alkalis  (pp.  247,  248). 

Preparation. — Tiffcture  of  woad-leaves,  prepared  with  cold  alcohol,  is  evaporated  in 
a  current  of  air ;  the  residue  is  mixed  with  cold,  very  dilute  sulphuric  acid,  and  the 
fat  which  falls  to  the  bottom  is  immediately  separated  by  filtration.  The  filtrate 
serves  instead  of  the  acidulated  aqueous  solution  of  indican.  The  decomposition, 
which  begins  in  the  cold,  is  kept  up  by  gentle  heating,  whereupon  the  solution 
becomes  turbid,  and  a  mixture  of  six  insoluble  substances  separates  (p.  247);  the 
liquid  is  then  filtered,  the  residue  washed  with  cold  water,  and  decomposed  in  the 
manner  described  under  indican.  The  filtrate,  freed  from  sulphuric  acid  by  carbonate 
of  lead,  and  from  lead  by  sulphuric  acid,  evaporated  to  a  syrup  in  a  stream  of  air, 
dissolved  in  alcohol,  and  mixed  with  a  large  quantity  of  ether,  deposits  leucine  in 
crystals,  and  indiglucin  as  a  syrup.  The  latter,  after  the  removal  of  the  crystals,  is 
dissolved  in  water;  the  solution  is  mixed  with  acetate  of  lead;  the  scanty  precipitate 
is  removed;  and  the  yellow  lead-compound  of  indiglucin  is  precipitated  from  the  filtrate 
by  aqueous  ammonia.  The  lead-salt  decomposed  by  sulphydric  acid  under  water,  and 
treated  with  animal  charcoal  till  a  sample  gives  a  white  precipitate  with  ammoniacal 
sugar-of-lead,  yields  a  solution  from  which,  by  evaporation,  solution  of  the  residue  in 
alcohol,  and  addition  of  ether,  the  indiglucin  is  precipitated  in  the  form  of  a  syrup. — 
2.  In  the  preparation  of  indicanin  from  indican,  by  mixing  the  latter  with  baryta-water 
and  leaving  it  at  rest,  then  removing  the  baryta,  evaporating  the  filtrate  in  a  current 
of  air,  dissolving  the  residue  in  alcohol,  and  precipitating  by  ether,  indiglucin  is  sepa- 
rated as  a  syrup.  This  syrup  is  dissolved  in  alcohol,  mixed  with  excess  of  alcoholic 
sugar-of-lead;  the  brown  precipitate  removed,  and  the  solution  precipitated  with  am- 
monia. The  lead-compound  of  indiglucin  is  purified  and  decomposed  as  in  method  1. 

Indiglucin  is  a  colourless  or  light  yellow  syrup  having  a  slightly  sweet  taste,  soluble 
in  water  and  in  alcohol,  but  precipitated  from  the  alcoholic  solution  by  ether. 

It  swells  up  when  heated,  and  gives  off  an  odour  of  caramel.  With  boiling  nitric 
acid,  it  forms  oxalic  acid.  With  strong  sulphuric  acid,  it  becomes  carbonised.  When 
boiled  with  soda-ley,  it  turns  yellow,  and  separates  brown  flocks.  From  an  alkaline 
cupric  solution  it  reduces  cuprous  oxide;  from  an  aqueous  and  still  more  from  an 
ammoniacal  solution  of  nitrate  of  silver,  it  reduces  metallic  silver;  similarly  with 
trichloride  of  gold.  It  is  not  fermentable,  but  turns  acid  by  prolonged  contact  with 
yeast. 

Aqueous  indiglucin  dissolves  hydrate  of  calcium,  and  the  solution  on  boiling  de- 
posits copious  yellow  flakes,  which  dissolve  on  cooling,  and  are  precipitated  by  alcohol. 
From  a  mixture  of  indiglucin  with  baryta-water  alcohol  throws  down  yellow  flakes. — 
Aqueous  indiglucin  is  precipitated  by  neutral  or  basic  acetate  of  lead,  only  after  addi- 
tion of  ammonia;  the  precipitate  has  the  composition  CI7llI8Pb''Ol-.3Pb"O. 
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INDIGO-BLUE.  C8H3NO  or  CI6H5N02.— Blue  Indigo.  Indigotin.  Oxidised 
Indigo  (Gm.  xiii.  35  ;  Grerh.  iii.  514). — This  important  colouring  matter  was  known  in 
India  and  in  Egypt  before  the  Christian  era,  and  is  mentioned  by  Dioscorides  and 
Pliny  under  the  names  ivf>in6v  and  indicum.  Egyptian  mummies  have  been  found 
wrapped  in  blue  cloths,  the  colour  of  which  exhibited  all  the  characters  of  indigo. 
The  Komans  used  it  only  as  a  pigment,  not  being  acquainted  with  the  method  of  dis- 
solving it.  Its  introduction  into  Europe  as  a  dye  is  generally  attributed  to  the  Jews, 
who  during  the  middle  ages  practised  the  art  of  dying  with  indigo  in  the  Levant.  It 
was  first  imported  in  large  quantities  into  the  European  markets  from  India  in  the 
seventeenth  century  by  the  Dutch. 

Indigo  is  chiefly  obtained  from  various  species  of  Indigofera,  namely,  /.  tinctoria, 
I.  Anil,  I.  disperma  and  /.  pseudotinctoria,  cultivated  especially  in  the  East  and  West 
Indies;  also  from  Nerium  tinctorium  and  Calanthe  veratrifolia,  natives  of  Hindostan; 
Asclepias  tinctoria  and  Marsdenia  tinctoria  of  Sumatra,  Polygonum  tinctorium,  Isatis 
indigotica,  Justicia  tinctoria  and  Bletia  Tankervillia  of  China,  and  Amorpha  fruticosa 
of  Carolina.  The  only  European  plant  which  yields  true  indigo-blue  is  woad  (Isatis 
tinctoria),  which  was  extensively  used  for  blue-dyeing  before  the  introduction  of 
indigo  ;  but  it  is  much  less  rich  in  indigo  than  the  tropical  plants  above  mentioned, 
and  is  now  used  only  as  an  addition  to  the  indigo-vat  (p.  252).  The  following 
European  plants  also  yield  blue  colouring  matters  more  or  less  resembling  indigo,  but 
apparently  not  identical  with  it:  Astragalus  glycyphyllus,  Centaurea  Cyanus,  Chelidonium 
majus,  Cicer  arietinum,  Colutea  arborescens,  Coronilla  Emerus,  Galega  officinalis, 
Hedysarum  Onobrychis,  Inula  Helenium,  Iris  germanica,  Lotus  corniculatus,  Mcdicago 
sativa,  Mercurialis  perennis,  Polygonum  aviculare,  Polygonum  Fagopyrum,  Khinanthus 
Crista-galli,  Sambucus  nigra,  Sambucus  Ebulus,  Scabiosa  succisa  and  Vaccinium 
Myrtillus. 

Indigo-blue  is  sometimes  deposited  from  human  urine  both  healthy  and  diseased, 
being  produced  by  spontaneous  fermentation  from  indican  (p.  246).  It  has  also 
been  occasionally  observed  to  form  in  the  milk  of  cows,  especially  such  as  have  been  fed 
exclusively  on  sainfoin. 

"With  regard  to  the  state  in  which  indigo  exists  in  the  plants  from  which  it  is 
obtained,  and  the  nature  of  the  process  by  which  it  is  converted  into  indigo-blue. 
various  opinions  have  been  entertained.  Roxburgh  (Transactions  of  the  Society  oj 
Arts,  vol.  xxviii.)  supposed  that  indigo  plants  contain  only  the  base  of  the  colouring 
matter,  which  of  itself  is  green ;  that  it  is  kept  in  solution  by  the  carbonic  acid  evolved 
in  the  preparation  of  indigo,  set  free  by  the  addition  of  alkalis,  and  absorbs  from  the 
air  a  substance  which  converts  it  into  indigo-blue.  Giobert  (Traite  sur  le  pastel, 
Paris  1813)  supposed  that  indigo-plants  contain  colourless  indigo  gen,  which  is 
soluble  in  water  and  contains  more  carbon  than  indigo-blue,  into  which  it  is  converted, 
with  formation  of  carbonic  acid,  by  absorbing  oxygen  from  the  air.  This  oxidation  is 
promoted  by  heat  or  by  the  presence  of  alkalis,  especially  by  lime ;  it  is  arrested  by 
acids,  even  by  carbonic  acid.  (Griobert.) 

According  to  Chevreul  (Ann.  Chim.  Ixvi.  8  ;  Ixviii.  284),  woad  and  other  indigo- 
plants  contain  indigo-white,  C8H6NO,  which  contains  1  at.  H  more  than  indigo-blue. 
and  being  held  in  solution  by  the  sap,  is  converted  into  indigo-blue  by  oxidation,  on 
exposure  to  the  air : 

2C8H«NO  +   0     =     2C8H5NO   +  H20. 

This  explanation,  being  the  simplest,  was  very  generally  adopted,  until  Schunck 
(Phil.  Mag.  [4]  xv.  29)  pointed  out  that  white  indigo  cannot  exist  in  any  plant, 
since  it  requires  free  alkali  for  its  solution,  whereas  the  sap  of  plants  is  always  acid, 
and  moreover  contains  free  oxygen.  Schunck  has  further  shown  that  woad  contains 
indican,  (p.  246),  which  is  readily  soluble  in  water,  and  when  boiled  with  acids  splits 
up  into  indigo-blue  and  indiglucin,  without  the  intervention  of  oxygen : 

C26H31N017  +   2H20     =     C8H5NO  +   3C6H1006. 

Indican.  Indigo-blue.         Indiglucin. 

The  same  substance  probably  exists  in  other  indigoferse,  and  in  other  plants  from 
which  indigo  is  obtained,  and  during  the  steeping  process,  presently  to  be  described,  is 
resolved,  in  consequence  of  the  fermentation  which  takes  place,  into  indigo-blue  and 
indiglucin. 

Preparation  of  Commercial  Indigo.— 1.  From  fresh  leaves. — In  Bengal,  the  plants, 
which  are  cut  close  to  the  ground  whilst  the  blossom  is  unfolding,  are  placed  in  a  brick 
cistern  (steeping  vat,  Gdhrungskupe,  trempoire,  pourriture\  which  is  filled  several  inches 
deep  with  cold  water,  and  allowed  to  ferment.  At  30°  C.  (86  F.)  the  fermentation  is 
finished  in  from  12  to  15  hours ;  at  lower  temperatures  it  requires  a  longer  time.  The 
gas  evolved  is  a  mixture  of  carbonic  anhydride  and  atmospheric  air  from  which  the 
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oxygen  has  been  absorbed.  When  the  liquid  no  longer  rises,  it  is  drawn  off  into  the 
beating  vat  (Schlagekupe,  batterie)  which  stands  lower,  where  it  is  kept  stirring  for  an 
hour  and  a  half  or  two  hours,  whereupon  carbonic  anhydride  is  evolved  and  the  indigo 
at  first  separates  in  large  flakes.  When,  after  being  repeatedly  stirred,  it  forms  grains 
like  fine  sand,  and  the  solution  is  clear,  the  indigo  is  allowed  to  settle.  After  two  or 
three  hours,  the  liquid  is  drawn  off  from  the  deposit.  If  the  fermentation  is  properly 
conducted,  the  indigo  settles  readily  down,  the  liquid  is  of  a  malaga-brown  colour,  and 
forms  a  thick  foam  which  rapidly  disappears.  The  deposit  is  boiled  for  three  or  four 
hours  in  a  copper  vessel  and  then  thrown  upon  a  linen  filter ;  it  is  afterwards  pressed, 
cut  into  squares;  and  dried  by  heat.  1000  pts.  of  the  solution  of  the  leaves  yield  from 
0*5  to  0*7  pts.  of  indigo ;  more  is  precipitated  on  the  addition  of  potash-ley  or  lime- 
water,  but  it  is  not  so  pure. 

Kespecting  the  manufacture  of  indigo  in  the  Caucasus,  see  Dingl,  pol.  J.  126,  304. 
2.  From  dry  leaves. — In  the  southern  parts  of  India,  the  leaves  of  the  indigo 
plant  are  dried,  and  packed  up  for  a  month,  more  or  less,  at  the  expiration  of  which 
time  they  assume  a  light  lead  colour ;  by  additional  keeping  the  lead-colour  gradually 
darkens  till  it  becomes  black.  Experience  has  proved  that  the  leaves  will  not  give 
out  any  colouring  matter  to  cold  water  till  the  first  change  has  commenced,  when  the 
maximum  .quantity  of  indigo  seems  to  be  developed ;  and  that  from  this  period  it  di- 
minishes. If  from  fear  of  rain  the  plant  be  cut  too  soon,  the  leaves  should  be  kept 
proportionally  longer;  but  if,  from  want  of  sufficient  sunshine,  the  cutting  be  deferred 
till  after  the  plant  is  fully  ripe,  the  leaves  will  not  require  to  be  kept  so  long. 

These  leaves,  after  due  keeping,  are  transferred  lo  the  steeping-vat,  where  they  are 
infused  in  water,  in  the  proportion  of  about  one  volume  of  leaves  to  six  of  water,  and 
allowed  to  digest  for  two  hours,  with  occasional  stirring.  The  water  is  then  run  off 
through  strainers  into  the  beating-vat,  where  it  is  agitated  by  the  paddles  of  ten  or 
twelve  natives  for  about  two  hours,  during  which  time  the  fine  green  liquor  gradually 
darkens  to  a  blackish  hue.  Lime-water  is  now  thrown  into  the  vat,  and  well  mixed 
with  the  liquor.  The  supernatant  Madeira-coloured  liquid  is  run  off  after  repose,  and 
the  subsided  blue  indigo  is  drained  on  cloth.  Next  morning  it  is  mixed  with  water  in 
a  copper  and  boiled ;  after  which  the  whole  is  thrown  on  strainers,  and  the  indigo 
collected  is  dried  and  formed  into  cakes.  (Weston,  Journal  of  Science,  xxvii.  296.) 

Indigo  is  obtained  in  the  same  way  in  the  south  of  France  from  a  hot  extract  of  Nerium 
tinctorium  and  Polygonum  tinctorium  (3 .  Pharm.  xxvi.  276;  J.  pr.  Chem.  xvi.  180). 
Indigo  was  formerly  prepared  from  woad  in  a  similar  manner,  by  employing  tepid 
water  and  precipitating  with  lime-water ;  a  deeper  colour  was  imparted  to  the  product 
by  extracting  the  carbonate  of  calcium  with  hydrochloric  acid.  The  preparation  of 
indigo  from  Polygonum  tinctorium  is  rendered  difficult  by  a  resin  which  the  plant 
contains.  This  resin  is  separated  by  mixing  the  bruised  leaves  with  one-tenth  of 
their  weight  of  protosulphate  of  iron,  and  adding  a  sufficient  quantity  of  water,  together 
with  an  excess  of  carbonate  of  potassium ;  the  whole  is  then  thrown  upon  a  filter,  and  the 
solution  mixed  with  sufficient  nitric  acid  to  render  it  slightly  acid.  On  neutralising  with 
carbonate  of  potassium,  it  becomes  blue  and  deposits  all  the  indigo-blue  within 
24  hours ;  the  indigo  has  then  the  same  properties  as  that  obtained  from  Indigoftra. 
(Gaudry,  N.  J.  Pharm.  v.  133.) 

Purification. — Commercial  indigo  contains  from  50  to  60  per  cent,  of  pure  indigo- 
blue,  the  remainder  consisting  of  indigo-gluten,  indigo-red,  indigo-brown,  and  a  number 
of  brown  resinous  products,  &c.,  formed  either  by  decomposition  of  the  indigo-blue 
produced  in  the  first  instance,  or  directly  from  the  indican  itself  (p.  246).  Certain 
substa,nces  are  also  occasionally  added  to  indigo  for  the  purpose  of  adulteration. 

Indigo  may  be  purified  from  most  of  these  foreign  matters  by  treating  it  successively 
with  dilute  sulphuric  or  hydrochloric  acid,  with  boiling  water,  and  with  alcohol. 
This  treatment  however  does  not  yield  a  chemically  pure  product,  and  it  is  better  to 
resort  to  the  process  of  the  vat,  which  consists  in  converting  the  indigo-blue  into 
indigo-white  by  the  action  of  reducing  agents,  and  subsequently  reoxidising  it.  This 
process  is  also  one  of  great  industrial  importance,  being  that  which  is  used  by  dyers 
for  rendering  indigo  soluble  and  fixing  it  upon  tissues. 

a.  Cold  Vats— 1.  Copperas  or  common  blue  vat.  (Cuve  a  la  coupirose,  Vitriol- 
kupe.}  In  this,  which  is  the  kind  of  cold  vat  generally  used  for  dyeing  cotton,  hemp, 
and  flax,  the  indigo-blue  is  reduced  by  the  action  of  protosulphate  of  iron.  1  pt.  of 
finely  ground  indigo  is  mixed  with  hot  water,  in  which  4  pts.  of  quick-lime  are  slaked ; 
to  this  is  added  a  solution  of  3  pts.  of  sulphate  of  iron  free  from  copper,  the  whole 
being  stirred.  (If  the  sulphate  of  iron  is  yellowish,  one-third  more  is  taken.)  Water 
is  added,  to  the  amount  of  100  or  200  times  the  weight  of  the  sulphate  of  iron,  accord- 
ing as  the  dye  is  required  dark  or  light,  and  the  whole,  after  being  stirred,  is  left  at  rest. 
The  proportions  quoted  are  those  most  commonly  used  in  dyeing ;  when  the  indigo  is 
particularly  pure,  more  lime  and  sulphate  of  iron  must  be  taken.  An  excess  of  lime 
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vields  a  sharp  vat  (scharfe  Kiipe),  from  which  the  threads  of  the  material  do  net 
readily  take  up  the  dye  ;  too  little  lime  yields  a  soft  vat  (leise  Kupe),  which  does  not 
dye  so  well.  On  the  addition  of  carbonate  of  potassium,  a  compound  of  indigo-white 
with  potash  is  formed.  A  sediment  is  formed  and  a  yellow  solution,  which  becomes 
covered  with  a  copper-coloured  film  (flower) ;  the  solution  is  drawn  off  from  the 
sediment,  and  deposits  tolerably  pure  indigo-blue  on  exposure  to  the  air. — Thomson 
digests  commercial  indigo  with  lime,  sulphate  of  iron,  and  water,  and  exposes  to  the 
air  the  decanted  solution  of  the  compound  of  indigo-white  with  lime  ;  he  then  removes 
the  carbonate  of  calcium  from  the  blue  precipitate  with  hydrochloric  acid,  and  the 
indigo-red  with  water,  afterwards  washes  with  water  and  dries. — B  erzelius  mixes  3  pts. 
of  indigo  (purified  according  to  1)  with  6  pts.  of  quick-lime  freshly  slaked,  4  pts.  of 
sulphate  of  iron,  and  450  pts.  of  boiling  water ;  he  then  closes  the  vessel  and  shakes 
repeatedly ;  allows  the  whole  to  subside,  and  removes  the  yellow  solution  by  means  of  a 
siphon ;  again  adds  hot  water,  and  draws  it  off  after  repeated  shaking ;  and  mixes  the 
whole  of  the  solution  with  hydrochloric  acid ;  this  is  exposed  to  the  air  and  shaken  till 
the  indigo  is  completely  oxidised ;  it  is  then  thrown  on  a  filter  and  washed  with  water. 
— Erdmann  mixes  together  1  pt.  indigo,  2  pts.  sulphate  of  iron,  3  pts.  lime,  and 
60  pts.  water;  draws  off  the  clear  solution;  mixes  it,  stirring  repeatedly,  with  dilute 
hydrochloric  acid  ;  and  washes  the  precipitate  in  contact  with  the  air.  The  residue  yields 
fresh  quantities  of  indigo-blue  when  again  stirred  up  with  hot  water,  and  with  lime  if 
necessary.  The  indigo-blue  thus  obtained  contains  a  little  gypsum,  at  most  075  per 
cent.,  and  indigo-red,  which  it  is  difficult  to  remove  by  boiling  with  alcohol ;  it  is  better 
to  reduce  the  indigo  again  in  the  cold  vat  and  precipitate  it  with  hydrochloric  acid. — 
According  to  Dumas,  a  little  sulphide  of  calcium  is  formed  in  the  vat,  and  hence  sulphur 
is  mixed  with  the  indigo  when  it  is  precipitated  by  hydrochloric  acid ;  this  he  removes 
with  sulphide  of  carbon. 

2.  In  the  so-called  orpiment-vat,  a  solution  of  the  compound  of  indigo-white  with 
potash  is  formed  in  a  mixture  of  indigo-blue  with  trisulphide  of  arsenic,  potash,  and 
water,  by  the  oxidation  of  the  resulting  sulpharsenite  of  potassium ;  the  solution 
deposits  indigo-blue  when  exposed  to  the  air.     This  kind  of  vat  is  chiefly  used  for 
calico-printing,  not  for  dyeing  properly  so-called. 

3.  In  the  tin-vat,  commonly  used  for  calico-printing,  the  indigo  is  reduced  by  a 
solution  of  stannous  oxide  in  caustic  potash  or  soda.     The  bath  is  usually  mixed  with 
an  acid  solution  of  tin,  so  as  to  neutralise  the  alkali  and  precipitate  the  indigo-white  ; 
the  precipitate  is  then  used  for  printing. 

b.  Warm  vats. — 1.  Woad-vat.  (Pastel-vat.}  On  mixing  from  2  to  6  pts.  of 
finely  powdered  indigo  with  from  30  to  50  pts.  woad,  2  pts.  madder,  2  pts.  bran,  1  to 
8  pts.  potash,  and  £  pt.  lime,  and  warming  with  1000  pts.  water  (6000  to  7000  litres) 
at  80°  C.  (176°  F.),  a  fermentation  is  set  up  in  which  water  is  decomposed  and  the 
nascent  hydrogen  forms  indigo-white,  which  combines  with  the  ammonia  simul- 
taneously formed.  The  brownish-yellow  liquid  first  becomes  green  on  exposure  to  the 
air,  and  then  deposits  indigo-blue;  it  may  be  used  for  dyeing  for  three  to  six  months,  pro- 
vided it  be  kept  warm,  and  madder,  bran,  indigo  or  potash  added  from  time  to  time  as 
required.  Beetroot-molasses  and  malt  may  be  advantageously  used  instead  of  madder. 

The  use  of  madder,  bran,  &c.  in  this  process  appears  to  depend  upon  the  gummy  and 
amylaceous  substances  and  the  pectic  acid  which  they  contain.  These  substances  are 
probably  transformed,  first  into  lactic,  then  into  butyric  acid,  in  which  transformation 
hydrogen  is  evolved,  which  reduces  the  indigo-blue  to  indigo-white.  The  woad  at  the 
same  time  undergoes  putrefaction,  and  gives  off  ammonia,  which  keeps  the  indigo- 
white  in  solution.  The  lime  seems  to  act  chiefly  by  neutralising  the  excess  of  acid 
produced  by  the  decomposition  of  the  amylaceous  and  gummy  matters. 

2.  In  the  potash  or  Indian  vat,  in  which  woad  and  lime  are  not  used,  3  pts.  of  indigo 
are  added  to  a  mixture  of  2  pts.  madder,  2  pts.  wheat-bran,  6  pts.  potashes,  and 
1000  pts.  water  at  60°  C.  (140°  F.) ;  after  36  hours,  3  pts.  potashes,  and  after  12  hours 
more  the  same  quantity  of  potashes,  are  likewise  added.     This  vat  is  easier  to  manage 
than  the  woad  vat. 

3.  The  urine-vat  is  employed  only  in  small  dye-houses  and  in  certain  localities,  as 
at  Venders,  for  the  dyeing  of  wool.  The  putrefying  urine  furnishes  at  once  the  reducing 
agents  to  convert  the  blue  into  white  indigo,  and  the  ammonia  necessary  to  dissolve, 
the  latter.     [For  further  details  respecting  the  manufacture  of  indigo  and  its  use  in 
dyeing,  see  lire's  Dictionary  of  Arts,  $c.  ii.  498.] 

To  obtain  indigo-blue  in  the  crystalline  state,  4  oz.  of  raw  indigo  and  4  oz.  of  grape- 
sugar  are  introduced  into  a  flask  capable  of  containing  12  Ibs.  water,  to  which  6  oz.  of 
the  strongest  soda-ley  are  added.  The  whole  is  well  shaken,  and  the  flask  completely 
filled  with  hot  alcohol ;  it  is  then  tightly  corked  and  allowed  to  stand  for  several  hours, 
until  the  solution  is  sufficiently  clear  to  permit  its  being  siphoned  off  into  a  larger 
flask.  The  flask  is  allowed  to  stand  loosely  covered ;  the  solution,  at  first  of  a  beautiful 
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yellowish-red  colour,  now  gradually  turns  blue,  whilst  indigo  separates  out.  The 
solution  is  filtered  and  the  indigo  is  washed,  first  with  alcohol  and  then  with  water, 
till  the  filtrate  is  colourless.  In  this  manner,  2  oz.  (50  per  cent.)  of  pure  indigo-blue 
is  obtained.  If  the  brown  alcoholic  solution  is  poured  back  hot  into  the  first  flask, 
it  yields  3  per  cent,  more  indigo;  but  it  is  then,  nearly  exhausted  (Fritzsche, 
Marc  hand).— Indigo  also  forms  a  vat  immediately  with  grape-sugar,  caustic  soda, 
and  hot  water ;  the  decanted  solution,  when  exposed  to  the  air,  deposits  indigo-blue 
containing  a  quantity  of  indigo-red,  which  may  be  extracted  by  an  alcoholic  solution  of 
Boda.  (Fritzsche.) 

Purification  of  indigo  by  sublimation, — When  powdered  commercial  indigo  is  heated 
on  a  watch-glass,  a  silver  dish,  or  a  spoon,  a  network  of  crystals  is  formed,  which  may 
be  removed  with  a  pair  of  forceps,  and  the  crystals  carefully  separated  from  adhering 
particles  of  carbon,  under  a  magnifying  glass  (Le  Eoyer  and  Dumas  ;  Du'm as). — 
Or u m  heats  indigo  between  two  platinum  crucible  lids,  which  are  separated  from  one 
another  by  a  distance  not  greater  than  |  inch,  till  the  hissing  sound  ceases. — Berzelius 
sublimes  indigo  in  an  exhausted  retort,  of  the  size  of  a  chicken's  egg,  cuts  off  the  upper 
part  of  the  retort  when  the  crystals  have  sublimed,  and  separates  the  lower  crystals 
from  the  adhering  particles  of  carbon.  The  crystals  are  freed  by  ether  from  traces  of 
oil  and  resin. — Taylor  stirs  up  an  intimate  mixture  of  2  pts.  finely  powdered  indigo 
and  1  pt.  gypsum  with  water  into  a  thin  paste,  which  he  spreads  upon  sheet  iron  in  layers 
2  inches  broad  and  i  inch  deep.  These  are  dried  by  exposure  to  the  air,  then  heated 
at  one  end  with  a  spirit-lamp  till  red  vapours  are  evolved,  and  so  the  operation  is  con- 
tinued. If  the  mass  catches  fire,  it  is  extinguished  by  a  drop  or  two  of  water.  The 
velvety  indigo  can  easily  be  separated,  and  may  be  purified  by  alcohol  and  ether. 
(Med.  Gaz.  1843,  130.) 

Preparation  of  Indigo-blue  from  Indican. — The  aqueous  solution  of  indican  from 
woad-leaves,  which  must  not  be  too  dilute,  is  boiled  with  sulphuric  acid  or  hydro- 
chloric acid ;  and  the  abundant  purple-blue  precipitate  is  filtered  off  and  washed,  first 
with  water  and  then  with  boiling  alcohol,  till  the  filtrate  is  of  a  pure  blue  colour :  the 
residue  consists  of  pure  indigo-blue.  Nitric,  oxalic,  tartaric,  and  acetic  acids  are  also 
capable  of  converting  indican  into  indigo-blue :  acetic  acid,  however,  acts  less  powerfully 
than  the  rest.  (Schunck.) 

Properties. — Indigo-blue  sublimes  in  right  rhombic  prisms  (Miller)  ;  in  six-sided 
prisms  derived  from  a  rhombic  prism  of  32°  and  148°,  and  having  their  bases  replaced 
by  two  faces  which  seem  to  form  an  obtuse  angle  with  one  another  (Laurent).  Its 
lustre  is  semi-metallic,  and  by  reflected  light,  dark-red  inclining  to  copper-red  (accord- 
ing to  Crum,  it  is  red  when  viewed  obliquely  under  the  microscope  ;  and  of  a  brilliant 
blue  when  viewed  perpendicularly).  When  prepared  in  the  wet  way,  _it  is  dark  blue, 
and  acquires  by  pressure  a  dark  copper  colour  and  almost  metallic  lustre.  It  is 
inodorous  and  tasteless,  and  does  not  react  upon  vegetable  colours.— In  open  vessels, 
it  volatilises  at  about  288°  in  dark  purple-red  vapours ;  in  closed  vessels,  it  decomposes 
partially  when  heated  (Crum).  It  volatilises  without  decomposition  only  in  a  current 
of  air  or  in  vacuo ;  the  powder  dropped  on  a  piece  of  heated  platinum  foil,  volatilises  in 
purple  vapours  without  leaving  a  residue,  each  particle  being  supported  by  the  vapour 
without  coming  in  contact  with  the  foil  (Dumas).  It  is  quite  insoluble  in  water, 
dilute  acids,  and  alkalis,  ether,  and  volatile  oils  ;  also  in  alcohol  and  fixed  oils  at  common 
temperatures;  but  hot  alcohol,  and  fixed  oils  heated  above  100°,  dissolve  small 
quantities,  and  deposit  it  again  on  cooling.  Sublimed  indigo  dissolves  pretty  readily 
in  hot  phenic  acid,  forming  a  blue  liquid  when  mixed  with  a  little  alcohol,  but 
precipitated  by  a  larger  quantity.  Sublimed  indigo  also  dissolves  to  a  small  extent  in 
hot  oil  of  turpentine. 

Indigo-blue  is  isomeric  with  cyanide  of  benzoyl. 

Decompositions. — 1.  Indigo-blue  melts  and  boils  when  heated  in  contact  with  the 
air;  at  higher  temperatures  it  burns  with  a  bright  and  very  smoky  flame,  leaving  a 
residue  of  difficultly  combustible  charcoal  (Berzelius).  By  exposure  to  air  containing 
ozone  it  is  quickly  converted  into  isatin.  (Erdmann,  J.  pr.  Chem.  Ixxi.  209.) 

2.  By  dry  distillation,  it  yields  a  very  little  undecomposed  sublimate,  together  with 
carbonate  and  cyanide  of  ammonium,  phenylamime,  empyreumatic  oil,  and  a  large 
n-sidue  of  shining  charcoal  (Crum).     On  heating  indigo-blue  in  vacuo,  a  brown  oil  is 
formed,  together  with  a  large  proportion  of  sublimed  indigo,  but  no  permament  gas 
or  aqueous  liquid ;  by  rapid  heating,  more  sublimate  is  obtained,  and  a  fused  shining 
charcoal ;  on  heating  more  gradually,  less  sublimate  is  formed,  together  with  a  dull 
earthy  charcoal.     (Berzelius.) 

3.  Dry  chlorine  does  not  act  upon  indigo-blue  between  0°  and  100°.     If  indigo-blue 
is   stirred  up  with  water  into,  a  thin  paste,  and  chlorine  passed  through  while  the 
whole  is  kept  cool,  the  mass  becomes  first  greyish-green  and  then  yellow.     Neither 
carbonic  anhydride  nor  any  other  gas  is   evolved.      An  orange-coloured  deposit  is 
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formed,  and  a  yellowish-red  solution ;  on  distilling,  trichlorophenic  acid  and  tri- 
chlorophenylamine  sublime,  and  a  liquid  distils  over  which  smells  of  anisic  acid, 
and  contains  hydrochloric  and  trichlorophenic  acids.  The  residue  in  the  retort 
dissolves  in  boiling  water,  leaving  a  brown  resin,  which  is  formed  in  small  quantity 
only.  If  the  mass  is  cooled  as  much  as  possible  during  the  action  of  the  chlorine,  and 
the  passage  of  the  chlorine  is  interrupted  before  all  the  indigo-blue  is  destroyed,  the 
boiling  aqueous  solution  deposits,  on  cooling,  a  yellowish-red  crystalline  powder,  which 
yields  chlorisatin  and  dichlorisatin  when  recrystallised  from  alcohol.  (Erdmann.) 

4.  Bromine  acts  upon  indigo  in  the  same  manner  as  chlorine.     On  treating  moist 
indigo  with  bromine,  a  yellow  mass  is    formed,  which  yields,  by  distillation,    tri- 
bromophenic  acid  and  tribromophenylamine ;  the  residue  contains  a  little  bromisatin,  a 
large  proportion  of  dibromisatin,  and  a  little  resinous  matter.     (Erdmann.) 

5.  Iodine  decomposes  indigo  only  when  heated.     (Berzelius.) 

6.  Indigo  is  decomposed  by  heating  it  with  chlorate  of  potassium  and  hydrochloric 
acid.     Only  traces  of  chloranil  are  formed.     (Hofmann.) 

7.  When  boiled  with  dilute  nitric  acid,  it  gives  off  a  large  quantity  of  gas,  and 
forms  isatin  and  a  brown  resin ;  with  a  stronger  acid,  it  forms  principally  nitrosali- 
cylic  acid,  and  with  an  excess  of  nitric  acid  of  specific  gravity  1'43,  it  yields  picric  acid ; 
at  the  same  time  carbonic  anhydride,  prussic  acid,   oxalic   acid,   and  the  so-called 
artificial  indigo-resin  are  formed.      5  pts.  of  fuming  nitric  acid  becomes  so  violently 
heated  with  1  pt.  powdered  commercial  indigo  that  the  mass  takes  fire. 

8.  Concentrated  chromic  acid  destroys  indigo-blue  immediately,  especially  when  heat 
is  applied,  with  violent  evolution  of  carbonic  anhydride  and  precipitation  of  sesquioxide 
of  chromium.     Dilute  chromic  acid  forms  a  clear  yellow-brown  solution  with  indigo  ; 
if  this  is  heated  to  near  the  boiling  point  and  filtered,  isatin  crystallises  out  on  cooling 
(Erdmann).     Chlorochromic  acid  does  not  act  upon  indigo-blue.     (Thomson.) 

9.  On  boiling  indigo-blue  with  peroxide  of  lead,  a  pale  yellow  solution  is  formed, 
which  becomes  turbid  on  cooling,  and  leaves  a  yellow  powder  when  evaporated  to 
dryness.     This  substance  being  suspended  in  water  and  decomposed  with  sulphydric 
acid,  yields  a  brownish-yellow  filtrate,  which  on  evaporation  leaves  a  residue  consisting 
of  a  small  quantity  of  brown  resin  and  a  few  crystals.     The  sulphide  of  lead  contains 
a  brown  resin,   melting  at  100°,  which  may  be  extracted  by  boiling   alcohol,  and 
precipitated  by  water ;  boiling  water  extracts  from  it  a  substance  which,  on  evapora- 
tion, deposits  crystals  mixed  with  resin.     (Erdmann.) 

10.  Manganic  sulphate,  manganate  of  potassium,  and  permanganate  of  potassium 
decolorise  indigo  (Lefort,   Kev.  scient.  16,  358).      On  heating  indigo-blue   for  a 
considerable  time  with  aqueous  osmic  acid,  oxalic  acid  is  formed.    (Buttlero  w,  J.  pr. 
Chem.  Ivi.  278.) 

11.  When  the  vapour  of  sulphuric  anhydride  is  passed  over  roughly  pulverised 
commercial  indigo,  the  latter  swells  up,  becomes  heated,  and  a  beautiful  purple-red 
liquid  is  formed,  which  is  transparent  in  thin  layers,  and  solidifies  into  a  crimson  mass. 
In  contact  with  the  air,  it  evolves  sulphurous  anhydride  (probably  on  account  of  the 
impurities  of  the  indigo),  and  dissolves  in  common  sulphuric  acid  with  a  violet  colour ; 
on  dissolving  it  in  water,  charcoal  separates  out  and  a  dark  blue  solution  is  formed 
(Dobereiner;  Bucholtz;  Bussy).     Indigo  dissolves,  with  evolution  of  heat,  in 
excess  of  fuming  or  of  common  sulphuric  add  (no  gas  is  evolved  if  the  indigo  is  pure) 
with  formation  of  sulphindigotic  acid ;  if  an  excess  of  sulphuric  acid  is  not  added, 
more  or  less  sulphophcenicic  acid  is  formed.     According  to  Berzelius,  hyposulphindi- 
gotic  acid  is  also  formed  when  indigo  is  dissolved  in  fuming  sulphuric  acid.     Indigo- 
blue  dissolves  in  cold  sulphuric  acid,  first  with  a  yellow  colour,  which  afterwards 
becomes  green,  and  finally  of  a  beautiful  blue  (Ho usm an n,  Journ.  de  Phys.  1788; 
March,  Chevreul).   From  the  solution,  while  still  yellow,  undecomposed  indigo-blue 
may  be  precipated  by  water ;  the  yellow  colour  changes  to  blue  in  a  few  hours  in  a 
closed  vessel,  since  sulphophcenicic  acid  is  formed,  which  is  gradually  converted  into 
sulphindigotic   acid.     When   indigo  is  more   strongly  heated  with   sulphuric   acid, 
sulphurous  anhydride  is  evolved,    and  a  brown  oily  liquid  formed  (Dobereiner). 
Liquid  sulphurous    anhydride    does  not    act   upon    indigo   (Bussy).      Phosphoric 
anhydride  and  hydrated  phosphoric  acid  are  without  action  upon  indigo ;  also  concen- 
trated hydrochloric  acid.     (Dobereiner.) 

12.  Indigo-blue  is  but  slightly  attacked  by  prolonged  boiling  with  dilute  potash ; 
when  the  boiling  point  has  reached  100°,  the  indigo  is  completely  decomposed,  whilst 
no  gas  is  given  off,  and  only  traces  of  ammonia  and  phenylamine  are  evolved  with 
the  aqueous  vapour  (Fritzsche).      According  to  Gerhardt  (Rev.  scient.  x.   371), 
indigo-white  and  isatate  of  potassium  are  formed  in  this  reaction : 

3C"H5NO   +   KHO   +  H20     =     CI6H12N202   +   C8H6KN03 
Indigo-blue.  Indigo-white.  Isatate  of 

potassium. 
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According  to  Fritzsche,  a  yellowish-red  solution  is  first  formed,  on  which  a  dark 
coloured  substance  floats,  and  from  which  yellow  crystals  of  chrysanilate  potassium 
are  separated  by  continued  boiling ;  on  cooling,  it  solidifies  into  a  crystalline  mass, 
consisting  principally  of  chrysanilate  of  potassium.  The  crystalline  mass,  when  water 
is  poured  over  it,  immediately  yields  indigo-blue  (in  the  same  state  as  from  the 
indigo- vat) ;  the  filtered  solution  also  continues  to  deposit  indigo-blue  when  exposed  to 
the  air.  According  to  Gerhardt,  Fritzsche's  chrysanilic  acid  is  nothing  but  a  mixture  of 
isatin,  indigo-white,  and  perhaps  also  other  products  resulting  from  the  further 
action  of  the  potash.  The  indigo-blue  is  formed  by  oxidation  of  the  indigo- white. 

Indigo-blue  fused  with  hydrate  of  potassium  yields  first  isatic  acid,  as  above,  then 
phenylearbamic  acid  resulting  from  the  decomposition  of  the  latter.     (Gerhardt.) 
C8H7N03  +  H20     =     C7H7N02  +   CO2  +  H2, 

Isatic  acid.  Phenyl-car- 

bamic  acid. 

and  by  further  decomposition,  salicylic  acid  (Cahours)  and  phenylamine 
(Fritzsche): 

C7H7N02  +  H20     =     C7H603  +  NH« 

Phenyl-car-  Salicylic 

bamic  acid.  acid. 

C7H7N02     =     CGH7N  +   CO2 

Phenyl-car-  Phenyl- 

bamic  acid.  amine. 

13.  Indigo-blue  placed  in  contact  with  water,  an  alkali,  and  a  deoxidising  substance, 
becomes  at  first  coloured  green,  and  is  then  converted  into  indigo- white,  which  forms 
a  yellow  solution  with  alkalis.  In  this  reaction,  water  is  decomposed,  the  hydrogen 
being  used  in  the  formation  of  indigo-white,  e.  g.  with  stannous  oxide  : 

2C8H5NO   +   SnO   +   H20     =     C16HI2N202   +   SnO2 
Indigo-blue.  Indigo-white. 

The  following  substances  react  in  a  similar  manner:  phosphorus,  phosphorous  acid,  sul- 
phurous acid,  sulphydric  acid,  potassium-amalgam,  sulphide  of  potassium,  sulphide  of 
sodium,  sulphide  of  arsenic,  sulphide  of  antimony,  zinc,  tin,  iron,  ferrous,  stannous, 
and  manganous  oxides,  grape-sugar,  and  substances  undergoing  fermentation  or  putre- 
faction, as  sugar,  gluten,  urine,  woad,  madder.  Warm  putrid  urine  dissolves  indigo-blue, 
the  ammonia-compound  of  indigo-white  being  formed.  According  to  Lowenthal,  on 
the  contrary  (J.  pr.  Chem.  Ixx.  463),  this  reduction  of  blue  to  indigo-white  is  not 
produced  by  salts  of  sulphurous  or  phosphorous  acid,  by  sulphide  of  potassium, 
sulphide  of  calcium,  manganous  salts,  or  arsenite  of  sodium ;  but  indigo-blue  dissolved  in 
sulphuric  acid  is  reduced  to  indigo-white,  when  mixed  with  excess  of  acid  carbonate  of 
potassium  or  sodium,  and  then  treated  with  sulphydric  acid.  Lowenthal  is  of  opinion 
that  indigo-white  is  not  indigo-blue  plus  hydrogen,  but  indigo-blue  minus  oxygen. 

Testing  and  Valuation  of  Indigo. — Commercial  indigo  occurs  in  small  lumps  or  cubic 
loaves  of  a  violet-blue  colour;  when  of  good  quality  it  is  very  light ;  assumes  a  coppery 
aspect  when  rubbed  with  a  hard  polished  body ;  and  is  free  from  flaws  or  cavities 
traversed  by  brown  or  whitish  veins.  The  best  sorts  are  light  enough  to  float  on  water. 

External  characters,  however,  give  but  very  uncertain  indications  of  the  amount  of 
real  colouring  matter  contained  in  a  sample  of  indigo ;  hence  it  becomes  necessary  to 
resort  to  chemical  methods  of  estimating  the  amount  of  pure  indigo-blue.  Good 
sorts  of  indigo  contain  about  60  per  cent.,  but  the  proportion  is  often  much  reduced  by 
fraudulent  admixture  of  foreign  substances,  such  as  sand,  vegetable  mould,  powdered 
lead,  starch,  &c.  Some  foreign  matters  are  also  unavoidably  introduced  in  the  process 
of  manufacture. 

The  indigo  is  first  dried  over  the  water-bath  to  estimate  the  hygroscopic  water ; 
which,  in  samples  not  fraudulently  moistened,  varies  from  3*5  to  6  percent.  The  dried 
indigo  is  then  calcined  in  a  platinum  crucible  to  determine  the  amount  of  ash.  Good 
indigo  generally  yields  from  7  to  10  per  cent.  The  presence  of  sand,  lead-powder,  &c., 
may  then  easily  be  detected  by  washing  the  ash  with  water. 

The  presence  of  starch,  sometimes  coloured  with  iodine,  is  indicated  by  the  pale 
colour,  greater  density,  and  friability  which  it  imparts  to  the  lumps  of  indigo.  It  may 
be  further  detected  by  treating  the  indigo  with  slightly  alkaline  water,  neutralising  the 
filtered  liquid  with  a  few  drops  of  acid,  and  testing  with  iodine. 

The  older  methods  of  estimating  the  proportion  of  real  indigo-blue  in  commercial 
indigo  depend,  for  the  most  part,  on  the  decoloration  produced  by  chlorine  and  other 
oxidising  agents. 

1.  With  chlorine  water. — A  weighed  quantity  of  the  finely  pulverised  indigo  is  added 
by  small  portions  to  a  measured  quantity  of  a  saturated  aqueous  solution  of  chlorine,  as 
long  as  it  dissolves  with  yellow  colour,  and  the  quantity  thus  dissolved  is  ascertained  by 
weighing  the  residue.  A  similar  trial  is  then  made  with  perfectly  pure  indigo-blue, 


256  INDIGO-BLUE. 

and  a  comparison  of  the  two  results  gives  the  proportion  of  colouring  matter  in  the 
sample  of  commercial  indigo  under  examination.  As  the  strength  of  the  chlorine-water 
alters  very  quickly,  it  cannot  be  titrated  long  Ixtforehand.  (Berzelius.) 

2.  With  chloride  of  lime. — The  indigo  is  first  dissolved  by  digestion  for  five  or  six 
hours  at  60°  or  60°  with  fuming  sulphuric  acid ;  the  solution  is  thoroughly  mixed  with 
distilled  water,  and  poured  into  a  graduated  burette,  and  from  this  vessel  it  is  added 
drop  by  drop  to  a  measured  quantity  of  aqueous  chloride  of  lime,  till  the  blue  colour 
just  becomes  permanent.     A  similar  experiment  being  then  made  with  an  equal  weight 
of  pure  indigo  blue,  the  colouring  power  of  the  two  samples  is  in  the  inverse  ratio  of 
the  quantities  of  the  blue  solution  consumed  in  the  two  experiments.  (Schlumberger, 
Bull.  Soc.  industr.  de  Mulhouse,  vol.  xv.) 

3.  With  hydrochloric  acid  and  chlorate  of  potassium. — 1  grm.  of  finely  pulverised 
indigo  is  digested  for  some  hours  with  10  grms.  of  fuming  sulphuric  acid,  agitating  from 
time  to  time  to  assist  the  solution.     The  liquid  is  then  poured  into  a  basin  containing 
a  kilogramme  of  water,  50  grms.  of  strong  hydrochloric  acid  are  added,  and  the  liquid 
is  heated  to  the  boiling  point.     On  the  other  hand,  0'25  grm.  of  chlorate  of  potassium 
is  dissolved  in  100  grms.  of  water;  and  the  solution  is  poured  into  a  graduated  burette, 
and  added  drop  by  drop  to  the  boiling  indigo  solution  till  the  blue  colour  changes  to 
red-brown.     The  richness  of  the  sample  of  indigo  is  directly  proportional  to  the 
quantity  of  chlorate  consumed.     (Bolley,  Ann.  Ch.  Pharm.  Ixxv.  242.) 

4.  With  sulphuric  acid  and  acid  chromate  of  potassium.     The  mode  of  proceeding 
is  the  same  as  that  just  described ;  10  grms.  of  pure  indigo-blue  prepared  by  Fritzsche's 
method  require  for  decoloration  exactly  7£  pts.  of  the  acid  chromate.     (Penny,  Chem. 
Soc.  J.  v.  297.) 

All  these  methods  are  liable  to  the  objection  that  it  is  difficult  to  institute  an  exact 
comparison  between  the  different  shades  of  colour  resulting  from  the  oxidation  of  the 
indigo  in  different  cases,  the  pure  green  tint  thus  produced  in  solutions  of  pure  indigo- 
blue  giving  place  to  a  dirty  olive  or  brownish-green  when  crude  indigo  is  used,  in  con- 
sequence of  the  impurities  contained  in  it.  Moreover,  in  dissolving  indigo  in  strong 
sulphuric  acid,  it  is  scarcely  possible  to  avoid  the  formation  of  sulphurous  acid,  the 
presence  of  which  will  of  course  raise  the  apparent  percentage  of  indigo-blue  in  the 
sample.  By  employing  these  methods  indeed,  it  is  common  to  find,  in  a  good  sample  of 
indigo,  more  than  80  per  cent,  of  pure  indigo-blue,  whereas  the  best  qualities  seldom 
contain  above  60  per  cent.,  and  average  qualities  not  more  than  40  to  50  per  cent. 

The  following  methods,  which  depend  upon  the  reduction  instead  of  the  oxidation  of 
the  indigo,  give  more  exact  results. 

5.  With  Protosulphate  of  Iron. — A  weighed  quantity  of  the  finely  pulverised  indigo  is 
well  mixed  with  an  equal  weight  of  pure  lime  previously  slaked  with  water.    The  mixture 
is  poured  into  a  stoppered  bottle  of  known  capacity,  and  the  mortar  is  well  rinsed  with 
water,  which  is  added  to  the  rest.     The  bottle  is  now  heated  in  a  water-bath  for  several 
hours,  and  a  quantity  of  finely-powdered  sulphate  of  iron  is  added ;  the  bottle  is  then 
filled  up  with  water;  the  stopper  is  inserted;  and,  after  the  contents  have  been  well 
shaken,  the  whole  is  left  at  rest  for  several  hours,  till  the  indigo  is  reduced  and  the 
sediment  has  sunk  to  the  bottom.     A  portion  of  the  clear  liquor  is  then  drawn  off  with 
a  siphon,  and  the  quantity  of  liquid  having  been  accurately  measured,  it  is  mixed  with 
an  excess  of  hydrochloric  acid,  and  the  precipitate,  after  having  been  oxidised  (by  ex- 
posure to  the  air),  is  collected  on  a  weighed  filter,  and  washed  with  water.     Lastly, 
the  filter  with  the  indigo-blue  is  dried  at  the  heat  of  the  water-bath,  and  weighed,  and 
the  weight  of  the  filter  having  been  subtracted  from  that  of  the  whole,  the  weight 
of  the  indigo-blue  is  ascertained.     Suppose,  for  example,  that  the  whole  quantity  of 
liquid  was  200  measures,  and  that  50  measures  have  been  drawn  off,  yielding  10  grains 
of  indigo-blue ;  then  the  total  quantity  of  indigo-blue  in  the  sample  is  40  grains.     For 
60  grains  of  indigo  it  is  necessary  to  take  from  I  Ib.  to  2  Ibs.  of  water.     This  method, 
though  rather  tedious,  gives  better  results  than  any  of  the  preceding.     The  quantity 
of  indigo-blue  indicated  by  it  is  usually  somewhat  less  than  the  actual  quantity  con- 
tained in  the  sample. 

6.  With  stannous  chloride. — The  tin-solution  is  titrated  with  a  solution  of  pure 
indigo-blue,  prepared  by  dissolving  the  substance  dried  at  210°-230°  C.  (410°-446°F.) 
in  16  pts.  of  strong  sulphuric  acid,  with  addition  of  pounded  glass  to  divide  the  indigo 
and  facilitate  the  solution.     The  indigo-solution  thus  obtained  is  diluted  with  water, 
till  a  litre  of  it  contains  exactly  1  grm.  of  indigo-blue.     The  indigo  to  be  examined  is 
then  dissolved  in  a  similar  manner,  and  the  titrated  tin-solution  is  added  to  it  from  a 
burette  till  the  blue  colour  changes  through  green  to  light-yellow.     Iron,  if  present  in 
the  indigo,  must  first  be  removed  by  digestion  in  hydrochloric  acid,  with  addition  of 
pounded  glass.     (E.  Mulder,  Scheik.  Onderz.  iii.  [1]  37;  Jahresber.  1860,  p.  613.) 

7.  With  zinc. — A  solution  of  indigo  in  sulphuric  acid  is  dilute  with  water  and 
hydrochloric  acid,  and  decolorised  by  zinc  in  an  atmosphere  of  carbonic  anhydride.     A 
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measured  volume  of  this  solution  is  then  introduced  into  a  graduated  tube  filled  with 
air  or  oxygen-gas,  and  the  volume  of  oxygen  absorbed  is  read  off  after  a  few  hours.  A 
similar  experiment  is  then  made  with  pure  indigo-blue,  and  the  value  of  the  commer- 
cial sample  is  determined  by  comparison  of  the  results. 

INDIGO-BROWN.  (Chevreul,  Ann.  Chim.  Ixvi.  5;  Berzelius,  LeJirb.  iii- 
685  ;  Gm.  xiii.  48.)— A  brown  substance  of  uncertain  composition,  existing  together 
with  indigo-blue,  indigo-gluten,  and  indigo-red,  in  all  kinds  of  commercial  indigo.  To 
obtain  it,  the  indigo-gluten  is  first  removed  by  treating  the  indigo  with  dilute  sulphuric, 
hydrochloric,  or  acetic  acid,  and  then  with  boiling  water.  On  digesting  the  residue 
in  hot  strong  caustic  alkaline  lye,  the  indigo-brown  dissolves,  together  with  a  small 
portion  of  indigo-blue,  forming  a  dark-brown,  almost  black  solution,  from  which,  after 
filtration,  the  indigo-brown  may  be  precipitated  by  an  acid.  The  precipitate  contains 
a  considerable  quantity  of  indigo-blue,  from  which  it  may  be  freed  for  the  most  part 
by  dissolving  it  in  carbonate  of  ammonium,  evaporating  the  filtrate  to  dryness,  dissolving 
the  residue  in  water,  filtering  from  the  undissolved  portion,  consisting  chiefly  of  indigo- 
blue,  and  precipitating  the  filtrate  with  sulphuric  acid. 

Indigo-brown  thus  prepared  forms  a  dark  brown  transparent  resin,  almost  tasteless, 
and  quite  neutral.  By  dry  distillation,  it  yields  ammonia  and  an  empyreumatic  oil. 
It  is  decomposed  by  nitric  acid  and  by  chlorine.  It  unites  both  with  acids  and  with 
bases.  With  the  alkalis,  it  forms  dark  brown  compounds,  easily  soluble  in  water.  The 
baryta-compound  is  sparingly  soluble,  and  the  lime-compound  insoluble.  By  boiling 
the  alkaline  compounds  with  lime  in  excess,  the  indigo-brown  may  be  separated  and 
rendered  insoluble.  This  is  perhaps  one  of  the  uses  of  lime  in  the  indigo-vat 
(pp.  251,  252). 

Indigo-brown  bears  a  considerable  resemblance  to  Schunck's  indihumin  (p.  264), 
one  of  the  products  of  the  decomposition  of  indican. 

INDIGO-GLUTEN.  This  substance  is  extracted  from  crude  indigo  by  treating 
it  with  dilute  sulphuric,  hydrochloric,  or  acetic  acid,  then  with  boiling  water,  and 
remains  on  evaporating  the  solution  as  a  yellow,  transparent  extract,  soluble  in  spirits 
of  wine,  easily  soluble  in  water,  less  soluble  in  acid  liquids.  Its  taste  is  like  that  of 
the  extract  of  meat.  It  yields  by  dry  distillation  much  ammonia  and  a  foetid  oil,  and 
behaves  in  most  respects  like  ordinary  vegetable  gluten* 

INDIGO-GREEN.  Berzelius  obtained  a  green  substance  by  adding  potash  in 
small  portions  to  an  alcoholic  solution  of  an  alkaline  hyposulphindigotate,  till  it 
became  green,  washing  the  precipitate  with  a  little  alcohol,  decomposing  it  with  oxalic 
acid,  freeing  the  filtrate  from  oxalic  acid  by  trituration  with  a  little  carbonate  of 
calcium,  then  filtering  and  evaporating  to  dryness.  The  green  solid  residue  thus 
obtained  dissolved  easily  in  water,  forming  a  green  solution,  which,  when  mixed  with 
lime-water,  became  yellow  on  exposure.  It  formed  a  green  precipitate  with  acetate  of 
lead,  none  with  mercuric  chloride  or  tincture  of  galls.  (Berzelius.) 

Chevreul  also  obtained  a  green  substance  from  indigo,  but  it  appears  to  have  been 
merely  indigo-brown  mixed  with  a  little  indigo-blue. 

INDIGO-PURPLE.  See  SuLPHOpHCENicic  ACID  (p.  260). — The  preparation  of  a 
"purple-blue"  from  indigo  for  dyeing  is  described  by  L.  and  E.  Boil  ley  (Dingl.  pol. 
J.  clix.  318),  and  has  been  patented  in  this  country  by  Johnson  (Rep.  pat.  Invent. 
Dec.  1860).  It  probably  consists  of  sulphindigotate  or  sulphophcenicate  of  sodium. 
To  prepare  it,  finely  pulverised  indigo  is  added  to  twenty  times  its  weight  of  acid  sul- 
phate of  sodium  in  the  state  of  fusion,  and  the  mixture  is  heated  and  stirred  till  a 
sample  colours  water  violet.  The  paste  thus  produced  is  then  intimately  mixed  with 
70  to  80  times  its  weight  of  water  ;  and  the  colouring  matter  is  precipitated  by  common 
salt  (2  Ibs.  to  1  Ib.  of  the  paste)  and  washed  with  water  containing  that  salt.  After 
drying,  it  forms  a  mass  of  interlaced  silky  crystals  having  a  coppery  lustre.  (For 
further  details,  and  specimens  of  fabrics  dyed  with  this  preparation,  see  Kep.  China, 
app.  1860,  p.  215.) 

INDIGO-RED.  A  red  substance  occurring,  together  with  indigo-gluten  and 
indigo-brown,  in  commercial  indigo.  It  was  first  noticed  by  Chevreul,  afterwards  more 
fully  examined  by  Berzelius. 

The  indigo-gluten  and  indigo-brown  having  been  removed  in  the  manner  already 
described,  the  residue  is  exhausted  with  boiling  alcohol  of  specific  gravity  0'83.  A 
dark-red  solution  is  then  obtained  which,  when  filtered  and  distilled,  deposits  indigo- 
red  as  an  amorphous  blackish-brown  powder  quite  insoluble  in  water  and  in  alkaline 
liquids.  By  distillation  in  a  vacuum,  it  yields  a  white  crystalline  sublimate  (the  so- 
called  colourless  indigo-red,  as  well  as  unchanged  indigo-red.  Strong  sulphuric  acid 
dissolves  it,  forming  a  dark-yellow  solution,  which  deposits  nothing  on  addition  of  water. 
The  dilute  solution  is  decolorised  by  wool,  which  at  the  same  time  acquires  a  dirty 
yellowish-brown  or  red  colour. 
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When  the  fresh  leaves  of  Polygonum  tinctorium  are  exhausted  with  ether,  and  part 
of  the  ether  is  distilled  off,  indigo-blue  separates  out ;  and  on  evaporating  the  remaining 
solution  to  dryness,  and  exhausting  the  residue  with  alcohol,  filtering  from  a  slight 
brown  residue,  again  evaporating  to  dryness,  and  exhausting  the  residue  with  hob 
water,  which  extracts  a  little  yellow  colouring  matter,  a  hard  brittle  friable  resinous 
substance  separates  of  a  fine  red  colour,  and  probably  agreeing  essentially  with  the  red 
of  common  crude  indigo.  It  is  insoluble  in  water,  slightly  soluble  in  potash,  ammonia, 
and  acetic  acid,  easily  in  alcohol  and  ether.  The  alcoholic  solution  turns  red  on 
addition  of  baryta-water,  lime-water,  basic  acetate  of  lead,  or  nitrate  of  silver,  and  dark 
red  with  stannous  chloride.  With  solution  of  alum  it  forms  a  beautiful  red  lake,  not 
acted  upon  by  alkaline  carbonates. 

The  indigo  obtained  from  the  flowers  of  Tankcrmllia  cantonensis  contains  a  red 
substance,  soluble  in  alcohol,  but  insoluble  in  water  and  in  ether. 

For  further  details  respecting  these  indigo-reds,  which  are  probably  identical  in  the 
main  with  Schunck's  indirubin  (p.  268).  See  G'tnelin's  Handbook,  xiii.  45. 

iSJDIGO-SUliPHURlC  ACIDS.  When  indigo-blue  is  macerated  in  fuming 
sulphuric  acid,  heat  is  evolved,  and  a  deep-blue  solution  is  formed,  called  sulphate  of 
indigo,  Saxony  or  composition-blue,  containing  sulphindigotic  acid,  C8H5NO.S03. 
The  liquid  has  a  deep-blue  colour,  and  may  be  diluted  with  water  without  becoming 
turbid ;  if,  however,  the  sulphuric  acid  is  r»t  in  excess,  there  generally  remains  a 
purple  powder,  consisting  of  sulphophoenicicacid,  2C8H5NO.S03,  insoluble  in 
dilute  acids,  but  soluble,  with  blue  colour,  in  pure  water.  According  to  Berzelius, 
there  is  also  formed  a  third  acid,  called  hyposulphindigotic  acid,  which  has  not 
been  analysed.  The  indigo-blue  cannot  be  recovered  from  these  acids  by  any  known 
methods.  Their  solution  loses  its  colour  after  a  while,  and  is  instantly  turned  yellow 
by  a  small  quantity  of  nitric  acid :  this  reaction  is  used  in  qualitative  analysis  for  the 
detection  of  nitric  acid. 

Hyposulphindigotic  acid.  Hyposulphoccerulic  acid.  To  isolate  this  acid, 
the  alcoholic  solution  of  its  ammonium-salt,  obtained  in  the  manner  presently  to 
be  described  (see  SULPHINDIGOTIC  ACID),  is  mixed  with  an  alcoholic  solution  of  ace- 
tate of  lead ;  the  whole  is  completely  precipitated  by  addition  of  a  little  ammonia, 
and  the  precipitate  is  suspended  in  water  and  decomposed  by  sulphydric  acid.  A 
yellow  liquid  is  then  obtained,  which,  on  exposure  to  the  air,  becomes  blue,  and  is  con- 
verted into  hyposulphindigotic  acid.  By  evaporating  this  solution,  the  acid  is  obtained 
as  an  amorphous  mass,  which  becomes  moist  in  contact  with  the  air,  dissolves  readily  in 
water,  and  reacts  like  sulphindigotic  acid  with  sulphydric  acid,  zinc,  iron,  and  charcoal. 

The  hyposulphindigotates  resemble  the  sulphindigotates  in  many  respects,  but 
are  distinguished  by  their  solubility  in  alcohol  of  84  per  cent.  When  gently  heated, 
they  give  off  sulphurous  anhydride  without  changing  colour ;  at  a  higher  temperature, 
they  turn  green  and  yield  a  sublimate  of  sulphite  of  ammonium. 

The  ammonium-,  potassium-  and  sodium-salts  are  obtained  by  steeping  wool  dyed 
with  sulphate  of  indigo  in  solutions  of  the  corresponding  alkaline  carbonates,  evapo- 
rating the  resulting  solutions  to  dryness,  and  exhausting  the  residues  with  alcohol, 
which  takes  up  only  the  hyposulphindigotates. 

The  aluminium-salt  resembles  the  corresponding  salt  of  sulphindigotic  acid. 

The  barium-salt  is  obtained  by  precipitating  the  potassium-salt  with  carbonate  of 
barium,  in  dark-blue  flocks,  very  soluble  in  pure  water;  the  solution,  when  evaporated, 
deposits  films  having  a  coppery  lustre. 

The  calcium-  and  magnesium-salts  are  very  soluble  in  water  and  in  alcohol. 

The  lead-salt  is  obtained  by  precipitating  an  alcoholic  solution  of  the  ammonium- 
salt  with  alcoholic  acetate  of  lead.  It  is  a  blue  powder,  which  dissolves  slowly  but 
completely  in  water :  it  is  sparingly  soluble  in  alcohol,  and  has  an  astringent  taste. 

Sulphlndigotic  Acid.  C8H5NO.S08.  Sulphate  of  indigo,  Soluble  blue  indigo, 
Sulphindylic  acid,  Sulphocoerulic  acid. — Indigo  may  be  dissolved  in  strong  (mono* 
hydrated)  sulphuric  acid  (SH204),  as  well  as  in  the  fuming  acid  (which  contains  sul- 
phuric anhydride  in  solution),  but  it  requires  15  pts.  of  the  former,  and  only  6  pts. 
of  the  latter ;  moreover,  the  solution  in  common  sulphuric  acid  requires  the  aid  of  heat, 
which  gives  rise  to  the  formation  of  sulphurous  acid ;  it  may,  however,  be  facilitated 
by  triturating  the  indigo  with  pounded  glass  so  as  to  divide  the  particles. 

The  acid  solution  is  diluted  with  from  30  to  50  times  its  bulk  of  water ;  the  liquid 
is  filtered  from  the  precipitated  sulphophccnicic  acid;  the  filtrate  is  digested  at  a  gentle 
heat  with  wool  or  woollen  stuff  (previously  prepared  by  washing,  first  with  soap  and 
then  with  water  containing  1  per  cent,  carbonate  of  sodium,  and  finally  with  pure 
water),  until  no  more  colouring  matter  is  taken  up,  the  excess  of  sulphuric  acid  re- 
maining in  solution.  The  wool,  dyed  blue  by  sulphindigotic  and  hyposulphindigotic 
acids,  is  washed  with  water  till  the  latter  no  longer  becomes  acid,  and  digested 
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with  water  containing  a  little  carbonate  of  ammonium ;  the  blue  solution  is  poured  off 
from  the  decolorised  wool,  and  evaporated  to  dryness  at  50° ;  and  the  residue  is 
exhausted  with  alcohol  of  83  per  cent.,  which  dissolves  the  hyposulphindigotate  of 
ammonium,  and  leaves  the  sulphindigotate.  The  latter  is  dissolved  in  water,  and  pre- 
cipitated by  acetate  of  lead ;  the  dark-blue  precipitate  is  washed  with  water,  then 
suspended  in  water,  and  decomposed  by  sulphydric  acid;  and  the  yellow  or  colourless 
solution,  which  turns  blue  on  exposure  to  the  air,  is  evaporated  to  dryness  at  50° 
(Berzelius).  According  to  Joss,  sulphindigotate  of  ammonium  is  not  effectually 
separated  from  the  hyposulphindigotate  by  alcohol ;  it  is  better,  therefore,  to  digest 
the  indigo-solution  with  wool  only  so  long  as  it  forms  a  precipitate  with  acetate  of 
barium,  by  which  hyposulphindigotic  acid  is  not  precipitated. 

Properties. — Sulphindigotic  acid  forms  a  solid  mass  having  a  peculiar  agreeable 
odour  and  an  acid  taste  ;  it  has  a  weak  but  decided  acid  reaction  (Jo's  s).  It  becomes 
moist  in  the  air,  and  is  very  soluble  in  water  and  in  alcohol.  It  is  separated  from  ite 
aqueous  solution  by  wood- charcoal,  and  with  greater  facility  by  blood-charcoal, 
but  may  be  extracted  from  the  charcoal  by  alkaline  carbonates. 

Wool  is  dyed  by  the  aqueous  acid,  but  not  by  its  salts,  unless  an  acid  is  added,  a  com- 
paratively weak  acid,  such  as  acetic  acid,  being  sufficient  for  the  purpose.  Boiling  water 
and  alcohol  deprive  the  wool  of  only  a  portion  of  its  colour,  but  alkalis  remove  it  entirely 
(Berzelius).  Sulphindigotic  acid  is  completely  decolorised  by  woollen  stuffs;  silk 
fabrics  do  not  deprive  it  of  all  its  colour;  linen  and  cotton  take  up  very  little.  Silk 
dyed  with  it  is  deprived  of  its  colour  by  soap,  but  not  by  water.  (Bergman n.) 

Decompositions. — 1.  Sulphindigotic  acid  yields  by  dry  distillation  sulphurous  an- 
hydride, sulphite  of  ammonium,  much  water,  and  a  little  empyreumatic  oil.  No 
vapours  of  indigo-blue  are  evolved,  but  the  sublimed  sulphite  of  ammonia  dissolves  in 
water  with  a  blue  colour,  having  carried  over  a  little  of  the  undecomposed  acid.  The 
carbonaceous  residue  burns  with  difficulty,  but  completely.  The  sulphindigotates  also 
do  not  yield  any  sublimate  of  indigo  by  dry  distillation  (Berzelius). — 2.  Sulphindi- 
gotic acid  is  decomposed  by  exposure  to  sunlight. — 3.  Chlorine  produces  a  quantity  of 
brown  resin  in  the  solution  of  the  acid,  and  only  a  little  chlorisatin  and  dichlorisatin 
(Erdmann,  J.pr.  Chem.  19,355). — The  blue  colour  of  the  acid  is  changed  to  green  by 
chloride  of  lime  (Schlumberger),  and  to  reddish-brown  by  chlorate  of  potassium  and 
hydrochloric  acid  (Bolley). — 4.  Sulphmdigotic  acid  is  decomposed  by  nitric  acid. 
When  the  barium-salt  is  decomposed  by  boiling  with  concentrated  nitric  acid  and  the 
solution  diluted  and  filtered,  it  is  not  precipitated  by  chloride  of  barium  (Berzelius). — 
5.  The  solution  of  Sulphindigotic  acid,  heated  with  chromate  of  potassium,  becomes 
ochre-yellow  (Penny) ;  mixed  with  permanganate  of  potassium,  it  becomes  first  green 
and  then  brownish-yellow  (Elbers,  Mohr);  when  heated  with  ferric  salts,  it  is  deco- 
lorised as  by  nitric  acid  (Wohler,  Ann.  Ch.  Pharm.,  xxxiv.  235).  These  reactions 
are  used  for  the  valuation  of  commercial  indigo  (p.  255).— 6.  Deoxidising  substances 
reduce  Sulphindigotic  acid  to  a  compound  derivable  from  indigo-white,  and  change  the 
colour  of  the  solution  to  yellow.  Zinc  or  iron  filings  dissolve  in  the  solution  without 
disengagement  of  hydrogen,  yielding  a  blue  liquid,  which,  however,  is  decolorised  by 
excess  of  acid :  the  solution  quickly  recovers  its  blue  colour  on  exposure  to  the  air. 
Sulphydric  acid  does  not  decolorise  the  solution  at  ordinary  temperatures ;  but  on 
heating  the  liquid  to  50°,  it  deposits  sulphur  and  becomes  colourless.  The  decolora- 
tion is  prevented  by  the  presence  of  free  acids.  If  the  solution  containing  excess  of 
Bulphydric  acid  is  evaporated  in  a  vacuum  over  slightly  moistened  potash,  a  dark- 
yellow  viscid  residue  is  obtained,  which  becomes  moist  and  dark-blue  on  exposure  to 
the  air.  The  solution  of  Sulphindigotic  acid  is  likewise  decomposed  by  stannous 
chloride.  (For  further  details  on  these  reductions,  see  Gmeliris  Handbook,  xiii.  60.) 

Sulphindigotates.  C8(H4M)NO.S08.— These  salts  are  formed  by  direct  com- 
bination or  by  double  decomposition.  They  cannot  be  obtained  crystallised ;  they  are 
dark  blue,  with  a  peculiar  coppery  lustre,  and  taste  feebly  saline  and  decidedly  of 
indigo.  The  alkaline  sulphindigotates  are  slightly  soluble  in  cold  water,  and  more 
readily  in  hot  water ;  the  solution  is  blue  by  reflected,  and  red  by  transmitted  light. — 
The  sulphindigotates  are  more  readily  decolorised  than  the  free  acid,  by  all  substances 
which  reduce  indigo-blue,  especially  in  the  presence  of  free  alkalis.  Protosulphate  of 
iron  does  not  reduce  a  neutral  sulphindigotate,  even  on  warming  ;  not  even  when  as 
much  alkali  is  added  as  is  necessary  to  precipitate  the  protoxide  of  iron ;  but  the 
slightest  excess  of  alkali  produces  immediate  decoloration,  and  on  the  addition  of 
enough  acid  to  neutralise  the  alkali,  the  blue  colour  is  restored.  Sulphide  of  potassium 
or  calcium  decolorises  the  solutions  of  the  sulphindigotates,  part  of  the  sulphide  being 
converted  into  sulphate.  The  reduced  solution  appears  yellow  when  neutral,  and 
burnt-yellow  when  alkaline.  The  neutral  solution  leaves,  when  evaporated  in  vacuo,  a 
dark  dry  residue,  which  appears  dark  yellow  when  pulverised,  and  becomes  blue  on 
exposure  to  the  air  for  several  days.  The  solution  turns  blue  on  exposure  to  the  air. 
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Ferric  and  cupric  salts  instantly  turn  the  solution  blue,  and  are  converted  into 
salts  of  the  lower  oxides.  The  solution  reduced  by  stannous  chloride  deposits,  on  ex- 
posure to  the  air,  a  white  powder,  which  is  a  mixture  of  stannic  oxide  and  a  product 
of  decomposition  which  becomes  green  on  exposure  to  the  air. 

Sulphindigotates,  when  heated,  give  off  water  without  melting.  When  strongly 
heated,  they  decompose,  evolving  free  ammonia,  carbonate  of  ammonium,  cyanide  of 
ammonium,  a  trace  of  volatile  oil,  and  afterwards  of  carbonic  anhydride,  whilst  a  residue 
of  metallic  sulphide  is  left. 

Sulphindigotate  of  Ammonium  is  prepared  by  the  process  described  on  page  258 
(Berzelius) ;  or  by  precipitating  sulphindigotic  acid,  which  should  not  be  too  dilute, 
with  ammonia  or  a  salt  of  ammonia  (Crum).  It  reacts  similarly  to  the  potassium- 
salt.  It  melts  when  heated  and  swells  up,  but  is  not  decomposed,  even  by  a  pretty 
strong  heat,  and  although  it  assumes  a  charred  appearance,  still  dissolves  completely 
in  water,  forming  a  blue  solution.  When  more  strongly  heated,  it  yields  a  sublimate 
of  sulphite  of  ammonium  (Berzelius.)  It  dissolves  in  from  40  to  50  parts  of  cold 
water,  and  in  a  much  smaller  quantity  of  hot  water  (Crum),  and  is  precipitated  from 
the  solution  by  the  alkaline  sulphates  and  some  other  salts,  but  much  less  completely 
than  the  potassium-salt.  It  is  not  soluble  in  alcohol.  (Crum,  Berzelius.) 

Sulphindigotate  of  Aluminium  is  readily  soluble  in  water,  and  dries  up  like  the 
other  sulphindigotates  on  the  evaporation  of  the  solution.  Sulphindigotate  of  potas- 
sium, mixed  with  a  salt  of  aluminium  and  a  little  ammonia,  throws  down  a  dark  blue 
pulverulent  basic  salt,  becoming  blackish-blue  when  dried.  It  gives  up  all  its  acid  to 
an  excess  of  alkali.  (Berzelius.) 

Sulphindigotate  of  Barium  is  precipitated  in  dark  blue  flakes,  on  mixing  the  potas- 
sium-salt with  chloride  of  barium  (Crum,  Berzelius).  It  dissolves  slightly  in 
cold  water  with  a  bluish  colour ;  more  abundantly  in  hot  water,  imparting  to  it  a 
dark  colour.  Owing  to  the  great  affinity  of  baryta  for  sulphindigotic  acid,  this 
salt  is  formed  when  hyposulphindigotate  of  potassium  is  mixed,  first  with  sulphuric 
acid,  and  then  with  chloride  of  barium ;  an  excess  of  sulphate  of  barium  is,  however, 
necessary  to  the  reaction,  and  hence  the  precipitate  has  a  paler  colour.  Sulphate  of 
barium  already  precipitated  likewise  forms  with  hyposulphindigotate  of  potassium,  a 
small  quantity  of  Sulphindigotate,  and  becomes  pale  blue. 

Sulphindigotate  of  Calcium  is  soluble  in  water,  but  insoluble  in  alcohol,  which 
precipitates  it  in  blue  flocks. 

Sulphindigotate  of  Lead  is  precipitated  in  dark  blue  flocks,  slightly  soluble  in  water 
on  mixing  neutral  acetate  of  lead  with  Sulphindigotate  of  potassium.  Basic  acetate 
of  lead  forms  a  light  blue  precipitate,  which  becomes  darker  when  dry. 

Sulphindigotate  of  Magnesium  is  very  soluble  in  water,  and  is  not  precipitated  by 
an  excess  of  sulphate  of  magnesium. 

Sulphindigotate  of  Potassium,  C8H4KNO.SOS.  This  salt  is  obtained:  1.  By  steep- 
ing wool  dyed  blue  with  sulphate  of  indigo,  in  a  solution  of  carbonate  of  potassium, 
evaporating  the  solution,  and  treating  the  residue  with  alcohol,  which  extracts  hypo- 
sulphindigotate  of  potassium.  The  residue  is  then  treated  with  acetic  acid  and  alcohol 
to  remove  the  excess  of  carbonate  (Berzelius). — 2.  Indigo-blue  is  treated  with 
excess  of  sulphuric  acid ;  and  after  the  sulphophcenicic  acid  has  been  removed  by 
filtration,  the  blue  liquid  is  saturated  with  acetate  of  potassium ;  the  resulting  blue 
precipitate  is  thrown  on  a  filter,  and  washed  with  acetate  of  potassium  till  the  liquid 
which  runs  through  begins  to  turn  blue  ;  the  salt  is  then  washed  with  alcohol  to  re- 
move the  acetate.  (Dumas.) 

Sulphindigotate  of  potassium  in  the  dry  state,  forms  a  copper-coloured  mass,  yield- 
ing a  blue  powder ;  blue  also  by  transmitted  light.  It  rapidly  absorbs  moisture  from 
the  air. 

When  heated  it  does  not  melt  or  evolve  any  purple  vapours ;  it  is  difficult  to  incine- 
rate. According  to  Berzelius,  it  forms  sulphopurpurate  of  potassium  when  heated  with 
lime-water  out  of  contact  with  the  air ;  in  presence  of  air,  it  forms  salts  of  sulphoflavic, 
sulphofulvic,  and  sulphorufic  acids. 

Sulphindigotate  of  potassium  dissolves  in  140  parts  of  cold  water,  and  in  a  much 
smaller  quantity  of  boiling  water,  a  portion  separating  out  on  cooling.  The  solution 
is  of  a  dark  blue  colour,  transparent  only  when  viewed  in  thin  layers  ;  when  held  up 
before  the  light  of  the  sun  or  of  a  candle,  it  appears  scarlet.  1  part  of  the  salt  imparts 
a  blue  colour  to  500,000  parts  of  water.  Water  containing  1  per  cent,  of  acetate  of 
potassium  does  not  dissolve  the  salt  in  the  cold ;  on  heating,  a  portion  dissolves  and 
separates  out  in  blackish  flakes  on  cooling.  It  is  readily  dissolved  by  sulphuric  acid, 
but  is  not  soluble  in  concentrated  hydrochloric  acid  (Crum)  ;  or  in  alcohol  of  specific 
gravity  0-80.  (Berzelius.) 

If  an  aqueous  solution  of  Sulphindigotate  of  potassium  is  mixed  with  a  barium-  or 
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calcium'Salt  and  carbonate  or  phosphate  of  sodium  added,  carbonate  and  phosphate  of 
barium  and  carbonate  of  calcium  are  precipitated  of  a  light  blue  colour,  and  phosphate 
of  calcium  of  a  deep  blue  colour.  When  the  solution  of  Sulphindigotate  of  potassium 
is  mixed  with  acetate  of  lead  and  a  solution  of  tannic  acid,  the  precipitate  of  tannate 
of  lead  carries  down  all  the  colouring  matter  with  it. 

Sulphindigotate  of  potassium  occurs  in  commerce  as  paste  or  dry  powder,  known  aa 
precipitated  indigo,  indigo-carmine,  soluble  indigo,  or  solid  blue.  It 
is  used  for  dyeing  linen  of  an  azure-blue  colour,  and  for  producing  very  pure  blue 
colours  on  wool. 

Sulphindigotate  of  Sodium,  also  called  indigo-carmine,  resembles  the  potassium- 
salt,  and  is  used  for  similar  porposes,  but  is  more  soluble  in  saline  solutions. 

Sulpbophoenicic  acid,  2C8H5NO.S03.  Indigo-purple,  Phcenirin,  Sulphopurpuric 
acid. — This  acid  is  formed  when  sulphuric  acid  is  allowed  to  act  upon  indigo  for  a  short 
time,  or  not  in  excess.  To  prepare  it  1  pt.  of  indigo-blue  is  mixed  with  from  8  to  10  pts. 
of  strong  sulphuric  acid,  and  kept  for  three  days  at  a  temperature  of  50°  or  60°  ;  the 
solution  is  then  diluted  with  water,  and  the  precipitate  of  sulphophcenicic  acid  is  filtered, 
washed  with  dilute  hydrochloric  acid,  and  dried  in  an  oil-bath  at  80° — 100°  (Dumas). 
Or  powdered  indigo  is  purified  by  boiling  with  dilute  sulphuric  acid,  and  then  shaken 
up  with  from  7  to  8  pts.  of  strong  sulphuric  acid  till  the  mixture  becomes  olive-green. 
The  whole  is  then  diluted  with  a  very  large  quantity  of  water,  and  the  precipitate  of 
sulphophcenicic  acid  is  collected  on  a  filter  and  washed  with  water,  which  becomes  more 
deeply  blue  in  proportion  as  the  sulphuric  acid  is  removed.  The  last  filtrates  are 
evaporated  to  dryness.  (Crum.) 

As  the  extraction  of  the  sulphophcenicic  acid  on  the  filter  according  to  (1)  is  a  very 
slow  process,  and  when  the  greater  part  of  the  indigo-blue  is  converted  into  sulpho- 
phcenicic acid  by  the  prolonged  action  of  the  sulphuric  acid,  water  will  no  longer  pass 
through  the  filter,  the  following  method  may  be  employed,  which  yields  a  more  abun- 
dant, though  less  pure  product.  1  pt.  of  powdered  indigo  is  shaken  in  a  flask  with  10 
pts.  of  strong  sulphuric  acid,  till  the  blue  colour  which  the  indigo  had  at  first  lost  is 
completely  restored.  For  this  purpose,  from  ten  to  twelve  hours  are  requisite  at  7°, 
three  hours  in  the  heat  of  the  sun,  20  minutes  at  38°,  and  a  few  moments  at  100°.  A 
large  quantity  of  water  is  added ;  the  solution  is  filtered  ;  and  the  precipitate  is  taken 
from  the  filter  and  washed  by  decantation  with  water  containing  sufficient  chloride  of 
ammonium  to  prevent  it  from  dissolving  the  sulphophrenicic  acid.  The  solution  of 
chloride  of  ammonium  is  allowed  to  run  from  the  filter,  and  the  precipitate  is  removed 
and  suspended  in  a  large  quantity  of  water.  After  three  days,  the  solution  is  poured 
off,  and  the  water  is  renewed  as  long  as  sulphophrenicic  acid  continues  to  dissolve.  The 
sulphophoanicic  acid  is  then  precipitated  from  the  decanted  solutions  by  chloride  of 
potassium,  and  the  precipitate  is  washed  on  a  filter  with  water  as  long  as  the  water 
continues  to  pass  through.  Sulphophcenicic  acid  thus  prepared  contains  a  little  potas« 
sium-salt  and  a  large  quantity  of  earthy  matter;  after  drying,  it  is  no  longer  soluble  in 
water.  (Crum.) 

Haffely  triturates  1  pt.  of  finely  powdered  indigo  with  20  pts.  of  common  sulphuric 
acid ;  allows  the  whole  to  stand  for  some  time,  till  a  drop  of  the  solution,  which  is  at  first 
blue,  colours  water  or  paper  violet ;  and  then  mixes  the  solution  with  a  large  quantity  of 
water  :  the  action  of  the  sulphuric  acid  is  promoted  by  heating  the  whole  to  40°.  If 
less  sulphuric  acid  is  used,  it  must  be  more  strongly  heated ;  if  only  3  pts.  of  sulphuric 
acid  are  employed  for  1  pt.  of  indigo,  the  latter  is  not  completely  converted  into  sulpho- 
phcenicic acid.  If  fuming  sulphuric  acid  is  used,  it  is  not  easy  to  discover  when  the 
reaction  is  ended. 

Properties. — Sulphophoenicic  acid  forms  a  blue  mass  or  a  purple-red  powder,  soluble  in 
water,  to  which  it  imparts  a  blue  colour.  It  dissolves  readily,  with  blue  colour,  in  sul- 
phuric acid,  especially  in  the  fuming  acid,  being  at  the  same  time  gradually  converted 
into  sulphindigotic  acid.  With  a  large  quantity  of  soda-ley,  it  forms  a  yellow  solution 
which  turns  blue  if  immediately  mixed  with  sulphuric  acid  of  66°  B.;  but  stronger  sul- 
phuric acid  added  after  24  hours,  produces  a  whitish  precipitate.  (Gros-Kenaud, 
DingLpol.  J.  129,  288.) 

The  sulphophcenicates  are  precipitated  from  the  aqueous  solution  of  the  acid  by  the 
addition  of  other  salts.  When  dry  they  are  red ;  their  aqueous  solutions  are  blue. 
They  dissolve  very  sparingly  in  water,  but  more  readily  in  alcohol.  The  solutions  are 
reduced  to  yellow  liquids  by  heating  with  sulphydric  acid,  by  sulphate  of  iron  and 
lime,  or  by  caustic  alkalis.  The  reduced  solutions  turn  blue  on  exposure  to  the  air,  and 
on  the  addition  of  other  salts,  the  salt  of  sulphophcenicic  acid  is  precipitated  un- 
changed. 

The  ammonium-silt,  when  heated,  evolves  sulphurous  anhydride  together  with  sul- 
phite of  ammonium,  and  a  red  vapour  which  yields  a  sublimate  like  indigo-blue.  This 
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sublimate  is  often  bright  green  on  the  lowest  edges,  like  the  wing-cases  of  cantharides, 
and  turns  brown  when  burnished. 

The  potassium-salt,  C16H9KN202.SH2O4(?)  is  obtained  by  adding  acetate  of  potas- 
sium to  the  aqueous  solution  of  the  acid.  It  is  then  precipitated  in  purple  flocks,  which 
must  be  washed,  first  with  acetate  of  potassium,  then  with  alcohol.  It  dissolves  in  100 
pts.  of  water. 

The  sodium-salt  is  obtained  in  like  manner. 

The  solution  of  sulphophoenicic  acid,  even  when  very  dilute,  is  precipitated  by  the 
salts  of  calcium,  magnesium,  aluminium,  iron,  tin,  and  copper. 

Products  obtained  by  decomposition  of  the  Indigo-sulphuric  acids. 

The  following  products  of  the  decomposition  of  these  acids  are  described  by 
Berzelius  (Lehrbuch  der  Chimie,  4th  Aufl.  vii.  226);  but  their  composition  is 
very  uncertain,  and  they  require  further  examination  : — 

1.  Sulphoflavic  acid.— This  acid  is  formed  by  heating  sulphoviridate  of  potassium 
with  lime-water  in  contact  with  the  air. — To  prepare  it,  sulphindigotate  of  potassium 
is  heated  with  lime-water  in  an  open  vessel,  until  the  solution  acquires  a  pure  red  colour 
(if  the  action  is  too  prolonged,  it  becomes  yellow ;  if  the  access  of  air  is  kept  under 
control,  it  is  easier  to  hit  the  right  moment).     Carbonic  anhydride  is  then  passed 
through  the  liquid ;  the  filtrate  evaporated  to  dryness,  and  the  green,  brownish-yellow 
residue  extracted  with  alcohol.     The  yellow  solution  is  precipitated  with  acetate  of 
lead ;  the  lemon-yellow  precipitate  suspended  in  water  and  decomposed  by  sulphydric 
acid ;  and  the  solution  filtered  from  the  sulphide  of  lead  is  then  left  to  evaporate.     It 
forms  yellow  arborescent  masses,  having  a  strong  acid  taste  and  reaction.    It  is  soluble 
in  water  and  in  alcohol ;  the  solution  forms  with  acetate  of  lead  a  lemon-yellow  preci- 
pitate, insoluble  in  water. 

2.  Sulpholulvic  and  Sulphoruflc  Acids. — These  acids  are  formed  simulta- 
neously with  sulphoflavic  acid.     The  residue,  from  which  the  sulphoflavic  acid  has 
been  extracted  by  alcohol,  is  dissolved  in  water,  and  the  bright-red  solution  is  preci- 
pitated with  basic  acetate  of  lead.     The  pale-red  precipitate  is  suspended  in  water, 
and   decomposed  with  sulphydric  acid,   and  the  filtrate  is  evaporated  to  dryness. 
Absolute  alcohol  extracts  from  the  residue,  sulphofulvic  acid,  which,  on  evapora- 
tion, is  deposited  as  a  dark  yellow,  transparent  mass,  having  the  consistence  of  an 
extract ;  it  forms  a  lead-salt,  is  readily  soluble  in  water  and  in  alcohol.     The  portion 
insoluble  in  alcohol  is   sulphorufic  acid.      This  latter   dissolves  in  water  with 
a  fine  red  colour,  and,  on  evaporating  the  water,  forms  a  dark  red,  opaque,  amor- 
phous mass,  which  tastes  acid  and  strongly  reddens  litmus.    The  lead-salt  is  readily 
soluble  in  water  and  in  alcohol. 

3.  Sulphopurpurlc  Acid.— This  acid  is  formed  by  the  action  of  alkalis  upon 
sulphoviridic  acid.      1  pt.  of  sulphindigotate  of  potassium  is  dissolved  in  50  pts. 
of  lime-water  and  heated  in  a  covered  vessel,  till  the  solution,  which  has  gradually 
turned  purple  red,  does  not  become  green  again  on  cooling.     After  the  whole  has  been 
allowed  to  cool  in  the  covered  vessel,  the  excess  of  lime  is  precipitated  by  carbonic 
acid ;  the  filtrate  is  evaporated  to  dryness ;  and  the  residue  treated  with  alcohol, 
which  extracts  a  little   sulphoflavic  acid.     The  residue  is   dissolved  in  water,  the 
purple-red  solution  precipitated  with  acetate  of  lead,  and  the  precipitate  suspended  in 
water  and  decomposed  by  sulphydric  acid  ;  the  filtered  solution  is  then  evaporated  to 
dryness. 

Sulphopurpuric  acid  forms  a  brown  uncrystallised  mass,  dissolving  in  water  with 
dark  purple-red  colour.  The  potassium- salt  dissolves  in  water  and  imparts  to  it  a 
dark  purple-red  colour,  like  that  of  permanganate  of  potassium.  The  precipitate 
produced  by  mixing  the  aqueous  solution  of  the  acid  with  acetate  of  lead,  is  slightly 
soluble  in  water,  with  a  reddish  colour ;  insoluble  in  alcohoL  With  excess  of  oxide  of 
lead,  a  pale  red  salt  is  formed,  which  is  insoluble  in  water. 

4.  Sulphoviridic  Acid. — This  is  the  first  product  of  decomposition  in  the  action 
of  alkalis  upon  sulphindigotic  acid. 

1.  To  an  alcoholic  solution  of  an  alkaline  hyposulphindigotate,  hydrate  of  potassium 
is  added  in  small  portions  until  it  becomes  green,  and  the  green  precipitate  is  washed 
on  a  filter  with  a  little  alcohol.    The  precipitate  is  decomposed  by  an  aqueous  solution 
of  oxalic  acid,  filtered,  and  the  filtrate  is  freed  from  excess  of  oxalic  acid  by  triturating 
it  with  a  little  carbonate  of  calcium :  it  is  then  filtered  and  evaporated  to  dryness. 

2.  When  a  solution  of  hyposulphindigotate  of  barium  is  evaporated  to  dryness  on  a 
water-bath,  it  becomes  green  and  yields  a  precipitate  with  basic  acetate  of  lead,  but 
not  with  the  neutral  acetate ;  and  if  the  greyish-green  precipitate  is  decomposed  by 
sulphydric  acid  and  the  green  filtrate  evaporated  to  dryness,  sulphoviridic  acid  is 
obtained  as  a  dry,  hard,  gummy  mass,  having  a  strong  acid  reaction. 
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If,  dissolves  very  readily  in  water,  and  slowly,  but  completely,  in  strong  alcohol 
the  solutions  appear  dark  green  by  reflected  light,  and  dark  red  by  transmitted  light. 
The  aqueous  solution  mixed  with  lime-water  becomes  yellow  in  contact  with  the  air. 
The  lead- salt  is  somewhat  soluble  in  water,  imparting  to  it  a  greenish  colour. 

INDIGOTIC   ACID.     Syn.  with  NTTRO SALICYLIC  ACID.    (See  SALICYLIC  ACID.) 

XiraXGOTXlff.     Syn.  with  INDIGO-BLUE. 

INDIGO- WHITE.  C16HI2N202.  White  Indigo,  reduced  or  deoxidised  Indigo, 
Indigogen(GfiQ..  xiii.93  ;  Q-erh.  iii.  510). — A  colourless  substance,  produced  by  the  action 
of  reducing  agents  on  indigo-blue  (pp.  251,  254),  and  differing  from  a  double  molecule 
of  the  latter  (C16H10N202)  by  two  atoms  of  hydrogen.  Chevreul,  who  was  the  first  to 
isolate  it,  supposed  that  it  existed  ready  formed  in  indigoferous  plants,  and  was 
converted  into  indigo-blue  by  oxidation  ;  but  Schunck  has  shown  that  this  view  is 
untenable,  because  indigo-white  is  soluble  only  in  alkaline  liquids,  and  the  juice  ot 
plants  is  always  acid.  Moreover,  if  the  indigo-white  existed  in  the  juice  of  these 
plants,  it  would  be  converted  into  indigo-blue  by  oxidation,  on  coming  to  the  surface, 
which  is  not  the  case. 

Preparation. — Commercial  indigo,  purified  by  boiling  with  hydrochloric  acid,  next 
with  strong  potash,  and  afterwards  with  alcohol,  is  mixed  with  freshly  prepared  hydrate 
of  calcium  (2  parts  of  quick-lime  to  1  of  indigo)  and  placed  in  a  closed  vessel  with  150 
parts  of  boiling  water,  after  which  sulphate  of  iron  equal  to  one-third  the  weight  of  the 
indigo  is  added,  and  after  the  vessel  has  been  closed,  the  whole  is  carefully  shaken. 
After  two  days,  the  solution  is  decanted  by  means  of  a  siphon  into  flasks  filled  with 
carbonic  anhydride,  and  when  the  flasks  are  nearly  full,  they  are  completely  filled  with 
boiling  dilute  hydrochloric  acid,  corked  up,  and  placed  in  a  vessel  containing  cold 
water.  The  air  is  thus  prevented  from  obtaining  access  to  the  indigo-white,  which 
separates  out  in  white  crystalline  flakes.  After  the  indigo- white  has  settled  down,  the 
solution  is  drawn  off  with  a  wide  siphon,  and  the  deposit  is  thrown  upon  a  filter,  which 
is  covered  with  a  bell-jar,  into  which  a  stream  of  hydrogen  or  carbonic  anhydride  is 
passed.  The  filter  is  washed  with  cold  water,  which  has  been  well  boiled  and  then 
corked  up.  Indigo-white  is  very  easy  to  wash,  and  if  the  deposit  is  allowed  to  stand 
for  several  days,  it  becomes  so  consistent  that  it  may  be  washed  in  the  air  without 
becoming  deeply  coloured.  After  the  contents  of  the  filter  have  been  washed,  they  are 
spread,  while  still  moist,  upon  a  glass  plate  and  dried  in  a  vacuum.  When  the  indigo- 
white  is  dry,  carbonic  anhydride  is  allowed  to  flow  into  the  receiver  of  the  air-pump, 
in  order  that  the  pores  of  the 'dry  mass  may  become  filled  with  the  gas  (Berzelius, 
Duma  s). — 2.  Three  pts.  of  indigo-blue  which  have  been  purified  by  boiling,  are  digested 
for  24  hours  with  5  pts.  of  hydrate  of  calcium,  4  pts.  of  sulphate  of  iron,  and  120  pts. 
of  water,  in  a  closed  flask  filled  with  hydrogen,  and  the  whole  is  frequently  shaken  till 
the  deposit  assumes  a  greenish-yellow  and  the  solution  a  reddish-yellow  colour.  The 
lime  is  precipitated  from  the  latter  with  carbonate  of  potassium,  and  the  clear  solution 
is  decanted  by  means  of  a  siphon  filled  with  hydrogen,  into  a  flask  containing  a 
mixture  of  hydrochloric  acid  and  sulphite  of  ammonium.  The  thick  white  precipitate 
which  is  thus  formed  is  filtered  out  of  contact  with  the  air,  washed  with  water  con- 
taining a  little  sulphite  of  ammonium,  and  dried  at  100°  in  a  stream  of  hydrogen. 
(Liebig.) 

Properties. — Indigo-white  thus  prepared  forms  a  coherent  greyish-white  mass  having 
a  faint  silky  lustre ;  if  absolutely  pure,  it  would  probably  be  quite  white.  It  is  taste- 
less, inodorous,  and  does  not  change  the  colour  of  litmus.  It  is  perfectly  insoluble  in 
water,  and  in  such  acids  as  do  not  decompose  it,  but  dissolves  in  aqueous  alkalis,  in 
alcohol,  and  in  ether,  forming  yellow  solutions,  which,  when  exposed  to  the  air,  turn 
yellow  and  deposit  indigo-blue. 

Decompositions. — 1.  When  indigo-white  is  heated  in  a  vacuum,  a  little  water  is 
evolved,  a  small  quantity  of  indigo-blue  sublimes,  and  a  large  carbonaceous  residue  is 
left  (Berzelius).— 2.  When  exposed  to  the  air,  and  in  contact  with  various  oxygen- 
compounds,  it  takes  up  oxygen  and  is  converted  into  indigo-blue.  Freshly  precipitated 
indigo-white  turns  blue  immediately  when  shaken  with  water  containing  air,  even  if  a 
free  acid  is  present.  After  washing,  and  while  still  moist,  it  becomes  purple  through 
its  entire  mass  on  exposure  to  the  air,  unless  it  is  rapidly  dried.  When  dry,  it  requires 
several  days'  exposure  to  the  air,  to  oxidise  it  completely,  first  becoming  bright 
blue,  and  then  dark  blue  through  the  entire  mass.  It  cannot  be  preserved  in  sealed 
tubes,  since  the  air  contained  in  its  pores  is  sufficient  for  its  conversion  into  indigo-blue. 
Dry  indigo- white  exposed  to  the  air  at  a  gradually  increasing  temperature,  suddenly 
becomes  dark  purple.  When  a  cupric  salt  is  added  to  an  alkaline  solution  of  indigo- 
white,  a  salt  of  the  alkali,  together  with  indigo-blue  and  cuprous  oxide,  are  formed ; 
the  latter,  on  the  addition  of  sulphuric  acid,  is  decomposed  into  cuprous  oxide,  which 
dissolves,  and  a  residue  of  metal.— 3.  Indigo-white  precipitated  from  an  alkaline 
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solution  by  nitric  add,  is  turned  blue  by  a  slight  excess  of  the  acid,  and  then  mow 
completely  decomposed  (Berzelius).  It  dissolves  instantly  in  sulphuric  acid,  and 
imparts  to  it  a  dark  purple  colour,  which  passes  to  blue  on  dilution.  According  to 
Berzelius,  the  indigo-white  is  oxidised,  and  part  of  the  sulphuric  acid  converted  into 
hyposulphuric  acid. 

Metallic  Derivatives  of  Indigo-white. — Indigo- white  dissolves  readily  in  all  aqueous 
alkalis  and  alkaline  earths,  also  in  the  aqueous  carbonates  of  ammonium,  potassium, 
and  sodium,  and,  according  to  Liebig,  without  depriving  them  of  their  alkaline  re- 
action. The  cold  solutions  are  pure  yellow,  the  warm  and  highly  concentrated  solutions 
brownish-yellow.  When  exposed  to  the  air,  they  immediately  deposit  indigo-blue. 

Indigo-white  forms  with  lime  a  neutral  compound,  readily  soluble  in  water,  and  a 
basic  compound  which  is  almost  insoluble ;  this  latter  is  precipitated  when  the  solution 
of  the  more  neutral  body  is  digested  with  hydrate  of  calcium,  or  when  indigo  is  digested 
with  water,  sulphate  of  iron,  and  excess  of  lime.  The  precipitate  of  gypsum  and 
hydrated  sesquioxide  of  iron,  which  is  formed  at  the  same  time,  may  be  readily  sus- 
pended in  water  and  separated  by  levigation.  The  basic  compound  is  of  a  lemon- 
yellow  colour,  and  very  slightly  soluble  in  water,  to  which  it  imparts  a  yellow  colour. 
On  exposure  to  the  air,  it  first  turns  green,  and  then  bright  blue.  (Berzelius.) 

The  alkaline  solutions  of  indigo-white  are  precipitated  by  the  salts  of  the  earth- 
metals  and  heavy  metals,  yielding  white  precipitates,  which  turn  blue  in  the  air  more 
quickly  than  indigo-white  itself.  The  magnesium-compound,  being  slightly  soluble, 
is  partly  thrown  down  as  a  white  precipitate,  and  partly  remains  dissolved  in  the 
aqueous  solution,  to  which  it  imparts  a  yellow  colour ;  it  turns  blue  on  exposure  to 
the  air.  The  aluminium-compound  is  white,  but  rapidly  turns  blue  on  the  filter ; 
if  it  be  then  dried,  it  forms  a  dark  blue  crystalline  powder  which  sparkles  in  sunshine ; 
indigo-blue  may  be  very  readily  sublimed  from  it,  and  a  grey  earthy  residue  then 
remains.  (Berzelius.) 

The  manganous  compound  is  dirty-green,  and  does  not  yield  any  sublimate  of  indigo- 
blue  when  dried  in  the  air  and  heated.  The  zinc-compound  is  white,  but  rapidly  turns 
blue  on  exposure  to  the  air,  and  then  yields  a  sublimate  of  indigo-blue  when  heated. 
The  lead-compound  is  white  and  slightly  crystalline,  turns  rapidly  blue  on  exposure  to 
the  air,  and  if  then  heated,  detonates  slightly,  and  yields  reduced  lead.  The  ferrous 
compound  is  white,  but  quickly  turns  blue  on  exposure  to  the  air ;  if  it  be  then  heated, 
it  does  not  yield  any  sublimate  of  indigo-blue.  The  cobalt-compound  is  grass-green, 
and  after  drying  in  the  air,  does  not  yield  any  sublimate  of  indigo-blue  when  heated. 
Nitrate  of  silver  produces  with  an  aqueous  solution  of  the  potassium-compound  a  pre- 
cipitate which  is  at  first  transparent  brown,  and  then  becomes  black ;  it  is  not  acted 
upon  by  the  air,  but  when  heated,  produces  a  gentle  explosion  and  yields  a  sublimate 
of  indigo-blue  and  a  residue  of  metallic  silver.  (Berzelius.) 

INDIGO-YELLOW.  A  substance  produced  by  heating  hyposulphindigotate  of 
calcium  with  lime-water,  in  contact  with  the  air.  It  is  a  transparent  yellow  maSvS, 
with  neutral  reaction ;  swells  up  when  heated,  emitting  an  odour  like  that  of  burnt 
animal  matter,  and  is  slowly  converted  into  a  combustible  cinder.  It  dissolves  in 
water  and  in  alcohol,  forming  yellow  solutions.  The  aqueous  solution  is  precipitated 
incompletely  by  neutral  acetate  of  lead,  completely  by  the  basic  acetate. 

IxroZBUIUKZir.  A  product  of  the  decomposition  of  indican  (p.  248)  perhaps  iden- 
tical with  indigo-brown.  It  is  obtained  but  sparingly,  and  not  on  all  occasions.  It  is 
a  brown  powder,  containing  62'86  per  cent,  carbon,  4'71  hydrogen,  7'19  nitrogen,  and 
25-24  oxygen,  agreeing  nearly  with  the  formula  CIOH9N03.  It  burns  without  melting 
when  heated,  is  insoluble  in  water  and  in  alcohol,  but  dissolves  in  aqueous  alkalis, 
forming  a  brown  liquid,  from  which  it  is  precipitated  by  acids.  It  dissolves  in  boiling 
nitric  acid,  forming  a  yellow  solution,  which,  on  evaporation,  leaves  an  orange-yellow 
residue. 

nOTDXir.  CI6HION202.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  471.)— A  compound, 
probably  containing  the  elements  of  two  molecules  of  indigo-blue,  produced  by  the 
action  of  potash  on  isatyde,  sulphisatyde,  or  disulphisatyde  by  heating  isatan  or 
isatyde : — 

C16H12N208     =    C16H10N202  +  H20. 

Isatan.  Indin. 

2C1SH12N204     «=»     C16H10N202  +  2C8HSN02  +   2H20. 

Isatyde.  Indin.  Isatin. 

2CI9H12N204     +   3KHO     =     C16H9KN202  +  2C8H6KN08   +   3H20. 
Isatyde.  Indin-potassium.          Isatate  of 

potassium. 

2C16H12N2S08  +   3KHO     -     C18H9KN202  +  2C8H6KN08   +  H20    +   2H2S. 

Sulphisatyde. 

2C"HI2N2S202  H;   4KHO     -     C16H9KN20*  +   2C8H'KNO*  +  KHS  +  3H2S. 

Disulphisatyde. 
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It  is  most  easily  prepared  by  the  action  of  potash  on  disulphisatyde.  This  substance 
is  placed  in  a  mortar,  and  potash  poured  upon  it  so  that  a  stiff  magma  is  formed, 
which  is  rubbed  up  for  some  time,  and  potash  added  drop  by  drop.  When  after  five 
or  six  minutes  the  mass  turns  rose-coloured,  alcohol  is  gradually  added,  and  the  whole 
is  constantly  stirred,  until  a  dark  rose-coloured  paste  is  formed,  which  is  diluted  with 
alcohol,  and  filtered.  The  residue  is  washed,  first  with  alcohol,  and  then  with  water. 
Since  the  indin  thus  obtained  contains  abundance  of  sulphisatyde,  the  water  is  removed 
from  it  by  washing  with  alcohol,  which  is  allowed  to  run  through  the  filter ;  the  indin  is 
then  taken  from  the  filter  and  treated  with  very  strong  lukewarm  potash,  wherein  it 
immediately  forms  a  black  solution,  which  after  a  few  hours  becomes  thick  with  black 
needles  of  indin-potassium.  (If  the  potash  is  too  hot,  the  black  colour  disappears,  and 
the  indin  is  completely  destroyed.)  It  is  then  diluted  with  absolute  alcohol,  and  the 
solution  removed  with  a  pipette ;  the  crystals  are  washed  on  a  small  filter  with  common 
alcohol,  then  with  dilute  hydrochloric  acid,  and  finally  with  water;  they  are  thus 
gradually  reduced  to  red  pulverulent  indin.  In  order  to  obtain  indin  crystallised,  the 
black  crystals  are  dissolved  in  boiling  absolute  alcohol,  and  the  boiling  solution  is  mixed 
with  hydrochloric  acid ;  microscopic  crystals  then  separate  out  on  cooling. 

Indin  forms  a  deep  rose-coloured  powder  or  fine  microscopic  needles  ;  insoluble  in 
water,  very  sparingly  soluble  in  alcohol  and  ether,  even  at  the  boiling  heat.  When 
heated,  it  swells  up  as  soon  as  it  begins  to  melt,  yields  a  sublimate  of  needle-shaped 
crystals,  and  leaves  a  considerable  quantity  of  charcoal.  It  dissolves  with  red  colour 
in  sulphuric  acid,  and  is  precipitated  unchanged  by  water.  With  nitric  acid,  it  yields 
nitrindin,  and  with  bromine,  dibromindin. 

The  analyses  of  indin,  made  at  different  times,  do  not  agree  very  well  together,  the 
carbon  varying  from  71*55  to  72'09  per  cent.,  and  the  hydrogen  from  3'0  to  4'65  ;  the 
nitrogen  in  one  analysis  was  found  to  be  ll'O  per  cent.  The  formula  C16H10N202  re- 
quires 73'3  C,  3-8  H,  and  10*6  N.  The  differences  arose,  according  to  Laurent,  from 
the  presence  of  hydrindin,  into  which  a  portion  of  the  indin  had  been  converted  by  the 
further  action  of  the  potash. 

Indin-potassium,  probably  C16H9KN202.  This  compound  is  formed  in  the  prepara- 
tion of  indin  as  above  described,  and  may  be  prepared  in  a  state  of  greater  purity  by 
warming  indin  moistened  with  alcohol,  and  dissolving  it  in  strong  alcoholic  potash. 
The  black  solution,  if  immediately  taken  from  the  fire,  deposits  black  crystals,  which 
must  be  freed  from  the  liquid  by  decantation,  rapidly  washed  with  absolute  alcohol, 
then  laid  upon  paper,  and  dried  in  a  vacuum  on  a  porous  tile.  The  crystals  rapidly 
attract  luoisture  from  the  air,  and  are  resolved  into  potash  and  indin.  The  compound 
gives  by  analysis  from  11'5  to  12*0  per  cent,  potassium,  whereas  the  above  formula 
requires  13'0  per  cent.  The  analyses  agree  better  with  the  formula  C16H"KN203, 
which  is  that  of  the  potassium-salt  of  an  acid,  related  to  indin  in  the  same  manner  as 
isatic  acid,  C8H7N03,  to  isatin,  C8H5N02. 

Derivatives  of  Indin. 

Dibromindin.  C16H8Br2N202.  (Erdmann,  J.  pr.  Chem.  xxii.  265.  Laurent,  Ann. 
Ch.  Phys.  [3]  iii.  371.) — Produced: — 1.  By  the  action  of  bromine  on  indin  (Laurent). 
• — 2.  By  heating  dibromisatyde  (Erdmann). — 3.  By  the  action  of  bromine  upon  disul- 
phisatyde. (Laurent.) 

To  prepare  it,  indin  is  treated  with  bromine,  whereupon  hydrobromic  acid  is 
evolved,  and  a  violet-black  powder  is  formed  (Laurent).  Or  dibromisatyde  is  heated 
at  a  temperature  not  exceeding  220°,  and  dibromisatin  and  undecomposed  dibromi- 
eatyde  are  removed  from  the  products  by  treating  them  with  boiling  alcohol  (Erdmann). 
Or  bromine  is  poured  upon  disulphisatyde,  whereupon  hydrobromic  acid  and  bromide 
of  sulphur  are  evolved,  and  the  soft  brown  mass  thus  formed  is  treated  with  ether, 
which  extracts  resin  and  an  orange-yellow  crystalline  mass,  and  leaves  dibromindin  as 
a  violet-black  powder.  (Laurent.) 

Prepared  according  to  1  and  3,  it  is  a  violet-black  powder;  prepared  according  to  2, 
it  is  blackish  red.  It  is  slightly  soluble  in  alcohol  and  in  ether. 

When  dibromindin  is  heated  between  two  platinum  crucible-covers,  the  greater  part 
chars ;  placed  on  glowing  charcoal,  it  yields  a  sublimate  of  shining  copper-coloured  laminae, 
which  appear  violet  by  transmitted  light  under  the  microscope.  It  blackens  when 
treated  with  potash ;  if  water  is  added  and  the  whole  boiled,  the  dibromindin  gradually 
dissolves  and  forms  a  yellow  solution,  from  which  acids  precipitate  yellow  flakes. 
When  it  is  boiled  with  alcohol  and  solid  hydrate  of  potassium,  a  blackish  red  solution  is 
formed,  from  which  water  or  hydrochloric  acid  precipitates  violet-coloured  dibromindin. 
(Laurent.) 

Dicnlorindin.  C16H8C12.  (Erdmann,  J.  pr.  Chem.  xxii.  264.) — Produced  from 
chlorisatyde  by  the  action  of  heat,  or  by  treating  it  with  potash. 

Chlorisatyde  is  heated  to  200°,  and  the  product  is  freed  from  chlorisatin  and  un- 
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decomposed  chlorisatyde  by  boiling  alcohol.  Or,  ehlorisatyde  is  dissolved  in  Warm 
potash,  and  allowed  to  cool  :  the  mother-liquor  is  poured  off  from  the  deposit  of  chlo- 
risatate  of  potassium,  and  mixed  with  acetic  acid,  which  precipitates  yellow  chlorisatic 
acid.  On  subsequently  heating  the  filtrate  with  hydrochloric  acid,  it  assumes  a  deep 
orange  colour,  and  deposits  violet  flakes  of  chlorindin,  which  are  filtered  from  the  hot 
solution. 

Chlorindin  forms  a  dirty  violet  powder,  insoluble  in  water,  hydrochloric  acid,  and 
alcohol.  It  dissolves  in  potash,  forming  a  yellowish  solution,  with  which  hydrochloric 
acid  gives  a  yellow  precipitate,  soluble  with  yellow  colour  in  water. 

Tetracblorindin.  CI6H6C14N202.  (Erdmann,  loc.  tit.)—  Produced  from  chlori- 
satyde by  the  action  of  heat  below  200°,  or  by  the  action  of  potash.  It  resembles 
chlorindin. 

Hydrindin.  C^H^N'O5?  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  475.)—  A  compound 
produced  by  the  action  of  alcoholic  potash  upon  indin,  isatin,  isatyde,  sulphisatyde,  01 
disulphisatyde.  r  f 

Preparation.  —  1.  Indin  moistened  with  alcohol  is  warmed  with  strong  potash-ley 
till  the  solution,  which  is  at  first  black,  has  become  colourless,  and  the  crystals  of  hy- 
drindin-potassium,  which  separate  out  on  cooling,  are  completely  freed  from  potash  by 
water.  —  2.  When  isatyde  is  treated  with  potash  and  a  little  alcohol,  a  beautiful  rose- 
coloured  solution  is  formed,  which,  when  mixed  with  hydrochloric  acid,  and  gently 
evaporated,  becomes  yellow,  and  deposits  on  cooling  a  mixture  of  isatin  and  hydrin- 
din,  from  which  the  isatin  is  extracted  by  treating  with  a  little  boiling  alcohoL 
,  _  3.  Sulphisatyde  dissolves  completely  in  gently  heated  potash,  and  on  cooling,  the 
potassium-compound  of  hydrindin  sometimes  separates  out  in  beautiful  small,  pale- 
yellow  crystals;  sometimes,  however,  the  solution  solidifies  into  a  mass  of  needles 
having  a  silky  lustre.  The  whole  is  mixed  with  a  large  quantity  of  water,  and  the 
crystals  are  washed  on  a  filter  till  all  the  potash  is  extracted.  The  filtrate  mixed  with 
hydrochloric  acid  still  deposits  a  small  quantity  of  hydrindin,  together  with  a  substance 
which  is  perhaps  indin. 

Hydrindin  forms  a  white  or  pale-yellow  powder,  insoluble  in  water,  slightly  soluble 
in  boiling  alcohol,  and  separating  from  the  solution  on  cooling,  in  small  rhombic  or  six- 
sided  needles. 

Hydrindin  carefully  heated  above  300°,  turns  violet-brown  and  gives  off  2  at.  water  ; 
the  residue  behaves  with  alcoholic  potash  like  indin.  —  "With  boiling  nitric  acid  it  forma 
a  violet  powder  similar  to  nitrindin. 

Hydrindin  contains,  according  to  the  mean  of  Laurent's  analyses,  69'80  per  cent.  C, 
4-85  H,  and  1070  N.  The  formula,  C^HO5,  deduced  therefrom  by  Laurent,  which 


represents  hydrindin  as  composed  of  2  at.  indin  +  H20,  requires  only  4'0  per  cent.  H, 
which  is  much  below  the  analytical  number.  Gerhardt  suggested  the  formula 
C82H22N404.H20,  which  requires  70'59  per  cent.  C,  4*41  H,  and  10-29  N,  and  represents 
hydrindin  as  a  hydrate  of  a  double  molecule  of  indin  +  2  at.  H.  The  formation  of 
hydrindin  by  the  action  of  potash  on  indin,  &c.  is  more  favourable  to  Laurent's  than  to 
Oerhardt's  view,  provided  hydrindin  is  the  sole  product  of  the  reaction  ;  but  in  reality 
other  products  are  formed  at  the  same  time,  so  that  the  formation  of  the  more  highly 
hydrogenised  compound,  hydrindin,  may  perhaps  be  compensated  by  that  of  one  or  more 
compounds  containing  a  larger  proportion  of  oxygen.  The  organic  molecule,  C16HI3N'-'0, 
associated  with  the  elements  of  sulphuric  acid  in  Schlieper's  hydrindinsulphuric  acid 
(p.  267)  differs  from  indin  by  the  substitution  of  2  at.  H  for  1  at.  0  ;  but  as  the  mode 
of  formation  of  this  molecule  is  altogether  different  from  that  of  Laurent's  hydrindin, 
it  is  probable  that  the  two  have  little  more  in  common  than  the  name. 

Hydrindin-potassium.  CS2H2IKN405.3H20  ?  When  hydrindin  is  dissolved  in  warm 
aqueous  potash,  this  salt  separates  out  in  short,  brilliant,  pale-yellow  prisms  or  silky 
needles,  containing,  according  to  Laurent's  analysis,  60*0  per  cent.  C,  4'3  H,  5'6  K, 
and  9'0  water  of  crystallisation  ;  these  numbers  agree  better  with  Laurent's  formula 
above  given,  which  requires  60'54  per  cent.  C,  4'27  H,  and  6'18  K,  than  with  that 
which  corresponds  to  Gerhardt's  formula  of  hydrindin,  viz.  C32H2IKN404.3H20  which 
requires  62-11  C,  4'37  H  and  6*34  K.  The  salt  is  decomposed  by  washing  with  water, 
leaving  nothing  but  hydrindin. 

Nitrindin.  C16H8N406  =  C16H8(N02)2N202.  (Laurent,  Ann.  Ch.  Phys.  [3]iii.478.)— 
Produced  by  boiling  indin  or  hydrindin  with  nitric  acid.  Isatyde  and  sulphisatyde 
probably  also  yield  nitrindin  when  boiled  with  nitric  acid. 

It  is  a  bright  violet  powder,  insoluble  in  water,  very  slightly  soluble  in  alcohol  and 
ether. 

It  decomposes  rather  quickly  when  heated  in  closed  vessels,  and  leaves  a  residue  of 
bulky  charcoal,  which  glows  even  out  of  contact  with  the  air.  It  is  gradually  decom- 
"  by  boiling  nitric  acid.  It  dissolves  in  potash,  forming  a  deep  brown  solution, 
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from  which  hydrochloric  acid  throws  down  sometimes  undecomposed  indin,  and 
sometimes  yellow  flakes,  especially  if  the  solution  has  been  boiled.  With  sulphite  of 
ammonium  it  behaves  like  indin.  Ammonia  does  not  act  upon  it. 

rNn>iisrsiri.pHURic  ACID.  C16HI2N2S209  =  (CISH'°N202.S03).SIP04.  (G.  and 
A.  Schlieper,  Ann.  Ch.  Pharm.  cxx.  24.)— An  acid  produced  by  the  oxidation  of 
hydrindinsulphuric  acid  (see  below).  The  transformation  may  be  effected  by  heating 
hydrindinsulphuric  acid  with  a  few  drops  of  nitric  acid,  or  by  treating  it  with  an 
alkaline  of  solution  of  ferricyanide  of  potassium  or  hypochlorite  of  sodium.  The  hyclrin- 
dinsulphates  are  also  converted  into  indinsulphates  by  exposure  to  the  air,  especially  in 
alkaline  solution,  or  by  heating  them  with  nitric  or  nitromuriatic  acid.  The  mother- 
liquor  obtained  in  the  preparation  of  hydrindinsulphate  of  barium,  treated  with  hot 
nitric  acid,  yields  large  quantities  of  the  indinsulphate.  The  free  acid  may  be  obtained 
in  the  crystalline  form  by  decomposing  the  barium-salt  with  sulphuric  acid,  and  evapo- 
rating the  filtrate.  It  has  a  red  colour,  is  easily  soluble  in  water,  sparingly  in  alcohol, 
and  is  precipitated  from  the  alcoholic  solution  by  ether,  in  red  flocks.  The  aqueous 
solution  dyes  silk  and  wool  scarlet.  Its  colour  is  altered  by  alkalis,  probably  in  con- 
sequence of  a  change  analogous  to  the  conversion  of  isatin  into  isatic  acid.  By  sulphy- 
dric  acid  it  is  reduced  to  hydrindin-sulphuric  acid : 

CI6H12N8S209   +   2H2S     =     C16H14N2S208  +   S2  +  H20. 

Indinsulphuric  acid  is  dibasic,  and  appears  to  form  soluble  salts  with  most  bases. 
The  salts  when  heated  yield  a  crystalline  sublimate  of  a  fine  red  colour. 

The  barium-salt,  CI6H10Ba"N2S209.2H20,  is  obtained,  by  drenching  the  hydrindin- 
sulphate with  dilute  ammonia,  exposing  it  to  the  air,  and  stirring  frequently,  as  a  finely 
crystalline  powder  of  a  fiery  carmine-red  colour ;  or,  by  heating  the  mother-liquor 
of  the  hydrindinsulphate  with  nitric  acid,  as  a  light  powder  consisting  of  slender 
dark-red,  brown  needles.  It  is  moderately  soluble  in  pure  water,  insoluble  in  aqueous 
chloride  of  barium,  alcohol,  and  cold  hydrochloric  acid  and  nitric  acids.  At  100°  it 
gives  off  6*45  per  cent,  water  (calc.  2  at.  =5*89),  and  the  dried  salt  yields  by  analysis 
33-64  percent,  carbon,  2 -02  hydrogen,  and  26'27  to  2674  baryta,  the  formula  requiring 
33-39  C,  1-74  H,  and  26-60  BaO. 

The  potassium-salt,  CI6H10K2N2S209.5H20,  is  obtained,  by  oxidising  the  solution  of 
the  hydrindinsulphate,  by  exposure  to  the  air,  or  by  means  of  ferricyanide  of  potassium, 
as  a  bulky  carmine-coloured  precipitate,  perfectly  insoluble  in  liquids  containing  potash. 
A  hot  solution  of  indinsulphuric  acid  mixed  with  excess  of  a  potassium-salt,  the  chloride 
for  example,  deposits  the  indinsulphate  on  cooling  in  interlaced  needles  of  a  dark-red 
colour  and  almost  metallic  lustre,  and  so  bulky  that  they  nearly  fill  the  liquid.  The 
air-dried  salt  heated  to  100°  gave  off,  on  the  average,  14-24  and  14-34  per  cent,  water 
(calc.  5  at.  =  14-85),  and  the  remaining  anhydrous  salt  gave  by  analysis  18*09  and 
18-21  per  cent.  K20,  the  formula  requiring  18-21  per  cent. 

The  silver-salt,  C16H'°Ag2N2S209,  is  obtained  by  mixing  a  solution  of  the  acid  with 
excess  of  nitrate  of  silver,  in  small  brown  bulky  needles  yielding  (at  100°)  by  analysis 
29-39  per  cent.  C,  T58  H,  and  3276  Ag;  calc.  29*36  C,  1'53  H,  and  33-02  Ag. 

Hydrindinsulpburic  acid.  C16H14N2S208  =  (C16HI2N2O.S03).SH204.  (GK  and 
A.  Schlieper,  Ann.  Ch.  Pharm.  cxx.  20.) — This  acid,  which  may  be  derived  from 
indinsulphuric  acid  by  the  substitution  of  2  at.  H  for  1  at.  0,*  is  produced  by  the 
action  of  sulphydric  acid  or  sulphide  of  ammonium  on  indinsulphuric,  or  isatinsul- 
phuric  acid ;  also  of  zinc  and  hydrochloric  or  sulphuric  acid  on  the  latter,  but  not  by 
the  action  of  hydriodic  acid. 

Preparation. — A  moderately  concentrated  solution  of  isatinsulphuric  acid  (1  pt.  of 
the  acid  to  5  or  6  pts.  water)  is  slightly  supersaturated  with  ammonia,  then  mixed  with 
half  its  bulk  of  sulphide  of  ammonium,  and  heated  to  boiling,  the  liquid  then  becoming 
brown  from  dissolved  sulphur,  and  smelling  strongly  of  ammonia.  More  sulphide  of 
ammonium  is  then  gradually  added  to  the  boiling  liquid,  till  it  smells  permanently  of 
sulphydric  acid ;  and  the  boiling  is  continued  (in  a  flask,  to  prevent  oxidation)  as  long 
as  a  trace  of  ammonia  escapes.  The  neutral  pale-red  solution  filtered  from  the  separated 
sulphur  consists  almost  wholly  of  hydrindinsulphate  of  ammonium,  which  may.  be 
converted  into  the  barium-salt  by  precipitation  with  chloride  of  barium,  and  from  this 
the  acid  is  obtained  by  decomposition  with  sulphuric  acid. 

Hydrindinsulphuric  acid  is  obtained,  by  evaporation  of  its  aqueous  solution,  as  a 
colourless  radio-crystalline  mass,  which  becomes  reddish  when  exposed  to  the  air.  It 
has  a  very  sour  taste,  dissolves  easily  in  water,  less  easily  in  alcohol,  and  is  insoluble 
in  ether. 

The  acid  is  dibasic  ;  its  salts  are  almost  all  soluble,  and  are  easily  converted  into 
indinsulphates  by  oxidation,  especially  in  alkaline  solutions. 

*  In  the  original  memoir  (p.  31),  the  two  acids  are  said  to  be  related  to  one  another  in  the  same  manner 
as  indigo-white  and  indigo-blue;  bat  this  statement  is  inconsistent  with  the  formulae. 
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The  barium-salt,  Cl6H12Ba'rN*S2O8.4H2O  (air-dried),  is  a  light  crystalline  powder  con- 
sisting of  white  shining  scales.  At  100°  it  gives  off  11-68  per  cent,  water  (calc.  11-37 
per  cent.),  and  the  anhydrous  salt  yields  by  analysis  26-96  and  26-87  per  cent.  Ba'-'O, 
the  formula  requiring  27 '27  per  cent. 

Loucindin-sulphuric  acid.  C18H18N2S2010.  (Gr.  and  A.  Schlieper,  Ann.  Ch. 
Pharm.  cxx.  33.)— This  acid,  which  differs  from  the  last  by  the  elements  of  one 
molecule  of  water,  is  also  produced  by  the  action  of  sulphide  of  ammonium  on  isa- 
tinsulphuric  acid.  If  in  the  process  above  described,  the  liquid,  after  filtration 
from  the  sulphur,  be  immediately  mixed  with  excess  of  caustic  baryta,  instead  of 
being  evaporated,  the  whole  of  the  ammonia  then  expelled  by  boiling,  the  excess 
of  baryta  removed  by  carbonic  acid,  and  the  clear  yellowish  solution  strongly 
concentrated  by  evaporation,  it  deposits,  after  standing  for  a  few  days,  white 
crystalline  crusts  of  leucindin-sulphate  of  barium,  which  when  recrystallised,  forms 
hard,  colourless,  shining  crystals  containing  C16H16Ba2S2010,  with  probably  5  at.  wate^ 
They  gave  off  11'65  per  cent,  water  at  100°,  and  14-3  per  cent,  at  120°  (mean 
12-97);  by  calculation  5  at.  =  13-1.  The  anhydrous  salt  gave  by  analysis 
(mean)  28-10  per  cent.  C,  3'85  H,  and  22-14  Ba20 ;  calculation  27'94  C,  3'78  H, 
and  22-27  Ba*0. 

By  decomposing  the  barium-salt  with  sulphuric  acid,  and  evaporating  the  filtrate, 
leucindin-sulphuric  acid  is  obtained  as  a  white  crystalline  mass,  having  a  very  sour 
taste,  easily  soluble  in  water,  sparingly  in  alcohol.  Its  alkaline  solutions  are  not 
reddened  either  by  exposure  to  the  air,  or  by  treatment  with  oxidising  agents.  The 
solution  of  the  barium-salt  is  not  precipitated  by  nitrate  of  silver ;  but  on  adding 
ammonia,  a  white  flocculent  precipitate  is  formed,  which  turns  brown  when  warmed ; 
acetate  of  lead  forms  a  red  precipitate.  The  barium-salt  evaporated  down  with 
hydrochloric  or  sulphuric  acid,  is  converted  into  indin sulphate  of  barium ;  it  is  not 
altered  by  heating  with  potash. 

INDIRETIN.  C18HI7N05.  (Schunck,  Phil.  Mag.  [4]  xv.  29,  117.)— A  compound, 
produced,  together  with  indihumin,  indirubin,  and  other  products,  by  the  action  of 
dilute  sulphuric  acid  upon  indican  (p.  248).  It  is  a  dark-brown  shining  resin,  which 
at  100°-190°,  contains  on  the  average  66'04  per  cent.  C,  5'57  H,  3-83  N,  and  24'56 
O  (calc.  66-05  C,  5'19  H,  4*28  N,  and  24'48  0).— When  heated  on  platinum 
foil,  it  melts,  burns  with  a  yellow,  smoky  flame,  and  leaves  charcoal.  By  dry  distil- 
lation it  gives  off  strong-smelling  vapours,  and  yields  an  oily  distillate.  It  dissolves 
in  oil  of  vitriol  with  brown  colour,  and  chars  when  heated.  With  boiling  nitric  acid, 
it  forms  resin,  and  picric  acid. — It  dissolves  easily  in  aqueous  alkalis,  and  with  brown 
colour  in  ammonia,  being  precipitated  therefrom  by  barium,  calcium,  and  silver-salts. 
It  is  precipitated  from  the  alcoholic  solution  by  neutral  acetate  of  lead,  and  partially 
by  cupric  acetate. 

INDIRUBIHT.  C8H5NO.  (Schunck,  loe.  cit.} — A  compound,  isomeric  with 
indigo-blue  (p.  249),  and  perhaps ^  identical  with  indigo-red  (p.  257),  obtained  in 
smaS  quantity  by  decomposition  of  indican,  more  abundantly  from  Indian  woad-leaves, 
by  immersing  them  in  a  boiling  alkaline  solution  of  stannous  chloride,  the  liquid  then 
depositing  indirubin  on  exposure  to  the  air.  The  product  thus  obtained  is  purified  by 
dissolving  it  in  alkaline  stannous  chloride,  and  treating  it,  after  reprecipitation,  with 
caustic  soda,  acids,  and  water,  and  then  recrystallised  from  alcohol.  It  forms  long, 
purple,  metallic-shining  needles,  which  appear  red  by  transmitted  light,  and  when 
heated  volatilise  in  red  vapours  and  sublime.  In  the  impure  state,  it  is  a  brown-red 
amorphous  powder.  Contains  7278  per  cent.  C,  10-50  N,  4-16  H,  and  12-56  0, 
agreeing  with  the  formula  above  given.  It  dissolves  with  purple  colour  in  strong 
sulphuric  acid,  and  is  partially  precipitated  therefrom  by  water.  Cold  nitric  acid 
dissolves  it  with  purple  colour,  but  on  applying  heat,  decomposition  takes  place, 
attended  with  formation  of  resin  and  picric  acid.  It  is  but  slightly  altered  by  a 
mixture  of  chr ornate  of  potassium  and  dilute  sulphuric  acid,  even  at  the  boiling  heat. 
With  chlorine  under  water,  it  forms  a  blue  amorphous  resin  soluble  in  alcohol.  Heated 
with  soda-lime,  it  gives  off  an  odour  of  benzoin,  together  with  alkaline  vapours,  which 
partly  condense  to  needles.  It  is  insoluble  in  aqueous  alkalis,  but  dissolves  easily  on 
addition  of  stannous  chloride  or  grape-sugar.  From  the  yellow  solution,  acids  throw 
down  dirty  yellow  flocks,  which  acquire  a  purple  colour  on  exposure  to  the  air,  and 
impart  a  fast  purple  dye  to  cotton-wool  immersed  in  the  liquid  and  afterwards  exposed 
to  the  air.  It  is  not  precipitated  from  the  alcoholic  solution  by  ammoniacal  sugar-of- 
lead.  Its  sulphuric  acid  solution  imparts  a  fine  colour  to  wool,  cotton,  and  silk. 

INDIU1VI.  A  metal  recently  discovered  by  F.  K  e  i  c  h  and  Th.  E  i  c  h  t  e  r  ( J.  pr.  Chem. 
Ixxxix.  441)  in  the  zinc-blende  of  Freiberg.  Its  spectrum  is  characterised  by  two 
indigo-coloured  lines,  one  very  bright  and  more  refrangible  than  the  blue  line  of  stron- 
tium ;  the  other  fainter  but  still  more  refrangible,  approaching  the  blue  line  of  potas- 
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slum.  It  was  the  production  of  this  peculiar  spectrum  that  led  to  the  discovery  of  the 
metal.  The  ore,  consisting  chiefly  of  blende,  galena,  and  arsenical  pyrites,  was  roasted 
to  expel  sulphur  and  arsenic,  then  treated  with  hydrochloric  acid,  and  the  solution  was 
evaporated  to  dryness.  The  impure  chloride  of  zinc  thus  obtained,  exhibited,  when 
examined  by  the  spectroscope,  the  first  of  the  indigo  lines  above  mentioned.  The 
chloride  was  afterwards  obtained  in  a  state  of  greater  purity,  and  from  this  the  hydrate 
and  the  metal  itself  were  prepared.  The  first  line  then  came  out  with  much  greater 
brilliancy,  and  the  second  was  likewise  observed. 

Indium  has  hitherto  been  obtained  in  very  small  quantity  only,  so  that  its  properties 
have  been  but  imperfectly  studied.  The  metal  itself  is  of  a  lead-grey  colour,  soft, 
very  malleable,  and  marks  paper  like  lead.  It  dissolves  easily  in  hydrochloric  acid, 
forming  a  deliquescent  chloride.  From  the  solution  of  this  salt,  it  is  precipitated  by 
ammonia  and  potash  as  a  hydrate,  insoluble  in  excess  of  either  reagent.  Sulphydrie 
acid  does  not  precipitate  it  from  acid  solution.  The  oxide  heated  on  charcoal  with 
soda,  yields  a  metallic  globule,  which  when  reheated  oxidises  to  a  yellowish  powder. 
The  compounds  of  indium  impart  a  violet  tint  to  the  flame  of  a  Bunsen's  burner.  (See 
SUPPLEMENT,  pp.  729,  1137.) 

INDUCTION,  ELECTRICAL.     See  ELECTRICITY  (ii.  384,  451). 

INDUCTION1,  MAGNETIC.     See  MAGNETISM. 

INDUCTION,  PHOTOCHEMICAL.     See  LIGHT,  CHEMICAL  ACTION  OF. 

INDYIiE.     Syn.  with  INDIGO-BLUE.     (G-erh.  iii.  509.) 

INFUSORIA.  The  following  experiments  on  the  influence  of  infusoria  in  exciting 
fermentation,  have  been  made  by  Pasteur  (Compt.  rend.  Ivi.  416;  Eep.  Chim.  p. 
1863,  p.  221).  A  quantity  of  tartrate  of  calcium  mixed  with  a  few  thousandths  of 
phosphate  of  ammonium  and  alkaline  and  earthy  phosphates  (either  artificially  pre- 
pared, or  from  tke  ashes  of  beer  or  of  infusoria),  was  placed  in  a  flat-bottomed  bottle, 
the  narrow  neck  of  which  was  cemented  to  a  bent  glass  tube  ;  the  bottle  was  then 
filled  up  with  pure  water,  and  the  water  heated  to  the  boiling  point,  while  the  end  of 
the  bent  tube  was  plunged  into  water  likewise  heated  to  boiling  ;  by  this  means  all 
the  air  in  the  solution  was  driven  out.  The  surface  of  the  .water  in  the  vessel  into 
which  the  bent  tube  dropped  was  then  covered  with  a  thick  layer  of  oil,  and  the 
apparatus  was  left  to  itself  for  twenty-four  hours.  Not  the  slightest  trace  of  fermen- 
tation could  then  be  perceived  ;  but  on  quickly  introducing  into  the  bottle  a  small 
quantity  of  infusoria  produced  by  spontaneous  fermentation  of  tartrate  of  calcium,  and 
immediately  replacing  the  small  quantity  of  water  thereby  dislodged,  with  water 
deaerated  by  boiling,  and  plunging  the  end  of  the  tube  below  the  surface  of  mercury 
so  as  completely  to  exclude  the  air,  the  infusoria  multiplied  rapidly  in  the  deposit  of 
tartrate,  which  soon  disappeared  completely,  being  replaced  by  a  deposit  consisting  of 
the  carcases  of  infusoria. 

Hence  it  appears  that  the  fermentation  of  the  tartrate  is  determined  by  the  presence 
of  an  animalcule  living  without  free  oxygen.  If  the  bottle  is  filled  up  with  aerated 
water,  the  tartrate  ferments  spontaneously,  and  the  infusoria  multiply  quickly,  re- 
moving the  oxygen  present  down  to  the  last  trace,  and  replacing  it  by  a  slightly  larger 
volume  of  carbonic  anhydride.  The  ferment  finds  the  nitrogen  and  phosphates  re- 
quired for  its  development  in  the  albuminous  matter  present  or  the  ammoniacal  salts 
and  phosphates  introduced.  The  carbon  is  supplied  by  the  tartaric  acid.  (See  FEB- 

MENTATION.) 

On  the  influence  of  infusoria  on  the  germination  of  plants,  see  L  em  air  e,  Compt. 
rend.  1863,  Sept.  21  ;  Kep.  Chim.  app.  1863,  p.  371. 

From  experiments  by  Morrin  (Compt.  rend,  xxxviii.  932  ;  Jahresber.  1855,  p.  649), 
it  appears  that  the  development  of  infusoria  and  algae  goes  on  only  when  they  can 
obtain  a  supply  of  nitrogen  already  in  the  state  of  chemical  combination,  e.g.  as 
evolved  by  decomposing  animal  matters,  or  in  the  form  of  ammonical  salts.  They 
grow  in  water  which  is  in  contact  with  atmospheric  air  continually  renewed,  but  die  if 
the  air  has  been  deprived  of  ammonia  and  organic  matters  by  washing  with  oil  of 
vitriol. 

According  to  Salm-Horstmar  (Jahresber.  1854,  p.  145;  1855,  p.  134),  the  green 
colouring  matter  of  infusoria  is  optically  identical  with  chlorophyll. 

INFUSORIAL  EARTH.  The  infusorial  earth  situated  on  the  southern  edge  of 
the  Liineburg  heath,  near  Ebsdorf,  has  been  analysed  by  W.  Wicke  (Ann.  Ch.  Phann. 
xiv.  292).  It  consists  of  two  layers,  the  upper,  which  is  from  10  to  18  feet  thick, 
being  light-coloured,  and  nearly  white  when  dry,  and  the  lower,  which  is  10  feet  thick, 
or  more,  of  a  brownish-grey  colour. 


Water.      ^™e?  SiO*         Ca'CO*        Fe'CF        A1<Q3 

Upper      .         .     8-43         2a-28r*       87'86         0'75         0'73         0'13     =     100-18 
Lower      .        .  24'43  74-48         0'34         0'39  —      -       99'64 
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,  Every  liquor  or  pigment  used  for  writing  or  printing  is  distinguished  by  the. 
name  of  ink.  Inks  are  of  various  colours,  but  the  black  and  red  are  most  in  use,  both 
for  writing  and  printing.  We  shall  first  speak  of  writing  inks,  which  consist  either 
of  a  coloured  and  not  too  thin  liquid,  or  a  finely  divided  coloured  precipitate  sus- 
pended in  a  liquid. 

1.  Black  inks. — Common  black  ink  for  writing  is  made  by  adding  an  infusion  or 
decoction  of  nut-galls  to  a  solution  of  copperas  (ferrous  sulphate).  The  infusion  or 
decoction  of  the  galls  contains  both  gallotannic  and  gallic  acids,  both  of  which  produce 
deep-black  precipitates  with  ferric  salts,  but  with  ferrous  salts,  white  precipitates  which 
turn  black  by  oxidation  on  exposure  to  the  air.  Moreover,  gallic  acid  colours  ferric 
salts  of  a  much  deeper  black  than  gallotannic  acid;  hence  it  is  advantageous  to  leave  the 
infusion  to  itself  for  some  time,  either  before  or  after  mixture  with  the  iron-salts,  in 
order  that  the  tannic  acid  contained  in  it  may  be  converted  into  gallic  acid  (ii.  767, 
768). 

To  retain  the  precipitate  in  suspension,  and  prevent  it  from  forming  a  sediment,  a 
certain  quantity  of  gum  is  always  added :  the  gum  likewise  gives  a  certain  gloss  to 
the  ink.  These  are  the  essential  ingredients  of  good  writing  ink,  and  any  other 
colouring  matters  added,  for  the  sake  of  cheapness,  as  substitutes  for  a  portion  of  the 
galls,  only  impair  its  quality.  Logwood  is  sometimes  used,  for  the  sake  both  of  the 
tannin  and  the  colouring  matter  which  it  contains. 

To  prevent  ink  from  becoming  mouldy,  various  substances  are  added  to  it,  such  as 
essential  oils,  finely  bruised  cloves,  a  few  drops  of  phenic  acid,  and  sometimes  (but  not 
advantageously)  corrosive  sublimate.  The  addition  of  an  acid  retards  the  conversion 
of  the  ferrous  into  ferric  salt ;  the  ink  then  remains  thinner  and  pale  while  kept  in 
the  bottle,  and  becomes  darker  only  as  the  writing  dries. 

The  following  are  some  of  the  numerous  recipes  for  the  preparation  of  black  ink, 
calculated  for  1,000  pts.  of  water: — 

Galls  . 
Copperas 
Gum-arabic 

Galls  . 

Logwood 

Copperas     . 

Sulphate  of  copper       .       —  5 

Gum  ....         9  43  47  20  16 

Sugar.         ...       —  23         1000 

Vinegar       .         .         .125  135 

Of  the  genuine  inks  (a — g\  a,  b,  and  c  are  too  strong  for  ordinary  use ;  d,  e  and  / 
are  perhaps  the  best ;  g  would  be  somewhat  too  pale.  The  rest  cannot  be  recommended, 
excepting  for  special  purposes.  Sulphate  of  copper  deepens  the  colour  of  the  preci- 
pitate, but  renders  it  more  compact  and  heavy,  and  therefore  more  apt  to  settle  down. 
A  certain  quantity  of  sugar  renders  the  ink  more  fluid,  and  permits  the  addition  of  a 
larger  proportion  of  gum.  It  likewise  renders  the  ink  adhesive  when  dry,  so  that  a 
copy  of  the  writing  may  easily  be  taken  off  by  laying  a  sheet  of  thin  unsized  paper, 
damped  with  a  sponge,  on  the  written  paper,  and  passing  lightly  over  it  a  flat  iron  very 
moderately  heated:  ink  of  this  quality  is  called  copying  ink. 

The  so-called  alizarin-inks  (a  mere  commercial  name,  by  no  means  implying  that 
they  contain  the  alizarin  of  madder)  consist  of  common  ink  mixed  with  a  little  free 
sulphuric  acid,  which,  like  other  acids,  retards  the  oxidation  of  the  ferrous  precipitate 
(see  IRON,  OXIDES  OF),  so  that  the  writing  becomes  black  only  after  exposure  to  the 
air ;  the  change  being,  perhaps,  accelerated  by  the  neutralisation  of  the  sulphuric  acid 
by  the  basic  substances  contained  in  the  paper;  the  ink  blackens  very  quickly  when 
exposed  to  ammoniacal  vapours.  A  certain  quantity  of  sulphindigotic  acid  (p.  258), 
or  its  sodium-salt  (indigo-carmine)  is  usually  added,  so  that  the  ink  may  not  appear 
too  pale  in  writing.  An  ink  of  this  kind  may  be  prepared  by  exhausting  40  pts.  by 
weight  of  nut-galls  with  112  pts.  water,  and  then  adding  7  pts.  copperas  and  \  pt. 
oxalic  acid.  At  the  same  time,  1  pt.  of  finely  pulverised  indigo-blue  is  dissolved  in 
4  pts.  fuming  sulphuric  acid ;  the  solution  after  24  hours  is  diluted  with  water,  and 
mixed  with  a  small  quantity  of  carbonate  of  soda ;  the  precipitate  is  collected,  washed 
to  remove  the  saline  solution,  then  suspended  in  water ;  and  this  liquid  is  added  to 
the  former  till  the  whole  exhibits  a  rather  deep  greenish-blue  colour. 

Chrome  ink. — Eunge  first  suggested  the  preparation  of  ink'  with  logwood  and 
chromate  of  potassium.  Such  ink  is  more  easily  diluted  than  ordinary  copperas-ink, 
and  is  not  liable  to  turn  mouldy ;  but  on  the  other  hand,  it  soon  becomes  viscid  and 
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gelatinous.  Runge  prepares  it  by  mixing  16  pts.  by  weight  of  solid  commercial 
extract  of  logwood,  with  1,000  pts.  water  (or  a  decoction  of  1  pt.  of  logwood  boiled 
down  to  8  pts.  of  liquid),  and  adds  1  pt.  of  yellow  chromate  of  potassium  dissolved  in 
water.'  Gobel  takes  24  pts.  of  solid  logwood  extract,  1,000  pts.  water,  and  2  pts. 
yellow  chromate. 

Vanadium  ink. — Prepared  by  mixing  a'  decoction  of  galls  with  vanadate  of  ammo- 
nia. It  is  black,  and  flows  easily,  because  it  does  not  contain  any  precipitate ;  it  is  not 
attacked  by  dilute  alkalis,  but  acids  turn  it  blue.  (Berzelius.) 

The  black-violet  Rouen  ink  (encre  bleue  rouenaise)  is  prepared  by  boiling  750  pts.  of 
logwood  with  6,000  pts.  water,  35  pts.  alum,  31  pts.  gum-arabic,  and  15  pts.  sugar- 
candy,  leaving  the  mixture  to  stand  for  two  or  three  days,  and  straining  through  a 
linen  cloth. 

Ink  in  cakes. — 42  pts.  of  good  nut-galls  and  3  pts.  of  madder  are  boiled  in  about 
six  times  their  weight  of  water;  the  filtered  decoction  is  mixed  with  5^  pts.  copperas, 
and  2  pts.  pyrolignate  of  iron  ;  1|  pts.  solution  of  indigo  (in  sulphuric  acid,  diluted 
with  water)  is  then  added ;  the  mixture  is  evaporated  nearly  to  dryness  at  a  gentle  heat, 
and  with  constant  stirring ;  and  the  pasty  mass  is  then  made  into  cakes,  and  thoroughly 
dried.  This  ink  dissolved  in  6  pts.  of  hot  water  is  said  to  make  an  excellent  copying 
ink,  and  in  10  or  12  pts.  water,  a  very  fine  writing  ink. 

Ink-powder. — A  solid  chrome-ink  may  be  made  by  triturating  together  to  a  fine 
powder,  100  extract  of  logwood,  1  pt.  neutral  chromate  of  potassium,  and  ^  indigo- 
carmine.  1  pt.  of  this  powder  added  to  32  pts.  water  is  said  to  make  very  good  ink. 
A  mixture  of  4  pts.  pounded  galls,  2  pts.  copperas,  and  1  pt.  gum-arabic  is  also  fre- 
quently sold  as  an  ink-powder. 

Copying  inks. — Inks  for  this  purpose  must  be  rather  thick,  not  dry  too  quickly,  and 
Boften  when  moistened  again,  without  becoming  too  fluid.  The  following  preparation 
is  much  recommended :  4  pts.  by  weight  of  logwood-extract  are  dissolved  in  a  mixture 
of  60  pts.  vinegar,  and  70  pts.  water,  and  3  pts.  copperas,  2  pts.  alum,  2  pts.  gum- 
arabic,  and  4  pts.  sugar  are  then  added.  This  ink  is  at  first  more  violet  than  the 
Rouen  ink,  which  is  also  used  as  a  copying  ink. 

Indelible  inks. — As  writing  executed  with  ordinary  ink  is  liable  to  fade  in  course  of  time, 
the  tannate  and  gallate  of  iron  being  gradually  decomposed,  and  as,  moreover,  it  is  easily 
effaced  by  the  action  of  certain  chemical  reagents  (oxalic  acid,  hydrochloric  acid,  chlo- 
rine), it  is  desirable  that  valuable  documents  should  be  written  with  an  ink  not  liable  to 
destruction  from  such  agencies.  Various  compositions  have  been  proposed  for  this  purpose. 
Most  of  them  consist  of  common  ink,  or  some  other  dark-coloured  liquid  in  which  finely 
divided  carbon  (Indian  ink  or  lamp-black)  is  suspended.  The  simplest  of  all  is  made 
by  mixing  common  ink  with  Indian  ink  (p.  246)  rubbed  up  with  weak  hydrochloric  acid. 
Writing  executed  with  such  ink  cannot  be  bleached  by  chlorine  or  destroyed  by  acids  ; 
but  the  carbon  may  be  ultimately  removed  by  water,  even  when  it  is  as  finely  divided 
as  in  Indian  ink,  and  consequently  penetrates  the  pores  of  the  paper  to  a  certain 
extent.  Ink  prepared  in  like  manner  with  lamp-black  is  easily  washed  away.  T  r  ai  11'  s 
indelible  ink  is  prepared  by  steeping  wheat -gluten  in  water  for  24  to  36  hours,  then 
dissolving  it  with  aid  of  heat,  in  strong  vinegar,  of  specific  gravity  1-033,  or  in  pyro- 
ligneous  acid,  and  then  rubbing  it  up  with  Indian  ink  or  lamp-black.  This  ink  is  of 
a  fine  black  colour,  and  cannot  be  obliterated  by  water,  chlorine,  or  dilute  acids. 
Kind  dissolves  1  pt.  honey  in  14  pts.  water,  adds  2  pts.  strong  sulphuric  acid,  and 
then  adds  a  quantity  of  indigo-solution  sufficient  to  render  the  ink  visible  in  writing.  A 
hot  iron  is  then  passed  over  the  writing,  whereby  not  only  the  honey  is  carbonised, 
but  likewise  a  portion  of  the  paper-fibre,  by  the  action  of  the  free  sulphuric  acid.  The 
writing  cannot  be  effaced  by  any  chemical  reagent,  and  only  with  great  difficulty  by 
mechanical  means,  since  the  ink  penetrates  deeply  into  the  paper,  and  the  charcoal  is 
consequently  separated  within  the  pores  ;  the  paper  is,  however,  very  much  attacked. 

The  vanadium-ink,  above  described,  may  also  be  used  as  an  indelible  ink ; 
acids  merely  turn  it  blue ;  chlorine  destroys  the  black  colour,  but  does  not  efface  the 
writing,  even  after  long  washing. 

R  e  d  I  n  k. — Red  ink  is  usually  prepared  either  with  cochineal  or  with  Brazil-wood. 
The  cochineal  inks  are  the  brightest,  but  at  the  same  time  the  dearest  and  most 
fugitive.  The  best  is  a  solution  of  pure  carmine  in  caiistic  ammonia  ;  it  must  be  pre- 
served in  well-stopped  vessels.  Bottger  recommends  Ipt.  of  good  carmine,  120  caustic 
ammonia,  and  1|  pt.  gum-arabic.  A  cheaper  but  less  brightly  coloured  ink  is  made 
by  drenching  12  pts.  of  pulverised  cochineal  and  4  pts.  of  carbonate  of  ammonia  (or 
pearl-ash)  with  32  pts.  hot  water,  then  digesting  and  pouring  off  the  clear  liquid. 
Addition  of  cream  of  tartar  and  stannic  chloride  renders  the  ink  more  scarlet ;  cream 
of  tartar  and  an  equal  weight  of  alum  give  it  a  crimson  tint. 

Brazil-wood  inks  are  made  by  boiling  the  wood  in  water,  adding  tin-salt  (stannous 
chloride)  or  cream  of  tartar  and  alum  to  modify  the  tint,  and  thickening  with  gum- 
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arable;  e.g.  4  pts.  Brazil-wood  boiled  in  60  pts.  water,  the  decoction  boiled  down  to 
36  pts.,  filtered,  and  mixed  with  £  pt.  of  tin-salt  and  \  pt.  gum-arabic ;  or  8  pts. 
Brazil-wood,  boiled  with  2  pts.  alum  and  2  pts.  cream  of  tartar  in  120  pts.  water;  the 
liquid  concentrated  to  6  pts.  by  weight,  and  mixed  with  2  pts.  gum-arabic  and  2  pts. 
sugar. 

Blue  inks. — The  best  is  made  by  dissolving  30  pts.  pure  Prussian  blue  (Paris 
blue,  ii.  227)  in  a  solution  of  4  pts.  oxalic  acid  in  1,000  pts.  water.  A  blue  ink  may  also 
be  prepared  by  dissolving  4  pts.  of  indigo-carmine  in  64  pts.  water,  and  mixing  it 
with  1  pt.  gum  arabic  ;  but  it  cannot  be  used  with  steel  pens. 

Yellow  and  greeninks  are  sometimes,  though  very  rarely,  used.  The  former  may 
be  made  with  decoction  of  saffron  or  yellow  berries  ;  the  latter  of  solution  of  verdigris 
mixed  with  turmeric  or  gamboge  ;  or  better  of  indigo-carmine  mixed  with  picric  acid. 
It  may  also  be  prepared  from  the  green  modification  of  chrome-alum,  namely,  by  dis- 
solving 3  pts.  acid  chromate  of  potassium  in  8  pts.  water,  adding  1  pt.  alcohol,  then 
sulphuric  acid  by  drops,  and  heating  till  the  liquid  assumes  a  brownish  green  colour ; 
then  diluting  with  16  pts.  water,  adding  a  few  more  drops  of  sulphuric  acid,  leaving 
the  liquid  to  stand,  and  adding  a  small  quantity  of  gum-arabic. 

Sympathetic  inks. — This  name  is  applied  to  inks  which  make  characters  invisible 
till  brought  out  by  heat  or  the  application  of  some  reagent.  If  a  weak  infusion 
of  galls  be  used,  the  writing  will  be  invisible  till  the  paper  is  moistened  with  a  weak 
Kolution  of  sulphate  of  iron.  Dilute  solutions  of  gold  and  silver  remain  colourless 
upon  the  paper  till  exposed  to  the  sun's  light,  which  gives  a  dark  colour  to  the  oxides, 
and  renders  them  visible.  Most  acids,  or  saline  solutions,  diluted,  and  used  to  write 
with,  become  visible  by  heating  before  the  fire,  which  concentrates  them,  and  assists 
their  action  on  the  paper.  Dilute  prussiate  of  potash  affords  blue  letters  when 
wetted  with  solution  of  sidphate  of  iron.  The  solution  of  cobalt  in  aqua-regia, 
when  diluted,  affords  an  ink  which  becomes  green  when  held  to  the  fire,  but 
disappears  again  when  suffered  to  cool.  This  ink  has  been  used  in  fanciful  drawings  of 
trees,  the  green  leaves  of  which  appear  when  warm,  and  vanish  again  on  cooling.  If 
the  heat  be  continued  too  long  after  the  letters  appear,  it  renders  them  permanent. 
If  oxide  of  cobalt  be  dissolved  in  acetic  acid,  and  a  little  nitre  added,  the  solution  will 
exhibit  a  pale  rose  colour  when  heated,  which  disappears  on  cooling.  A  solution 
of  equal  parts  of  sulphate  of  copper  and  sal-ammoniac  gives  a  yellow  colour  when 
heated,  that  disappears  when  cold. 

Sympathetic  inks  have  been  proposed  as  the  instruments  of  secret  correspondence, 
but  they  are  of  little  use  in  this  respect,  because  their  properties  change  by  remaining  on 
the  paper  for  a  few  days ;  most  of  them  have  more  or  less  of  a  tinge  when  thoroughly 
dry,  and  none  of  them  resist  the  test  of  heating  the  paper  till  it  begins  to  be 
scorched. 

Marking  inks. — Inks  for  marking  linen  must  be  able  to  withstand  the  action  of 
water,  soap,  alkaline  leys  and  acid  liquids.  The  best  are  those  which  contain  silver. 
They  consist  of  a  solution  of  nitrate  of  silver,  usually  coloured  with  sap-green,  or  other 
colouring  matter,  sometimes  with  lamp-black,  and  thickened  with  gum.  It  is  best  to 
prepare  the  part  of  the  linen  to  be  marked  with  a  solution  of  carbonate  of  soda  and 
gum,  then  smooth  it  with  a  hot  iron,  and  after  writing  upon  it,  expose  it  to  sun- 
shine. The  writing  may  be  effaced  by  a  solution  of  cyanide  of  potassium,  with  or 
without  iodine. 

Koder  (Polyt.  Notizblatt,  1856,  p.  112)  prepares  a  marking  ink  by  dissolving  5  pts. 
molybdic  oxide  in  hydrochloric  acid,  adding  240  pts.  water,  6  pts,  gum-arabic,  and 
2  pts.  liquorice-juice.  The  writing  is  to  be  dried  and  then  moistened  with  solution  of 
stannous  chloride.  Inks  containing  gold  or  platinum  have  also  been  recommended 
for  this  purpose,  but  they  are  too  costly  for  general  use. 

An  ink  for  writing  on  zinc  plant-labels  may  be  made  by  dissolving  equal  parts 
acetate  of  copper  and  sal-ammoniac  in  distilled  water.  When  characters  are  written 
with  this  solution  on  a  zinc  plate,  the  copper  is  precipitated,  forming  deep  black,  very 
durable  marks. 

Ink  for  marking  copper  and  silver  vessels  may  be  made  by  boiling  sulphide  of 
antimony  in  strong  potash-ley,  leaving  the  liquid  to  cool*  and  filtering  from 
separated  kermes.  As  this  liquid  does  not  act  upon  iron,  steel  pens  may  be  used  for 
writing  with  it  on  the  metal.  The  characters  on  copper  and  silver  are  black  and  very 
durable  ;  on  tin,  lead,  and  zinc,  less  durable. 

Printing  ink. — All  inks  or  paints  used  for  letter-press,  copper-plate,  lithographic 
printing,  &c.  consist  essentially  of  well-boiled  drying  oils  (varnishes)  mixed  with  lamp- 
black, or  other  pigment,  according  to  the  colour  intended  to  be  produced.  Soap  and 
resinous  matters  are  sometimes  added  to  give  the  boiled  oil  the  required  consistence. 

The  oil  most  frequently  used  for  the  preparation  of  the  varnish  is  linseed  oil ;  nut- 
oil  is  also  used  in  localities  where  it  can  be  had  cheap ;  but  it  loses  more  weight  in 
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boiling  than  linseed  oil,  and  does  not  easily  acquire  so  firm  a  consistence.  The  oil 
should  be  old  and  well  cleared,  by  deposition,  from  particles  of  mucus. 

Ten  or  twelve  gallons  of  the  oil  are  set  over  the  fire  in  an  iron  pot,  capable  of  holding 
at  least  half  as  much  more ;  for  the  oil  swells  up  greatly,  and  its  boiling  over  into  the 
fire  would  be  very  dangerous.  When  it  boils,  it  is  continually  stirred  with  an  iron  ladle  ; 
and  if  it  do  not  itself  take  fire,  it  is  kindled  with  a  piece  of  flaming  paper  or  wood  :  for 
simple  boiling,  without  the  actual  inflammation  of  the  oil,  does  not  communicate  a  suffi- 
cient degree  of  the  drying  quality"  required.  The  oil  is  suffered  to  burn  for  half  an  hour 
or  more,  and  the  flame  being  then  extinguished  by  covering  the  vessel  close,  the  boiling 
is  afterwards  continued  with  a  gentle  heat,  till  the  oil  appears  of  a  proper  consistence  ; 
in  this  state  it  is  called  varnish.*  It  is  necessary  to  have  two  kinds  of  this  varnish,  a 
thicker  and  a  thinner,  from  the  greater  or  less  boiling,  to  be  occasionally  mixed  together 
as  different  purposes  may  require,  that  which  answers  well  in  hot  weather  being  too 
thick  in  cold,  and  large  characters  not  requiring  so  stiff  an  ink  as  small  ones. 

The  thickest  varnish,  when  cold,  may  be  drawn  into  threads  like  weak  glue,  by  which 
criterion  the  workmen  judge  of  the  due  boiling,  small  quantities  being  from  time  to 
time  taken  out  and  dropped  upon  a  tile  for  this  purpose.  It  is  very  viscid  and  tenacious, 
like  the  soft  resinous  juices,  or  thick  turpentine.  Neither  water  nor  alcohol  dissolves  it; 
but  it  mingles  readily  enough  with  fresh  oil,  and  unites  with  mucilages  into  a  mass 
diffusible  in  water  in  an  emulsive  form.  The  oil  loses  from  one-tenth  to  one-eighth  of 
its  weight  by  boiling  into  the  thick  varnish. 

For  letter-press  printing  ink,  the  addition  of  soap  to  the  varnish  is  indispensable,  to 
enable  the  ink  to  be  taken  up  clearly  from  the  types  by  the  moistened  paper,  without 
smearing.  The  soap  used  for  the  purpose  is  yellow  resin-soap ;  it  is  cut  into  thin 
slices,  well  dried,  rubbed  to  coarse  powder,  and  incorporated  by  small  portions  at  a 
time  with  the  varnish,  which  is  then  once  more  placed  over  the  fire,  to  expel  any 
remaining  moisture. 

The  colouring  matter  of  black  printing  ink  is  the  best  lamp-black,  previously  cal- 
cined to  free  it  from  empyreumatic  oils  and  resins.  Its  somewhat  brownish  colour  is 
corrected  by  the  addition  of  a  little  Prussian  blue  or  indigo. 

The  ink  used  by  copper-plate  printers  differs  in  the  oil,  which  is  not  so  much  boiled 
as  to  acquire  the  adhesive  quality.  This  would  render  it  less  disposed  to  enter  the 
cavities  of  the  engraving,  and  more  difficult  either  to  be  spread  or  wiped  off  (Ure).t 
The  black  is  likewise  of  a  different  kind.  Instead  of  lamp-black,  or  sublimed  charcoal, 
the  Frankfort  black  is  used,  which  is  a  residual  or  denser  charcoal,  said  to  be  made 
from  vine-twigs.  Lamp-black  is  said  to  give  a  degree  of  toughness  to  the  ink,  which 
the  Frankfort  does  not ;  but  the  goodness  of  the  colour  seems  to  be  the  leading  induce- 
ment for  the  use  of  the  latter. 

For  red,  blue,  and  yellow  printing  inks,  the  ordinary  linseed  oil  varnish  is  not  very 
well  adapted,  as  its  brown  colour  impairs  the  brightness  of  the  tint.  A  good  varnish 
for  the  purpose  may  be  made  by  mixing  copaiba  balsam  (previously  subjected  to  rapid 
boiling  with  water  for  several  hours  in  an  open  dish,  to  render  it  more  tenacious, 
and  diminish  the  unpleasant  odour)  with  ±  to  -^  of  its  weight  of  pulverised  white 
curd,  soap,  then  warm  the  mixture  a  little,  and  incorporate  it  with  the  pigment 
previously  rubbed  to  fine  powder  with  spirit  of  wine,  and  dried.  For  the  lighter 
colours,  it  is  best  to  mix  very  deep-coloured  pigments  with  a  considerable  quantity  of 
carbonate  of  magnesia.  In  that  case,  light- coloured  linseed-oil  varnish  mixed  with  ^ 
white  soap  may  be  used.  A  fine  red  is  formed  of  vermillion  mixed  with  ~  carmine, 
and  |  magnesia.  Blue  is  given  by  ultramarine  (the  darkest  varieties  used  in  calico- 
printing)  with  magnesia ;  yellow  by  chromate  of  lead.  Prussian  blue  mixed  with 
chrome-yellow  and  a  large  quantity  of  magnesia,  or  ultramarine  with  chromate  of  zinc, 
yields  a  fine  green.  Browns  are  obtained  with  bistre  and  sepia. 

Lithographic  printing  ink  is  made  in  the  same  way  as  common  printing  ink,  but 
with  a  larger  proportion  of  lamp-black,  and  without  addition  of  soap.  (See  LITHO- 
GRAPHY.) 

For  further  details  on  printing  inks,  see  Handworterbuch  der  Chemie,  vii.  388,  and 
Ure's  Dictionary  of  Arts,  &c.  iii.  530. 

*  The  description  of  the  process  given  in  the  text  is  taken  from  Ure's  Dictionary  of  Chemistry  (3rd 
ed.  1831).  Mr.  S  a  vage >  also,  in  his  work  on  the  Preparation  of  Printing  Ink  (London,  1832)  saysthat 
good  varnish  for  printing  ink  cannot  be  made  without  allowing  the  oil  to  burn.  The  German  practice 
appears,  however,  to  be  somewhat  different ;  for  in  the  Handworterbuch  der  Chemie  (Bd.  vii.  p.  391)  it  is 
stated  that  the  oil  should  be  heated  only  till  the  vapour  which  rises  from  it  can  be  set  on  fire  with  a  piece 
of  burning  paper,  but  will  cease  to  burn  of  itself  after  a  little  while,  or  at  least  will  be  easily  extinguished 
by  putting  on  the  cover  ;  further,  that  if  this  temperature  be  exceeded,  there  is  great  danger  of  the  oil 
getting  into  a  state  of  violent  combustion,  which  cannot  be  extinguished  even  by  covering  the  vessel,  and 
may  occasion  an  enormous  loss  of  oil. 

t  In  the  Handworterbuch  der  Chemif  (vii.  309)  it  is  stated,  on  the  contrary,  that  ink  for  copper-plate 
printing  is  prepared  with  the  thickest  linseed-oil  varnish,  which  has  been  allowed  to  burn. 
VOL.  III.  T 
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XlffOCARPXTT.  A  red  colouring  matter  contained  in  the  juice  of  Inocarpus  edulit, 
a  tree  growing  in  Tahiti.  The  juice  which  exudes  from  incisions  in  the  bark  of  young 
trees,  or  the  pericarp  of  green  fruits,  is  colourless,  but  soon  turns  red  on  exposure  to 
the  air  (the  juice  of  old  trees  is  red  as  soon  as  it  runs  out),  and  dries  up  to  a  red 
gummy  mass,  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  The  aqueous 
solutio'n  mixed  with  caustic  alkalis  exhibits  a  peculiar  play  of  colours  when  shaken 
up  with  air.  The  reddened  juice  contains  also  a  yellow  colouring  matter  called 
xanthocarpin.  (Cuzent,  J.  Pharm.  xxxv.  241.) 

INOSIC  ACID.  C5H8N206  (?)  (Liebig,  Ann.  Ch.  Pharm.  [3]  xxxiii.  129.)— 
An  acid  found  in  the  mother-liquor  of  the  preparation  of  creatine  from  flesh-juice. 
When  this  mother-liquor  is  concentrated,  then  mixed  with  alcohol  till  it  acquires  a 
milky  consistence,  and  left  to  itself  for  a  few  days,  it  deposits  a  crystalline  mixture 
consisting  of  creatine,  inosate  of  potassium,  inosate  of  barium,  and  various  substances 
of  unknown  composition.  The  crystals  are  redissolved  in  hot  water,  and  chloride  of 
barium  is  passed  into  the  solution,  which  then,  on  cooling,  deposits  crystals  of  inosate 
of  barium ;  and  this  salt,  decomposed  by  sulphuric  acid,  yields  inosic  acid. 

Inosic  acid  is  uncrystallisable,  easily  soluble  in  water,  and  has  a  very  agreeable 
flavour  of  broth.  Alcohol  precipitates  it  from  its  aqueous  solution.  It  is  insoluble 
in  ether.  It  does  not  precipitate  barium-  or  calcium-salts,  but  with  copper-salts  it 
forms  a  bluish-green  precipitate,  insoluble  in  boiling  water.  With  lead-salts  it  forms 
a  white  precipitate ;  and  with  silver-salts,  a  white  gelatinous  precipitate,  having  the 
aspect  of  alumina,  soluble  in  nitric  acid  and  in  ammonia. 

Inosic  acid,  heated  with  peroxide  of  lead  and  a  small  quantity  of  sulphuric  acid,  is 
decomposed,  and  the  filtered  liquid  contains  needle-shaped  crystals.  The  inosates, 
heated  on  platinum-foil,  decompose,  giving  off  an  odour  of  roast  meat. 

Inosate  of  potassium  forms  elqngated  quadrilateral  prisms,  very  soluble  in  water, 
insoluble  in  alcohol  It  gives  off  22*02  per  cent,  of  water  at  100°,  and  the  dried  salt 
contains  20'7  per  cent,  potash.  The  sodium-salt  crystallises  in  small  silky  needles, 
very  soluble  in  water ;  insoluble  in  alcohol.  The  barium-salt  forms  elongated  quadri- 
lateral scales,  having  a  nacreous  lustre.  3,000  pts.  of  water  at  16°  dissolve  2-5  pts. 
of  this  salt ;  it  is  insoluble  in  alcohol.  A  solution,  saturated  at  70°,  deposits  part  of 
the  salt  when  raised  to  the  boiling  heat.  The  crystals,  dried  at  100°,  contain  24-5  to 
24-8  per  cent.  C,  2*6  H,  1T4  N,  31-1  to  33'8  0,  and  30'4  Ba20;  whence  Liebig  deduces 
the  formula  C5H6Ba2N206.|H20.  Gerhardt  considers  the  composition  to  be  more 
correctly  represented  by  the  formula  C5H7BaN206.3H20.  The  crystals  effloresce  in 
the  air,  giving  off  19'07  per  cent,  water, 

Inosate  of  copper  is  nearly  insoluble  in  water  and  in  acetic  acid ;  very  soluble  in 
ammonia.  Inosate  of  silver  is  sparingly  soluble  in  pure  water,  and  does  not  blacken 
by  exposure  to  light. 

INOSITE.  C8H1206.  Inosin.  Phaseomannite.  (Scherer  [1850],  Ann. Ch. Pharm. 
Ixiii.  322;  Ixxxi.  375.— Vohl,  ibid.  xcix.  125;  ci.  50. — Cloetta,  ibid.  xcix.  289. — 
W.  Marm6,  ibid,  cxxix.  222.) — A  saccharine  substance  isomeric  with  glucose,  dis- 
covered by  Scherer  in  the  muscular  substance  of  the  heart  (hence  its  name,  from  is,  ivos, 
muscle),  and  since  found  to  exist  in  the  lungs,  kidneys,  liver  and  spleen  of  oxen 
(Cloetta),  also  in  the  brain  (W.  Miiller);  in  the  human  kidneys  and  in  the  urine, 
in  a  case  of  "Bright's  disease:  at  most  to  the  amount  of  O'l  per  cent  It  occurs  also 
in  several  plants,  having  been  obtained  from  green  kidney  beans,  the  unripe  fruit  of 
Phaseolus  vulgaris  (Vohl) ;  from  the  green  pods  and  unripe  seeds  of  the  garden  pea 
(Pisum  sativum) ;  the  unripe  fruit  of  the  lentil  (Ervum  lens),  and  of  the  common  acacia 
(Jtobinia  pseudacacid)  ;  from  the  heads  of  the  common  cabbage  (Brassica  oleracea,  var. 
capitatd) ;  from  the  herb  of  foxglove  and  from  extract  of  digitalis  ;  from  the  leaves  and 
stems  of  dandelion  ( Taraxacum  dens  lconis\  not  from  the  flowers  or  roots;  from  the  shoots 
of  the  potato  ;  from  the  green  herb  and  unripe  berries  of  asparagus ;  and  from  two  cryp- 
togamous  plants,  viz.  Lactarius  piperatus,  L.,  and  Clavaria  crocea,  Pers.  (Harm 6.) 

Preparation. — From  organs  of  the  animal  body.  1.  The  muscle  of  the  heart,  or 
other  organs  containing  inosite,  is  exhausted  with  water,  as  for  the  preparation  of 
creatine;  the  phosphates  are  precipitated  from  the  liquid  by  baryta- water ;  the  filtrate 
is  evaporated ;  and  the  creatine  allowed  to  crystallise  out.  The  mother-liquor  is  treated 
with  dilute  sulphuric  acid  to  remove  the  dissolved  baryta,  and,  after  removal  of  the 
sulphate  of  barium,  heated  as  long  as  volatile  acids  escape.  It  is  then,  in  order  to 
remove  the  last  traces  of  volatile  acids  and  of  lactic  acid,  repeatedly  shaken  up  with 
ether  as  long  as  anything  is  dissolved.  The  liquid,  separated  from  the  ether,  is  mixed 
with  alcohol  till  a  turbidity  begins  to  appear ;  then,  after  standing  for  some  time,  it  is 
poured  off  from  the  precipitated  sulphate  of  potassium,  and  mixed  with  more  alcohol, 
whereby  crystals  of  inosite  mixed  with  sulphate  of  potassium  are  obtained.  The 
crystals  of  the  former  are  picked  out  and  dissolved  in  a  small  quantity  of  warm  water, 
which  leaves  the  more  difficultly  soluble  sulphate  of  potassium,  and  are  purified  by 
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recry stall isation  (Scherer). — 2.  The  fresh- chopped  tissue  is  covered  with  water,  and 
allowed  to  stand  for  24  hours  in  a  cool  place,  with  frequent  stirring ;  the  liquid  is 
then  separated,  and  the  residue  pressed ;  the  solution  is  heated  with  a  little  acetic  acid 
to  separate  albumifc  and  hsematin,  then  strained,  evaporated  on  the  water-bath  to  one 
tenth,  precipitated  with  neutral  acetate  of  lead,  and  filtered ;  and  the  filtrate  is  mixed  with 
basic  acetate  of  lead,  whereupon  inosite  is  thrown  down  in  combination  with  oxide  of 
lead,  accompanied  by  uric  acid,  cystine,  and  other  substances.  The  precipitate,  after 
washing,  is  decomposed  under  water  by  sulphydric  acid,  and  the  liquid  filtered  from 
the  sulphide  of  lead ;  it  then  sometimes  deposits  crystals  of  uric  acid,  and  when 
evaporated  to  a  small  bulk  on  the  water-bath,  and  mixed  with  alcohol  till  a  turbidity 
is  produced,  it  yields  crystals  of  inosite  (C 1  o  e  1 1  a).  Acetate  of  lead  may  also  be  added 
at  once  to  the  water  used  for  making  tho  extract  (W.  Miiller). — 3.  The  liquid  from 
which  the  inosite  is  to  be  separated  is  concentrated  by  evaporation,  and  mixed,  boiling, 
with  three  or  four  measures  of  alcohol ;  if  a  large  precipitate,  which  sticks  to  the  bottom, 
is  thus  produced,  the  liquid  is  poured  off  hot ;  but  if  only  a  slight,  not  sticky  precipi- 
tate is  produced,  the  hot  solution  is  filtered  through  a  previously  heated  funnel,  and 
left  to  stand  for  24  hours ;  crystals  of  inosite  are  then  deposited,  and  are  washed  with 
a  small  quantity  of  cold  alcohoL  If  the  precipitate  caused  by  hot  alcohol  is  dissolved 
in  a  small  quantity  of  boiling  water,  and  treated  like  the  first  solution,  a  further 
quantity  of  inosite  is  obtained.  In  case  no  inosite  separates  from  the  cooled  solution, 
the  crystallisation  may  be  facilitated  by  addition  of  ether  until  a  turbidity  remains 
after  shaking.  (Cooper  Lane,  Ann.  Ch.  Pharm.  cxvii.  118.) 

From  kidney  beans  and  other  vegetable  organs. — The  fruit  cut  up  in  the  bean-mill  is 
hung  in  a  pressing  bag  for  half  an  hour  in  boiling  water,  or  in  steam,  whereby  it 
becomes  possible  to  press  it ;  the  expressed  liquid  is  then  evaporated  to  a  syrup  on  a 
water-bath,  and  alcohol  is  added  till  a  permanent  turbidity  is  produced.  The  crystals 
which  form  are  purified  by  repeated  crystallisation  from  water,  with  help  of  animal 
charcoaL  (Vohl.) 

Marm6,  after  freeing  the  aqueous  extracts  of  the  plants  above  mentioned  from  every- 
thing precipitable  by  tannic  acid  and  neutral  acetate  of  lead,  and  decolorising  them  as 
completely  as  possible  with  milk  of  lime  or  animal  charcoal,  precipitated  them  with 
basic  acetate  of  lead ;  mixed  the  filtrate  with  ammonia,  whereby  a  second  precipitate 
was  obtained ;  decomposed  both  precipitates  with  sulphydric  acid ;  concentrated  the 
filtrate  on  the  water-bath  till  it  became  turbid  on  addition  of  alcohol;  then  mixed  it 
with  a  double  volume  of  alcohol ;  warmed  the  liquid  till  it  became  clear ;  and  left  it  to 
itself  for  several  days,  adding  a  little  ether  if  necessary,  as  in  Cooper  Lane's  method. 
The  sulphide  of  lead  sometimes  obstinately  retains  small  quantities  of  inosite,  which 
can  only  be  removed  by  boiling  with  water, 

Properties. — Inosite  is  deposited  from  its  concentrated  aqueous  solution  in  crystals 
containing  2  at.  water,  C6H1206.2H20.  According  to  Vohl,  the  crystals  are  tabular, 
like  those  of  gypsum ;  according  to  Scherer,  they  are  oblique  prisms,  arranged  for  the 
most  part  in  groups  like  cauliflower-heads ;  according  to  Cloetta,  they  are  right  rhombic 
prisms  with  angles  of  138'52°  and  41-8°.  Specific  gravity  =  1-1154  at  5°  (Vohl). 
In  dry  air,  in  vacuo  over  sulphuric  acid,  or  at  100°,  they  become  white  and  opaque,  and 
give  off  their  water,  leaving  anhydrous  inosite,  C6H1206,  as  a  white  effloresced  mass, 
which  melts  at  a  temperature  above  210°,  yielding  a  colourless  liquid,  which  solidifies 
in  the  crystalline  state  when  quickly  cooled,  and  to  an  amorphous  mass  when  cooled 
slowly,  but  does  not  lose  weight  or  undergo  further  alteration  (Scherer).  Anhydrous 
inosite  separates  in  white,  opaque  crystals  from  the  aqueous  solution  cooled  below  0°. 
(Vohl).  Inosite  has  a  pure  sweet  taste  and  no  rotatory  power. 

Hydrated  inosite  dissolves  in  6  pts.  water  at  19°  (Vohl),  in  6£  pts.  at  24° 
(Cloetta).  The  concentrated  solution,  of  specific  gravity  T0548  at  19°,  is  not  syrupy 
and  not  subject  to  spontaneous  decomposition.  Inosite  is  slightly  soluble  in  cold 
aqueous  alcohol,  more  soluble  at  the  boiling  heat ;  insoluble  in  absolute  alcohol  and  in 
ether. 

Inosite  does  not  combine  with  chloride  of  sodium  or  chloride  of  potassium,  these 
salts  crystallising  out  unaltered  from  its  aqueous  solution.  The  aqueous  solution  forms, 
with  basic  acetate  of  lead,  a  precipitate  which  appears  to  contain  C6H1206.2Pb20. 

Decompositions. — 1.  After  dehydrated  inosite  has  been  melted  above  210°,  it  swells 
up  when  more  strongly  heated,  and  evolves  gas  which  burns  with  a  pale  blue  flame ;  it 
is  afterwards  charred,  and  then  burns  with  a  brightly  luminous  flame,  leaving  an  easily 
combustible  cinder  (Scherer).  When  quickly  heated,  it  gives  off  vapours  which  excite 
tears  and  produces  a  smell  of  burnt  sugar  (Vohl). — 2.  Aqueous  inosite  is  not  affected 
by  ozone  (Gorup-Besanez,  Ann.  Ch.  Pharm.  ex.  103).— 3.  The  solution  of  inosite  in 
dilute  nitric  acid  does  not  give  off  nitrous  acid  till  moderately  concentrated ;  after  eva- 
poration to  dryness,  it  contains  oxalic  acid.  The  aqueous  solution  of  the  residue,  freed 
from  oxalic  acid  by  carbonate  of  calcium,  deposits  on  standing  magnificent  purple-red 
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flocks,  soluble  in  dilute  acids  and  precipitable  without  alteration  by  ammonia  (Vuhl). 
When  aqueous  inosite  is  evaporated  nearly  to  dryness  with  nitric  acid,  and  the  residue  is 
moistened  with  ammonia  and  a  small  quantity  of  solution  of  chloride  of  calcium,  and  again 
evaporated,  a  rose-red  substance  remains.  This  reaction  affords  a  delicate  and  characteristic 
test  of  the  presence  of  inosite  (Scherer,  Vohl).  Inosite  dissolves  without  evolution 
of  gas,  in  cold  or  boiling  nitric  acid  of  specific  gravity  l-52,  forming  a  solution  whence 
oil  of  vitriol  precipitates  nitro-inosite  (Vohl). — 4.  Inosite  dissolves  without  color- 
ation in  sulphuric  acid,  either  cold  or  at  100°  ;  is  not  blackened  till  more  strongly  heated, 
and  then  evolves  sulphurous  anhydride  ( V  o  h  1).  It  is  not  altered  by  boiling  with 
dilute  acids  (Scherer,  Vohl). — 5.  It  may  be  boiled  with  concentrated potash-ky,  or  with 
baryta-water,  without  alteration  or  coloration  (Scherer,  Vohl). — 6.  The  aqueous  solution 
mixed  with  cupric  sulphate,  yields,  on  addition  of  potash-ley,  a  bluish  green  precipitate 
which  quickly  disappears  on  addition  of  excess  of  potash.  No  cuprous  oxide  separates  from 
the  solution  in  boiling,  but  a  light  blue  precipitate  falls  when  the  liquid  is  left  to  stand 
for  several  days  (Scherer).  Aqueous  inosite  yields,  when  heated  with  potassio-cupric 
tartrate,  a  green  solution,  whence  a  bulky  green  precipitate  separates,  the  supernatant 
liquid  again  becoming  blue.  After  removing  the  precipitate,  the  filtrate  shows  the 
same  change  of  colour  when  heated  (Cloetta).  According  to  Vohl,  the  change  of 
colour  which  occurs  on  heating  the  deep  azure-blue  mixture  of  inosite  and  potassio- 
cupric  tartrate,  is  not  very  striking,  and  is  due,  as  well  as  the  production  of  the  preci- 
pitate, to  the  presence  of  traces  of  foreign  substances. — 7.  Inosite  is  not  capable  of 
undergoing  vinous  fermentation  (Scherer).  In  contact  with  cheese,  flesh,  or  decaying 
membrane,  and  chalk,  it  undergoes  lactous  fermentation,  carbonic,  lactic,  and  butyric 
acids  being  formed.  (Scherer,  Vohl.) 

Nitro-inosite.  C6H6N80>8  =  C6H6(N02)806.  Inosine  hexnitrique.  (Vohl,  loc. 
cit.} — This  compound  is  obtained  by  dissolving  anhydrous  inosite  in  nitric  acid  of 
specific  gravity  l-52,  and  precipitating  the  solution  with  sulphuric  acid.  The  product, 
which,  according  to  the  temperature  attained  by  the  mixture,  separates  either  as  a 
powder  or  as  oil-drops  which  solidify  to  crystalline  masses,  is  well  washed  with 
water  and  recrystallised  from  boiling  alcohol.  It  forms  rhombohedrons,  often  some 
lines  in  length  ;  melts  to  an  oil  when  heated,  and  solidifies  to  an  amorphous  mass 
which  becomes  crystalline  after  a  few  days.  It  is  permanent  in  air,  either  dry  or 
moist ;  insoluble  in  water,  easily  soluble  in  alcohol. 

Nitro-inosite  deflagrates  without  residue  when  quickly  heated,  and  detonates  under 
the  hammer.  It  is  decomposed  when  warmed  with  concentrated  acids.  It  dissolves, 
with  dark  brown  colour  and  evolution  of  ammonia,  in  cold  or  warm  potash-ley.  The 
alkaline  solution  precipitates  cuprous  oxide  from  potassio-cupric  tartrate,  and  a  mirror 
of  metallic  silver  from  ammonio-nitrate  of  silver.  Nitro-inosite  treated  with  nitric  acid, 
ammonia  and  chloride  of  calcium,  shows  the  coloration  of  inosite. 

INSOI.INIC   AGIO.     See  TEREPHTHAUC  ACID. 

INTESTINAL  CONCRETION'S.  These  concretions  are  of  rare  occurrence 
in  man  and  in  carnivorous  animals,  but  occur  more  frequently  in  herbivorous  animals, 
especially  in  horses.  They  exhibit  great  diversity  in  their  properties  and  composition, 
as  well  as  in  their  origin.  Many  owe  their  origin  to  an  albuminous  exudate  or  blood- 
coagulum,  which  is  retained  in  the  intestine,  and  gradually  solidified  by  resorption  of 
the  soluble  portion.  These  stones  consist  mainly  of  coagulated  fibrin  mixed  with 
calcium-salts  and  remains  of  food,  and  sometimes  containing  a  foreign  body  as 
nucleus.  In  a  concretion  of  this  kind  from  the  intestine  of  a  child,  Davy  found 
74  per  cent,  fibrin,  19  per  cent  of  other  organic  matters,  and  7  per  cent,  inorganic 
salts. 

A  second  kind  of  intestinal  concretion  consists  chiefly  of  earthy  salts,  calcic  phos- 
phate and  carbonate,  ammonio-magnesic  carbonate,  and  magnesic  carbonate  mixed 
or  unmixed  with  remains  of  food;  such  stones  often  contain  a  foreign  nucleus.  They 
are  most  frequent  in  vegetable  feeders,  especially  in  horses,  and  often  attain  a  weight 
of  several  pounds.  A  concretion  from  the  coecum  of  a  cart-horse,  analysed  by 
F.  Simon,  was  spherical,  perfectly  smooth,  greyish-yellow,  weighed  12£  oz.,  and  con- 
sisted of  three  layers,  deposited  round  a  fragment  of  granite.  All  three  layers  con- 
sisted of  ammonio-magnesian  phosphate,  with  a  sm  ;dl  quantity  of  alkaline  phosphates, 
but  no  phosphate  of  calcium.  The  middle  layer  exhibited  a  radiating  structure  from 
the  centre  outwards,  with  woody  fibres  interposed  in  like  manner  amongst  the  stony 
mass.  In  100  pts.,  Simon  found  8T11  ammonio-magnesian  phosphate,  and  T5  per 
cent,  alkaline  phosphates. 

Children  examined  stones  from  the  colon  of  a  man,  which  weighed  from  500  to 
1,000  grms.,  and  consisted  of  plum -stones,  surrounded  by  a  smooth  compact  mass  made 
up  of  alternate  layers  of  earthy  phosphates  and  ligneous  matter. 

The  formation  of  these  stones  is  due  to  the  precipitation  of  earthy  salts  originally 


INTESTINAL  JUICE—  INULIN.  277 

dissolved  in  the  food,  and  their  subsequent  agglomeration  by  intestinal  mucus,  or 
round  a  foreign  body. 

A  third  kind  of  intestinal  concretion  consists  chiefly  of  undigested  residues  of  food  ; 
such  stones  have  usually  a  woody  consistence,  and  are  formed  round  a  foreign  body. 
Laugier  examined  a  concretion  of  this  kind  from  the  rectum  of  a  man  ;  it  con- 
sisted of  a  nucleus  of  bone,  surrounded  by  interlaced  vegetable  fibres,  from  which 
water  extracted  14  per  cent,  of  animal  matter  having  a  faecal  odour,  together  with 
small  quantities  of  sal  ammoniac  and  chloride  of  calcium. 

Another  class  of  intestinal  concretions  consists  of  fatty  matters  mixed  with  small 
quantities  of  fibrin  and  calcium-salts.  Lassaigne  .analysed  a  number  of  small 
concretions  of  this  kind  voided  by  a  girl  suffering  from  tuberculosis.  They  contained 
74  per  cent,  fatty  matters  (for  the  most  part  free  fatty  acids,  perhaps  oleic  and 
stearic),  21  animal  matter,  4  phosphate  of  calcium,  and  1  chloride  of  sodium. 

Bezoar-stones  (i.  584)  must  also  be  classed  amongst  intestinal  concretions.  (Hand- 
worterbuch  d.  Chem.  2te  Aufl.  ii.  [3]  374.) 

INTESTIN"  -a.Ii  JUICE.  The  mucous  secretion  of  the  pouch-like  glands  of  the 
intestinal  canal  (the  Lieberkiihnian  glands  of  the  small  intestine  and  the  follicles  of 
the  colon).  "When  viewed  by  the  microscope,  it  exhibits  granulated  cells  and  cell- 
nuclei,  and,  as  commonly  obtained,  likewise  small  quantities  of  fat  and  epithelium. 
When  filtered  from  these  matters,  it  forms  a  tolerably  clear,  mucous,  strongly  alkaline 
liquid,  which  does  not  coagulate  by  heat,  and  is  not  precipitated  by  acetic  acid,  nor, 
when  mixed  with  that  acid,  by  chloride  of  barium.  When  mixed,  however,  with  eight 
or  ten  times  its  volume  of  alcohol,  it  deposits  white  flocks,  which  dissolve  easily  and 
completely  in  water  ;  the  solution  thus  obtained  is  not  precipitated  by  hydrochloric, 
sulphuric,  or  acetic  acid,  or  by  mercuric  chloride,  but  gives  precipitates  with  the  neutral 
and  basic  acetates  of  lead. 

The  constituents  of  pure  intestinal  juice  are  the  same  as  those  of  mucus.  In  1,000 
pts.  of  the  filtered  intestinal  juice  of  a  dog,  Schmidt  and  Zander  found  965*3  water, 
34*7  solid  matter,  9'6  punceratic  and  intestinal  ferments,  together  with  insoluble  salts, 
16-6  biliary  matters  (cholic,  taurocholic,  and  glycocholate  of  sodium),  63  taurine, 
0'7  fat,  3'7  extractive  matter,  0'15  potassium,  T45  sodium,  2'11  chlorine,  0'03  phos- 
phoric anhydride,  0'06  earthy  phosphates.  In  the  intestinal  juice  from  the  upper  part 
of  the  colon  of  a  man,  Busch  found  from  3-8  to  7'4  per  cent.  ;  Frerichs,  from  2'2  to  5'6 
per  cent,  solid  matter. 

The  intestinal  juice  converts  starch  very  quickly  into  sugar,  and  digests  albuminous 
substances,  flesh,  &c.,  though  much  more  slowly  than  the  gastric  juice.  (Handwor- 
terbuch  d.  Chem.  2te  Aufl.  ii.  [3]  373.) 


C6H'°05.  Helenin,  Alantin^  Menyanthin,  Dahlin,  Synantherin, 
Sinistrin.  —  A  substance  isomeric  with,  and  similar  in  its  properties  to,  starch,  dis- 
covered by  Valentin  Eose  in  1804.  It  appears  to  be  a  very  widely  distributed  consti- 
tuent of  plants,  and  is  found  especially  in  the  roots  of  elecampane  (Inula  Helenium), 
dandelion  (Taraxacum  dens  leonis),  chicory  (Cichorium  Intybus),  feverfew  (Pyrethrum 
Parthenium],  and  meadow  saffron  (Colchicum  autumnale)  ;  in  the  tubers  of  the  potato, 
the  dahlia,  and  the  Jerusalem  artichoke  (Helianthus  tuberosus),  in  Lerp-manna 
(from  Eucalyptus  dumosa),  and  probably  in  the  seeds  of  the  sun-flower  (Helianthus 
annuus],  and  in  certain  lichens,  viz.  Lichen  fraxineus  and  Lichen  fastigiatus. 

Preparation.  —  a.  From  Elecampane-roots.  —  The  roots  are  boiled  with  a  large  quan- 
tity of  water,  the  decoction  is  evaporated,  the  extract  exhausted  with  cold  water,  and 
the  iuulin  which  remains  undissolved  is  washed  (Gaultier,  Stratingh).  —  Or  the 
roots  are  exhausted  with  hot  water  in  a  percolating  apparatus  ;  the  concentrated  effu- 
sion is  evaporated  to  10°  or  12°  Bm.  and  mixed  with  2  pts.  alcohol;  and  the  inulin 
thereby  precipitated  is  purified  by  reprecipitation  with  alcohol  from  its  concentrated 
solution,  and  decolorised  with  animal  charcoal  (Thibault).—  The  helenin  mixed  with 
inulin  prepared  from  elecampane-roots  is  extracted  by  boiling  with  alcohol. 
(Croockwit.) 

b.  From  Potatoes  or  Dahlia-tubers^  —  1.  The  pulverulent  deposit  which  separates  in 
the  cold  from  the  expressed  juice  of  potatoes  is  dissolved  in  hot  water,  and  the  solu- 
tion is  filtered,  evaporated,  and  left  to  cool,  whereupon  it  deposits  inulin  (Bra  con  not). 
—  2.  The  nearly  transparent  juice  expressed  from  dahlia-tubers  is  left  to  stand  for 
some  hours,  whereupon  it  solidifies,  from  separation  of  inulin,  to  a  stiff  paste,  which 
is  to  be  washed  and  dried  (Ludwig,  N,  Br,  Arch.  82,  163).—  3.  Dahlia-tubers  rubbed 
to  a  pulp  are  washed  on  a  hair-sieve  in  a  thin  stream  of  water,  as  long  as  the  liquid 
continues  to  run  through  milky,  and  the  inulin.  which  separates  from  it  on  standing  is 
collected  ;  or  in  case  it  is  slow  in  settling  down,  the  turbid  liquid  is  heated  till  it  boils, 
the  coagulated  vegetable  albumin  is  skimmed  off,  and  the  remaining  liquid  is  left  tc 
cool;  it  then,  after  a  few  days,  deposits  a  thick  pulp  easy  to  wa,sh  (Liebig,,  A*UU 
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Pharm.  2,  235). — 4.  Dahlia-tubers  rubbed  to  a  pulp  arc  washed  with  cold  water  on  a 
linen  or  woollen  cloth ;  the  residue  is  boiled  for  half-an-hour  with  2  pts.  water  and  a 
small  quantity  of  chalk ;  the  liquid  is  expressed ;  the  extract,  after  being  decolorised 
with  animal  charcoal  and  clarified  with  albumin,  is  evaporated  till  a  film  forms  on  it ; 
and  the  inulin  which  separates  on  cooling  is  washed  with  cold  water,  and  purified  by 
solution  in  hot  water  and  cooling.  (Pay en.) 

Parnell  uses  peeled  and  washed  dahlia-tubers,  boils  them  for  an  hour  and  a  half 
with  5  pts.  of  water,  and  purifies  the  inulin  which  separates  from  the  evaporated 
extract  by  precipitating  its  aqueous  solution  with  alcohol.  Croockwit  purifies  the 
inulin  thus  obtained  by  boiling  it  with  alcohol 

e.  From  Dandelion-roots.  Obtained  in  the  same  way  as  from  dahlia-tubers.  (Witt- 
stein,  Kepert.  71,  362;  Herberger,  Kepert.  52,  399). 

d.  From  Chicory-roots.     The  aqueous  decoction  is  precipitated  by  neutral  acetate 
of  lead;  the  filtrate  freed  from  lead  is  evaporated  till  a  film  forms  on  the  surface; 
and  the  inulin  which  separates  from  it  is  purified  by  precipitating  its  aqueous  solution 
with  alcohol.    (Woskresensky.) 

e.  From  Lerp-manna.  The  substance  is  exhausted  with  boiling  alcohol ;  the  residue, 
consisting  of  starch,  cellulose  and  inulin,  is  well  boiled  with  water,  and  the  inulin, 
which  separates  from  the  filtered  extract  on  cooling,  is  collected  and  washed  till  the 
wash-water  no  longer  exhibits  the  reactions  of  starch.    (Anderson.) 

Properties. — Inulin  is  a  soft,  white,  tasteless,  inodorous  powder,  resembling  starch. 
When  dried  on  glass  or  porcelain,  it  forms  a  translucent,  brittle,  dazzling  white  mass, 
which  swells  up  in  water.  Specific  gravity  =  1-356  (Pay en),  1-462  (Dubrun- 
faut).  It  is  very  hygroscopic,  and  sticks  to  the  teeth  and  to  moist  paper.  It  exhibits 
Isevo-rotatory  power  =  34°  42'.  (Dubrunfaut,  Compt.  rend.  xlii.  803.) 

Most  of  the  analyses  which  have  been  made  of  inulin  agree  nearly  with  the  for- 
mula C6HI005.  Woskresensky,  however  (J.  pr.  Chem.  xxxvii.  309)  obtained 
quantities  of  carbon  and  hydrogen  much  too  large  for  this  formula :  he  accordingly 
represents  inulin  by  the  formula  C24^19^14  (or  C24H88014),  and  supposes  that  the  inulin 
analysed  by  other  chemists  must  have  undergone  partial  oxidation;  but  the  near 
accordance  of  most  of  these  analyses  renders  this  view  improbable. 
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a,  b,  from  Iceland  moss ;  c,  from  dandelion-root ;  d,  from  elecampane-root ;  e,  f,  g, 
from  dahlia-tubers ;  h,  from  chicory-roots ;  i,  from  dandelion-roots  (partially  oxidised) ; 
k,  from  lerp-manna. 

Inulin,  immersed  in  cold  water,  or  exposed  to  moist  air,  absorbs  water,  and  crumbles 
to  a  duU-looking  powder,  consisting  oihydrated  inulin,  C12H20010.3H20. 

Inulin  dissolves  very  sparingly  in  cold  water,  freely  in  boiling  water,  but  the 
solution  does  not  form  a  jelly  like  that  of  starch ;  it  is  insoluble  in  alcohol,  which  also 
precipitates  it  from  its  aqueous  solution.  It  dissolves  with  brown  colour  in  strong  sul- 
phuric acid,  and  is  precipitated  therefrom  by  ammonia,  but  not  by  water  or  alcohol.  It 
is  insoluble  in  hydrochloric  acid,  and  in  cold  glacial  acetic  acid,  but  dissolves  in  the 
latter  when  warmed.  The  aqueous  solution  is  not  precipitated  by  chlorine-water,  but 
forms  a  white  precipitate  with  infusion  of  galls. 

Inulin  absorbs  3  per  cent,  ammonia,  and  dissolves  in  cold  aqueous  potash,  forming  a 
solution  which  leaves  on  evaporation  a  nearly  colourless  gum,  and  when  mixed  with 
acids,  deposits,  after  a  while,  unaltered  inulin. 

Inulin  dissolves  in  aqueous  cuprammonia  (an  ammoniacal  solution  of  cupric  oxide), 
without  previous  tumefaction  (Cramer,  J.  pr.  Chem.  Ixxiii.  16),  the  solution  yielding 
after  a  few  hours,  a  copious  blue  amorphous  precipitate,  insoluble  in  water  and  in  am- 
monia, soluble  in  tartaric  and  nitric  acids  (Schlossberger,  J.  pr.  Chem.  Ixxiii.  373). 
It  dissolves  graduallyin  aqueous  nickel-ammonia.  (Schlossberger.) 

The  aqueous  solution  of  inulin  forms  a  white  precipitate  with  baryta-water,  and  with 
chloride  of  barium  mixed  with  potash. 
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It  does  not  precipitate  aqueous  acetate  of  lead,  either  neutral  or  basic,  but  with  a 
solution  of  the  neutral  acetate  containing  ammonia,  it  forms  a  white  precipitate  con- 
taining quantities  of  lead-oxide  varying  in  amount  from  61-23  to  62'43  per  cent.  It  is 
not  precipitated  by  ferrous,  ferric,  or  cupric  sulphate,  mercuric  nitrate,  nitrate  of  silver, 
or  chloride  of  gold. 

Decompositions.  —  1.  Inulin  heated  above  100°  melts,  with  colouring  and  loss  of 
weight,  and  is  converted  into  a  pitchy,  sweetish  substance,  very  soluble  in  water 
(Brae  on  not),  insoluble  in  water  and  in  alcohol  (Payen).  By  dry  distillation  it 
yields  acetic  acid,  having  a  brown  colour,  but  free  from  oily  matter.  When  thrown  on 
glowing  coals,  it  emits  the  odour  of  burnt  sugar.—  2.  Heated  with  water  to  100°,  it  is 
slowly  but  completely  converted  into  non-crystallisable,  Igevo-rotatory,  fermentable 
sugar.  —  3.  By  boiling  with  nitric  acid,  inulin  is  converted  into  malic,  oxalic,  and 
acetic  acids,  but  not  into  mucic  acid.  Its  solution  in  fuming  nitric  acid  is  not  pre- 
cipitated by  water.  —  4.  When  heated  with  strong  sulphuric  acid,  it  turns  yellow,  then 
brown,  and  is  ultimately  carbonised.  —  5.  By  dilute  acids,  either  hot  or  cold,  inulin  is 
converted  into  sugar,  without  evolution  or  absorption  of  gas.  —  6.  Aqueous  arsenic  acid 
dissolves  inulin,  with  aid  of  heat  ;  after  continued  action,  the  cooled  solution  no  longer 
deposits  inulin,  but  leaves,  on  evaporation,  a  rose-coloured  mass,  which  afterwards  be- 
comes darker,  and  finally  black,  grape-sugar  being  first  formed,  afterwards  formic  and 
ulmic  acids.  —  7.  Oxide  of  lead  converts  inulin  wholly  or  partially  into  glucic  acid, 
which,  if  afterwards  exposed  to  the  air,  is  changed  into  apoglucic  acid.  A  warm 
aqueous  solution  of  inulin  reduces  other  salts  of  lead,  also  those  of  copper  and  silver. 
When  an  ammoniacal  solution  of  acetate  of  lead  is  precipitated  by  aqueous  inulin,  the 
filtrate  separated  from  the  white  precipitate  deposits  spangles  of  lead  after  a  few  hours, 
and  contains  formic  acid.  —  8.  Inulin  is  not  fermentable.  Neither  its  rotatory  power 
nor  any  of  its  other  properties  is  altered  by  diastase.  —  9.  It  is  digested  in  the 
stomach,  and  does  not  pass,  as  inulin,  either  into  the  urine  or  into  the  faeces. 

Inulin  is  distinguished  from  starch  by  its  reaction  with  iodine,  which  imparts  to  it 
only  a  fugitive  brown  colour  ;  by  its  solubility  in  aqueous  cuprammonia,  by  its  power 
of  reducing  certain  metals  from  their  solutions  ;  and  by  its  inalterability  under  the 
influence  of  ferments. 


IOBACETZC  ACID.    C2H8I02  =        ^        O.  (Perkin    and    Duppa,    Phil. 

Mag.  [4]  xviii.  54.)  —  This  acid  is  obtained,  as  an  ethyl-compound,  by  the  action  of 
iodide  of  potassium  on  bromacetate  of  ethyl  diluted  with  three  measures  of  alcohol, 
the  mixture  being  digested  at  40°  in  the  dark  for  about  two  hours,  and  the  iodacetic 
ether  then  distilled  off.  To  obtain  the  free  acid,  the  ether  is  converted  into  a  barium- 
salt  by  digestion  with  hydrate  of  barium  ;  this  salt  is  decomposed  by  cautious  addition 
of  sulphuric  acid  ;  and  the  filtrate  is  crystallised  in  a  vacuum. 

Iodacetic  acid  forms  thin,  tough,  colourless,  rhombohedral  plates,  having  a  very  sour 
taste,  and  not  deliquescent.  It  melts  at  82°,  with  slight  decomposition,  and  solidifies 
again  at  85°.  It  is  decomposed,  like  bromaeetic  acid,  by  moist  oxide  of  silver,  with 
formation  of  glycollic  acid  : 

C2H3IO*  +   AgHO     -     Agl  +   C2H«03. 

lodacetate  of  Ammonium  is  very  soluble,  crystalline,  and  non-deliquescent.  The 
potassium-salt  exhibits  similar  properties.  The  barium-salt,  C2H2IBa02,  is  crys- 
talline, moderately  soluble  in  water,  and  precipitated  by  alcohol.  The  lead-salt 
crystallises  in  prisms,  but  easily  splits  up  in  solution  into  iodide  of  lead  and  glycollic 
acid: 

H20     =     Pbl  +   C2H*03. 


lodacetate  of  Ethyl  is  an  oily  liquid,  heavier  than  water,  and  having  a  very  irritating 
odour.  lodacetate  of  Amyl  is  oily,  heavier  than  water,  has  the  odour  of  pears,  and  gives 
off  an  irritating  vapour. 

Di-Iodacetic  Acid.  C2H2I202.  (Perkin  and  Duppa,  Chem.  Soc.  Qu.  J.  xiii.  1.) 
—  The  ethyl-compound  of  this  acid,  obtained  by  acting  on  dibromaeetate  of  ethyl 
with  iodide  of  potassium,  is  converted  into  a  calcium-salt  by  means  of  milk  of  lime  ; 
the  calcium-salt  is  decomposed  by  hydrochloric  acid,  avoiding  an  excess;  and  the 
solution  is  left  to  crystallise.  The  acid  is  thus  obtained  as  a  beautifully  crystalline 
sulphur-yellow  compound,  volatile  at  ordinary  temperatures,  and  slightly  soluble  in 
water.  It  has  a  faintly  acid  taste,  with  metallic  after-taste.  It  does  not  blister  the 
skin. 

The  di-iodacetates  are  slightly  yellow,  crystalline,  and  permanent,  excepting  the 
potassium  and  sodium-salts,  which  are  deliquescent.  The  barium-salt,  CPHPBaO2, 
forms  rhombohedral  crystals,  which  give  off  iodine  when  heated.  The  calcium-Bali 
forms  yellow  silky  needles,  also  decomposed  by  heat.  The  lead-salt,  C2H2IPbQ2,  is 
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obtained  as  a  crystalline  precipitate  by  adding  a  solution  of  the  sodium-salt  to  acetate 
of  lead,  both  being  largely  diluted.  The  silver-salt,  prepared  in  like  manner,  forms  a 
yellow  crystalline  powder,  which,  when  gently  heated,  decomposes  with  slight  explosior 
and  evolution  of  iodine. 

Di-iodacetate  of  Ethyl,  C2H(C2H5)PO«,  is  a  yellowish  liquid,  having  a  pungent, 
burning  taste,  and  extremely  irritating  odour.  It  is  insoluble,  or  nearly  so,  in  water. 
Ammonia  rapidly  converts  it  into  di-iodacetamide,  N.H2.C2HPO,  which  is  a  pale 
yellow  substance,  sparingly  soluble  in  water. 

IOD  ACETYI,.     C2H2IO.— The  radicle  of  iodacetic  acid. 

XODAI..  CPHPO  =  C2I3O.H.  Hydride  of  Tn-iodacetyl  (i.  34).— This  com- 
pound is  said  to  be  obtained  by  adding  iodine  to  a  mixture  of  alcohol  and  nitric  acid. 
The  iodine  rapidly  disappears,  and  an  oil  separates  which  may  be  purified  by  agitation 
with  water  and  distillation  over  chloride  of  calcium.  It  begins  to  boil  at  25°,  but  the 
boiling  point  gradually  rises  to  115°.  Potash  converts  it  into  iodoform  (Aime,  Ann. 
Ch.  Phys.  [2]  Ixiv.  217).  Johnston  (Phil.  Mag.  [3]  ii.  215)  obtained,  by  a  similar 
process,  an  oily  liquid  which  boiled  at  110°,  but  decomposed  and  turned  brown  at 
the  same  time.  Johnston  regarded  the  product  as  iodate  of  ethyl  (see  Gmelin's 
Handbook,  ix.  186).  Schoonbroodt  (Bull.  Soc.  Chim.  de  Paris,  1861,  p.  109),  by 
adding  hypochlorite  of  potassium  to  an  alcoholic  solution  of  iodine  till  the  latter  was 
decolorised,  obtained  a  copious  precipitate  consisting  of  small  shining  needles,  easily 
soluble  in  water,  sparingly  in  alcohol,  and  resolved  by  potash-ley  into  formic  acid  and 
iodoform :  hence  it  was  probably  iodal. 

IOD  AMIDES  and  XODAIKMONXinttS.  Under  these  terms  may  be  included 
a  number  of  compounds,  mostly  of  an  explosive  character,  produced  by  the  action  of 
iodine  on  ammonia.  The  composition  and  properties  of  these  products  vary  according 
to  the  mode  of  preparation  adopted. 

I.  Xodamides.  By  digesting  iodine  in  excess  of  aqueous  ammonia ;  by  adding 
a  large  excess  of  aqueous  or  alcoholic  ammonia  to  a  saturated  solution  of  iodine  in 
alcohol,  and  then  diluting  with  water ;  by  adding  ammonia  to  a  solution  of  iodine  in 
nitro-muriatic  acid  (which  contains  protochloride  of  iodine,  IC1) ;  or  by  decomposing 
the  explosive  compound  called  chloride  of  nitrogen,  with  iodide  of  potassium — a 
black  powder  is  precipitated  which  when  dry  is  violently  explosive.  It  must  be 
collected  on  a  filter,  and  washed  with  water ;  and  to  guard  against  accidents  in  drying, 
it  is  advisable  to  divide  the  filter,  with  the  moist  precipitate  upon  it,  into  small  pieces, 
and  expose  them  to  warm  dry  air  at  considerable  distances  from  each  other.  Or  the 
precipitate  may  be  dried  under  a  receiver  filled  with  ammonia  gas,  in  which  case, 
according  to  Millon.  there  is  no  fear  of  explosion. 

The  product  obtained  by  either  of  these  processes,  commonly  called  iodide  of 
nitrogen,  is  a  brownish-black  soft  powder,  which  when  dry  explodes  from  the 
slightest  cause,  producing  a  loud  report  and  destroying  any  solid  bodies  that  may  be 
near  it.  The  explosion  is  attended  with  a  faint  flash  of  violet  light,  nitrogen  being 
set  free  as  gas,  and  iodine  in  the  form  of  very  fine  powder.  It  may  be  exploded  by 
friction,  even  under  water,  and  in  the  dry  state  can  scarcely  be  touched  without 
exploding,  the  slightest  elevation  of  temperature,  and  even  the  friction  produced  by 
sliding  over  the  surface  of  smooth  paper,  being  sufficient  to  explode  it.  When 
moist,  it  decomposes  slowly  in  contact  with  the  air,  yielding  nitrogen,  iodic  acid, 
and  hydriodic  acid.  A  similar  decomposition  is  produced  more  rapidly  by  boiling 
water,  or  by  alkaline  solutions.  Sulphydric  acid  decomposes  it,  producing  hydriodic 
acid,  ammonia,  and  a  deposit  of  sulphur.  With  sulphurous  acid,  it  yields  iodide  of 
ammonium,  hydriodic  acid,  and  sulphuric  acid.  Bromine-water  decomposes  it  instan- 
taneously, chlorine  more  slowly :  strong  nitric  acid  attacks  it  violently.  (Gladstone.) 
This  description  applies  to  all  the  products  obtained  by  the  processes  above- 
mentioned  ;  nevertheless,  these  products  are  not  absolutely  identical  in  composition  ; 
but  they  all  appear  to  be  iodamides — that  is  to  say,  ammonia-molecules  having  the 
hydrogen  more  or  less  replaced  by  iodine — combined  in  some  instances  with  ammonia 
itself.  G ay-Lus  sac  regarded  the  product  of  the  action  of  iodine  on  ammonia  as  a  com- 
pound of  iodine  and  nitrogen  alone,  in  fact,  as  tri-iodamide,  NP,  and,  according 
to  recent  analyses  byStahlschmidt  (see  p. 281),  this  compound  does  appear  to  be 
formed  under  certain  conditions ;  but  repeated  experiments  by  several  chemists  have 
shown  that  the  explosive  compound  thus  produced  frequently  also  contains  hydrogen : 
for  when  small  portions  of  it  in  a  state  of  perfect  dryness  are  repeatedly  exploded 
under  a  bell-jar,  iodide  of  ammonium  is  deposited  on  the  sides  of  the  vessel. 

According  to  Millon  (Ann.  Ch.  Phys.  [2]  Ixix.  78),  the  compound  is  mono- 
i  oda  mide,  NH2I,  and  the  decomposition  just  mentioned  takes  place  as  represented  by 
the  equation: 

2NH2I     =     NH4I   +   I    +   N. 
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Bineau  (ibid.  [3]  xv.  71),  by  determining  the  quantities  of  hydriodic  acid,  ammonia, 
and  nitrogen  produced  in  its  decomposition  by  sulphydric  acid,  was  led  to  adopt  the 
formula,  NHP,  which  is  that  of  di-iodamide : 

NHP   +    2H2S     =     NH4I   +   HI   +   S2. 

Gladstone  (Chem.  Soc.  Qu.  J.  iv.  34)  takes  the  same  view  of  its  constitution.    By 
decomposing  with  sulphydric  acid,  the  compound  produced  by  the  action  of  ammonia 
on  an  alcoholic  solution  of  iodine,  he  finds  that  it  contains  2  at.  iodine  to  1  at.  nitrogen, 
while  its  decomposition  by  aqueous  sulphurous  acid  is  represented  by  the  equation : 
NHP  +   2SH203   +   2H20     =     NH'I  +    HI   +  2SH204. 

He  also  finds  that  the  formula  NHP  is  in  accordance  with  the  formation  of  the  com- 
pound by  the  action  of  hypochlorite  of  calcium  or  iodide  of  ammonium  (observed  by 
PI  ay  fair),  that  reaction  being  attended  with  evolution  of  ammonia,  according  to  the 
equation : 

Ca01202  +  2NH4I  =  NHP  +  CaCl2  +  2H2O  +  NH». 

Bun  sen  (Ann.  Ch.  Pharm.  Ixxxiv.  1)  has  also  examined  the  constitution  of 
iodide  of  nitrogen,  and  arrived  at  different  conclusions.  He  observes  that  the  mode  of 
formation  of  the  explosive  compound  from  iodine  and  ammonia,  with  hydriodic 
acid  as  the  only  secondary  product,  shows  that  it  must  be  a  substitution-product  of  am- 
monia, of  the  form  NP,  NHP  or  NH2I,  associated  at  most  with  ammonia  and  hydriodic 
acid :  2.  That  it  cannot  contain  hydriodic  acid,  because  it  dissolves  in  hydrochloric 
acid  without  evolution  of  gas,  and  forms  a  solution  containing  ammonia  and  protochlo- 
ride  of  iodine,  but  no  hydriodic  acid ;  3.  That,  to  determine  its  composition,  it  is  suffi- 
cient to  ascertain  how  much  IC1  and  how  much  NH3  it  yields  with  hydrochloric  acid, 
and  to  see  which  of  the  following  equations  agrees  with  the  results : 

NP  +  3HC1  =  3IC1  +   NHS  ....     (a) 

NHP  +  2HC1  =  2IC1  +   NH3  ..,.(*) 

NH1  +  HC1  =  IC1  +   NH3  .    .    .    .     (c) 

NH2I   +   NH3  +  HC1  =»  IC1  +  2NH3  ....     (d). 

Preparations  obtained  by  mixing  cold  and  more  or  less  saturated  anhydrous  alcoholic 
solutions  of  iodine  and  ammonia,  which  were  not  decomposed  by  washing  with  absolute 
alcohol,  gave,  when  dissolved  in  hydrochloric  acid,  quantities  of  ammonia,  iodine,  and 
chlorine,  in  the  atomic  proportion  of  2  :  3  :  3,  showing  that  the  constitution  of  the 
compound  thus  formed  was  NP.NH3.  A  preparation  obtained  by  adding  ammonia  to  a 
solution  of  iodine  in  nitro-muriatic  acid  diluted  with  water,  and  washed  as  quickly  as 
possible  with  cold  water,  gave,  with  hydrochloric  acid,  quantities  of  ammonia  and  pro- 
tochloride  of  iodine  in  the  atomic  proportion  of  5  :  12,  showing  that  its  formula  was 
4NP.NH3.  When  washed  with  water  for  any  length  of  time,  even  till  the  greater  part 
of  the  compound  was*decomposed,  with  separation  of  iodine  and  nitrogen,  the  unde- 
composed  portion  still  yielded  more  than  1  at.  ammonia  to  3  at.  chloride  of  iodine,  a 
proof  that  ammonia  entered  essentially  into  its  constitution.  Bunsen  is  of  opinion  that 
there  exist  two  distinct  compounds,  NP.NH3  and  4NP.NH3,  formed  in  the  manner 
shown  by  the  equations, 

2NH3   +   61     =     NP.NH3   +   3HI 
8(NP.NH3)   +   3H*0     =    2(4NP.NH3)   +    3(NH4)20. 

The  formation  of  the  so-called  iodide  of  nitrogen  by  the  action  of  ammonia  on  a  solu- 
tion of  iodine  in  nitro-muriatic  acid,  would  be  inconsistent  with  this  view,  if  that 
solution  contained,  not  IC1,  but,  as  is  sometimes  supposed,  IC13,  because  NP  could  not 
be  formed  from  the  latter.  Bunsen  has,  however,  shown  that  the  solution  of  iodine  in 
nitro-muriatic  acid  contains  only  1 01.  The  formation  of  the  explosive  compound  from 
IC1  is  explained  by  the  equation, 

2NH3  +    3101     =     (NP.NH3)   +    3HC1. 

The  immediate  products  of  its  explosion  are  nitrogen  and  hydriodic  acid : 
NP.NH3  =  N2   +    3HI. 

which  latter  is,  for  the  most  part,  resolved  by  the  high  temperature  into  iodine  and 
hydrogen,  while  another  portion  unites  with  the  ammonia  of  the  compound,  forming 
iodide  of  ammonium,  thereby  setting  free  quantities  of  iodine  and  nitrogen  equivalent 
to  this  ammonia. 

The  compound  obtained  by  Bineau  and  by  Gladstone,  viz.  di-iodamide  NHP,  is 
intermediate  between  the  two  compounds  obtained  by  Bunsen : 
2N2PH3   +   NT'H3     =     9NHP 
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Bunsen's  first  compound  NP.NH3,  may  be  represented  as  tri-iodammonammonitim, 

STTJ 
NHP  an<*  the  secon(*  compound  4NP.NH8,  might  be  formulated  in  a  similar 
manner. 

Lastly,  it  appears  from  the  experiments  of  Stahlschmidt  (Pogg.  Ann.  cxix. 
421 ;  Bull.  Soc.  Chim.  de  Paris  1864,  p.  149),  that  di-  or  tri-iodamide  may  be 
produced  according  as  alcoholic  or  aqueous  ammonia  is  added  to  an  alcoholic  solution 
of  iodine.  By  mixing  alcoholic  solutions  of  ammonia  and  iodine,  he  obtained  a 
compound  yielding  by  analysis  quantities  of  iodine  and  nitrogen  in  the  proportion  of 

2  at.  I  to  1  at.  N,  therefore  NHI2. 

On  the  other  hand,  a  product  obtained  by  adding  aqueous  ammonia  to  an  alcoholic 
tincture  of  iodine,  yielded  by  decomposition  with  sulphydric  acid,  products  containing 

3  at.  I  to  1  at.  N,  according  to  the  equation, 

NP  +   3H2S     =     NH4I  +   2HI  +  S2. 

The  same  substance  treated  with  iodide  of  methyl,  yielded  in  24  hours,  two  layers  of 
liquid,  the  upper  consisting  of  aqueous  hydriodic  acid  and  iodide  of  ammonium,  while 
the  lower  contained  iodoform  and  penta-iodide  of  tetramethyl-ammonium : 

2NI3  +   3CH3I     =     2NH3  +   3CHI8, 

Iodoform. 

and2NP  +   9CH8I     =     2HI      +     CHP  +  2N(CH3)4P. 

Iodoform.        Penta-iodide 
of  letramethyl- 
ammonium. 

On  treating  the  lower  liquid  with  boiling  absolute  alcohol,  a  solution  was  obtained  which 
deposited  the  penta-iodide  in  shining  green  crystals,  while  iodoform  remained  in  the 
mother-liquor ;  and  this  mother-liquor  being  treated  with  potash,  gave  off  ammonia 
and  yielded  iodoform,  together  with  yellow  crystals  having  the  composition  of  di- 

iodomethylamide  N  j  Q jp       The  saline  residue  contained  butyrate  of  potassium  and 

other  salts. 

If  the  tri-iodamide  used  in  the  preceding  reaction  still  retains  ammonia,  the  pro- 
ducts obtained  are  penta-iodide  of  tetramethylammonium,  and  a  compound  of  2  at.  iodo- 
form with  mono-iodide  of  tetramethylammoniuin,  C6H14NI7  =  (CH3)4NI  +  2CHP. 

By  acting  with  ammonia  on  penta-iodide  of  tetramethylammonium  (which  contains 
4  at.  iodine  in  a  state  of  less  intimate  combination  than  the  fifth,  and  ready  to  act  like 
free  iodine),  Stahlschmidt  has  obtained  a  compound  containing  C4HI3N2P,  which  may 
be  regarded  as  a  compound  of  di-iodamide,  NHI2,  with  tri-iodide  of  tetramethyl- 
ammonium. The  same  compound  is  formed  on  mixing  alcoholic  tincture  of  iodine  with 
an  ammoniacal  solution  of  mono-iodide  of  tetramethyl-ammonium.  It  is  a  black 
powder,  which  explodes  at  100°,  or  in  contact  with  sulphuric  acid,  giving  off  nitrogen, 
and  leaving  the  penta-iodide.  The  same  decomposition  takes  place  on  heating  its 
alcoholic  solution.  Sulphydric  acid  reduces  it  to  mono-iodide  of  tetramethylammonium. 
Nitric  acid  decomposes  it  slowly.  Heated  with  potash,  it  yields  iodoform.  It  is  in- 
soluble in  most  liquids,  but  dissolves  slightly  in  absolute  alcohol.  (Stahlschmidt.) 

II.  lodammonium.  NH3I;  or  Iodide  of  Ammonia,  NH3.I.  —  Dry  iodine 
absorbs  dry  ammonia-gas,  100  parts  of  iodine  taking  up  8'3  pts.  of  ammonia  at  +  10°, 
9  pts.  at  0°,  and  9*4  pts.  at — 18°.  The  product  is  a  blackish-brown  very  tenacious 
liquid,  having  a  metallic  aspect,  smelling  of  ammonia  and  iodine,  and  imparting  a 
brown  stain  to  the  skin  and  to  paper.  "When  heated,  it  gives  off  a  portion  of  the 
ammonia  and  sublimes  in  violets  vapours.  Its  lustre  and  tenacity  are  destroyed  by 
excess  of  ammonia.  It  dissolves  readily  in  alcohol,  and  is  resolved  by  water  into 
iodide  of  ammonium  and  di-iodamide : 

2NH8I     =     NH4I  +  NH'I. 

In  a  current  of  hydrochloric  acid  gas,  it  is  completely  decomposed,  yielding  nitrogen 
gas,  sal-ammoniac,  iodide  of  ammonium,  and  free  iodine.  (Millon,  Ann.  Ch.  Phys. 
Ixix.  78.) 

According  to  Bineau,  100  pts.  iodine  absorb  20'55  pts.  ammonia-gas,  yielding 
a  product  having  the  composition  N3H9P.  This  may  be  represented  as  an  iodide  of 


tod-ammon-ammon-ammonium  \       fN  (H3          .1. 

JNH3lJ 

Millon's  compound,  if  its  composition  has  been  correctly  determined,  is  remarkable 
as  presenting  the  only  known  instance  of  an  ammonium-molecule  existing  in  the  free 
state. 

III.  Iodide  of  lodammonium.  NH3P  =  (NHSI).L—  This  compound,  discovered 
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by  Guthrie  (Chem.  Soc.  J.  xvi.  239),  is  obtained:  1.  By  adding  finely-powdered 
iodine  to  a  saturated  solution  of  nitrate  or  carbonate  of  ammonia  mixed  with  about 
one-third  of  an  equivalent  quantity  of  potash.  The  iodine  immediately  liquefies,  with- 
out perceptible  rise  of  temperature,  and  unites  with  the  elements  of  the  ammonia, 
forming  a  very  mobile  brownish-black  liquid,  while  the  supernatant  solution  remains 
colourless.  The  iodide  of  iodammonium  is  separated  by  a  pipette  from  the  saline 
solution.—  2.  A  similar,  and  probably  identical  liquid  is  obtained  by  adding  to  the 
solution  of  nitrate  of  ammonia,  mixed  with  potash,  a  saturated  solution  of  iodine  in 
aqueous  iodide  of  potassium. 

Iodide  of  iodammonium  dissolves  in  ether,  alcohol,  chloroform,  sulphide  of  carbon, 
and  aqueous  iodide  of  potassium.  When  heated,  it  is  partly  resolved  into  iodine,  and 
an  iodiferous  liquid,  which  may  be  distilled  without  decomposition,  and  is  probably 
Millon's  or  Bineau's  "iodide  of  ammonia." 

NH3!2    =    I     +    NH3I. 
3NH3!2    =    I4    +     3NH3.!2. 

Exposed  in  the  dry  state  to  the  air,  it  decomposes  spontaneously  into  ammonia 
and  iodine,  no  permanent  gas  being  evolved.  On  agitating  it  in  a  eudiometer-tube 
with  mercury,  iodide  of  mercury  is  formed,  and  the  mercury  is  depressed  by  the 
liberated  ammonia,  which  latter  is  completely  absorbed  by  water  : 

NH3!2  +  Hg  =  NH8  +  Hgl2. 

It  is  decomposed  by  water,  colouring  the  water  reddish-brown,  from  separation  ol 
iodine,  evolving  nitrogen  gas,  and  yielding  a  residue  of  di-iodamide,  which  explodes 
spontaneously  under  water  : 

4NH3!2  +  H20  =  2NHI2  +  2NH4I  +  2HI  +H20  =  N2  +  4HI  +  12  +  2NH4I  +  H20 
The  formation  of  the  di-iodamide  is  more  rapid  than  its  decomposition,  so  that  some 
of  it  is  left  after  the  original  compound  is  broken  up. 

The  caustic  alkalis  effect  the  same  decomposition  as  water,  but  more  quickly,  on 
account  of  the  greater  affinity  of  their  metals  for  iodine. 

Acids  determine  the  formation  of  ammonia,  e.g.  : 

NH3!2  +  HC1        =     NH'Cl         +   P. 
NH3!2  +   H-'SO4     =     (NH4)2S04  +   I2. 

A  portion  of  the  compound  prepared  by  the  first  method  (p.  282)  and  decomposed 
in  this  way  by  dilute  sulphuric  acid,  yielded  in  one  experiment  5*92  per  cent.  NH3  and 
93-47  I,  in  another,  6-59  NH3  to  63'04  I,  the  formula  requiring  6-27  NH3to  9373  I.  On 
submitting  the  compound  to  fractional  solution  with  chloroform,  the  residue  was  found 
to  have  exactly  the  same  composition  as  the  original  substance,  showing  that  the  sub- 
stance operated  on  was  a  definite  compound,  and  not  a  mixture  of  two  or  more. 

(Seep.  282.) 

SYN.  with  IODOPHENYIAMINE.     See  PHENYLAMINE. 

XODANXSXC  ACID.  C8H7I03.  Produced,  together  with  hydriodate  of  oxani- 
samic  acid,  by  the  action  of  hydriodic  acid  on  diazoanis-oxanisamic  acid  : 

C8H6N203.C8H9N03  +   2HI     =     C8H9N03.HI  +   C8H7I03  +  N2 

Diazoanis-oxanisamic  Hydriodate  of  lodanisic 

acid.  .  oxani  sarnie  acid. 

acid. 

It  forms  white  needles,  insoluble  in  water,  easily  soluble  in  alcohol  and  in  ether. 
The  silver-salt  is  a  white  amorphous  precipitate.  (P.  Griess,  Proc.  Boy.  Soc.  x.  309; 
Jahresber.  1859,  p.  466.) 

XODARSECTXOTTS  ACID.      See  ARSENIC  OxYIODEDE  OF  (i.  386). 

XODATES.     See  IODINE,  OXYGEN-ACIDS  OF. 
XODATTRATES.     See  GOLD,  IODIDES  OF  (ii  929). 

IODETHYLA1VIINE.      See  ETHYLAMINE  (ii.  538). 
IODETHYX.ENE.      See  ETHYLENE,  lODATED  (ii.  579). 

XODHVDRXC  ACID.     See  IODIDE  OF  HYDROGEN  (p.  284). 

XODHTDRXITS.  Compounds  derived  from  glycerin  or  from  glycide  (ii.  896),  by 
assumption  of  the  elements  of  hydriodic  acid  and  elimination  of  water.  Only  two  have 
hitherto  been  obtained  ;  both  of  which  are  glycidic  ethers,  viz.  :  — 

lodhydroglycide  or  Epi-iodhydrin       .        .  C3H5Q  =     C3H803  +  HI  -  2H2O. 


ludhydrodiglycide  (Berthelot's  lodhydrin)  2C3H"08  +  HI  -  3H20. 


284    IODIDE  OF  ACETYL  —  IODIDE  OF  HYDROGEN. 

The  first  has  been  already  described  (ii.  899).  The  second  is  obtained  by  saturating 
glycerin  with  hydriodic  acid,  keeping  the  liquid  in  a  close  vessel  at  100°  for  forty 
hours,  and  then  treating  it  with  potash  and  ether.  It  is  a  syrupy  liquid  of  a  golden 
yellow  colour,  and  specific  gravity  1783.  It  has  a  saccharine  taste,  dissolves  about 
t>  i  -third  of  its  bulk  of  water,  but  is  not  itself  soluble  in  water.  It  is  soluble  in  alcohol, 
and  still  more  in  ether.  It  is  not  volatile  without  decomposition.  It  burns  without 
residue,  giving  off  vapours  of  iodine.  Potash  decomposes  it  slowly  at  100°,  producing 
iodide  of  potassium,  a  liquid  which  appears  to  be  identical  with  glycerin,  and  a  volatile 
liquid,  probably  oxide  of  glyceryl  (CSH5)208.  The  iodine  in  cod-liver  oil  is  perhaps 
in  the  form  of  this,  or  a  similar  compound.  (Berthelot  and  Be  Luc  a,  Compt. 
rend,  xxxix.  748.) 

IODIDE  OP  ACETYI..  See  AcETTL  (i.  35).— The  iodides  of  other  organic 
radicles  are  also  described  under  the  several  radicles. 

IODIDE  OP  ALUMINIUM.  See  ALUMINIUM  (i.  157). —  The  iodides  of  other 
metals  are  also  described  under  the  several  metals. 

IODIDE  OF  AMMONIA.     See  IODAMMONIUM  (p.  282). 
IODIDE  OP  AMMONIUM.     See  AMMONIUM-SALTS. 
IODIDE  OF  BORON.     See  BORON  (i.  627). 

IODIDE  OF  HYDROGEN.  IODHYDRIC  or  HYDRIODIC  ACID.  HI. 
Iodine  does  not  combine  with  hydrogen  at  ordinary  temperatures,  even  under  the 
influence  of  sunshine ;  but  when  hydrogen  gas  and  iodine  vapour  are  passed  together 
through  a  red-hot  tube,  combination  takes  place.  According  to  Blundell  (Pogg. 
Ann.  ii.  216),  spongy  platinum  brings  about  the  combination  at  ordinary  tempera- 
tures. The  affinity  of  iodine  for  hydrogen  is  inferior  only  to  that  of  oxygen,  fluorine, 
chlorine,  and  bromine ;  consequently  iodine  separates  hydrogen  from  most  of  its  com- 
binations, viz.  from  phosphoretted  hydrogen,  sulphydric  acid,  ammonia,  and  many 
organic  compounds,  e.g.  alcohol,  ether,  and  volatile  oils,  the  result  being  in  all  cases 
the  formation  of  hydriodic  acid  (G-aultier;  Colin).  Iodine  does  not  decompose 
water,  even  at  a  red  heat,  or  at  all  events,  produces  mere  traces  of  iodic  and  hydriodic 
acids  (G-ay-Lussac).'  If,  however,  there  is  likewise  present  any  substance  that  can 
take  up  the  oxygen  of  the  water,  hydriodic  acid  is  produced  in  abundance.  Hence 
water  and  iodine,  in  contact  with  phosphorus,  form  hydriodic  acid  and  phosphorous 
acid  (G-ay-Lussac):  with  sulphurous  acid,  only  however  when  a  considerable 
quantity  of  water  is  present,  they  yield  hydriodic  and  sulphuric  acids.  With  sulphites, 
if  largely  diluted,  the  products  are  hydriodic  acid  and  a  sulphate ;  similarly  with 
hyposulphites ;  with  arsenious  acid,  hydriodic  acid  and  arsenic  acid ;  with  stannous 
salts,  hydriodic  acid  and  a  stannic  salt  j  and  with  certain  metals,  hydriodic  acid  and  a 
metallic  oxide. 

Preparation. — 1.  In  the  gaseous  state. — a.  1  pt.  of  phosphorus  and  9  pts.  of  iodine 
are  moistened  with  a  small  quantity  of  water,  or  covered  with  moistened  glass-powder, 
and  heated  in  a  retort  connected  with  a  mercurial  trough.  Towards  the  end  of  the 
operation,  hydriodate of  phosphamine  (p.  201 )  may  sublime.  Personne  (Compt.  rend. 
lii.  468)  recommends  the  use  of  amorphous  phosphorus  for  this  purpose.  The  phosphorus 
is  to  be  introduced  into  a  tubulated  retort,  covered  with  a  layer  of  water,  and  iodine 
added  by  successive  portions,  while  the  whole  is  gently  heated.  A  regular  stream  of 
hydriodic  acid-gas  is  then  given  off  quite  free  from  iodine-vapour. — b.  1  pt.  of  phos- 
phorus is  gently  heated  with  14  pts.  of  iodide  of  potassium,  20  of  iodine,  and  a  small 
quantity  of  water.  If  the  evolution  of  gas  becomes  too  violent,  the  vessel  must  be 
plunged  into  cold  water;  if  it  becomes  too  slow,  heat  must  be  again  applied  (Millon, 
J.  Pharm.  xxviii.  299) : 

4KI   +   !'•  +  P2   +   7H20     =     KT'O7   +   14HI. 

2.  In  the  liquid  state. — Iodine  and  persulphide  of  hydrogen,  which,  when  they  come 
in  contact,  unite,  and  form  a  yellowish-brown  liquid,  are  placed  together  at  the  closed 
end  of  a  dry  glass  tube;  and  at  a  short  distance  from  them,  in  a  bend  of  the  tube,  is 

E laced  a  small  quantity  of  water.     If  the  tube  be  then  sealed,  and  the  first-mentioned 
quid  brought  in  contact  with  the  water,  decomposition  takes  place,  resulting  in  the 
separation  of  sulphur  and  hydriodic  acid,  a  considerable  portion  of  the  latter  condens- 
ing in  the  liquid  state.     (Kemp,  PhiL  Mag.  [3]  vii.  444.) 

3.  In  aqueous  solution. —  The  aqueous  acid  may  be  prepared  by  passing  the  gas 
obtained  by  either  of  the  preceding  methods  into  water,  which  absorbs  it  very  rapidly 
and  in  large  quantity;  or  directly:  1.  By  distilling  iodine  with  phosphorus  and  a 
large  quantity  of  water. — 2.  By  passing  sulphydric  acid  gas  into  water  in  which  iodine 
is  diffused,  the  liquid  being  well  agitated  all  the  while,  till  the  iodine  has  disappeared, 
and  the  liquid,  which  was  brown  at  first,  has  become  colourless ;  the  liquid  is  then 
filtered  and  heated  to  commencing  ebullition,  in  order  to  expel  the  excess  of  sulphydric 
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acid  (G.iy-Lussac).  Since  the  sulphur,  as  it  precipitates,  envelopes  the  iodine  which 
still  remains  undissolved,  Le  Royer  and  Dumas  recommend  the  process  of  saturating 
water  with  iodine — decanting  the  liquid  from  the  undissolved  portion — converting  the 
dissolved  iodine  into  hydriodic  acid,  by  means  of  sulphydric  acid — digesting  in  this 
liquid  a  fresh  portion  of  iodine,  which  dissolves  much  more  abundantly  in  the  hydriodic 
acid  already  produced — decanting  again— once  more  saturating  with  sulphydric  acid — 
again  digesting  with  iodine,  &c.,  &c.  Another  method  is  that  of  Stratingh,  which 
consists  in  passing  sulphydric  acid  gas  through  a  solution  of  iodine  in  16  pts.  of 
alcohol,  filtering,  diluting  with  32  pts.  of  water,  and  freeing  the  product  by  distillation 
from  alcohol  and  excess  of  sulphydric  acid.  The  acid  prepared  in  this  manner  is  liable, 
however,  to  be  mixed  with  a  product  of  disagreeable  odour,  arising  from  the  action  of 
the  sulphydric  acid  on  the  alcohol. — 3.  Iodide  of  barium  dissolved  in  water  is  exactly 
decomposed  by  the  equivalent  quantity  of  sulphuric  acid,  and  the  product  is  separated 
by  nitration  from  sulphate  of  barium  (Glover,  Phil.  Mag.  [3]  xix.  92). — 4.  Granulated 
lead  is  agitated  with  iodine  and  water  till  the  liquid  becomes  colourless ;  sulphydric 
acid  gas  is  then  passed  through,  and  the  liquid  decanted  (Joss,  J.  pr.  Chem.  i.  133). 
The  aqueous  solution  of  the  acid  obtained  by  either  of  these  methods  may  be  concen- 
trated by  heating  it  in  a  retort. 

Properties.— Hydriodic  acid  is  a  colourless  gas,  which  reddens  litmus  strongly,  and 
produces  dense  white  fumes  in  moist  air.  It  has  a  very  sour  suffocating  odour,  extinguishes 
flame,  and  is  not  itself  combustible.  Its  specific  gravity,  according  to  Gay-Lussac's 
determination,  is  4*4429,  which  shows  that  the  gas  is  composed  of  equal  volumes  of 
hydrogen  and  iodine-vapour  united  without  condensation ;  for  the  density  thence  deduced 

js  127    *    l   =  64  referred  to  hydrogen  in  unity,  and  64  x  0*0693  =  4-4352  referred 

2 
to  air. 

Hydriodic  acid  gas  may  be  liquefied  by  pressure  (p.  284).  The  liquid  acid  has  a 
yellow  colour,  and  solidifies  at  —51°,  forming  a  transparent  colourless  mass  intersected 
by  fissures,  like  ice. 

The  aqueous  acid  smells  like  the  gas;  its  taste  is  pungent  at  first,  afterwards 
astringent  and  sour.  When  concentrated,  it  fumes  strongly  in  the  air.  Its  specific 
gravity  and  boiling-point  vary  with  its  strength.  An  acid  containing  57'0  per  cent. 
HI  boils  constantly  at  127°  under  a  pressure  of  774  mm.  A  weaker  or  a  stronger  acid 
may  be  reduced  to  this  strength  by  distillation  under  the  ordinary  pressure  (in  an 
atmosphere  of  hydrogen,  to  avoid  decomposition).  When  dry  hydrogen  gas  is  passed 
through  weaker  or  stronger  acid,  till  the  remaining  acid  attains  a  constant  strength, 
this  acid  is  found  to  contain  from  60'3  to  60'7  per  cent.  HI,  if  the  experiment  is  made 
at  a  temperature  between  15°  and  19°,  and  from  58'2  to  58'5  per  cent.  HI,  if  it  has 
been  performed  at  100°.  (Roscoe,  Chem.  Soc.  J.  xiii.  160.) 

Decompositions. — 1.  A  mixture  of  hydriodic  acid  and  oxygen  gases  passed  through  a 
red-hot  porcelain  tube  is  resolved  into  water  and  iodine  (Gay-Lussac).  The  aqueous 
solution  undergoes  a  similar  decomposition  when  exposed  to  the  air,  becoming  brown 
from  separated  iodine. — 2.  The  following  compounds  give  up  their  oxygen  to  the 
hydrogen  of  the  hydriodic  acid,  forming  water  and  separating  iodine.  Hydrated 
peroxide  of  hydrogen  is  converted  by  it  into  water  (Thenard).  Sulphurous  anhy- 
dride and  hydriodic  acid  gases  yield  water,  sulphur,  and  iodine: 
SO2  +  4HI  =  2H20  +  S  +  I4. 

If  water  is  present,  the  two  acids  have  no  action  on  one  another  (Duma  s).  Hydri- 
odic acid  gas,  or  its  concentrated  aqueous  solution,  is  decomposed  by  strong  sulphuric 
acid,  yielding  water,  sulphuroxis  acid,  and  free  iodine : 

H2S04   +   2HI     =     H20   +  H2S08  +  I2. 

On  the  addition  of  water,  sulphuric  acid  and  hydriodic  acids  are  reproduced.  Aqueous 
iodic  acid  and  hydriodic  acid  yield  water  and  iodine : 

HIOS  +   5HI     =     3H20   +   I8. 

Hypochlorous  acid  decomposes  hydriodic  acid,  both  in  the  gaseous  form  and  in  the  state 
of  aqueous  solution  (Balard).  Nitric  acid  yields  iodine,  water,  and  nitric  oxide 
(Gay-Lussac).  Ferric  salts  are  converted  by  hydriodic  acid  into  ferrous  salts,  iodine 
being  at  the  same  time  precipitated  (Gay-Lussac). — 3.  Chlorine  gas,  in  small 
quantity,  converts  hydriodic  acid  gas  into  hydrochloric  acid  and  iodine : 

Cl  +  HI     =     HC1  +  I; 
in  larger  quantity,  into  hydrochloric  acid  and  trichloride  of  iodine ;  e.  g. 

4C1   +   HI     =     HC1   +   IC1S. 
(Gay-Lussac).     In  a  similar  manner,  bromine  and  hydriodic  acid  gas  yield  hydro- 
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brornic  acid  gas  and  iodine,  the  action  being  attended  with  evolution  of  heat  (Balard). 
Hence  hydriodic  acid  imparts  a  blue  colour  to  starch  on  the  addition  of  chlorine  or 
bromine  (not  in  excess),  or  of  sulphuric,  nitric,  or  iodic  acid,  or  a  mixture  of  hydro- 
chloric acid  and  chlorate  of  potassium. — 4.  Potassium,  zinc,  iron,  mercury,  and  other 
metals,  immersed  in  this  gas,  are  converted  into  iodides,  1  volume  of  hydrogen  being 
at  the  same  time  liberated  from  2  volumes  of  hydriodic  acid  gas  (Gay-Lussac). — - 
5.  With  most  basic  metallic  oxides,  hydriodic  acid  forms  water  and  a  metallic  iodide. 
Some  of  these  iodides  separate  immediately,  so  that,  with  the  salts  of  certain  metallic 
oxides,  aqueous  hydriodic  acid  forms  precipitates  consisting  of  metallic  iodides,  and 
distinguished  by  the  following  colours:  Oxide  of  bismuth,  brown;  oxide  of  lead, 
orange-yellow;  mercurous  oxide,  greenish-yellow;  mercuric  oxide,  scarlet;  oxide  of 
silver,  yellowish-white.  Other  metallic  iodides  remain  dissolved  in  the  liquid,  and  in 
that  state  may  be  regarded  as  hydriodates  of  metallic  oxides.  With  metallic  peroxides, 
e.g.  the  peroxide  of  manganese  or  of  lead,  hydriodic  acid  forms  a  metallic  iodide  (or 
hydriodate),  water,  and  free  iodine ;  e.  g. 

PbO  +  2HI  =  PbP  +  H20  +  I. 

With  many  organic  compounds,  hydriodic  acid  reacts  in  the  same  manner  as  with 
inorganic  compounds,  sometimes  deoxidising  them,  with  formation  of  water  and  elimi- 
nation of  iodine,  sometimes  simply  exchanging  its  hydrogen  for  a  radicle  of  the  organic 
compound.  Examples  of  the  first  mode  of  action  are  afforded  by  mannite,  with  which 
hydriodic  acid  yields  iodide  of  hexyl,  water,  and  iodine  (p.  154),  and  by  erytkroman- 
nitet  with  which  it  yields  in  like  manner  iodide  of  tetryl  (ii.  505).  An  instance  of  the 
second  mode  of  action  is  exhibited  by  salicylate  of  methyl  (wintergreen  oil),  with  which 
hydriodic  acid  forms  iodide  of  methyl  and  salicylic  acid.  (Lautemann,  Ann.  Ch. 
Pharm.  cxxv.  13.) 

C7H5(CH8)0S  +  HI     =     CHSI  +  C7H608. 

It  is  by  reactions  of  this  kind  that  Matthiessen  and  Foster  (Chem.  Soe.  J.  xvi.  358) 
have  shown  that  cotarnine  and  its  derivatives  are  methylised  compounds.  (See 
COTARNINE,  ii.  90  ;  HEMIPINIC  ACID,  iii.  142 ;  OPIANIC  ACID,  and  NAECOTINB.) 

Hydriodic  acid  unites  directly  with  ammonia,  phosphamine,  and  other  organic 
amines,  phosphines,  arsines,  stibines,  &c.,  forming  salts,  which  may  be  regarded  either 
as  hydriodates  of  these  ammonia-derivatives,  or  as  iodides  of  the  corresponding  deriva- 
tives of  ammonium,  e.g.  hydriodate  of  triethylamine,  N(C2H5)3.HI,  iodide  of  triethyl- 
ammonium,  [N(O'H5)3H]L  Similarly  with  other  organic  bases. 

It  likewise  unites  directly  with  many  hydrocarbons  containing  even  numbers  of 
hydrogen-atoms;  the  defines  and  camphenes,  for  example.  Greville  Williams,  by 
distilling  the  hydrocarbons  obtained  from  Boghead  naphtha  with  fuming  hydriodic  acid, 
obtained  compounds  which  might  be  regarded  as  hydriodates  of  defines,  OH2".  HI,  or  as 
iodides  of  the  corresponding  monatomic  alcohol-radicles,  C"H2»+II,  as  when  treated 
with  alcoholic  ammonia,  they  yielded  the  hydriodates  of  the  corresponding  amines, 
C»H2*+*N.HI.  The  hydriodates  of  the  olefines  are  not,  however,  in  all  cases  identical 
with  the  corresponding  monatomic  alcoholic  iodides ;  hydriodate  of  amylene,  for  ex- 
ample, is  merely  isomeric  with  iodide  of  amyl ;  for  when  treated  with  moist  oxide  of 
silver,  it  yields  a  hydrate  of  amylene,  not  exhibiting  the  properties  of  common  amylic 
alcohol.  Similarly  with  hydriodate  of  hexylene  (p.  188). 

IODIDE   OF   NITROGEN.     See  IODAMIDES  (p.  280). 

IODIDES,  METAliIiiC.  These  compounds  are  obtained  by  the  same  processes 
that  yield  the  chlorides  and  bromides. 

1.  By  the  direct  action  of  iodine  on  a  metal,  frequently  even  at  ordinary  temperatures, 
as  in  the  case  of  mercury.     The  combination  is  attended  .with  development  of  heat, 
sometimes  with  flame,  which  is  coloured  violet  by  the  iodine  vapour  (e.g.  potassium 
sodium). 

2.  By  the  action  of  iodine  on  certain  metallic  oxides,  .hydrates,  or   carbonates. 
Iodine  displaces  the  oxides  of  potassium,  sodium,  barium,  and  calcium  at  a  red  heat, 
and  that  of  oxide  of  silver  at  ordinary  temperatures.     When  solutions  of  caustic  or 
carbonated  alkali  are  treated  with  iodine,  mixtures  of  iodide  and  iodate  are  produced, 
which  last  salt  is  decomposed  by  heat  into  iodide  and  oxygen.     Iodine  and  peroxide 
of  barium,  when  mixed  with  water,  decompose  into  iodide  of  barium  and  oxygen,  thus : 

I2  +  BaO2  =  Bal2  +  0«. 

3.  By  the  action  of  certain  metals,  such  as  potassium,  zinc,  and  iron,  on  hydriodic  acid, 
the  metal  then  replacing  the  hydrogen. — 4.  By  saturating  hydriodic  acid  with  oxides, 
hydrates,  or  carbonates.     With  a  peroxide  and  hydriodic  acid,  iodine  is  liberated. — 
5.  The  insoluble  iodides  are  prepared  by  adding  hydriodic  acid  or  the  solution  of  a 
metallic  iodide  to  solutions  of  the  heavy  metals. 

All  iodides  are  destitute  of  metallic  lustre ;   some  of  them  are  very  beautifully 
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coloured.  Their  specific  gravity  is  often  lower  than  the  mean  specific  gravity  of  their 
constituents  :  such  is  the  case  with  the  iodides  of  potassium,  lead,  copper,  and  silver. 
(Boullay.) 

But  few  metallic  iodides  are  decomposed  by  heat  alone ;  the  iodides  of  gold,  silver, 
platinum,  and  palladium,  however,  give  up  their  iodine  when  heated.  Most  metallic 
iodides  when  ignited  in  open  vessels,  so  that  the  air  has  excess  to  them,  give  up  their 
iodine,  and  are  converted  into  oxides ;  such,  however,  is  not  the  case  with  the  iodides 
of  potassium,  sodium,  bismuth,  and  lead.  Chlorine,  at  red  heat,  decomposes  the  me- 
tallic iodides,  converting  them  into  chlorides,  and  either  setting  the  iodine  free  or  form- 
ing chloride  of  iodine.  Bromine  acts  in  a  similar  manner.  Chlorine-water  likewise 
liberates  the  iodine.  Hydrochloric  acid  gas  decomposes  metallic  iodides  at  a  red  heat, 
forming  hydriodic  acid  gas  and  a  metallic  chloride.  Concentrated  sulphuric  and  nitric 
acid  and  likewise  acid  sulphate  of  potassium  decompose  all  metallic  iodides  on  the 
application  of  heat,  the  products  being  iodine,  which  escapes  in  violet  vapours  (which 
give  a  blue  colour  to  paper  moistened  with  starch),  and  a  sulphate  or  nitrate  of  the 
corresponding  metal.  When  this  change  is  produced  by  nitric  acid,  pernitric  oxide  is 
formed  at  the  same  time  ;  sulphuric  acid  and  acid  sulphate  of  potassium  evolve  sulphu- 
rous anhydride,  sometimes  also  sulphydric  acid.  Sulphuric  acid  or  acid  sulphate  of 
potassium  with  peroxide  of  manganese,  peroxide  of  lead,  or  chromate  of  potassium, 
produces  the  same  decomposition,  but  without  evolution  of  sulphurous  anhydride.  A 
bead  of  microcosmic  salt  saturated  with  oxide  of  copper  communicates  a  beautiful 
green  colour  to  the  blow-pipe  flame  on  the  addition  of  a  metallic  iodide  (Berzelius). 
Metallic  iodides  agitated  with  sulphuric  acid  and  sulphide  of  carbon,  communicate 
an  amethyst-red  tint  to  the  latter. 

Very  few  metallic  iodides  remain  unaltered  in  contact  with  water:  such,  however,  is 
the  case  with  the  iodides  of  bismuth,  lead,  copper,  and  several  of  the  noble  metals. 
Some  of  them  are  converted  by  water  into  an  oxide,  which  is  precipitated,  and  hydri- 
odic acid  which  dissolves  in  the  water  (iodide  of  tin) :  or  into  a  precipitated  compound 
of  iodide  and  oxide  of  the  metal,  and  a  solution  of  the  iodide  in  aqueous  hydriodic  acid 
(the  iodides  of  antimony  and  tellurium).  Most  metallic  iodides  are  perfectly  soluble 
in  water  ;  and  the  solution  may  be  regarded  as  containing  either  the  unaltered  iodide, 
or  a  hydriodate  of  the  oxide  formed  by  double  decomposition  (e.g.  the  iodides  of  the 
alkali- metals,  iron,  nickel,  cobalt,  &c.). 

The  soluble  iodides  are  extremely  poisonous.  When  evaporated  out  of  contact  of  air, 
they  generally  leave  anhydrous  metallic  iodides,  which  partly  separate  in  the 
crystalline  form  before  the  water  is  wholly  driven  off.  The  earthy  hydriodates, 
however,  are  resolved,  on  evaporation,  into  the  earthy  oxides  and  hydriodic  acid, 
which  escapes.  A  very  small  quantity  of  chlorine  colours  the  solution  yellow  or 
brown,  by  partial  decomposition ;  and  a  somewhat  larger  quantity  takes  up  the 
whole  of  the  metal,  forming  a  chloride  (or  hydrochlorate),  and  separates  the  iodine, 
which  then  gives  a  blue  colour  with  starch  ;  a  still  larger  quantity  of  chlorine  gives 
the  liquid  a  paler  colour,  and  converts  the  separated  iodine  into  trichloride  of  iodine, 
which  does  not  give  a  blue  colour  with  starch,  and  frequently  enters  into  combination 
with  the  chloride  produced.  Strong  sulphuric  acid  and  somewhat  concentrated  nitric 
acid  colour  the  solution  yellow  or  brown ;  and  if  the  quantity  of  the  iodide  is  large, 
and  the  solution  much  concentrated  or  heated,  they  liberate  iodine,  which  partly 
escapes  in  violet  vapours.  Starch  mixed  with  the  solution,  even  if  it  be  very  dilute, 
is  turned  blue— permanently,  when  the  decomposition  is  effected  by  sulphuric  acid; 
for  a  time  only  when  it  is  effected  by  nitric  acid,  especially  if  that  acid  be  added  in 
large  quantity.  If  the  sulphuric  acid  contains  sulphurous  acid,  which  is  very  likely 
to  be  the  case  with  fuming  oil  of  vitriol,  it  does  not  produce  the  blue  colour,  even  when 
added  in  large  excess.  If  a  liquid  in  which  iodine  is  present  (urine,  for  example) 
contains  much  organic  matter,  which  may  decompose  the  sulphuric  acid  and  form 
sulphurous  acid,  it  will  not  produce  the  blue  colour  with  starch  and  sulphuric  acid 
unless  it  be  diluted  with  water  (Dupasquier,  J.  Pharm.  28,  218).  If  the  solution 
likewise  contains  a  salt  of  iodic  acid,  most  acids  produce  a  brown  colour  and  separate 
iodine ;  because,  by  virtue  of  their  affinity  for  the  base  of  the  iodate,  they  facilitate  the 
mutual  decomposition  of  the  hydriodic  and  iodic  acid:  LEO3  +  5HI  =  3H20  +  3P. 
The  separation  of  iodine,  and  the  blueing  of  the  starch  likewise  takes  place  on  adding 
hydrochloric  acid  to  the  solution,  together  with  a  stannic,  ferric,  or  cupric  salt,  or  a 
Bait  of  chromic  acid.  Also,  if  the  solution  of  the  iodide  be  covered  with  gelatinous 
starch,  the  negative  pole  of  a  small  voltaic  battery  immersed  in  the  former,  and  the 
positive  pole  in  the  latter,  the  starch  is  turned  blue  in  the  neighbourhood  of  the  positive 
wire,  even  if  the  solution  contains  a  much  larger  quantity  of  bromide  or  chloride  than 
of  iodide  (Steinberg,  J.  pr.  Chem.  xxv.  288).  If  the  aqueous  solution  of  a  metallic 
iodide  contains  only  JQ.^O  Part  °^  iodine,  it  gives  a  strong  blue  colour  with  dilute 
gelatinous  starch,  on  the  addition  of  aqua-regia :  with  joo,^  part  of  iodine,  the 
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precipitate  is  violet ;  with  20^,000,  rose-coloured ;  and  with  500,^06,  a  pal®.  r°se'coloTtr  >* 
produced  after  the  lapse  of  a  few  hours  (Harting,  J.  pr.  Chem.  xxii.  46).  If  the 
solution  likewise  contains  a  large  quantity  of  metallic  chloride,  the  blueing  of  the  starch 
is  not  readily  produced  by  the  addition  of  nitric  acid,  in  consequence  of  the  formation 
of  chloride  of  iodine  :  in  this  case,  a  solution  of  starch  in  boiling  dilute  sulphuric  acid 
may  be  added  to  the  solution  of  the  iodide,  and  then  a  very  small  quantity  of 
chlorine  water,  the  liquid  being  stirred  at  the  same  time.  (Berzelius.) 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  salts  of  bis- 
muth ;  orange-yellow  with  lead-salts ;  dirty- white  with  cuprous  salts,  and  also  with 
cupric  salts,  especially  on  the  addition  of  sulphurous  acid ;  greenish-yellow  with  mer- 
eurous  salts ;  scarlet  with  mercuric  salts ;  yellowish- white  with  silver-salts ;  lemon-yellow 
with  gold-salts;  brown  with  platinic  salts,  first  however  turning  the  liquid  dark  brown- 
red  ;  and  black  with  salts  of  palladium,  even  when  extremely  dilute.  All  these  preci- 
pitates consist  of  metallic  iodides,  many  of  them  soluble  in  excess  of  the  soluble 
iodide :  the  silver  precipitate  is  insoluble  in  nitric  acid  and  very  little  soluble  in 
ammonia. 

When  iodine  is  added  to  an  aqueous  solution  of  a  salt  of  hydriodic  acid,  the  liquid 
takes  up  an  additional  quantity  of  iodine,  equal,  according  to  Baup  (J.  Pharm. 
ix.  46)  to  that  which  it  already  contains.  It  thereby  acquires  a  dark -brown  colour, 
and  is  supposed  by  some  chemists  to  contain  a  metallic  polyiodide  or  a  salt  of  hydri- 
odous  acid  ;  but  the  affinity  by  which  the  iodine  is  retained  is  very  feeble. 

Many  metallic  iodides  absorb  ammonia  in  definite  proportions,  forming  compounds 
which  may  be  regarded  as  iodides  of  ammonium-molecules,  having  part  of  the  hy- 
drogen replaced  by  a  metal. 

Some  of  these  compounds  unite  with  the  oxides  of  the  corresponding  metals,  forming 
ox y iodides,  e.g.  antimony  and  tellurium. 

Metallic  iodides  also  unite  with  one  another,  forming  double  iodides  or  iodine- 
salts. 

IODIDES,  ORGANIC.  1.  A  cid. — The  iodides  of  acid  organic  radicles  have  not 
been  much  studied.  Iodide  of  acetyl,  C"HSOI,  is  obtained  by  the  action  of  iodide  of 
phosphorus  on  acetate  of  potassium  or  acetic  anhydride  ;  and  iodide  of  benzoyl,  C'H5OI, 
by  the  action  of  iodide  of  potassium  on  chloride  of  benzoyl.  These  acid  iodides  re- 
semble the  corresponding  chlorides,  but  are  much  more  easily  decomposible. 

2.  Alcoholic  Iodides,  lodhydric  or  Hydriodic  ethers.—  The  monatomic  alcoholic 
iodides  are  produced  by  the  action  of  hydriodic  acid,  or  iodide  of  phosphorus,  on  the 
corresponding  alcohols,  and  by  that  of  hydriodic  acid  on  the  corresponding  diatomic 
hydrocarbons,  e.g.  iodide  of  amyl,  C5HUI,  from  amylene,  C5H10,  and  hydriodic  acid. 
It4  is  doubtful,  however,  whether  the  iodides  obtained  by  this  last  process  are  really 
identical,  or  only  isomeric  with  those  obtained  from  the  alcohols  (p.  286). 

The  monatomic  alcoholic  iodides  are  less  stable  than  corresponding  chlorides,  some- 
time decomposing  under  the  influence  of  light,  into  the  alcohol-radicle  and  free  iodine, 
e.g.  iodide  of  ethyl. 

Heated  in  sealed  tubes  with  certain  metals,  viz.  zinc,  potassium,  or  sodium,  they 
yield  a  metallic  iodide  and  the  alcohol-radicle :  e.g.  zinc  with  iodide  of  ethyl;  potassium 
or  sodium  with  iodide  of  tetryl.  With  mercury,  tin,  lead,  arsenic,  antimony,  and  a  few 
other  metals,  under  the  influence  of  heat,  or  of  the  sun's  rays,  they  yield  the  iodides  of 
organo-metallic  bodies  ;  thus,  iodide  of  ethyl,  enclosed  in  a  sealed  tube  with  strips  of 
tinfoil,  and  heated  in  a  sealed  tube  to  180°,  or  exposed  to  the  sun's  rays  concentrated 
by  a  lens  or  mirror,  yields  iodide  of  stannethyl,  (C2H5)2SnI2  (ii.  235).  Sometimes 
the  organo-metallic  compound  thus  formed  acts  further  on  the  iodide,  giving  rise  to 
new  products  (ii.  533,  535).  Similar  reactions  take  place  when  the  alcoholic  iodides 
are  heated  with  the  arsenides,  antimonides,  stannides,  &c.  of  potassium  or  sodium,  the 
organo-metallic  radicles  being  then  formed  with  greater  facility,  because  the  alkali- 
metal  unites  with  the  iodine. 

The  alcoholic  iodides,  heated  in  sealed  tubes  with  ammonia,  yield  a  mixture  of  the 
iodides  of  various  ammonium-bases,  in  which  the  hydrogen  of  the  ammonium  is  more 
or  less  replaced  by  the  alcohol-radicle  ;  thus,  iodide  of  methyl  with  ammonia  yields  a 
mixture  of  the  iodides  of  ammonium,  and  of  methyl-,  dimethyl-,  trimethyl-,  and  tetrame- 
thyl-ammonium.  With  primary  and  secondary  monamines,  they  react  in  a  similar 
manner,  the  reaction  becoming  less  complex  as  the  amine  itself  is  of  a  higher  order. 
With  tertiary  monamines  they  unite  directly,  yielding  the  iodides  of  ammonium-bases 
in  which  the  hydrogen  is  wholly  replaced  by  the  alcohol -radicle,  e.g. 
(C2H5)SN  +  C2H5I  =  (C2H5)4NI 

Triethyl-          Iodide  of        Iodide  of  tetrethyl- 
amine.  ethyl.  ammonium. 

Similarly  with  tertiary  phosphines,  arsines,  stibines,  &c. 
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Alcoholic  iodides  treated  with  potassium-  or  sodium-alcohols  yield  the  oxides  of 
alcohol-radicles,  thus : 

C2H5I     +     C2H5NaO         =        Nal     +     (C2HS)20 

Iodide  of  Ethylate  of  Ethylic 

ethyl.  sodium.  oxide. 

CHSI      +     C2H5NaO         =         Nal     +     CH3.C2H5.O 
Iodide  of  Ethylate  of  Methyl-ethylic 

methyl.  sodium.  oxide. 

With  silver-salts  of  organic  acids,  they  yield  compound  ethers,  e.g.: 

-     A6i    * 

Iodide  of  Acetate  of  Acetate  of 

ethyl.  silver.  ethyl. 

The  facility  with  which  the  alcoholic  iodides  are  decomposed  by  these  several  reagents 
renders  them  peculiarly  well  adapted  to  the  preparation  of  other  compounds  of  the 
alcohol-radicles. 

Diatomic  Alcoholic  Iodides.— The  iodides  of  the  defines,  CnH2n+2I2,  which  are  the 
only  known  compounds  of  this  group,  are  produced  by  direct  combination ;  also  by  passing 
the  vapours  of  the  corresponding  monatomic  alcoholic  iodides  through  a  red-hot 
tube ;  e.g.  : 

2C2H5I     =     C3H*I2   +    C2H*   +    H2; 

and  by  the  action  of  hydriodic  acid  on  the  diatomic  alcohols  (ii.  578).  The  few 
which  have  been  prepared  are  crystalline  solids,  easily  resolved  into  iodine  and  the 
diatomic  alcohol-radicle,  the  decomposition  taking  place  slowly,  even  at  ordinary  tem- 
peratures. They  are  completely  decomposed  by  alcoholic  potash,  yielding  iodated 
hydrocarbons;  e.g.,  iodide  of  ethylene,  C2H4I2,  is  resolved  into  hydriodic  acid,  HI,  and 
iodethyiene,  C'-H3I.  Their  reactions  with  ammonia  have  not  been  much  examined,  but 
they  appear  to  be  similar  to  those  of  the  corresponding  bromides.  (See  ETHYLENE- 
BASES,  ii.  585.) 

3.  The  organo-metallic  iodides  resemble  the  corresponding  bromides  and 
chlorides ;  they  are  obtained  in  the  manner  above  described  by  the  action  of  metals  and 
alloys  on  the  alcoholic  iodides  under  the  influence  of  heat  or  light. 

IODIDES  OF  NITROGEN.     See  loDAMiDES  (p.  208). 

IODIDES  OF  PHOSPHORUS,  SELENIUM,  SULPHUR,  and  TEXiXiU 
RXUM.  See  these  several  elements. 

IODINE.  Atomic  weight,  127.  Symbol,  I. — This  element  was  discovered  in  1812, 
by  M.  C  our  to  is,  of  Paris,  in  the  mother-liquor  of  kelp  from  which  carbonate  of  soda 
had  been  prepared.  Its  chemical  properties  were  examined  by  Clement  and 
Desormes  (Ann.  Chim.  Ixxxviii.  304),  and  afterwards  more  completely  by  Davy 
(Phil.  Trans.  1814,  i.  74)  and  Gay-Lussac  (Ann.  Chim.  Ixxxviii.  311,  319;  xci.  5). 
Its  name  is  derived  from  the  Greek  word  lov  (violet),  on  account  of  the  colour  of  its 
vapour. 

Iodine  exists  in  many  salt-springs  and  other  mineral  waters ;  also  in  sea-water, 
which  is  the  great  source  of  it.  The  proportion  of  iodine  in  sea-water  is,  however,  so 
minute,  that  it  can  only  be  detected  by  operating  upon  very  large  quantities ;  but  it 
becomes  stored  up  in  the  bodies  of  marine  plants  and  animals,  especially  in  certain 
algae,  the  Fucus  palmatus,  for  example.  These  plants  are  collected  on  the  coast  of 
Scotland,  Jersey,  and  other  places,  and  burnt  to  ashes  in  a  shallow  pit  to  form  kelp  or 
varec,  a  substance  which  was  formerly  valued  chiefly  for  the  carbonate  of  sodium  that 
it  yielded ;  but  now  that  this  salt  is  more  economically  manufactured  from  chloride  of 
sodium,  kelp  is  chiefly  valued  for  the  chloride  of  potassium  and  the  iodine  obtained 
from  it,  especially  the  latter.  Iodine  exists  in  kelp  in  the  form  of  iodide  of  potassium 
and  iodide  of  sodium,  which,  being  much  more  soluble  than  the  other  constituents, 
remain  in  the  mother-liquor  after  the  carbonates  and  chlorides  have  crystallised  out. 

Iodine  has  also  been  found  in  certain  land-plants ;  e.g.,  in  tobacco,  and  in  a  species 
of  Salsola,  growing  in  the  floating  gardens  on  the  fresh- water  lakes  near  the  city  of 
Mexico. 

Various  marine  animals  also  contain  iodine,  viz.,  the  common  sponge,  the  horse- 
sponge  ;  various  species  of  Sertularia,  Tubidaria,  Rhizostoma,  Ci/ana,  Doris,  Venus,  and 
oysters.  It  is  also  contained  in  cod-liver  oil,  the  pale  oil  containing,  according  to  De 
Jongh,  0'0374  percent,  iodine,  the  pale  brown  oil  0'0406,  and  the  brown  oil  0'0295  per  cent. 

Iodine  is  likewise  found  in  several  minerals,  viz.,  as  iodide  of  mercury  and  iodide  of 
silver ;  as  iodide  of  potassium,  sodium,  or  magnesium,  in  Chili  saltpetre ;  as  iodide  of 
calcium  or  magnesium  in  certain  dolomites ;  in  the  rock-salt  of  Halle  in  the  Tyrol, 
probably  in  the  form  of  iodide  of  sodimn  ;  and  sublimes  as  iodide  of  ammonium, 
together  with  sal-ammoniac,  in  the  burning  coal-mine  of  Commentry, 
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Iodide  of  ammonium  has  been  found  in  gas-water,  in  the  coke  left  in  the  retorts, 
and  in  the  ashes  of  coal  and  peat  from  various  localities. 

Chatin  (Compt  rend.  xxx.  352;  xxxi.  280;  xxxii.  669;  xxxiii.  519,  529,  581)  has 
found  iodine  in  the  waters  of  various  streams  and  rivers,  in  quantity  increasing  with 
the  proportion  of  iron  present,  and  more  abundantly  in  the  waters  of  volcanic  dis- 
tricts than  in  those  from  the  oolitic  and  limestone  formations ;  also  in  the  rain-water 
of  Paris,  Pisa,  Florence,  and  other  localities ;  but  none  in  the  rain-water  of  moun- 
tainous districts.  He  also  states  that  it  is  sometimes  present  in  the  air  in  certain 
localities;  but  Lohmeyer  (Phil.  Mag.  [4]  vi.  237),  Macadam  (Chem.  Soc.  Qu.  J. 
vi.  166)  and  others  have  failed  to  detect  its  presence  in  the  air.  Macadam  has  found 
iodine  in  commercial  potash,  in  various  samples  of  alkaline  carbonates  (used  as  reagents) 
in  the  ashes  of  wood- charcoal,  in  coals,  and  in  numerous  plants. 

Preparation. — I.  From  varec  or  kelp.  The  material  is  exhausted  with  hot  water ; 
the  solution  is  freed  as  much  as  possible,  by  evaporation  and  cooling,  from  the  crys- 
tallised salts  contained  in  it  (chloride  of  potassium,  chloride  of  sodium,  carbonate  of 
sodium,  sulphate  of  sodium,  &c.);  and  the  mother-liquor — which,  besides  iodide  of 
sodium,  still  contains  sulphide  and  hyposulphite  of  sodium,  and  a  portion  of  the  salts 
already  mentioned* — is  subjected  to  one  of  the  following  processes  :  1.  It  is  heated  in 
a  subliming  apparatus  with  oil  of  vitriol : 

2NaI  +   2H-S04     =     Na2S04  +   2H-0   +  SO2   +  P. 

This  method  is  not  very  advantageous,  because  the  sulphurous  acid  evolved  acts  upon 
the  iodine  and  the  water  which  is  present,  in  such  a  manner  as  to  produce  hydriodic 
and  sulphuric  acids.  (Soubeiran.) 

2.  The  mother-liquor  is  heated  in  a  subliming  apparatus  with  peroxide  of  man  • 
ganese  and  sulphuric  acid  (Wo Hasten): 

2NaI  +  2H2SOl  +  MnO2  =  Na'SO4  +  MnSO*  +  2H20  +  P. 

Mr.  Whytelaw,  of  Glasgow,  adds  one  measure  of  oil  of  vitriol,  carefully  and  in  small 
portions  at  a  time,  to  eight  measures  of  the  mother-liquor  contained  in  a  leaden  boiler 
— whereupon,  carbonic  anhydride  and  sulphydric  acid  (from  the  sulphide  of  sodium)  are 
first  evolved ;  and,  after  exposure  to  the  air  for  a  day  or  two,  sulphurous  anhydride 
(from  the  hyposulphite  of  sodium)  escapes,  and  sulphur  is  precipitated.  He  then 
pours  off  the  liquid  from  the  crystallised  sulphate  of  sodium  into  a  leaden  cylinder 
placed  horizontally  in  a  sand-bath,  and  fitted  with  a  head,  the  beak  of  which  passes 
into  the  first  of  three  tubulated  receivers  luted  one  into  the  other ;  heats  the  mixture 
to  65°  C.  (149°  F.);  and,  after  adding  the  peroxide  of  manganese  and  putting  on  the 
head,  gradually  raises  the  temperature  to  100°,  but  not  higher,  because  at  118°  C. 
(244°  F.)  chloride  of  iodine  begins  to  distil  over.  Sometimes  also  cyanide  of  iodine 
collects  in  the  last  receiver  in  white,  needle-shaped  crystals.  The  liquid  which  remains 
in  the  retort  still  contains  iodine,  and  on  cooling,  deposits  crystals  of  iodide  of  lead  and 
double  iodide  of  lead  and  sodium. 

3.  The  mother-liquor  is  evaporated  to  dryness,  the  residue  heated  with  peroxide  of 
manganese,  and  the  iodine  precipitated  from  the  filtered  solution  by  chlorine.     This  is 
Barruel's  method,  which  is  carried  out  as  follows  : — The  residue  obtained  by  evapo- 
rating the  mother-liquor  to  dryness  is  mixed  with  i  of  its  weight  of  peroxide  of 
manganese,  and  the  mixture  heated  in  an  iron  vessel  to  commencing  redness  (stirring 
all  the  while),  but  not  high  enough  to  cause  the  evolution  of  vapours  of  iodine ;  the 
heat  is  continued  till  a  sample  of  the  mixture  treated  with  sulphuric  acid  no  longer 
evolves  sulphydric  acid  or  deposits  sulphur;  that  is  to  say,  till  the  whole  of  the 
sulphide  and  hyposulphite  of  sodium  are  converted  into  sulphate.     The  mass  is  then 
dissolved  in  such  a  quantity  of  water  that  the  solution  may  have  a  density  corre- 
sponding to  36°  of  Baum&s  hydrometer;  chlorine  gas  is  passed  through  the  filtered 
liquid,  which  is  constantly  stirred,  till  a  sample  treated  with  more  chlorine  no  longer 
gives  a  precipitate  of  iodine  (excess  of  chlorine  would  convert  the  iodine  into  chloride 
and  redissolve  it),  and  the  pulverulent  precipitate  of  iodine  is  collected  on  a  filter, 
and  purified  by  sublimation.    Mohr  is  of  opinion  that  a  loss  of  iodine  may  occur  in 
this  process  during  the  heating  of  the  evaporated  residue  with  manganese. 

4.  The  mother-liquor  is  precipitated  by  a  copper-salt  and  metallic  iron,  and  the 
cuprous  iodide  heated  with  peroxide  of  manganese  (Soubeiran).     The  mother-liquor 
is  diluted  with  water,  and  mixed  with  a  solution  of  sulphate  of  copper,  as  long  as  any 
precipitate  is  produced : 

4NaI  +  2CuSO<  =  2Na2S04  +  Cu2P  +  P; 
the  liquid  containing  the  free  iodine  is  separated  by  decantation  and  washing  from 

»  A  mother-liquor  from  varec,  examined  by  Soubeiran,  contained  no  carbonate  or  sulphate  •  the  prin- 
cipal salts  contained  in  it,  iu  addition  to  the  iodides,  jvere  the  nitrates  of  calcium  and  magnesium. 
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the  precipitated  cuprous  iodide,  and  mixed  with  sulphate  of  copper  and  iron  filings  till 
it  no  longer  smells  of  iodine : 

P  +  2CuSO«  +  Fe2  =  Cu2!2  +  2FeSO' ; 

and  the  cuprous  iodide  thus  produced  is  quickly  separated  by  elutriation  from  the 
excess  of  iron-filings  and  from  the  liquid,  before  the  ferrous  sulphate  has  time  to 
oxidate  in  the  air.  The  two  portions  of  iodide,  obtained  as  above,  are  next  dried  at 
a  gentle  heat  (a  stronger  heat  would  decompose  the  cuprous  iodide,  since  it  is  mixed 
with  basic  ferric  sulphate,  and  evolve  iodine);  the  whole  is  mixed  with  twice  or  three 
times  its  weight  of  peroxide  of  manganese,  and  a  sufficient  quantity  of  sulphuric  acid 
to  form  it  into  a  paste ;  and  the  mixture  is  strongly  heated  in  a  subliming  apparatus  : 

Girl-  +  2Mn02  +  4SH204  «  2CuS04  +  2MnS04  +  2H20  +  I2; 
or  the  sulphuric  acid  is  dispensed  with,  and  a  stronger  heat  applied : 

Cu2I-  +  3Mn02  =  2CuO  +  Mn'CH  +  p. 

In  both  cases,  the  iodine  which  passes  over  is  accompanied  by  water  derived  from 
the  hydrated  cuprous  iodide,  from  the  sulphate  of  calcium  precipitated  with  it,  and 
from  the  sulphuric  acid  when  it  is  used  in  the  process.  This  water  holds  in  solution  a 
portion  of  the  iodine,  which  may  be  again  precipitated  by  sulphate  of  copper.  By  this 
process,  100  pts.  of  the  mother-liquor  yield  1  pt,  of  iodine. 

II.  From  the  mother-liquor  of  the  Caliche  of  Peru.—  This  mother-liquor  contains, 
according  to  Keichardt's  analysis  : 


Nitrate  of  sodium 
Chloride  of  sodium 
Sulphate  of  magnesium 
Chloride  of  magnesium 
lodate  of  sodium 
Water,  given  off  at  100° 
Combined  water  (and  loss) 


23-300 
8-594 
2-214 
1-121 
0-440 

57-406 
6-925 


100-000 


According  to  Griineberg  (J.  pr.  Chem.  Ix.  172),  part  of  the  iodine  in  this  liquid  is 
in  the  form  of  iodide  of  magnesium,  which  is  decomposed,  during  the  evaporation,  into 
magnesia  and  hydriodic  acid,  thereby  occasioning  loss  of  iodine;  this  however  may  be 
prevented  by  the  addition  of  caustic  soda.  The  liquor  is  then  treated  with  iron  filings 
and  sulphate  of  copper  (as  in  Soubeiran's  method)  till  the  whole  of  the  iodine  is 
precipitated  as  ferrous  and  cuprous  iodide : 

4NaI03  +  2CuSCH  +  Fe13  =  Cu2!2  +  Fel2  +  2FeS04  +  lOFeO  +  2Na20; 

Jodate  of 
sodium. 

and  the  precipitate,  which  also  contains  oxychloride  of  copper,  is  distilled  with  peroxide 
of  manganese  and  sulphuric  acid.  The  receiver  contains  crystals  of  iodine  and  chloride 
of  iodine.  The  latter  is  heated  with  carbonate  of  potassium,  which  separates  all  the 
iodine,  with  formation  of  chloride  and  chlorate  of  potassium. 

Jacquelin  and  Favre  extract  the  iodine  from  the  mother-liquors  of  caliche  and  com- 
mercial nitrate  of  sodium,  by  the  following  process,  founded  on  the  action  of  sulphurous 
acid  on  the  iodates : 

Mg(I03)2  +  5H2SOS  =  MgSO4  +  4H2S04  +  H20  +  I2. 

The  solution  of  the  nitre  having  been  concentrated  to  36°  or  37°  Bm.,  a  sample  of  it  is 
mixed  with  aqueous  sulphurous  acid,  cautiously  and  with  constant  stirring,  until  all  the 
iodine  is  precipitated  ;  the  quantity  of  sulphurous  acid  used  is  then  noted ;  and  from 
the  data  thus  obtained,  the  manufacturing  operations  are  managed. 

The  solution  of  the  nitre  is  run  into  a  cistern  built  of  stone  or  fire-bricks,  and  closed 
with  a  cover  coated  on  the  under  side  with  glass  plates.  The  cistern  is  fitted  with  an 
agitator,  having  stoneware  arms  worked  from  above  through  the  cover,  while  the  solu- 
tion of  sulphurous  acid  is  being  mixed  with  the  liquid.  The  iodine  which  precipitateB 
is  collected,  washed,  and  sublimed  as  above. 

If  the  iodine  is  present  in  the  form  of  iodide  and  iodate  together,  both  chlorine  and 
sulphurous  acid  must  be  employed,  the  necessary  quantities  having  been  previously 
ascertained  by  test-samples.  If  the  iodate  is  present  in  the  largest  proportion,  the 
chlorine- water  is  first  used,  and  then  the  aqueous  sulphurous  acid;  but  when  the  iodate 
is  the  chief  ingredient,  the  order  of  treatment  is  reversed. 

III.  From  Mineral  waters. — The  quantity  of  iodine  existing  in  certain  mineral 
waters  and  in  spent  artificially  iodised  baths  may  be  extracted  by  means  of  charcoal, 
which  completely  precipitates  free  iodine  on  the  surface  of  its  particles,  where  it 
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remains  fixed  like  a  dye  upon  cloth,  and  cannot  be  removed  by  heat,  by  chlorine, 
or  by  water  or  alcohol  either  hot  or  cold.  Animal  charcoal  acts  most  powerfully,  but 
lamp-black  is  recommended  for  the  purpose  on  account  of  its  cheapness  and  its 
state  of  fine  division.  The  water  containing  the  iodine-compound  having  been  treated 
with,  a  mixture  of  1  pt.  sulphuric  to  2  pts.  nitric  acid,  to  set  the  iodine  free,  is 
run  on  to  a  filter  filled  with  charcoal,  and  the  charcoal  thus  iodised  is  placed  upon 
another  filter,  where  it  is  mixed  with  hydratcd  protoxide  of  iron,  whereby  the  iodine  is 
converted  into  soluble  iodide  of  iron,  which  may  be  obtained  in  the  solid  state  by  eva- 
porating in  a  current  of  hydrogen,  or  distilled  with  peroxide  of  manganese  and  sulphuric 
acid  in  the  usual  way,  to  obtain  iodine. 

Purification. — The  iodine  obtained  by  either  of  the  preceding  processes  may  be 
purified  by  washing  with  a  small  quantity  of  water,  pressing  between  paper,  drying 
and  subliming  a  second  time.  According  to  Serullas,  the  iodine  of  commerce  may  be 
completely  purified  by  solution  in  alcohol,  filtration,  and  precipitation  with  water. 

For  further  details  relating  to  the  manufacture  of  iodine,  see  Richardson  and  Watts's 
Chemical  Technology,  vol.  i.  part  3,  pp.  562-575. 

Properties. — Iodine  is  at  ordinary  temperatures  a  crystalline  solid,  having  a  greyish- 
black  colour  and  metallic  lustre,  like  plumbago  or  specular  iron-ore.  It  is  transparent 
only  in  very  thin  slices,  and  then  appears  red  by  transmitted  light.  It  is  very  soft, 
and  easily  pulverised.  It  crystallises  by  sublimation  in  large  brilliant,  rliomboidal 
plates,  or  in  elongated  octahedrons.  Finer  crystals  are  obtained  from  solution,  as  by 
exposing  to  the  air  an  aqueous  solution  of  hydriodic  acid,  or  a  solution  of  iodine  in  ether. 
The  crystals  belong  to  the  trimetric  system,  having  their  axes  in  the  ratio  of  4  :  3  :  2. 

Iodine  melts  at  107°  C.  (224'6  F.),  and  solidifies  in  a  lamellated  mass  on  cooling. 
It  boils  (when  immersed  in  strong  sulphuric  acid)  between  175°  and  180°  C.  (347°- 
356°  F.).  In  the  open  air  it  volatilises  at  ordinary  temperatures,  especially  when 
moist,  diffusing  an  odour  having  considerable  resemblance  'to  that  of  chlorine,  but 
easily  distinguished  from  it.  Its  vapour  has  a  splendid  violet  colour  (hence  the  name 
of  the  substance).  The  saturated  vapour  is  so  deep-coloured,  that  a  stratum  four  inches 
thick  is  impervious  to  daylight  or  candlelight.  The  colour  is  seen  to  great  advantage 
•when  a  quantity  of  iodine  is  thrown  upon  a  hot  brick.  Iodine-vapour  is  one  of  the 
heaviest  of  gaseous  bodies,  its  specific  gravity  referred  to  air  as  unity  being  8*716 
according  to  the  experiments  of  Dumas,  and  127  x  0-0693  =  8'801  by  calculation 
from  the  atomic  weight. 

Iodine  dissolves  but  sparingly  in  water,  1  pt.  of  iodine  requiring  7,000  pts.  of  water 
to  dissolve  it  at  ordinary  temperatures.  Alcohol  and  ether  dissolve  it  more  readily, 
forming  dark  brown  liquids.  The  alcoholic  solution  yields  crystals  of  iodine  by  eva- 
poration, and  is  decomposed  by  water,  which  throws  down  the  iodine  as  a  brown 
powder.  Iodine  also  dissolves  with  facility  in  water  containing  soluble  iodides,  or 
nitrate  or  chloride  of  ammonium,  the  solutions  having  a  deep  red  colour.  A  liquid 
containing  20  grains  of  iodine  and  30  grains  of  iodide  of  potassium  in  an  ounce  of 
water,  is  known  as  Lugol's  solution,  and  is  preferred  in  medicine  to  the  alcoholic 
tincture,  because  it  is  not  decomposed  by  dilution  with  water.  Iodine  is  soluble  in 
sulphide  of  carbon,  a  very  small  quantity  of  it  being  sufficient  to  impart  to  the  liquid  a 
very  rich  violet  tint. 

Iodine  in  its  chemical  reactions  resembles  chlorine  and  bromine,  but  is  less  energetic, 
and  is  displaced  from  most  of  its  combinations  by  either  of  those  bodies.  It  destroys 
colouring  matters  but  slowly,  and  does  not  decompose  water  under  the  influence  of  the 
sun's  rays.  It  exerts  a  destructive  action  on  organic  tissues,  producing  a  deep  yellow 
brown  stain  on  the  skin,  paper,  &c.  This  colour  disappears  after  a  while  under  the 
influence  of  heat,  if  the  contact  has  not  been  too  much  prolonged. 

Iodine  forms  with  starch  a  compound  of  a  deep  blue  colour,  soluble  in  pure  water, 
but  insoluble  in  acid  and  alkaline  solutions.  Its  production  affords  an  exceedingly 
delicate  test  of  the  presence  of  iodine.  If  the  iodine  is  in  the  free  state,  the  blue 
colour  is  at  once  produced,  but  if  it  is  in  combination  as  a  soluble  iodide,  no  coloration 
takes  place  till  the  iodine  is  liberated  by  chlorine  or  nitrous  acid  (see  IODIDES,  METALLIC, 
p.  287).  The  blue  compound  is  decolorised  at  a  temperature  of  70°  or  80°  C.  (158°- 
176°  F.),  but  recovers  its  colour  as  the  liquid  cools. 

Iodine  is  employed  in  the  laboratory  for  many  chemical  preparations,  and  as  a  test  for 
starch.  It  was  first  introduced  into  medicine  by  Coindet  of  Geneva,  who  employed  it 
with  success  for  the  treatment  of  goitre,  either  dissolved  in  alcohol,  or  in  solution  of 
iodide  of  potassium,  or  as  iodide  of  sodium ;  and  since  that  application,  most  mineral 
waters  to  which  the  virtue  of  curing  goitre  was  ascribed,  have  been  found  to  contain 
iodine  (Boussingault,  Ann.  Ch.  Phys.  liv.  163).  On  the  other  hand,  Lohmeyer 
(Phil.  Mag.  [4]  vi.  237)  failed  to  detect  iodine  in  the  air  and  water  of  certain  moun- 
tainous districts  which  are  peculiarly  free  from  goitre.  Iodine  appears  to  have  a  specific 
action  in  causing  the  absorption  of  glandular  swellings,  and  is  also  administered  as  a 
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tonic.     Iodine  swallowed  in  the  solid  state  causes  ulceration  of  the  mucous  membrane  of 
the  stomach,  and  death. 

Iodine  is  extensively  used  in  photography.  The  sensitive  film  of  the  daguerreotype 
plate  consists  of  iodide  of  silver,  produced  by  exposing  a  polished  plate  of  the  metal  to 
the  action  of  iodine-vapour ;  and  surfaces  of  paper,  collodion,  albumin,  &c.  are  rendered 
capable  of  taking  photographic  pictures  by  dipping  them  first  in  a  solution  of  nitrate  of 
silver  and  then  in  iodide  (or  sometimes  bromide)  of  potassium. 

IODINE,  BROMIDES  OF.  Iodine  _  forms  with  bromine  a  solid,  volatile, 
crystalline  compound,  probably  a  protobromide,  IBr  (Balard),  and  with  excess  of 
bromine,  a  dark  brown  liquid,  soluble  in  water,  probably  a  pentabromide,  IBr5  (Lowig). 
On  exposing  the  pentabromide  together  with  a  small  quantity  of  water  to  a  temperature 
below  0°,  a  crystalline  hydrate  is  formed  which  at  +  4°  is  resolved  into  water  and 
bromide  of  iodine.  (Lowig.) 

IODINE,  CKIiORIDES  OF.  Iodine  unites  directly  with  chlorine,  forming  a 
protochloride  and  a  trichloride,  and  perhaps  also  a  pentachloride.  There  is  also  a 
tetrachloride  produced  by  decomposition  of  the  protochloride. 

Protochloride.  IC1. — Of  this  compound  there  are  said  to  be  two  modifications, 
one  liquid  at  common  temperatures,  the  other  solid ;  but  the  differences  observed  are 
perhaps  due  to  the  presence  of  small  quantities  of  foreign  substances,  or  to  slight 
variations  in  the  proportions  of  the  chlorine  and  iodine.  It  is  obtained : — 1.  By 
passing  dry  chlorine  gas  over  dry  iodine  till  the  whole  is  liquefied,  but  no  longer. — • 
2.  By  distilling  iodine  with  chlorate  of  potassium,  oxygen  being  then  evolved,  the  proto- 
chloride distilling  over,  and  a  mixture  of  chloride,  iodate,  and  perchlorate  of  potassium 
remaining  behind  (B  erzelius) : 

I*  +   3KC103     =     KC104  +  KIO3  +  KC1  +  O2  +  1(31. 

The  protochloride  of  iodine  obtained  by  either  of  these  processes  is  described  as  a 
reddish-brown  oily  liquid,  and  nothing  is  said  about  its  solidification  (Gmelirfa 
Handbook,  ii.  346).  According  to  J.  Trapp  also  (J.  pr.  Chem.  Ixiii.  108),  the 
liquid  protochloride  obtained  as  above  does  not  solidify.  But  P.  Schiitzenberger 
(Zeitschr.  Chem.  Pharm.  1862,  p.  1)  by  passing  dry  chlorine  in  the  cold  over  dry 
iodine  (100  grms.)  till  it  was  liquefied,  then  adding  more  iodine  (50  grms.),  distilling 
between  100°  and  102°,  and  rectifying  between  the  same  limits,  obtained  a  liquid 
which  crystallised  in  long  needles  when  cooled  to  10°  in  an  open  vessel,  but  if  sealed 
up  in  a  flask  before  it  had  time  to  solidify,  retained  its  fluidity  for  24  hours  even  when 
cooled  to  between  2°  and  3°,  and  when  the  flask  was  opened,  solidified  suddenly,  with 
rise  of  temperature,  like  a  supersaturated  solution  of  Glauber's  salt.  The  crystals 
when  exposed  to  the  air,  melted  at  30°  and  solidified  again  at  25°.  A  similar  result 
was  obtained  by  introducing  31  grms.  of  iodine  into  a  flask  containing  8'7  grms.  of 
chlorine  (quantities  proportional  to  the  r.tomic  weights).  The  whole  of  the  chlorine 
was  rapidly  absorbed,  and  a  liquid  was  formed  which  remained  unaltered  for  many 
hours  at  5°  or  6°,  but  ultimately  solidified  completely. — By  distilling  iodine  with 
chlorate  of  potassium,  Schiitzenberger  likewise  obtained  a  dark-coloured  liquid  which 
quickly  crystallised. 

Trapp  (loc.  cit.)  has  also  obtained  the  protochloride  of  iodine  in  the  solid  state  by 
strongly  heating  iodine  in  a  retort  till  it  melted,  and  passing  a  stream  of  dry  chlorine 
into  the  iodine-vapour  till  all  the  iodine  had  disappeared ;  the  upper  part  of  the  retort 
then  became  filled  with  a  thick  red-brown  vapour,  and  the  solid  protochloride  of  iodine 
collected  in  the  receiver  in  large,  hyacinth-red,  transparent  prisms  and  tables,  which 
melted  at  25°  to  a  red-brown  oily  liquid. 

Protochloride  of  iodine  is  very  volatile  ;  has  a  pungent  odour  of  chlorine  and  iodine ; 
attacks  the  eyes  strongly ;  tastes  slightly  acid,  strongly  astringent  and  biting ;  stains 
the  skin  deep-yellow,  and  produces  smarting.  It  decolorises  indigo  and  litmus,  but 
floes  not  give  a  blue  colour  with  starch.  It  deliquesces  in  the  air,  and  according  to 
Gay-Lussac,  dissolves  easily  in  water  without  decomposition ;  according  to  Schiitzen- 
berger, on  the  other  hand,  it  is  decomposed  by  water,  yielding  iodic  and  hydrochloric 
ncids,  with  separation  of  iodine,  and  formation  of  an  iodised  compound,  which  remains 
dissolved  in  the  water,  but  may  be  extracted  therefrom  by  ether.  The  protochloride 
dissolves  in  alcohol  and  in  ether,  forming  yellow  solutions. 

Protochloride  of  iodine  sometimes  decomposes  spontaneously  into  the  tetrachloride 
and  free  iodine  :  4IC1  =  IC14  +  I3  (Kammerer,  J.  pr.  Chem.  Ixxxiii.  83).— When 
heated,  it  gives  off  the  trichloride,  leaving  a  residue  of  pure  iodine  :  3IC1  =  IC13  +  I2 
(Kane,  Phil.  Mag.  [3]  x.  430).  Sulphurous  and  sulphydric  acids  decompose  it  with 
f-pparation  of  iodine.  With  aqueous  solutions  of  the  fixed  alkalis  it  yields  a  chloride 
and  iodate  and  free  iodine : 

6KHO   +   5IC1     =     6KC1   +   KIO3   +   3H20  +  I«, 
the  iodine  however  dissolving  in  excess  of  the  alkali  in  the  form  of  iodide  and  iodate. 
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— With  aqueous  or  alcoholic  ammonia,  it  yields  various  iodamides  (the  so-called  iodides 
of  nitrogen  (p.  289),  according  to  the  proportions  used  and  the  manner  in  which  the 
reaction  takes  place,  e.g. : 

3IC1  +    NH3  =  3HC1  +  NP.    (Mitscherlich.) 

2IC1  +    NH3  =  2HC1  +  NHP. 

IC1  +    NH3  =       HC1   +   NH2I. 

3IC1   +  2NH3  =  3HC1   +  NP.NH3.     (Bun  sen.) 

Mercuric  chloride  added  to  a  concentrated  aqueous  solution  of  protochloride  of  iodine 
throws  down  mercuric  iodide,  leaving  trichloride  of  iodine  in  solution  (Kane) : 

4IC1  +  HgCl2  =  HgP  +  2IC18. 

Stannous  chloride  added  in  small  quantity  to  the  concentrated  aqueous  solution,  pre- 
cipitates iodine,  and  is  converted  into  stannic  chloride :  but  on  adding  a  larger 
quantity  of  the  stannous  chloride,  the  iodine  disappears,  and  stannous  iodide  separates 
in  brilliant  orange-coloured  needles  (Kane)  : 

2IC1  +    SnCP     =         P  +     SnCl4. 
2IC1  +  SSuCl2     =    SnP  +  2SnCl4. 

Protochloride  of  iodine  acts  very  readily  on  many  organic  compounds,  the  chlorine 
taking  up  an  atom  of  hydrogen  to  form  hydrochloric  acid,  and  the  iodine  taking  its 
place.  In  this  way,  many  iodinc-substitutiou-compouncls  may  be  obtained  which  could 
not  be  formed  by  the  action  of  iodine  alone  ;  e.  g.,  iodopyromeconic  acid,  C5H3I03,  from 
pyromcconic  acid,  C5H403  (J.  Brown,  Edinb.  Phil.  Trans,  xxi.  [1]  49);  mono-  and 
di-iodophenic  acids,  from  phenic  acid,  C6H60  (Sengenwald,  Compt.  rend.  liv.  197). 
On  the  alcoholic  hydrides,  hydride  of  heptyl  for  example,  protochloride  of  iodine  acts 
in  a  manner  opposite  to  that  just  mentioned,  converting  them  into  chlorides,  with 
elimination  of  hydriodic  acid  (Schorlemmer,  p.  144).  In  some  cases,  chloride  of 
iodine  unites  directly  with  an  organic  compound,  with  ethylene,  for  example,  forming 
chloriodide  of  ethylene,  C'-H4C1I  (Maxwell  Simpson, 'Proc.  Roy.  Soc.  xu.  278). 
According  to  Geuther,  however  (Ann.  Ch.  Pharm.  cxxiii.  123),  when  dry  coal-gas  is 
passed  over  fused  protochloride  of  iodine,  the  ethyleue  contained  in  it  is  converted  into 
dichloride  of  ethylene : 

C'H4  +   2IC1     =     C2H4C12   +   I2. 

From  iodised  organic  compounds  it  sometimes  takes  away  one  or  more  atoms  of  iodine, 
replacing  them  by  chlorine ;  thus  it  converts  iodide  of  ethyl  into  chloride  of  ethyl 
(Geuther): 

C2H5I  +   IC1     =     C2H5C1  +   I2; 

di-iodide  of  ethylene  into  chloriodide  of  ethylene  (Maxwell  Simpson): 

C2H4P  -h   IC1     =     C2H4IC1   +  I2; 
or  into  dichloride  of  ethylene  (Geuther) : 

C2H4P   +   2IC1     =     C2H4C12  +   I4. 

Benzene,  C6H6,  is  violently  attacked  by  protochloride  of  iodine,  yielding  chiefly 
crystalline  chlorinated  products  of  high  boiling  point,  together  with  iodated  bodies  and 
free  iodine. 

Trichloride.  IC13. — This  compound  is  produced: — 1.  By  treating  iodine  at  a 
gentle  heat  with  excess  of  chlorine  gas. — 2.  By  introducing  finely  divided  iodic  anhy- 
dride into  dry  hydrochloric  acid  gas ;  the  mass  then  liquefies  and  boils,  and  on  cooling 
deposits  trichloride  of  iodine  in  long  needles  (Serullas): 

PO5  -f    10HC1     =     2IC13  +   5H20   +   Cl*. 

Also  by  mixing  the  crystallised  iodic  acid  or  anhydride  with  strong  hydrochloric  acid, 
the  trichloride  then  crystallising  out.  (Soiibeiran.) 

Trichloride  of  iodine  is  orange-yellow,  and  crystallises  on  cooling  after  fusion  in  long 
needles  (Serullas).  It  acts  on  other  substances  in  the  same  manner  as  the  protochloride 
(Kane);  decolorises  solution  of  indigo  (Gay-Lussac);  does  notturn  starch  blue,  except 
on  the  addition  of  an  aqueous  solution  of  stannous  chloride,  or  other  dechlorinating 
substance,  which  sets  the  iodine  free. 

It  melts  at  a  temperature  between  20°  and  25°,  evolving  chlorine  gas,  which  it  again 
absorbs  on  cooling  (Serullas).  In  contact  with  a  very  small  quantity  of  water,  it  is 
partly  resolved  into  an  insoluble  yellowish  portion  (probably  a  mixture  of  trichloride 
of  iodine  and  iodic  anhydride),  and  a  solution  of  protochloride  of  iodine  and  hydro- 
chloric acid  (Serullas) : 

4IC13   +   5H20     =     10HC1  +   PO5  +   2Id. 
Trichloride  of  iodine  is  less  readily  dissolved  by  water  than  the  protochloride ;  the 
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saturated  solution  may  be  regarded  either  as  aqueous  trichloride  of  iodine — which  is 
the  more  probable  supposition ;  or  as  a  mixture  of  hydrochloric  acid  and  iodic  acid 
containing  free  iodine ;  or  as  a  mixture  of  hydrochloric  acid  and  an  acid  of  iodine 
which  contains  2  atoms  of  oxygen  (iodous  acid) : 

5IC18  +   9H20     =     15HC1  +    3HIOS   +  P. 

Iodic  acid. 

or  ICP  +  2H20     =       3HC1  +     HIO2. 

Iodous 
acid. 

A  similar  solution  is  obtained  on  passing  chlorine  gas  to  saturation,  through  1  pt.  of 
iodine  diffused  in  4  pts.  of  water,  the  mixture  being  kept  cool,  and  the  excess  of 
chlorine  afterwards  removed  by  a  current  of  atmospheric  air.  The  solution,  when 
saturated  with  chlorine  as  completely  as  possible,  has  a  bright  yellow  colour  and 
contains  rather  more  than  3  atoms  of  chlorine  to  1  atom  of  iodine,  because  the  water 
gives  rise  to  the  formation  of  a  small  quantity  of  hydrochloric  acid  and  iodic  acid 
(S  o  u  b  e  ir  an).  Solution  of  trichloride  of  iodine  may  also  be  prepared  by  precipitating 
an  aqueous  solution  of  the  protochloride  with  mercuric  chloride,  and  distilling  the 
liquid  after  decanting  it  from  the  precipitated  iodide  of  mercury. 

When  an  aqueous  solution  of  trichloride  of  iodine  is  gradually  mixed  with  sulphuric 
acid,  and  the  vessel  kept  cool,  the  trichloride  separates  in  the  form  of  a  white  curdy 
mass,  which  afterwards  assumes  an  orange-yellow  colour  ;  on  heating  the  mixture,  it 
dissolves,  but  separates  again  as  the  liquid  cools ;  on  distilling  the  mixture,  the  tri- 
chloride passes  over  (Serullas).  Ether  does  not  separate  trichloride  of  iodine  from 
an  aqueous  solution  (Dumas) ;  but  if  protochloride  of  iodine  is  also  present,  the  ether 
takes  up  the  trichloride  in  company  with  it,  provided  the  solution  is  not  too  dilute 
(Serullas).  An  aqueous  solution  of  trichloride  of  iodine  neutralised  with  a  fixed 
alkali,  yields  a  chloride,  an  iodate,  and  a  precipitate  of  iodine,  which  redissolves  in  an 
excess  of  alkali  in  the  form  of  iodide  and  iodate  (Lie big) : 

5ICP  +    18KHO     =     15KC1  +   3KI03   +   I2  +    9H20. 


On  mixing  the  aqueous  solution  with  an  aqueous  solution  of  neutral  iodate  ofpotassh 
and  then  adding  alcohol,  acid  iodate  of  potassium  is  precipitated  (Serullas).  An 
aqueous  solution  of  trichloride  of  iodine  agitated  with  a  small  quantity  of  oxide  of 
silver,  yields  chloride  of  silver  and  iodic  acid ;  when  a  larger  quantity  of  oxide  of  silver 
is  used,  the  chloride  of  silver  is  mixed  with  iodate  (Serullas),  and  iodide  of  silver  is 
probably  formed  at  the  same  time  : 

3IC13  +   5Ag20   +   H20     =     9AgCl   +  Agl   +   2HI03. 

Silver-leaf  is  converted  by  aqueous  trichloride  of  iodine  into  chloride  and  iodide  of 
silver  (Serullas).  When  aqueous  trichloride  of  iodine  is  mixed  with  a  small 
quantity  of  a  solution  of  stannous  chloride,  a  precipitate  of  iodine  is  obtained,  soluble  in 
excess  of  the  tin-salt.  (Kane.) 

Trichloride  of  iodine  unites  with  metallic  chlorides.     (Filhol.) 
Tetraciiloride.     IC14. — Produced  by  spontaneous  decomposition   of  the  liquid 
protochloride,    4IC1   =  IC14  +  I3.     Crystallises  in  red  octahedrons,  the  free  iodine 
separated  at  the  same  time  remaining  dissolved  in  the  mother-liquor.     (Kammerer, 
J.  pr.  Chem.  Ixxiii.  83.) 

Pentachloride.  ICP. — Not  known  in  the  free  state.  Dry  iodine  cannot  be  made  to 
combine  with  5  atoms  of  chlorine  (Lie big).  Iodine  diffused  in  4  pts.  of  water  does 
not  absorb  much  more  than  3  atoms  of  chlorine,  and  the  yellow  solution  obtained  yields  a 
precipitate  of  iodine  when  saturated  with  alkalis  (Soubeiran).  The  same  results  are 
obtained  when  the  quantity  of  water  is  8  or  10  times  as  great  as  that  of  the  iodine. 
If,  however,  the  iodine  be  diffused  through  a  still  larger  quantity  of  water,  20  pts.  for 
instance  (Soubeiran),  the  iodine  combines  with  5  atoms" of  chlorine  ;  the  solution  in 
this  case  is  colourless,  or  merely  coloured  yellow  from  excess  of  chlorine,  which  may  bo 
removed  by  a  current  of  air ;  it  exhibits  all  the  properties  of  a  solution  of  hydrochloric 
and  iodic  acids  (Liebig,  Soubeiran,  L.  Thompson): 

I2  +   Cl'°  +   6H20     =     10HC1  +   2HI03. 

A  solution  of  the  same  kind  is  obtained  on  mixing  dilute  hydrochloric  and  iodic  acids. 
It  smells  strongly  of  chlorine  and  slowly  decolorises  a  solution  of  indigo  (Gay-Lussac). 
Strong  sulphuric  acid  precipitates  trichloride  of  iodine  from  it  and  liberates  chlorine. 
(Soubeiran.) 

IODINE,  DETECTION1  AND  ESTIMATION  OF.  Iodine  in  the  free 
state  is  easily  recognised  by  the  violet  vapour  which  it  gives  off  when  heated,  and  by 
its  reaction  with  starch.  The  starch  for  this  purpose  should  be  perfectly  colourless ;  it 
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may  be  prepared  by  boiling  potato-starch  or  arrow-root  with  water  and  leaving  it  to 
cool.  To  obtain  a  delicate  reagent,  Bechamp  (Zeitschr.  Analyt.  Chem.  i.  466),  recom- 
mends the  following  mode  of  preparation.  Gelatinous  starch  is  boiled  with  a  quantity 
of  concentrated  potash-ley  equal  to  ~  of  the  weight  of  the  dry  starch  contained  in  it, 
till  it  has  become  perfectly  fluid ;  the  liquid  is  then  diluted  with  water,  supersaturated 
with  acetic  acid,  and  precipitated  with  alcohol ;  and  the  bulky  precipitate  is  boiled  first 
with  alcohol  of  60  vol.  per  cent,  then  washed,  first  with  alcohol  acidulated  with  sul- 
phuric acid,  then  with  pure  alcohol  of  the  same  strength,  and  dried.  For  use,  the  dried 
preparation  is  to  be  suspended  in  hot  water. 

When  iodine  exists  in  solution  in  the  form  of  hydriodic  acid  or  a  metallic  iodide,  it 
may  be  separated  by  the  addition  of  chlorine-water,  sulphuric  acid,  or  nitric  acid,  and 
will  then  give  the  blue  colour  with  starch.  When  chlorine-water  is  used,  care  must  be' 
taken  not  to  add  an  excess,  as  a  chloride  of  iodine  will  then  be  formed  which  will  not 
exhibit  the  starch  reaction.  (See  IODIDES,  p.  287.) 

The  methods  of  detecting  iodine  .in  insoluble  iodides,  and  in  presence  of  oxygen, 
sulphur,  phosphorus,  &c.,  are  the  same  as  those  employed  when  it  is  to  be  estimated 
quantitatively. 

Quantitative  Estimatio n. — Iodine  in  the  free  state  is  best  determined  by  means 
of  a  standard  solution  of  sulphurous  acid  (see  ANALYSIS,  VOLUMETRIC,  i.  265).  When  it 
occurs  in  the  solution  in  the  form  of  hydriodic  acid  or  a  metallic  iodide,  it  may  either 
be  set  free  by  chlorine-water  and  estimated  volumetrically  in  the  same  manner ;  or  it  may 
be  precipitated  by  nitrate  of  silver  in  the  same  manner  as  chlorine  and  bromine  (i.  677, 
903).  100  pts.  of  iodide  of  silver  correspond  to  54'128  pts.  of  iodine. 

It  may  also  be  precipitated  as  iodide  of  palladium,  by  mixing  the  solution  with 
chloride  or  nitrate  of  palladium.  A  black  precipitate  then  falls,  which  settles  down 
slowly  but  completely,  and  when  ignited,  leaves  metallic  palladium,  100  pts.  of  which 
are  equivalent  to  239 '62  pts.  of  iodine. 

This  last  method  of  precipitation  serves  also  to  separate  iodine  from  bromine  and 
chlorine.  If  the  chlorine  is  also  to  be  estimated,  the  precipitation  must  of  course  be 
made  with  nitrate  of  palladium,  not  with  chloride.  If  bromine  is  present  without 
chlorine,  the  iodine  must  be  precipitated  with  chloride  of  palladium,  because  the  nitrate 
would  precipitate  bromine  as  well  as  iodine ;  the  precipitation  of  the  bromine  may 
however  be  prevented  by  the  addition  of  a  soluble  chloride.  To  estimate  the  chlorine 
and  bromine  in  the  filtered  liquid,  the  excess  of  palladium  is  removed  by  sulphydric 
acid  and  the  excess  of  the  latter  by  means  of  nitric  acid  or  a  ferric  salt.  The  bromine 
and  chlorine  may  then  be  precipitated  by  nitrate  of  silver,  and  the  precipitate  treated 
in  the  manner  already  described  (i.  903).  Iodine  may  also  be  estimated  in  presence 
of  chlorine  by  the  method  already  described  (i.  678)  for  the  estimation  of  bromine,  viz., 
by  precipitating  the  two  elements  with  nitrate  of  silver  and  heating  the  silver  precipi- 
tate in  a  stream  of  chlorine.  The  quantity  of  iodine  is  equal  to  the  loss  of  weight 

multiplied  by  ^^o  "  1>28' 

A  precisely  similar  method  may  be  applied  to  the  determination  of  iodine  in  presence 
of  bromine,  the  precipitate  of  iodide  and  bromide  of  silver  being  ignited  in  bromine- 

127 

vapour,  and  the  loss  of  weight  multiplied  by  — ^ ^  «=  270. 

izy  —  oU 

For  other  methods  of  estimating  iodine  in  presence  of  chlorine  and  bromine,  see 
i.  678. 

The  method  of  decomposing  insoluble  iodides,  so  as  to  obtain  the  iodine  in  solution, 
are  similar  to  those  adopted  for  insoluble  bromides  (i.  678). 

lodatcs  and periodates  are  reduced  to  iodides  by  the  action  of  sulphurous  or  sulphydric 
acid.  To  decompose  them  by  ignition  would  not  give  accurate  results,  as  a  portion  of 
the  iodine  would  be  driven  off. 

The  compounds  of  iodine  with  phosphorus,  arsenic  and  antimony  va&y  be  decomposed 
and  analysed  by  treating  them  with  water  or  aqueous  alkalis,  whereby  the  iodine  is 
converted  into  hydriodic  acid,  and  may  then  be  precipitated  with  nitrate  of  silver  from 
a  solution  acidulated  with  nitric  acid.  The  iodides  of  sulphur  are  most  readily 
analysed  by  heating  them  in  a  combustion-tube  with  nitrate  of  potassium  and  carbonate 
of  sodium,  whereby  the  iodine  and  sulphur  are  converted  into  metallic  iodide  and  sul- 
phate. (G-uthrie,  Chem.  Soc.  J.  xiv.  69.) 

Iodine  in  organic  compounds  may  be  estimated  in  the  same  manner  as  chlorine 
(i.  247).  In  the  more  easily  decomposible  compounds,  such  as  the  iodated  organic 
acids,  the  iodine  may  also  be  determined  by  decomposing  the  compound  with  water  and 
sodium-amalgam,  then  acidulating  the  solution  with  nitric  acid,  and  precipitating  with 
nitrate  of  silver.  The  same  method  may  be  applied  to  the  corresponding  bromine-  and 
chlorine -compounds.  (Kekule,  Ann.  Ch.  Pharm.  Suppl.  i.  338.) 
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Atomic  Weight  of  Iodine. — The  earlier  attempts  to  determine  the  atomic  weight  of 
this  element,  by  Proust,  Davy,  Gay-Lussac  and  Berzelius,  gave  results  varying  from 
84  to  126,  that  is  to  say,  considerably  below  those  obtained  by  more  recent  determina- 
tions. Millon,  by  igniting  iodate  of  potassium  and  iodate  of  silver,  and  weighing  the 
remaining  iodides,  obtained  the  number  126'47 ;  but  the  result  is  not  quite  exact,  be- 
cause the  iodides  themselves  are  partly  decomposed  by  ignition. 

The  most  exact  determinations  have  been  made  byMarignac  (Bibl.  univ.  de  Geneve, 
xlvi.  367)  and  Dumas  (Ann.  Ch.  Pharm.  cv.  93).  Marignac determined  the  quantity 
of  iodide  of  potassium  required  for  precipitating  a  known  quantity  of  silver  from  the 
nitrate,  and  found,  as  the  mean  of  five  closely  agreeing  experiments,  that  100  pts.  silver 
are  precipitated  from  the  solution  of  the  nitrate  by  15374  pts.  iodide  of  potassium; 
whence  the  proportion  100  :  15374  =  108  :  x  gives  166-04  for  the  atomic  weight  of 
iodide  of  potassium;  and  this  diminished  by  39*2,  the  atomic  weight  of  potassium,  gives 
for  that  of  iodine  the  number  126-84. 

In  another  set  of  experiments,  Marignac  determined  the  quantity  of  iodide  of  silver 
precipitated  by  iodide  of  potassium  from  a  known  weight  of  silver  dissolved  in  nitric 
acid.  As  the  mean  of  three  closely  agreeing  experiments,  he  found  that  100  pts.  of 
silver  give  217*511  pts.  Agl:  hence  the  atomic  weight  of  iodide  of  silver  is 

217  511AAX  10   *=  234-91,   which,  diminished  by   108,  gives  for  iodine  the  number 
100 

126-91. 

Dumas  decomposed  pure  iodide  of  silver  by  ignition  in  a  stream  of  chlorine,  and 
weighed  the  chloride  of  silver  thus  produced.  In  one  experiment  3'520  grms.  iodide 
of  silver  gave  2'149  chloride ;  in  another  7'011  iodide  gave  4-281  chloride.  Both  these 
results  give  for  iodine  the  atomic  weight  127,  which  is  the  number  now  adopted. 

IODI2CE,  OXIDES  AXTD  OXYGEW- ACIDS  OF.  The  series  of  oxidised  com- 
pounds of  iodine  is  not  as  yet  so  complete  as  that  of  chlorine.  The  following  have  been 
described  and  analysed  with  more  or  less  accuracy  : 


Acids. 
Hypo-iodous  acid         .        .        .    HIO 


lodicacid  ....    HIO3 

Periodic  acid        ....     HIO4 


Oxides  or  Anhydrides. 

Millon's  Sub-hypo-iodic  acid          .  P°019 
Periodic  oxide  (Millon's  Hy-K^o      -rn^t 

po-iodic  acid)  y 

Intermediate  lodic  oxide  .  .  I8013 
lodic  anhydride  ....  I205 
Periodic  anhydride  .  .  .  PO7. 


Of  these,  the  only  compounds  whose  composition  has  been  established  with  certainty 
are  iodic  and  periodic  acids,  with  their  corresponding  anhydrides  and  salts.  The  ex- 
istence of  hypo-iodous  acid  and  of  periodic  oxide  has  been  rendered  probable  by  experi- 
ments which  will  be  presently  described.  The  remaining  oxides,  II0019  and  I6013,  arc 
of  very  doubtful  constitution :  the  substances  analysed  were  perhaps  impure  periodic 
oxide,  or  the  last  may  have  been  iodic  anhydride  containing  excess  of  iodine. 

Hypo-iodous  acid.    HIO? 

An  oxygen-acid  of  iodine  corresponding  to  hypochlorous  acid  appears  to  exist,  but 
neither  the  acid  nor  its  salts  have  yet  been  obtained  in  definite  form.  According  to 
Magnus  and  Ammermuller,  disodic  periodate  gives  off  part  of  its  oxygen  when  ignited, 
and  yields  a  residue,  the  solution  of  which  in  cold  water  possesses  bleaching  properties 
(p.  310).  Mitscherlich  (Pogg.  Ann.  xi.  162;  xvii.  481),  by  dissolving  iodine  in 
moderately  strong  soda-ley,  till  the  liquid  began  to  show  colour,  and  evaporating  at  a 
low  temperature,  obtained  a  salt  consisting  of  Na'2I203.  10H20,  which  however  might 
have  been  a  mixture  composed  of  iodide  and  iodate  of  sodium :  NaI.NaI08.10H20  ;  in 
fact  the  salt  when  treated  with  alcohol  is  resolved  into  soluble  iodide  and  insoluble 
iodate.  "Wohler  (Pogg.  Ann.  viii.  96),  by  distilling  iodine  with  anhydrous  peroxide 
of  barium,  obtained  a  yellow  liquid  which  he  regarded  as  hypo-iodous  acid,  or  rather 
anhydride.  (Vid.  Gm.  ii.  252.) 

According  to  Schonbein  (J.  pr.  Chem.  Ixxxiv.  385),  when  1  at.  iodine  is  dissolved 
in  an  aqueous  solution  of  1  at.  potash,  the  formation  of  iodate  of  potassium  does  not 
take  place  immediately,  but  is  preceded  by  that  of  hypo-iodite  of  potassium,  just  as  in 
the  case  of  chlorine;  the  solution,  which  has  the  odour  of  saffron,  and  exhibits 
properties  similar  to  those  of  the  hypochlorites,  is  however  very  unstable,  the  hypo- 
iodite  being  resolved,  gradually  at  ordinary  temperatures,  and  instantly  at  the  boiling 
heat,  into  "iodide  and  iodate :  3KIO  =  2KI  +  KIO".  Schonbein  also  finds  that 
hypo-iodite  of  ammonium  is  formed  by  the  action  of  iodine  on  excess  of  ammonia. 

According  to  Lenssen  and  Lb'wenthal  (J.  pr.  Chem.  Ixxxvi.  216),  hypo-iodous 
acid  is  contained  in  the  solution  formed  by  the  action  of  carbonate  of  sodium  (or  other 
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alkaline  liquid)  on  trichloride  of  iodine,  which  is  yellow,  reddens  benzene,  colours  starch 
blue,  and  contains  a  salt  having  the  composition  NaPO  or  NalO.P,  that  is,  hypo- 
iodite  of  sodium  with  2  atoms  of  free  iodine,  on  the  removal  of  which,  either  by  excess  of 
alkali,  sulphurous  acid,  benzene,  or  other  reagents,  the  hypo-iodite  of  potassium 
is  immediately  resolved  into  iodide  and  iodate.  The  alkaline  solution  of  hypo-iodous 
acid  is  decomposed  by  iodide  of  potassium,  yielding  free  alkali  and  free  iodine,  accord- 
ing to  the  equation : 

KI  +  NalO  +  IPO     =     KHO  +  NaHO   +  P. 
The  subject  requires  further  examination. 

Periodic  oxide,  I02,  and  Oxides  nearly  allied  to  it  in  composition. 

Periodic  oxide  is  obtained,  according  to  Mil  Ion,  by  treating  with  dilute  alcohol  the 
powder  (p.  299)  produced  by  the  action  of  fuming  nitric  acid  on  iodine,  regarded  by 
Kammerer  as  nitroso-iodic  anhydride,  P04(NO)2. 

When  iodic  anhydride  is  heated  with  5  pts.  of  strong  sulphuric  acid,  till  a  few 
bubbles  of  oxygen  are  given  off,  a  scaly  sulphur-yellow  substance  is  formed,  which 
appears  to  consist  of  4P05.2I02.S04H2.  If  the  boiling  be  continued,  the  evolution  of 
oxygen  goes  on,  and  crystals  are  formed,  having  a  much  deeper  yellow  colour  than  the 
preceding,  and  apparently  consisting  of  2POM02.SOSH.  Water  decomposes  both 
these  compounds  into  sulphuric  acid,  iodic  acid,  and  iodine.  By  continuing  the  action 
df  the  sulphuric  acid  till  iodine  begins  to  escape  as  well  as  oxygen,  two  other 
compounds  are  formed,  to  which  Millon  assigns  the  formulae  2I02.2S03.H20  and 
I10019.10S03.H20.  These  substances,  subjected  to  the  action  of  moist  air,  appear  to 
yield  the  compounds  I02  and  II0019  in  the  free  state.  To  the  latter,  Millon  gives  the 
name  sub-liypo-iodic  acid  [anhydride]. 

When  sulphurous  anhydride  is  allowed  to  act  upon  iodic  anhydride  longer  than  is 
required  to  form  the  compound  5P05.S03  (p.  299),  a  large  quantity  of  iodine  is 
separated,  and  a  lumpy  adhesive  mass  is  formed,  which,  if  left  for  a  day  standing  over 
water  in  a  bell-jar,  then  washed  with  alcohol  and  with  water,  leaves  an  oxide  of  iodine 
containing  I6013,  contaminated  with  a  small  quantity  of  sulphuric  acid.  It  is  a  brown- 
yellow  powder  which  does  not  decompose  in  the  air,  but  absorbs  a  small  quantity  of 
water  from  it.  Dilute  nitric  acid  dissolves  it,  with  separation  of  iodine;  fuming  nitric 
acid  converts  it  into  iodic  acid.  When  heated  to  100°,  it  splits  up  into  iodino  and  iodic 
anhydride :  5I6013  =  13P05  +  I4.  Water  decomposes  it  slowly  at  ordinary  tem- 
peratures, quickly  at  100°,  into  iodine  and  iodic  acid. 

Aqueous  alkalis  act  in  the  same  manner;  but  alcoholic  alkalis  do  not  act  upon 
it  at  ordinary  temperatures.  This  circumstance  distinguishes  it  from  the  oxides 
I02  and  I10019  above-mentioned,  which,  according  to  Millon,  form  with  alcoholic 
potash,  brick-red  easily  decomposible  salts.  Absolute  alcohol,  ether,  acetic  ether,  and 
sulphide  of  carbon  are  likewise  without  action  on  the  oxidte  I6013,  even  at  the  boiling 
heat.  (Kammerer,  J.  pr.  Chem.  Ixxxiii.  72.) 

Iodic  acid,  Anhydride  and  Salts. 

Iodic  Acid.  HIOS.  (Gm.  ii.  253.)— This  acid  is  produced  by  the  actibn  of  oxi- 
dising agents  upon  iodine  in  presence  of  water  or  alkalis.  According  to  Pettenkof  er 
(Jahresber.  1857,  p.  581),  it  is  sometimes  found  in  commercial  nitric  acid  (the  iodine 
being  doubtless  derived  from  the  Chili  saltpetre  used  in  the  preparation).  According  to 
Kiche  (Compt.  rend.  xlvi.  348),  it  is  produced  by  the  electrolysis  of  aqueous  hydriodic 
acid  or  aqueous  iodine ;  in  the  former  case,  the  hydriodic  acid  is  simply  oxidised  to  HIO3 
by  oxygen  evolved  by  the  decomposition  of  the  water;  in  the  latter  the  iodine  is  first 
converted  into  hydriodic  acid,  which  is  then  oxidised  in  the  manner  just  mentioned. 
It  i«  also  produced  by  the  action  of  iodine  on  chloric  or  bromic  acid.  (Kammerer,  J. 
pr.  Chem.  Ixxxv.  452.) 

Preparation. — 1.  Small  quantities  of  iodic  acid  are  conveniently  prepared  by  heating 
iodine  with  the  strongest  nitric  acid  free  from  nitrous  acid  in  a  wide  glass  tube,  and 
leaving  the  liquid  to  cool.  Iodic  acid  is  then  deposited  in  crystals  (Connel). 
Jacquelain  (Ann.  Ch.  Phys.  [3]  xxx.  332)  recommends  this  as  the  best  mode  of 
preparing  iodic  acid  in  all  cases.  He  heats  5  grms.  of  dry  iodine  in  a  flask  with 
200  grms.  nitric  acid  of  specific  gravity  1-5  to  60°  for  an  hour;  decants  the  supernatant 
liquids  (the  upper  consisting  of  nitric  acid  containing  pernitric  oxide,  the  lower  of  a 
red-brown  solution  of  iodine  in  nitric  acid)  from  the  separated  iodic  acid ;  distils  these 
liquids  down  to  one-sixth ;  and  gently  heats  the  residue,  together  with  the  crystallised 
iodic  acid,  in  a  vessel  in  which  it  is  protected  from  dust ;  iodic  anhydride  then  separates 
in  nacreous  crystals.— 2.  For  preparing  larger  quantities,  Liebig's  method  is,  however, 
generally  preferred.  It  consists  in  suspending  an  ounce  or  two  of  pulverised  iodine  in 
a  pound  of  water,  and  passing  a  stream  of  chlorine  through  the  liquid,  till  the  iodine 
is  completely  dissolved : 

6H20   +   5C12  +   P     =     10HC1   +   2HI08. 
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The  brown  strongly  acid  liquid  is  then  slightly  supersaturated  with  carbonate  of  sodium, 
whereby  a  considerable  quantity  of  iodine  is  precipitated,  which  may  be  collected  on 
a  filter,  then  suspended  in  water,  and  treated  with  chlorine  as  before.  The  filtered 
solution  contains  iodate  and  chloride  of  sodium,  with  a  trace  of  carbonate,  which  may 
be  neutralised  by  hydrochloric  acid.  On  afterwards  adding  chloride  of  barium  to  the 
filtered  liquid  as  long  as  a  precipitate  is  formed,  the  whole  of  the  iodic  acid  is  thrown 
down  as  iodate  of  barium,  which  may  be  collected  on  a  filter,  dried,  and  then  decom- 
posed by  boiling  it  for  half  an  hour  with  2  pts.  of  oil  of  vitriol  diluted  with  10  or  12 
pts.  of  water.  The  iodic  acid  thus  liberated  dissolves  in  the  water,  and  the  solution 
filtered  from  the  sulphate  of  barium  and  evaporated  at  a  gentle  heat,  yields  the  acid  in 
the  form  of  a  crystalline  mass.  Hammerer  (J.  pr.  Chem.  Ixxix.  94)  dissolves  iodine 
in  hot  saturated  baryta- water ;  filters  the  solution  of  iodide  of  barium  from  the  sepa- 
rated iodate;  passes  chlorine  through  the  filtrate  (which  at  first  precipitates  iodine,  but 
in  a  state  of  very  fine  division,  so  that  it  is  very  quickly  oxidised),  and  thereby  converts 
the  whole  of  the  iodide  of  barium  into  iodate,  from  which  the  iodic  acid  may  then  be 
separated  by  sulphuric  acid. — 3.  Another  very  good  method  of  preparing  the  acid  is  to 
digest  4  pts.  of  iodine  with  7'5  pts.  of  chlorate  of  potassium  in  40  pts.  of  water  acidu- 
lated with  10  pts.  of  nitric  acid,  and  heat  the  liquid  sufficiently  to  cause  rapid  evolution 
of  chlorine.  In  a  short  time  the  iodine  is  completely  oxidised,  and  the  iodic  acid  thus 
formed  may  be  precipitated  by  baryta,  and  separated  again  by  sulphuric  acid.  The 
largest  crystals  are  obtained  when  the  solution  contains  a  slight  excess  of  sulphuric  acii, 
The  crystallised  acid,  HIO3  or  I205.H20,  when  exposed  to  a  heat  of  130°,  or  digested 
in  absolute  alcohol,  is  partly  resolved  into  water  and  iodic  anhydride,  which  remains 
combined  with  the  iodic  acid,  forming  the  compound  I205.HI03  or  SPOMPO : 

3HI03     =     FOMIIO3  +  H20, 

which  at  170°  suffers  further  decomposition,  yielding  water  and  iodic  anhydride. 
Iodic  anhydride,  I205,  crystallises  in  forms  belonging  to  the  trimetric  system, 
and  often  reduced  to  the  tabular  form  by  the  predominance  of  two  parallel  faces  coP. 
For  P  the  ratio  of  the  principal  to  the  secondary  axes  is  1 :  07586  :  0-7122.  Angles 
P  :  P  in  the  terminal  edges  =  99°  22',  and  105°  12';  in  the  lateral  edges  =  125°  7'; 
ooP  :  coP  =  93°  37'._  The  pyramidal  faces  occur  vsphenoido-hemihedrally.  Cleavage 
perfect  parallel  to  P<» ;  imperfect  parallel  to  Poo  (Schabus,  Bcstimmung  der 
Krystallgcstaltcn  in  chcmischcn  Laboratorien  crzcugter  Produkte,'Wier\,  1855  ;  Jahresber. 
1854,  p.  310).  Specific  gravity  of  the  crystals  =  4-250  (Filhol,  Ann.  Ch.  Phys. 
[3]  xi.  415).  At  the  temperature  of  boiling  olive-oil,  the  anhydride  is  completely 
resolved  into  iodine  and  oxygen.  It  dissolves  in  water,  forming  iodic  acid. 

Pulverised  iodic  anhydride  is  reduced  at  ordinary  temperatures  by  a  small  quantity 
of  sulphurous  anhydride,  yielding  sulphuric  anhydride  and  free  iodine ;  by  continued 
action  of  sulphurous  anhydride  at  100°,  it  is  converted  into  a  light  yellow  granulo- 
crystalline  mass,  consisting  of  an  iodosulphuric  anhydride,  5I205.S03.  _  This 
compound  is  quickly  decomposed  by  contact  with  air  and  water,  with  separation  of 
iodine.  By  absolute  alcohol  or  ether,  it  is  resolved  into  I205  and  SO3;  and  by  alcoholic 
potash  it  is  converted  into  iodate  and  sulphate  of  potassium.  Strong  sulphuric  acid 
does  not  act  upon  it  at  common  temperatures;  hydrochloric  acid  dissolves  it,  with 
evolution  of  chlorine  and  formation  of  chloride  of  iodine.  By  still  longer  exposure  to 
the  action  of  sulphurous  anhydride,  the  iodic  anhydride  is  completely  decomposed, 
yielding  a  large  quantity  of  iodine,  and  an  adhesive  mass  containing  an  oxide  of 
iodine,  I6013  (p.  298). 

Nitro-iodic  anhydride,  FO'(NO)2  ?— Millon  (Ann.  Ch.  Phys.  [3]  xii.  330),  by  tri- 
turating iodine  with  strong  nitric  acid,  obtained  a  yellow  powder  which  he  regarded 
as  a  compound  of  nitric  acid  with  periodic  oxide,  I02 ;  it  was  resolved  by  water  into 
nitric  acid,  iodic  acid,  and  iodine,  and  when  treated  with  dilute  alcohol  yielded  a  small 
quantity  of  periodic  oxide,  I02  (Millon's  hypo-iodic  acid).  Kam  merer  (J.  pr. 
Chem.  Ixxxiii.  72)  has  obtained  the  same  substance  by  Millon's  method,  also^  by 
treating  iodine  with  a  mixture  of  fuming  nitric  and  strong  sulphuric  acids,  and  assigns 
to  it  the  composition  above  given.  He  finds  that  it  is  decomposed  by  drying  over  lime, 
with  evolution  of  nitric  oxide,  and  that,  when  dried  in  an  atmosphere  of  carbonic 
anhydride,  it  splits  up  into  nitric  oxide  and  periodic  oxide.  It  is  decomposed  by 
water  and  by  aqueous  acids  and  alkalis ;  hydrochloric  acid  dissolves  it,  with  evolution 
of  chlorine  and  formation  of  chloride  of  iodine.  Alcohol,  ether,  and  acetic  ether  are 
violently  attacked,  often  with  incandescence,  even  by  small  quantities  of  the  compound. 
By  exposure  to  moist  air  at  common  temperatures,  it  is  decomposed  into  iodine,  iodic 
acid,  and  nitric  acid ;  in  dry  and  very  cold  air  it  remains  unaltered  for  a  long  time. 
It  dissolves  slowly,  and  without  decomposition,  in  strong  sulphuric  acid,  and  sometimes 
separates  from  the  solution  spontaneously,  but  is  easily  precipitated  on  scratching  the 
sides  of  the  vessel  with  a  glass  rod,  or  adding  fuming  nitric  acid  to  the  solution.  The 
sulphuric  acid  solution,  when  boiled,  gives  off  a  large  quantity  of  nitric  oxide. 
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lodicacid,  HIO3,  crystallises  from  a  strong  aqueous  solution  in  transparent  six-sided 
tables  without  water  of  crystallisation  (S  e  r  u  1 1  a  s,  M  a  r  i  g  n  a  c).  According  to  II  a  m- 
melsberg  (Pogg.  Ann.  xc.  12)  the  crystals  are  trimetric,  the  ratio  of  the  brachydia- 
gonal,  macrodiagonal,  and  principal  axis  being  =  0'58905:  1 :  1'1903.  They  exhibit  the 
faces  coP,  £00 ,  oP,  with  |foo  and  2Poo  subordinate.  In  the  brachydiagonal  prin- 
cipal section  ooP  :  ooP  =  119°  0';  Poo  :  Poo  =80°  4'.  The  crystals  are  transpa- 
rent and  have  a  vitreous  lustre ;  they  are  generally  either  tabular  by  predominance  of 
oP,  or  elongated  in  the  direction  of  the  brachydiagonal ;  cleavage  distinct  parallel  to  oP, 
less  distinct  parallel  to  ooP.  According  to  Mar  ignac(Jahresber.!856,  p.  296,1857,  p.  124) 
iodic  acid  crystallises  from  aqueous  solution  at  50° — 60°  for  the  most  part  in  the  form 
determined  by  Schabus  for  the  anhydride,*  less  abundantly  in  the  form  just  described 
as  determined  by  Rammelsberg.  Marignac  finds,  however,  different  values  for  some  of 
the  angles,  viz.,  ooP:  ooP  in  the  brachydiagonal  principal  section  =  114°  46';  £00  :  Poo 
in  the  same  =  79°  38'.  Kammerer  (J.  pr.  Chem.  Ixxxv.  452)  has  obtained  a  hydrate 
of -iodic  acid,  2HI03.9H20,  which  crystallises  at  17°  in  beautiful  hexagonal  tables. 

Iodic  acid  is  very  soluble  in  water,  slightly  soluble  in  alcohol.  The  aqueous  acid 
bleaches  litmus  paper  after  first  reddening  it.  It  is  easily  decomposed  by  deoxidising 
agents,  yielding  in  the  first  instance  hydriodic  acid,  which  then,  with  the  remaining 
iodic  acid,  forms  water  and  free  iodine : 

HIO3  +   SHI     =     3H20 


Hence  aqueous  iodic  acid,  though  it  does  not  of  itself  impart  a  blue  colour  to  starch, 
produces  this  colour  immediately  on  the  addition  of  hydriodic,  sulphydric  or  sulphurous 
acid,  stannous  chloride,  vegetable  acids,  or  other  deoxidising  agents.  In  some  cases 
however  an  excess  of  the  reducing  agent  converts  the  free  iodine  into  hydriodic  acid 
and  destroys  the  blue  colour  :  thus  with  sulphurous  acid  : 

H2S03  +  I2  +  H20     =     2HI  +  H2S04. 

Sulphurous  Sulphuric 

acid.  acid. 

Nitric  oxide  gas  reduces  aqueous  iodic  acid  at  ordinary  temperatures  (Kammerer). 
The  acid  heated  in  sealed  tubes  with  sulphide  of  carbon  is  reduced  to  hydriodic  acid  ; 
in  like  manner  iodate  of  potassium  to  iodide  (S  c  h  1  a  g  d  e  n  h  a  u  ff  e  n,  ,T.  Pharm  [3]  xxxiv. 
175).  Ferrous  sulphate  does  not  of  itself  appear  to  reduce  iodic  acid,  but  on  addition 
of  caustic  soda  and  subsequent  supersaturation  with  sulphuric  acid,  iodine  is  set  free. 
In  this  case,  it  may  be  supposed  that  the  ferrous  sulphate  first  separates  iodine,  which 
is  taken  up  by  the  soda-ley,  forming  iodide  and  iodate  of  sodium,  and  that,  on  addition  of 
sulphuric  acid,  iodic  and  hydriodic  acids  are  set  free,  which  act  upon  each  other  in  the 
way  above  mentioned,  yielding  free  iodine  (Hem  pel,  Ann.  Ch.  Pharm.  cvii.  97). 
Aqueous  iodic  acid  yields  by  electrolysis,  oxygen  at  the  positive,  and  iodine  at  the  nega- 
tive pole,  the  separation  of  the  latter  being  due  to  the  action  of  nascent  hydrogen  re- 
sulting from  the  decomposition  of  the  water.  According  to  Buff  (Ann.  Ch.  Pharm. 
ex.  257),  the  iodic  acid  is  resolved  by  the  current  into  H  and  I03,  which  latter  is 
decomposed  by  the  water,  yielding  HIO3  and  free  oxygen. 

Xodates.  Iodic  acid  is  monobasic,  like  chloric  and  bromic  acids,  the  general  formula 
of  its  normal  salts  being 

MIO8     =     "         °   or 


But  there  are  likewise  acid  iodates,  or  more  properly  anhydro-iodates,  which  may  be 
regarded  as  compounds  of  the  normal  iodates  with  one  or  more  molecules  of  iodic  anhy- 
dride :  thus  there  are  three  iodates  of  potassium,  having  the  following  formula  : 

Normal  iodate  of  potassium  ....     2KI03  or  K2O.I205. 
Di-iodate  of  potassium  .        .        .      2KIO»I-05  or  K20.2P05. 

Tri-iodate  of  potassium          .        .         .    2KI03.2F05  or  K20.32I05. 

The  normal  iodates  are  obtained:  1.  By  bringing  iodine  in  contact  with  an  alkali  and 
water,  and  removing  the  metallic  iodide  formed  at  the  same  time,  by  digestion  in 
alcohol.  —  2.  By  direct  mixture  of  iodic  acid  with  a  salifiable  base.  —  3.  By  bringing  the 
aqueous  acid  in  contact  with  metals. 

Most  iodates  are  insoluble  or  sparingly  soluble  in  water,  the  only  easily  soluble 
iodates  being  the  ammonium-,  potassium-,  and  sodium-salts.  The  solutions  of  these  salts 
give  with  somewhat  concentrated  solutions  of  strontium-  and  calcium-salts,  and  with 
dilute  solutions  of  barium-,  lead-,  and  silver-salts,  white  crystalline,  granular  precipitates. 
The  silver-precipitate  is  easily  soluble  in  ammonia,  very  slightly  soluble  in  nitric 
acid. 

The  normal  iodates,  when  heated,  either  give  up  3  atoms  of  oxygen,  but  no  iodine,  and 
are  converted  into  metallic  iodides  (r.  g.  KIO3  —  O3  =  KI),  or  they  part  with  their 
•  The  crystals  examined  by  Schalnis  probably  consisted  of  the  acid,  not  of  the  anhydride. 
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iodine  and  5  atoms  of  oxygen,  and  arc  reduced  to  metallic  oxides  (e.g.  BaO.I205  — 
0s  —  I-  —  BaO),  accordingly  as  the  metal  has  greater  affinity  for  iodine  or  for  oxy- 
gen. Some  iodates  detonate  when  heated  with  combustible  bodies,  e.g.  on  red-hot 
coals, — sometimes  even  when  merely  strr.ck ;  but  the  detonation  is  much  weaker  than 
that  produced  by  chlorates  or  nitrates.  The  aqueous  solution  of  an  iodate  mixed  with 
sulphurous  acid  yields  iodine  and  sulphuric  acid,  part  of  which  combines  with  the  base 
(Gay-Lusaac).  With  sulphydric  acid,  the  solution  of  an  iodate  yields  hydriodic  acid, 
water,  sulphur,  and  a  sulphate  (H.  E  o  s  e) ;  with  hydriodic  acid,  or  with  a  dissolved 
iodide  mixed  with  an  acid  to  liberate  the  hydriodic  acid,  it  yields  a  metallic  iodide, 
iodine,  and  water : 

KIOS  +  6HI      =      KI  +  P  +  3H20. 

Iodides  and  iodates  containing  weak  bases  may  also  decompose  one  another  in  solution 
without  the  intervention  of  an  acid,  yielding  an  oxide  and  free  iodine :  thus  with  the 
zinc-salts : 

Zn(I03)2  +  5ZnP  =  6ZnO  +  I13. 

With  hydrochloric  acid,  the  iodates  form  water,  a  metallic  chloride,  trichloride  of 
iodine,  and  free  chlorine ;  and  the  metallic  chloride  thus  produced  often  enters  into 
combination  with  the  trichloride  of  iodine  (Filhol): 

KIOS  +   6HC1     =     3H20   +  KC1  +  ICP  +   CP. 

Arsenious  acid,  with  the  aid  of  heat,  and  likewise  dichloride  of  tin,  separate  iodine 
from  aqueous  solutions  of  the  iodates  (Simon).  Dilute  sulphuric  acid  at  a  boiling  heat 
separates  the  iodic  acid  from  these  salts  (Gay-Lussac).  When  an  aqueous  solution 
of  an  iodate  is  heated  with  nitric  acid,  that  acid  at  first  takes  hold  of  the  base,  either 
wholly  or  in  part ;  but  when  the  solution  is  evaporated  to  dryness  and  more  strongly 
heated,  the  less  volatile  iodic  acid  drives  out  the  nitric  acid.  (Penny,  Ann.  Pharm. 
xxxvii.  203.) 

Iodates  heated  with  strong  hydrochloric  acid  and  mercury,  or  with  strong  sulphuric 
acid  and  ferroso-ferric  oxide,  impart  a  blue  colour  to  starch,  in  consequence  of  the 
liberation  of  iodine. 

Iodate  of  Aluminium.  A  solution  of  moist  hydrate  of  alumina  in  iodic  acid 
evaporated  to  a  syrup  and  then  left  over  sulphuric  acid,  yields  deliquescent  crystals. 

Iodate  of  A  m  mo  nium,  (NH4)I03,  is  produced  by  saturating  caustic  ammonia  01 
carbonate  of  ammonium  with  iodic  acid  Or  chloride  of  iodine,  and  separates  as  a  crys- 
talline powder  if  the  solutions  are  moderately  concentrated.  By  spontaneous  evapora- 
tion it  is  generally  said  to  be  obtained  in  small  shining  cubes.  According  to  Marignac, 
however  (Ann.  Min.  [5]  ix.  1),  the  crystals  are  dimetric,  exhibiting  the  combination 
oP  .  ooPoo ,  often  with  P,  2P,  ooP,  POO  and  2Poo  subordinate.  Angle  oP  :  P  = 
124°  54 ;  oP  :  2P  =  105°  14';  oP  :  Poo  =  134°  37;  P  :  P  in  the  terminal  edges  = 
109-7°.  That  the  crystals  are  not  monometric,  is  also  shown  by  the  observation  of 
Marbach  (Jahresber.  1855,  p.  145),  that  they  act  upon  polarised  light.  It  decomposes 
with  a  hissing  noise  at  150°,  giving  off  equal  volumes  of  oxygen  and  nitrogen  together 
with  iodine  and  water.  It  detonates  on  glowing  coals,  and  is  decomposed  by  hydro- 
chloric acid,  yielding  a  compound  of  sal-ammoniac  and  trichloride  of  iodine,  together 
with  water  and  free  chlorine  (Filhol).  It  dissolves  in  38'5  pts.  of  cold  water  at  15°, 
and  in  6  '9  pts.  of  boiling  water.  (K  a  m  m  e  1  s  b  e  r  g.) 

Iodate  of  Barium,  Ba(I03)2.H20. — This  salt  is  precipitated  when  iodine  is 
dissolved  in  baryta-water,  iodide  of  barium  remaining  in  solution.  It  may  also  be 
prepared  by  saturating  an  aqueous  solution  of  trichloride  of  iodine  with  carbonate  of 
barium  or  baryta-water,  or  by  precipitating  a  concentrated  solution  of  chloride  of 
barium  with  iodate  of  sodium.  The  hydrated  salt  forms  a  granular  powder.  From  a 
solution  in  hot  nitric  acid,  however,  it  is  deposited  on  cooling  or  on  addition  of 
ammonia,  in  small  crystals  (Ea  mm  el  sb  erg),  which,  according  to  Marignac  (loc.  cit.), 
are  monoclinic  and  isomorphous  with  bromate  and  chlorate  of  barium,  exhibiting 
the  combination  ooP  .  (Poo).  —Poo.  Angle  ooP  :  ooP  in  the  clinodiagonal  prin- 
cipal section  =  82°  0';  (Poo)  :  (Poo)  in  the  same  =  76°  42';-Poo  :  ooP  =  119°  4'. 
The  water  of  crystallisation  escapes  at  a  temperature  below  200°.  On  heating  the 
salt  more  strongly  in  a  porcelain  retort,  vapour  of  iodine  and  oxygen  gas  are  evolved, 
and  a  residue  is  obtained,  consisting  of  basic  periodate  of  barium  (E  am  m  els  berg) : 
5Ba(I03)2  =  Ba(IO<)2.4BaO  +  81  +  O18. 

It  does  not  detonate  on  ignited  charcoal,  but  sometimes  exhibits  phosphorescence 
(G-ay-Lussac).  Hydrochloric  acid  dissolves  it  readily,  even  in  the  cold,  the  liquid 
assuming  a  dark-yellow  colour  (probably  arising  from  the  formation  of  a  double  chloride 
of  iodine  and  barium)  and  evolving  chlorine.  It  dissolves  with  difficulty  in  warm 
nitric  acid  (Eammelsberg).  It  is  soluble  in  3,333  jpts.  of  water  at  18°,  in  625  pts. 
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of  boiling  water  (G-ay-Lussac),  in  1,746  pts.  of  water  at  15°,  and  in  600  pts.  of 
boiling  water  (Kammelsberg);  the  anhydrous  salt  dissolves  in  3.018  pts.  water  at 
13*5°,  and  in  661  pts.  boiling  water.  (Kremers,  Pogg.  Ann.  xciv.  255.) 

lodate  of  Bismuth,  2BiP09.H20. — lodate  of  sodium  added  in  excess  to  a 
eioiution  of  bismuth  which  is  no  longer  precipitated  by  water,  throws  down  the  whole 
of  the  bismuth  as  iodate.  The  precipitate  is  nearly  insoluble  in  nitric  acid.  When 
ignited  it  leaves  trioxide  of  bismuth  mixed  with  iodide. 

lodate  of  Calcium,  Ca(I03)2.5H20. — Crystallises  slowly  from  the  mixed  solu- 
tions of  iodate  of  potassium  and  chloride  of  calcium  in  water  (Pleischl),  a  largo 
proportion  of  the  salt,  however,  remaining  dissolved  (Kamm  elsberg).  The  crystals  are 
rendered  anhydrous  by  heat.  The  dry  salt  gently  ignited  in  a  porcelain  retort  evolves 
14785  per  cent,  of  oxygen  and  54-072  of  iodine,  leaving  a  residue  amounting  to  31-143 
per  cent.,  and  consisting  chiefly  of  peutabasic  periodate  of  calcium ;  but  when  heated 
more  strongly,  it  evolves  a  still  larger  amount  of  oxygen  (in  the  whole  17*176  per  cent.) 
and  of  iodine  (in  the  whole  62*478  per  cent.),  and  leaves  20*346  per  cent,  of  a  mixture 
of  pentabasic  periodate  and  much  free  lime,  which  may  be  separated  by  water 
(E am m elsberg,  Pogg.  Ann.  xliv.  576).  lodate  of  calcium  detonates  violently 
on  ignited  charcoal  (Gay-Lussac).  When  treated  with  concentrated  hydrochloric 
acid,  by  which  it  is  readily  dissolved,  it  yields  an  orange-coloured  liquid,  smelling  of 
trichloride  of  iodine,  and  similar  to  that  yielded  by  iodate  of  potassium ;  it  does  not, 
however,  give  crystals  of  the  double  chloride  of  iodine  and  calcium  (Filhol).  The 
hydrated  salt  forms  four-sided  prisms,  which  effloresce  in  the  air,  with  partial  loss  of 
water,  and  become  anhydrous  at  a  temperature  below  200°  (Eammelsberg).  From  a 
solution  acidulated  with  nitric  acid,  it  separates  in  trimetric  crystals,  ooP  .  co£co . 
3P  .  P  .  oP  .  3Poo  .  4£oo .  Eatio  of  axes,  a:b:c  =  0*4537  :  1  :  0*5231.  o>P  :  ooP 
in  the  brachydiagonal  =  132°  55' ;  oP  :  P=  127°  22' ;  oP  :  3P  =104°  17'  (Senarmont, 
Marignac,  Jahresber.  1857,  p.  125).  The  crystals  dissolve  in  454  pts.  of  water  at  18°, 
and  in  102  pts.  of  boiling  water  (G-ay-Lussac);  in  253  pts.  at  15°,  in  75  pts.  of 
boiling  water,  and  much  more  copiously  in  nitric  acid.  From  the  latter  solution  the 
salt  is  precipitated  by  ammonia  in  prisms  (Kammelsberg).  Alcohol  separates  the 
salt  from  an  aqueous  solution.  (0.  Henry.) 

lodate  of  Cerium,  Ce(I03)2.H20,  is  a  white  precipitate  whicn  gives  off  its  water 
at  200°,  and  leaves  pure  eerie  oxide  when  ignited. 

lodate  of  Cobalt,  Co(I03)2.H20,  is  obtained  by  dissolving  recently  precipitated  car- 
bonate of  cobalt  in  hot  aqueous  iodic  acid,  and  separates  partly  on  cooling,  partly  by 
evaporation,  in  violet-red  crystalline  crusts.  Dissolves  in  148  pts.  of  cold  and  90  pts.  of 
hot  water.  Gives  off  its  water  of  crystallisation  at  200°.  At  a  red  heat,  it  gives  off 
iodine  and  oxygen  and  leaves  cobaltoso-cobaltic  oxide,  Co304.  Alcohol  added  to  a 
solution  of  this  salt  in  sal-ammoniac,  throws  down  a  pale-red  double  salt . 

lodate  of  Copper. — lodate  of  sodium  forms  with  sulphate  of  copper  (after  sdme 
time  only  if  the  solutions  are  dilute)  a  greenish-blue  precipitate,  consisting  of 
2Cu(I03)-.3H20,  which  gives  off  its  water  at  200°  (Eammelsberg).  According  to 
Millon,  iodic  acid  forms,  even  in  very  dilute  solutions  of  copper-salts,  a  blue  crystalline 
precipitate  composed  of  Cu(I03)2.H20,  and  the  same  compound  is  obtained  by  digesting 
recently  precipitated  hydrate  or  carbonate  of  copper  with  iodic  acid  at  ordinary  tem- 
peratures. When  hydrated  cupric  oxide  is  washed  with  boiling  water  and  covered 
with  a  sufficient  quantity  of  solution  of  iodic  acid,  an  olive-coloured  powder  is  obtained 
which  has  the  same  composition  as  the  blue  crystals,  but  requires  a  temperature  about 
40°  higher  to  dehydrate  it  completely.  Ignited  cupric  oxide  shaken  up  with  aqueous 
iodic  acid,  forms  a  basic  salt,  3[Cu(I03)2.CuO].H20,  which  however  is  converted  into 
the  olive-coloured  salt  when  the  mixture  is  boiled. 

lodates  of  Iron.— Ferric  lodate,  Fe203.2I205.8H20  or  2Fe2(I03)6.Fe203.24H-'0,  is 
a  yellowish-white  precipitate  obtained  by  adding  iodate  of  sodium  to  ammonio-ferric 
sulphate.  The  precipitate  when  dry  becomes  heavier  and  assumes  a  reddish  tint.  It 
is  soluble  in  nitric  acid,  and  leaves  pure  ferric  oxide  when  ignited. 

Ferrous  lodate  is  produced  en  mixing  ferrous  sulphate  with  iodate  of  potassium,  as  a 
white  precipitate,  which  dissolves  readily  in  excess  of  the  ferrous  sulphate,  but  quickly 
turns  brown  and  decomposes,  with  evolution  of  iodine,  especially  when  heated.  The 
brown  precipitate  dissolves  in  hydrochloric  acid,  with  evolution  of  chlorine,  and 
ammonia  throws  down  from  the  solution  a  mixture  of  ferric  hydrate  and  iodide  of 
nitrogen. 

lodate  of  Lanthanum,  La(IOs)2.H20.— Precipitated  as  a  crystalline  powder  on 
adding  sulphate  of  lanthanum  to  aqueous  iodic  acid.  From  solution  in  hot  water,  it 
separates  on  evaporation  in  white  crystalline  scales.  Gives  off  its  water  at  a  temperature 
above  110°.  (Holzmann,  J.  pr.  Chem.  Ixxv.  321 ;  Hermann,  ibid.  Ixxxii.  385.) 

lodate  of  Lead,  Pb(I03)2. — White  precipitate,  very  sparingly  soluble  in  water  and 
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in  nitric  acid.  Gives  off  iodine  and  oxygen  when  heated,  and  leaves  a  mixture  of  oxide 
and  iodide  of  lead,  from  which  the  oxide  is  easily  dissolved  out  by  acetic  acid. 
lodatc  of  Lithium,  LilO3. — Crystalline  crusts,  soluble  in  2  pts.  of  water. 
lodate  of  Magnesium,  Mg(I03)2.4H20.— Shining  crystals  soluble  in  3  pts.  of 
boiling  and  9-43  pts.  of  cold  water.  They  are  monoclinic,  exhibiting  the  combination, 
ooP  .  ooPoo  .  +  P.  —  P  .  oP  .  —  rVPco.  In  the  clinodiagonal  principal  section 
ooP  :  o=P  =  78°  20';  +P  :  +P  =  91°  53';  -P  :  _P  =  120°  30';  further,  oP  : 
ooPoo  =  100°  40';  oP  :  -£Poo  =  155°  32'.  The  crystals  cleave  very  distinctly 
parallel  to  coPoo  (Marignac,  Jahresber.  1857,  p.  125).  When  heated  they  quickly 
become  opaque  and  give  off  water,  becoming  completely  anhydrous  at  240°  (Mill  on). 
At  a  red  heat,  the  salt  suffers  decomposition  and  leaves  pure  magnesia. 

lodate  of  Manganese,  Mn(I03)2,is  best  obtained  by  precipitating  a  concentrated 
solution  of  acetate  of  manganese  with  iodate  of  sodium.  It  is  pale  red,  soluble  in 
200  pts.  of  water,  and  when  ignited  leaves  pure  manganoso-manganic  oxide.  According 
to  Berzelius,  it  contains  1  at.  water  [Mn(I08)-.H*0]. 

lo dates  of  Mercury. — 1.  Mercuric  lodate.  Produced  by  digesting  recently  pre- 
cipitated mercuric  oxide  in  iodic  acid.  It  is  a  white  anhydrous  powder,  insoluble  in 
water,  but  dissolving  easily  in  hydrochloric  acid,  with  evolution  of  chlorine.  The 
solution  mixed  with  stannous  chloride  yields  a  red  precipitate  of  mercuric  iodide,  which 
by  the  further  action  of  the  tin-salt  is  reduced  to  yellow  mereuroso-mercuric  iodide 
Mercuric  iodate  when  heated  gives  off  oxygen  and  is  converted  into  iodide. 

2.  Mercurous  lodate,  Hg'2(IOs)2. — A  solution  of  mercurous  nitrate  rendered  as 
neutral  as  possible,  yields  with  iodate  of  sodium  a  white  precipitate,  which  is  dissolved 
by  hydrochloric  acid,  with  evolution  of  chlorine,  and  yields  a  solution  from  which  am- 
monia throws  down  iodide  of  nitrogen.  It  dissolves  with  difficulty  in  nitric  acid,  and 
is  completely  volatilised  by  heat,  being  at  the  same  time  resolved  into  mercuric  iodide, 
mercury  and  oxygen. 

lodate  of  Nickel,  Ni(I03)2.H20. — Obtained  by  dissolving  recently  precipitated 
hydrate  of  nickel  in  iodic  acid,  or  by  evaporating  to  dryness  a  solution  of  1  pt.  sulphate 
of  nickel  and  1^-  pt.  iodate  of  sodium,  and  dissolving  out  the  sulphate  of  sodium  from 
the  residue  with  water.  From  a  hot-saturated  solution,  it  separates  as  a  light-green 
crystalline  powder.  It  dissolves  in  77^  pts.  of  boiling  and  120|pts.  of  cold  water. 
When  ignited,  it  leaves  pure  oxide  of  nickel.  Ammonia  dissolves  it  readily,  forming  a 
blue  liquid,  from  which  alcohol  throws  down  blue  crystals,  or  a  crystalline  powder,  con- 
sisting of  iodate  of  nicM-diammonium,  Ni(I03)2.4NH3  =  I206.N2  j N2?KNl". 

lodatcs  of  Potassium. — 1.  Mono-iodate  or  Normal  lodate.  This  salt  is  prepared: 
1.  By  adding  iodine  to  solution  of  potash  till  a  brown  colour  is  produced,  evaporating  to 
dryness,  and  dissolving  out  the  iodide  of  potassium  formed  at  the  same  time  with 
alcohol  of  specific  gravity  0-81 : 

6KHO   +   I6     =     KIO3  +   5KI   +   3H20. 

Should  the  iodate  thus  obtained  contain  carbonate  of  potassium,  the  latter  must  be 
decomposed  by  acetic  acid,  the  whole  evaporated,  and  the  acetate  of  potassium  removed 
by  alcohol. 

2.  By  dissolving  trichloride  of  iodine  in  potash,  the  products  being  iodate,  iodide  and 
chloride  of  potassium : 

12KHO   +   3IC18     =     2KI03  +   9ZC1  +   KI  +   6H20. 

The  iodide  and  chloride  are  dissolved  out  by  alcohol,  as  in  the  former  process,  but  the 
latter,  being  less  soluble,  is  more  difficult  to  remove. 

3.  By  melting  iodide  of  potassium  in  a  crucible,  leaving  it  to  cool  till  it  becomes 
semifluid,  and  then  gradually  adding  l£  pts.  chlorate  of  potassium.    The  mass  becomes 
fluid,  swells  up,  and  solidifies  to  a  spongy  mass  of  iodate  and  chloride  of  potassium. 
It  is  dissolved  in  hot  water,  the  iodate  left  to  crystallise,  the  crystals  redissolved  in  hot 
water  and  the  iodate  precipitated  by  alcohol. 

Mono-iodate  of  potassium  forms  small  white  cubic  crystals  (Gay-Lussac); 
coOoo  .  ooO  (Marignac),  but  it  is  not  easy  to  obtain  distinct  crystals.  Specific 
gravity  3'979  (water  at  17-5°  =  1)  (Kremers).  It  dissolves  in  13  pts.  water  at  14° 
(Gay-Lussac);  in  19-02  pts.  water  at  0' 5°,  in  14-85  pts.  at  9'4°,  in  10-77  pts.  at 
22-2°,  in  5-95  pts.  at  45-8°,  and  in  3-67  pts.  at  69'2°.  An  aqueous  solution  of  specific 
gravity  1'0741  at  19-5°  contains  9'08  pts.  KIO3,  for  every  100  pts.  water.  The 
saturated  aqueous  solution  boils  at  102°  (Kremers,  Pogg.  Ann.  xciv.  271 ;  xcv.  121 ; 
xcvii.  5).  More  soluble  in  aqueous  iodide  of  potassium  than  in  water.  Insoluble  in 
alcohol  of  specific  gravity  0'81.  Soluble  in  warm  sulphuric  acid  without  decomposition 
of  tli  e  iodic  acid.  (Berzelius.) 

At  a  low  red  heat,  the  salt  melts  and  froths  up,  and  is  converted,  with  loss  of 
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22-59  per  cent,  oxygen  into  iodide  of  potassium  (G-ay-Lussac).  If  only  part  of  the 
oxygen  is  expelled,  the  residue  consists  of  iodide  and  iodate,  without  any  periodate 
(Earn  me  Is  berg).  It  deflagrates  with  a  purple  light  on  glowing  charcoal. 

The  aqueous  solution  exhibits  with  sulphydric  acid  and  other  reducing  agents,  the 
reactions  already  described  for  iodates  in  general  (p.  301).  From  a  solution  of  the 
salt  mixed  with  iodide  of  potassium,  the  stronger  acids  precipitate  iodine.  With 
strong  hydrochloric  acid,  it  yields  water,  free  chlorine,  and  chloride  of  iodine  and 
potassium:  gjQs  +  6HC1  =  3H20  +  C1,  +  KIC14< 


A  solution  of  iodate  of  potassium  in  excess  of  boiling  nitric  acid  yields  crystals  of 
iodic  acid  on  cooling,  while  nitre  remains  in  solution  ;  if  however  it  is  evaporated  to 
dryness,  one  half  the  nitre  formed  is  decomposed,  and  there  remains  a  mixture 
of  1  atom  of  nitrate  and  1  atom  of  di-iodate  of  potassium.  When  greater  heat  is 
applied,  all  the  nitric  acid  is  decomposed  into  pernitric  oxide  and  oxygen,  and  driven 
off,  so  that  the  residue  consists  merely  of  iodate  of  potassium.  (Penny,  Ann.  Ch. 
Pharm.  xxxvii.  203.) 

Double-salt  of  Iodate  and  Acid  Sulphate  of  Potassium,  KIO'.KHSO4.—  This  salt 
separates  after  the  tri-iodate  (p.  305)  from  a  solution  of  the  mono-iodate  mixed  with 
sulphuric  acid.  It  was  first  obtained  by  Serullas  (Ann.  Ch.  Phys.  [2]  xliii.  113), 
who  regarded  it  as  a  compound  of  the  di-iodate  with  anhydrous  di-sulphate  of 
potassium.  Millo  n  (Ann.  Ch.  Phys.  [3]  ix.  497)  supposed  it  to  be  a  compound  of  mono- 
iodate  and  monosulphate  of  potassium,  2KI03.K2S04.  The  formula  above  given  was 
determined  by  Marignac  (Ann.  Min.  [5]  ix.  1),  who  obtained  it  of  the  same  com- 
position, even  when  the  proportions  between  the  sulphuric  acid,  iodic  acid  and 
potash  in  the  solution  were  varied.  The  crystals  are  monoclinic,  exhibiting  the 
combination  coP.  o>P2  .  ooP3  .  ooPoo  .  oP  .  —  P  .  —  P2  .  —Poo  .  +Poo  (predominating 
at  the  ends)  4-  3Pco  .  (Poo  )  .  (iPoo  ).  Angle  ooP  :  ooP  in  the  clinodiagonal  principal 
section  =  54°  53';  o>P2  :  ooP2"  in  the  same  =  92°  10';  oP  :  ooP  =  91°  29';  oP  : 
ooPoo  =  93°  14'  ;  ooPoo  :  +  Poo  =  115°  50';  ooPoo  :  -Pco  «=  120°  42'  (Marignac). 
When  heated  to  redness,  they  give  off  oxygen  and  iodine  and  leave  sulphate  and  iodide 
of  potassium. 

Di-iodate,  2KIOS.I805  or  K20.2I205.—  Obtained—  1.  By  mixing  the  aqueous  solu- 
tion of  the  mono-iodate  with  hydrochloric  acid,  and  precipitating  with  alcohol.  —  2.  By 
partially  saturating  an  aqueous  solution  of  trichloride  of  iodine  with  caustic  potasli  or 
carbonate  of  potassium,  whereupon  the  mixture  becomes  heated,  and  on  cooling 
deposits  a  compound  of  the  di-iodate  with  chloride  of  potassium  (the  mother-liquor 
saturated  with  potash  still  yields  the  mono-iodate).  The  solution  of  this  compound, 
largely  diluted  with  water,  and  evaporated  in  the  air  at  25°,  yields  the  di-iodate  in 
beautiful  transparent  right  rhombic  prisms,  with  dihedral  summits,  having  a  sour, 
astringent  taste,  and  acid  reaction. 

According  to  Marignac  (Jahresb.  1856,  p.  297),  the  crystals  contain  K20.2F05.H20, 
and  exhibit  three  essentially  different  forms,  one  trimetric,  the  other  two  monoclinic, 
the  occurrence  of  which  is  independent  of  the  temperature  of  crystallisation.  The 
trimetric  crystals,  which  separate  only  from  solutions  containing  a  small  quantity 
of_  the  mono-iodate,  exhibit  chiefly  the  combination  ooP  .  oo£co  .  ooPco  .  oP  .£P  .  £P  . 
iPoo  .  £Pco  .  Angle  ooP  :  ooP  =  82°  10'  ;  P  :  P  in  the  macrodiagonal  principal  section  = 
87°  10';  in  the  brachydiagonal  =  101°  40';  oP:  P  =  106°  4';  oP  :  fPoo  - 
127°  23';  oP:|Poo  =  146°  48'.  No  cleavage.  According  to_Schabus  (Jahresber. 
1854,  p.  310),  the  combination  is  oP  (predominant)  .  P  .  §P  .  Pco  .  |Poo  .  ooP  .  ooPoo  . 
ooPoo  .  For  P,  the  ratio  of  principal  and  secondary  axes  is  1  :  0-8973  :  0'7819.  Angles 
P  :  P  in  the  the  terminal  edges  =  111°  13'  and  121°  2'  ;  in  the  lateral  edges  =  97°  2'  ; 
ooP  :  ooP  =  82°  4'.  Cleavage  imperfect  parallel  to  oP.  —  The  second  form,  which  is 
monoclinic,  separates,  according  to  Marignac,  chiefly  from  solutions  containing  a  slight 
excess  of  acid.  According  to  Schabus,  the  predominant  combination  is  ooP2  .  ooPoo  . 
oP  .  -f  P  .  —P.  The  principal  axis,  clino-  and  ortho-diagonals,  are  in  the  proportion 
1  :  1*7307  :  0-8627.  Angle  of  the  inclined  axes  =  87°  16'.  ooP2  :  ooP2  in  the  clino- 
diagonal principal  section  =  78°  48'  ;  oP  :  -P  =  129°  22';  oP  :  +P  =  128°  9'.  The 
crystals  are  often  joined  as  twins,  the  face  of  combination  being  apparently  parallel 
to  +  £Poo  .  Marignac  has  also  measured  these  crystals,  viewing  them  in  a  different 
direction,  so  that  the  faces  oP,  coPoo  coP2,  &c.  in  the  preceding  determination,  become 
respectively  ooPoo  ,  oP,  (iPco  ),  &c.  in  that  of  Marignac.  Kegarded  thus,  the  crystals 
exhibit  the  faces  oP  .  <xPa>  .  ooP2  .  —  P  .  (Pco  )  .  (£Pco  ),  with  several  subordinate  clino- 
diagonal domes  and  hemipyramids.  ooP2  :  coP2  in  the  clinodiagonal  principal  section 
=  120°  17';  -P  :  -Pin  the  same  =  87°  48';  oP  :  (P»  )  =  110°  53';  oP  :  (£Poo  )  i  = 
127°  20';  oP  :  ooPoo  =  91°  56'.  The  crystals  are  almost  always  intersecting  twins, 
with  the  face  of  combination  —Poo  ;  rarely  contact-twins  joined  by  the  face  oP.  Cleavage 
parallel  to  oP.  —  The  third  form,  which  accompanies  the  other  two,  is  also  monoclinic, 
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the  crystals  being  mostly  aggregated,  and  exhibiting  the  combination  oP  .  ooP  .  +  Poo . 
—  Poo .  —  Ipoo  .  (Poo  )  .  (2Poo  ) .  —P.  Angle  coP  ;  ooP  in  the  clinodiagonal  principal 
section  =  99°  30';  oP  :  -P  =  122°;  oP  :  ooP  =  96°  40';  oP  :  -Poo  =  129°  28'; 
oP  :  +  Poo  =  1 1 7°  1 6'  (M  ar  i g n  a  c).  Kanimelsberg,  who  formerly  regarded  the  crystals 
as  anhydrous,  found,  by  a  later  determination  (Jahresb.  1857,  p.  125),  that  they  contain 
2(K2q.2F05).3H-0  [?  in  which  form]. 

Di-iodate  of  potassium  is  soluble  in  75  pts.  water  at  15°,  insoluble  in  alcohol 
(Serullas).  When  heated,  it  gives  off  oxygen  and  vapour  of  iodine,  and  is  converted, 
first  into  the  mono-iodate,  then  into  iodide.  It  deflagrates  on  glowing  charcoal. 

A  double  salt,  consisting  of  di-iodate  and  chloride  of  potassium,  2KC1.2KI03.I205,  is 
obtained  when  an  aqueous  solution  of  trichloride  of  iodine  is  not  quite  saturated  with 
potash,  and  the  solution  is  left  to  evaporate : 

4KHO    +    8IC13   +    7H20      =     (2KC1.2KIO».F05)   +    4IC1   +    18HC1; 
or  by  heating  mono-iodate  of  potassium  with  dilute  hydrochloric  acid : 
4KI03   +   2HC1     =     (2KC1.2KI03.P05)   +  H20. 

It  forms  shining  transparent  prisms  and  elongated  four-sided  tables  with  truncated 
terminal  edges  (Serullas,  Ann.  Ch.  Phys.  [2]  xliii.  121).  According  to  Mill  on 
(ibid.  [3]  ix.  407)  and  Marignac  (Jahresb.  1856,  p.  298)  the  crystals  contain  1  at. 
water.  According  to  Kammelsberg  (Pogg.  Ann.  xcvii.  92),  who  also  finds  them  to 
be  anhydrous,  they  are  trimetric,  exhibiting  the  combination  ooP  .  ooPoo  .  ooPoo  .  Poo  . 
£Poo  .  oP  .  P2.  Angle  ooP  :  ooP  in  the  macrodiagonal  principal  section  =  82°  8'; 
Poo  :  Poo ,  in  the  same  =  97°  0';  fPoo  :  ipoo ,  in  the  same  =  132°  16'.  Proportion  of 
brachydiagonal,  macrodiagonal,  and  principal  axis  =  0'8713  :  1  :  0'7709.  The  crystals 
are  efflorescent,  soluble  in  19  pts.  water  at  15°  (Serullas).  Cold  alcohol  dissolves  out 
the  chloride  of  potassium,  leaving  the  di-iodate.  (Filhol,  J.  Pharm.  xxv.  506.) 

Di-iodate  with  Di-sulphate  of  Potassium,  K2S207.K2I20U  ?— This,  according  to 
Serullas,  is  the  composition  of  the  double  salt  obtained,  after  the  separation  of  the 
tri-iodate,  when  a  solution  of  the  mono-iodate  is  mixed  with  sulphuric  acid.  But, 
according  to  Millon  and  Marignac,  this  salt  contains,  not  the  di-iodate,  but  the  mono- 
iodate  of  potassium  (p.  303). 

Tri-iodate,  2KI03.2I205  or  K20.3F05.-This  salt  is  obtained  by  mixing  aqueous 
iodic  acid  with  a  small  quantity  of  potash,  or  by  adding  a  solution  of  the  mono-  or 
di-iodate  to  aqueous  sulphuric,  phosphoric,  hydrochloric,  nitric,  or  silicic  acid.  When 
a  solution  of  the  mono-iodate  is  heated  with  a  large  excess  of  dilute  sulphuric  acid, 
and  left  to  evaporate  at  25°,  the  tri-iodate  crystallises  out,  leaving  in  solution  a 
compound  of  iodate  and  acid  sulphate  of  potassium. 

The  tri-iodate  forms  large  transparent  crystals — triclinic,  according  to  Rammelsberg 
and  Marignac— which,  even  when  free  from  sulphuric  acid,  assume  a  reddish  colour 
after  a  while.  According  to  Serullas  and  Kammelsberg,  they  are  anhydrous ;  according 
to  Millon  and  Marignac,  they  contain  2  at.  water:  K'0.3I20S.2H20.  The  salt  when 
melted  gives  off  f  of  its  iodine,  leaving  iodide  of  potassium.  It  dissolves  in  25  pts. 
water  at  15°.  (Serullas,  Ann.  Ch.  Phys.  [2]  xliii.  117.) 

Basic  Iodate  1 — According  to  Gay-Lussac,  a  solution  of  the  mono-iodate  mixed  with 
potash  deposits  a  salt  containing  excess  of  potash;  but,  according  to  Rammelsberg, 
nothing  but  the  mono-iodate  crystallises  out. 

Iodate  of  Silver,  AglO3,  obtained  by  precipitating  nitrate  of  silver  with  iodic 
acid  or  iodate  of  sodium,  is  white,  insoluble  in  water,  nearly  insoluble  in  dilute  nitric 
acid,  easily  soluble  in  ammonia,  the  solution  yielding  by  spontaneous  evaporation,  pure 
iodate  of  silver  in  monoclinic  crystals,  which,  according  to  Marignac  (Ann.  Min.  [5] 
ix.  1),  exhibit  the  faces  ooP  .  ooPoo  ,  inclined  to  one  another  at  an  angle  of  127|°,  and 
a  number  of  other  faces  at  the  ends  of  the  prism,  extending  in  a  direction  parallel  to 
the  orthodiagonal.  Sulphurous  acid  passed  into  the  solution  of  the  salt  in  ammonia, 
is  converted  into  sulphuric  acid,  and  throws  down  iodide  of  silver.  Hydrochloric  acid 
decomposes  it  readily,  yielding  chloride  of  silver,  chloride  of  iodine,  and  free  chlorine. 

lodates  of  Sodi urn,—  The  mono-iodate,  NalO3  or  Na2O.I205,  is  obtained:  1.  By 
passing  chlorine  gas  to  saturation  through  10  pts.  of  water  containing  1  pt.  of  iodine 
diffused  tnrough  it ;  neutralising  the  liquid  with  carbonate  of  sodium ;  passing  chlorine 
again  through  it,  in  order  to  dissolve  the  iodine  thus  thrown  down  ;  again  neutralising 
with  the  carbonate ;  redissolving  the  iodine  thus  separated  by  means  of  chlorine,  and 
so  on.  The  liquid  is  then  evaporated  to  ^th  its  bulk,  mixed,  while  still  warm,  with 
half  its  volume  of  alcohol,  and  the  compact  crystalline  mass,  consisting  of  eight-sided 
prisms,  produced  on  cooling,  is  freed  from  adhering  chloride  of  sodium  by  washing 
with  alcohol  (Liebig,  Pogg.  Ann.  xxiv.  362).  An  excess  of  carbonate  of  sodium  must 
be  avoided;  otherwise,  basic  periodate  of  sodium  will  be  formed  (Magnus  and 
Ammermuller).  According  to  Duflos  (Schw.  J.  Ixii.  390),  the  addition  of  alcohol 
i.s  unnecessary,  as  the  less  soluble  iodate  can  be  separated  from  the  chloride  of  sodium 
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by  crystallisation. — 2.  By  partially  saturating  aqueous  trichloride  of  iodine  with  caustic 
soda  or  carbonate  of  sodium,  precipitating  with  alcohol,  washing  the  precipitate  with 
the  same  liquid,  and  recrystallising  from  hot  water.  (Serullas.) 

Mono-iodate  of  sodium  separates  from  an  aqueous  solution  left  to  evaporate  in  mode- 
rately warm  air  (Ramm  els  berg),  or  from  a  hot  concentrated  solution  on  cooling 
(Penny),  in  crystals  containing  I  at.  water:  NaI03.HvO.  This  hydrate  forms  tufts  of 
fine  silky  needles,  which,  if  the  temperature  falls  below  5°,  while  they  are  still  immersed 
in  the  liquid,  are  converted  into  the  pentahydrated  crystals.  They  give  off  all  their 
water  at  180  (Rammelsberg,  Penny).  The  pentahydrated  salt,  NaI03.5H'0, 
obtained  by  spontaneous  evaporation  below  5°,  forms  octagonal  prisms  of  the  trimojtric 
system,  with  pyramidal  summits,  the  combination  being  ooP  .  oof  oo  .  ooPoo  .  P,  with  Poo 
subordinate.  Axes  a  :  b  :  c  =  0*9534  :  1  :  0*6607  (ii.  144).  Angles  P  :  P  in  the  ter- 
minal edges  =  119°  56'  and  123°  30';  in  the  lateral  edges  =  87°  30';  ooP :  ooP  =  92°  45' 
and  87°  15'.  The  crystals  are  prismatically  elongated  in  the  direction  of  the  principal 
axis,  the  faces  ooP  being  almost  always  unequally  developed.  When  exposed  to  the  air, 
they  give  off  4  at.  water  and  are  converted  into  the  monohydrated  salt  (Rammelsberg, 
Pogg.  Ann.  xliv.  548  ;  xc.  12).  According  to  Mi  11  on  (Ann.  Ch.  Phys.  [3]  ix.  400), 
crystals  containing  2,  3,  6,  and  8  at.  water  are  also  obtained,  under  special  circumstances. 
Penny  (Ann.  Ch.  Pharm.  xxxvii.  203),  by  cooling  a  somewhat  dilute  solution,  obtained 
crystals  containing  NaI03.3H*0. 

The  anhydrous  salt,  obtained  by  drying  the  crystals  at  150°,  dissolves  in  13*8  pts.  of 
water  at  14-5°,  but  is  insoluble  in  alcohol  (Gay-Lussac).  According  to  Kremera 
(Pogg.  Ann.  xcvii.  5,  8),  it  dissolves  in  3975  pts.  water  at  0°,  in  11-03  pts.  at  20°,  in 
6-95  pts.  at  40°,  in  479  pts.  at  60°,  in  3-61  pts.  at  80°,  and  in  2'95  pts.  at  100°.  The 
saturated  solution  boils  at  102°.  A  solution  of  specific  gravity  1-0698  at  19-5  contains 
8-13  pts.  of  the  anhydrous  salt  for  every  100  pts.  of  water.  (Kremers,  Pogg.  Ann. 
xcix.  444.) 

Mono-iodate  of  sodium  melts  when  heated,  and  while  still  below  redness,  gives  off 
24*45  per  cent,  oxygen,  together  with  iodine,  leaving  a  mixture  of  iodide  of  sodium 
and  soda  (Gay-Lussac).  According  to  Liebig,  it  leaves  a  hypo-iodite  of  sodium, 
containing  2Na2O.FO  or  Na4I2Os;  when  heated  to  redness,  it  yields  24-21  per  cent,  of 
oxygen,  and  7579  of  iodide  of  sodium  (Benckiser).  It  detonates  on  glowing  char- 
coal, and  slightly  when  mixed  with  sulphur  and  struck  (Gay-Lussac).  It  is  decom- 
posed by  concentrated  hydrochloric  acid  into  water,  chlorine,  and  a  yellow  liquid, 
which  probably  contains  trichloride  of  iodine  and  sodium,  NaCl.ICl8,  but  does  not 
yield  this  compound  in  a  crystalline  form  (Filhol,  J.  Pharm.  xxv.  440).  Heated  with 
a  little  nitric  acid,  it  yields  di-iodate,  and  with  a  larger  proportion,  tri-iodate  of  sodium 
in  the  anhydrous  state  (Penny).  When  dissolved  hot  in  a  mixture  of  equal  quantities 
of  sulphuric  acid  and  water,  it  gives,  by  evaporation,  crystals  which,  when  plactd  on 
bibulous  paper  and  nearly  dry,  become  all  at  once  fluid  and  tenacious.  (Liebig.) 

Double  Salts  of  Mono-iodateof  Sodium.— l.With6ro7nzWeo/5o^ww,2NaBr.NaIOs.9H20. 
— Obtained  by  dissolving  the  iodate  in  a  hot  strong  solution  of  bromide  of  sodium.  It 
crystallises,  by  cooling  or  spontaneous  evaporation,  in  aggregations  of  extremely  fine, 
colourless,  transparent,  six-sided  laminae,  apparently  rhombohedral  combinations.  It 
is  easily  soluble  in  water.  When  heated,  it  gives  off  a  large  quantity  of  water,  melts, 
gives  off  oxygen  mixed  with  iodine,  and  leaves  a  mixture  of  bromide  and  iodide  of 
sodium.  Two-thirds  of  the  water  is  given  off  over  sulphuric  acid,  (Rammelsberg, 
J.  pr.  Chem.  Ixxxv.  436;  Rep.  Chim.  pure,  1862,  p.  251.) 

2.  With  Chloride  of  Sodium,  3NaC1.2NaI03.9H2O.— (1.)  When  chlorine  is  passod 
through  a  solution  of  iodate  of  sodium  mixed  with  a  rather  large  quantity  of  caustic  soda 
as  long  as  basic  periodate  of  sodium  (p.  310)  continues  to  separate,  the  decanted  liquid, 
when  left  at  rest,  deposits  crystals  of  chloride  of  sodium,  first  combined  with  iodate  of 
sodium,  then  by  itself,  and  afterwards  mixed  with  chlorate  of  sodium. — (2.)  The  mother- 
liquor  obtained  in  the  second  mode  of  preparing  mono-iodate  of  sodium  (see  above) 
deposits,  at  a  higher  temperature  and  greater  degree  of  concentration,  crystals  of  the 
compound  of  iodate  and  chloride.  The  crystals,  which  are  large,  colourless,  and 
often  transparent,  belong  to  the  triclinic  system,  and  are  sometimes  triclinic  pyra- 
mids having  all  their  edges  and  summits  truncated,  frequently,  also,  modified  by 
various  pyramidal  faces.  They  also  form  twins  joined  by  the  basal  end-faces,  and 
giving  the  crystal  a  tabular  character.  The  axes  a,  b,  c  of  the  pyramid  (c  being  the 
principal  axis)  are  to  one  another  as  1'1309  :  1  :  1-1043J3.  The  inclinations  of  the 
principal  sections  are  by  direct  measurement,  ooPoo :  ooPoo  =  97°  16';  oP :  ooJPoo  = 
104°  0';  oP :  ooPoo  =  100°  63'.  Inclinations  of  the  axes,  by  calculation,  b  :  c  => 
102°  57';  a  :  c  =  99°  9';  a  :  b  =  94°  56'.  The  crystals  are  not  efflorescent,  but  when 
heated,  they  give  off  their  water,  and  melt  to  a  clear  liquid  which  gives  off  nothing  but 
oxygen  gas,  and  when  very  strongly  heated,  leaves  a  mixture  of  iodide  and  chloride  of 
Sodium.  Water  extracts  the  chloride  of  sodium,  leaving  the  iodate  with  1  at.  water. 
, Pogg.  Ann.  xliv.  548:  cxv.  584.) 


PERIODIC   ACID.  307 

3.  With  Iodide  of  Sodium,  NaI.NaIO8.10H2O  (Mitscherlich) ;  3NaI.2NaI(K 
19H-0  (Penny);  3NaI.2NaIO3.20H-0  (Marignac)  —  This  compound,  discovered  by 
Mitscherlich  (Pogg.  Ann.  xi.  162;  xvii.  481),  is  obtained  by  dissolving  iodine  in  a, 
cold  and  not  very  concentrated  aqueous  solution  of  caustic  soda  (or  the  carbonate, 
according  to  Penny)  till  it  begins  to  turn  brown,  then  leaving  it  in  a  cold  place  till  it 
crystallises.  Prisms  of  pure  iodate  of  sodium  then  first  appear,  but  afterwards  redis- 
solve,  and  are  replaced  by  this  compound  (Mitscherlich).  The  same  crystals  are 
produced  in  a  few  days  by  immersing  crystals  of  iodate  of  sodium  in  a  strong  solution 
of  the  iodide,  and  leaving  the  liquid  to  itself  at  a  temperature  not  above  15°  (Penny, 
Ann.  Ch.  Pharm.  xxxvii.  202).  The  crystals  are  hexagonal  tables,  oR  .  ooK,  with 
+  R,  -  £R  and  other  faces.  Angle  oR  :  R  =  115°  T  ;  oR:  -  £R  =  133°  10 
'Marignac,  Jahresb.  1857,  p.  124).  When  heated  they  first  give  off  water,  then 
oxygen,  with  a  trace  of  iodine.  Cold  water  dissolves  them  without  decomposition,  but 
alcohol  dissolves  the  iodide  of  sodium,  leaving  the  iodate. 

Acid  lodates  of  Sodium. — When  an  aqueous  solution  of  trichloride  of  iodine  is  mixed, 
first  with  mono-iodate  of  sodium,  then  with  alcohol,  the  di-iodate  separates  out,  but 
this  salt,  if  dissolved  in  water  and  evaporated,  yields  crystals  of  the  mono-iodate,  and 
an  acid  mother-liquor  (Serullas,  Ann.  Ch.  Phys.  xlv.  59).  By  evaporating  also  a 
mixture  of  the  iodate  with  excess  of  iodic  acid,  the  neutral  salt  crystallises  out  first, 
and  then  the  iodic  acid  (Rammelsberg).  Penny  obtained  a  di-acid  and  tri-acid 
salt,  by  treating  the  mono-iodate  with  nitric  acid. 

Iodate  of  Tin. — Iodate  of  sodium  forms,  with  dichloride  of  tin,  a  precipitate  which 
is  white  at  first,  but  soon  turns  yellow,  brown  and  grey,  yielding  tetrachloride  and  di- 
oxide of  tin  and  free  iodine. 

lodates  of  Uranium.— The  uranic  salt,  U20S.I205.5H20  or  (U202)"(IOS)2.5H-0, 
is  obtained,  by  double  decomposition,  as  a  yellow  precipitate  which  dissolves  with  diffi- 
culty in  nitric  acid,  leaves  uranoso-uranic  oxide  when  ignited,  and  is  decomposed  by 
potash.  Uranous  iodate  is  obtained  by  precipitation  from  uranous  chloride,  as  a 
greyish-green  s\ibstance,  which  soon  decomposes,  being  partially  converted  into  the 
uranic  salt. 

Iodate  of  Yttrium. — Precipitable  from  concentrated  solutions ;  remains  as  a  crys- 
talline crust  on  evaporation.  It  is  anhydrous,  dissolves  in  160  pts.  water,  and  when 
suddenly  heated,  decomposes  with  explosion  and  deflagration. 

Iodate  of  Zinc,  Zn(I03)a.2H20. — To  prepare  this  salt,  a  solution  of  sulphate  of 
zinc  and  iodate  of  sodium  in  eqxiivalent  proportions  is  evaporated  to  dryness,  and  the 
resulting  sulphate  of  sodium  is  dissolved  out  by  water.  Iodate  of  zinc  then  remains 
as  a  white  powder,  soluble  in  75-9  pts.  of  hot,  and  113'8  pts.  of  cold  water,  soluble  also 
in  nitric  acid  and  in  ammonia.  The  ammoniacal  solution  yields  by  spontaneous  eva- 
poration, or  on  addition  of  alcohol,  a  crystalline  salt  consisting  of  3Zn(I03)2.8NHs  or 
3(N2H6Zn)(I03)2.2NHs.  It  is  decomposed  by  water,  with  separation  of  oxide  of  zinc. 

Iodate  of  zinc  leaves  oxide  of  zinc  when  ignited. 

Periodic  Acid,  Anhydride  and  Salts. 

Periodic  or  Hyperiodic  acid.  HIO4  or  H2O.I207,  or  according  to  Langlois, 
H5I06  or  5H2O.I207.  (Magnus  and  Ammermuller,  Pogg.  Ann.  xxviii.  514. — 
Benckiser.  Ann.  Ch.  Pharm.  xvii.  254.— Langlois,  Ann.  Ch.  Phys.  [3]  xxxiv.  257; 
Jahresb.  1852,  p.  345.) -This  acid,  which  was  discovered  by  Magnus  and  Ammer- 
muller (Pogg.  Ann.  xxviii.  514),  is  produced,  in  the  form  of  a  disodic  salt,  by  the 
action  of  chlorine  on  a  solution  of  iodate  of  sodium  mixed  with  carbonate  of  sodium  or 
caustic  soda : 

NaIOs   +    3NaHO   +   Cl2     =     Na2H3IOa   +   2NaCl. 
Sodic  Disodic 

iftdate.  periodate. 

A  good  method  of  preparing  it  is  to  add  1  pt.  of  iodine  to  a  solution  of  7  pts.  carbonate 
of  sodium  in  100  pts.  water,  and  pass  chlorine  into  the  heated  liquid  as  long  as  a  preci- 
pitate continues  to  form.  This  precipitate,  which  consists  of  disodic  periodate,  is  dis- 
solved in  nitric  acid  perfectly  free  from  nitrous  acid  ;  nitrate  of  silver  is  then  added ; 
the  resulting  yellow  precipitate  of  diargentic  periodate  is  dissolved  in  hot  dilute  nitric 
acid ;  and  the  solution  is  concentrated  at  a  moderate  heat,  till  the  monargentic  per- 
iodate, AglO4,  crystallises  out;  this  salt,  separated  from  the  mother-liquor,  is  treated 
with  cold  water,  which  extracts  half  the  periodic  acid,  reproducing  the  diargentic  per- 
iodate ;  and  the  filtered  solution  is  evaporated :  pure  periodic  acid  then  crystallises 
out  (Magnus  and  Ammermuller).  Another  method  is  to  precipitate  the  solution 
of  the  disodic  salt  in  nitric  acid  with  nitrate  of  lead,  decompose  the  precipitate  of  per- 
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iodate  of  lead  with  somewhat  less  than  an  equivalent  quantity  of  dilute  sulphuric  acid, 
and  concentrate  the  filtrate  by  evaporation  (Benckiser).  According  to  Langlois, 
however,  the  acid  thus  obtained  is  always  contaminated  with  iodic  acid. 

The  acid  may  likewise  be  obtained  by  igniting  iodate  of  barium,  which  then  gives 
off  iodine  and  oxygen,  and  is  converted  into  pentabasic  periodate  of  barium — and  decom- 
posing that  salt  with  sulphuric  acid.  But  this  method  is  not  advantageous,  because 
a  considerable  portion  of  the  iodic  acid  is  completely  resolved  by  the  heat  into  iodine 
and  oxygen. 

The  iodates  of  the  alkali-metals  give  off  the  whole  of  their  oxygen  when  heated, 
and  are  converted  into  iodides;  consequently  periodic  acid  cannot  be  prepared  in  the 
same  manner  as  perchloric  acid  (i.  910). 

Periodic  acid  separates  from  its  aqueous  solution  by  evaporation,  at  a  gentle  heat, 
in  colourless  crystals,  apparently  having  the  form  of  oblique  rhombic  prisms,  which 
deliquesce  quickly  in  moist  air,  melt  at  130°,  and  at  160°  give  off  their  water,  leaving 
a  white  mass  of  periodic  anhydride,  I'-'O7,  which,  at  180°  or  190°,  gives  off  oxygen 
with  great  rapidity,  leaving  iodic  anhydride  (Benckiser).  The  crystals  are  rhombic 
prisms,  having  the  composition  H5I06  =  HI04.2H20  or  5IPO.P07.  They  melt  at 
130°,  and  between  200°  and  210°,  give  off  5  at.  water  and  2  at.  oxygen,  and  are 
reduced  to  iodic  anhydride,  PO5,  which  at  a  higher  temperature  is  completely  resolved 
into  iodine  and  oxygen.  (Langlois.) 

Periodic  acid  dissolves  very  easily  in  water,  sparingly  in  alcohol  and  in  ether,  in 
which  solutions  it  is  slowly  reduced  to  iodic  acid.  It  is  likewise  reduced  by  many 
other  organic  substances,  and  instantly  by  hi/drochloric,  sulphurous,  or  sulphydric  acid. 
With  hydrochloric  acid  it  forms  water,  chloride  of  iodine,  and  free  chlorine.  Sulphur 
is  not  oxidised  by  it ;  but  phosphorus  is  partly  converted  into  phosphoric  acid — for 
the  most  part,  however,  into  oxide  of  phosphorus.  Metals  are  oxidised  by  the  solution, 
forming  basic  periodates.  It  forms  a  precipitate  with  tannic  acid,  a  reaction  which 
distinguishes  it  from  iodic  acid.  The  precipitate  dissolves  in  potash  and  in  ammonia, 
with  dark  red  colour,  arising  from  the  oxidation  of  the  tannic  acid,  the  iodine  at 
the  same  time  uniting  with  the  alkali-metal.  (Langlois.) 

Periodates. — Periodic  acid  is  generally  regarded  as  monobasic,  like  perchloric 
acid,  the  formula  of  its  normal  salts  being  MIO4  or  M'-'O.PO7.  Only  four  of  these 
anhydrous  monometallic  periodates  are  however  known,  namely  those  of  ammonium, 
potassium,  sodium,  and  silver.  All  other  periodates  contain  a  larger  proportion  of 
base,  and  may  be  derived  from  the  crystallised  acid  H5I08,  regarded  as  HI04.2IPO, 
by  the  replacement  of  the  water  of  crystallisation  by  a  metallic  oxide  or  hydrate, 


HIO4 
(NH4)I04 
NalO4 
PbIO« 
CuIO4 
BalO4 


IPO 

IPO 

NaHO 

Pb20 

Cu20 

Ba20 


IPO  Periodic  acid. 

H20  Mono-ammonic  periodate. 

IPO  Disodic  periodate. 

IPO  Triplumbic  periodate. 

CuHO  Tetracupric  periodate. 

Ba20  Pentabarytic  periodate. 


The  existence  of  the  monohydric  acid  HIO4  must  however  for  the  present  be  regarded 
as  hypothetical,  the  only  hydrate  whose  constitution  has  been  established  by  ana- 
lysis being  the  pentahydric  acid,  IJ5I08,  analysed  by  Langlois;  and  from  this,  regarded 

as  a  pentatomic  molecule,  ^  -rp   [  O5,  the   greater  number  of  the  periodates  may  be 

derived  by  the  partial  or  total  replacement  of  the  hydrogen  by  metals.  The 
anhydrous  periodates  of  potassium,  silver,  and  sodium,  (MIO4)  may  then  be  regarded 
as  metaperiodates.  bearing  to  the  orthoperiodates,  M5I06,  a  relation  similar  to  that  of 
metaphosphoric  to  orthophosphoric  acid.  There  are  a  few  periodates  which  cannot  be 
included  in  either  of  the  preceding  formulae,  viz.  a  barium-salt  containing  5Ba0.2PO7 
or  3Ba0.2BaP08,  a  potassium-salt  containing  2K2O.P07  or  K20.2KI04,  and  a  silver- 
salt  containing  2Ag2O.H2O.P07  or  Ag2O.HI04. 

The  monometallic  periodates  are  resolved  by  heat  into  oxygen  and  metallic  iodide  ; 
the  polymetallic  salts  into  a  mixture  of  iodide  and  oxide  or  reduced  metal.  Most 
ppriodates  are  sparingly  soluble  or  insoluble  in  water,  but  they  all  dissolve  easily  in 
dilute  nitric  acid.  The  solution  of  the  monosodic  salt,  added  to  a  solution  of  a 
barium-,  calcium-,  lead-,  or  silver-salt,  precipitates  the  polymetallic  or  basic  periodates 
of  these  bases,  the  liquid  acquiring  an  acid  reaction. 

Periodate  of  Ammonium,  (NH4)IOV2H*0,  separates  on  mixing  the  solutions  of 
ammonia  and  periodic  acid.  It  dissolves  in  a  large  quantity  of  water,  and  the  solution, 
evaporated  at  a  gentle  heat,  yields  crystals,  apparently  having  the  form  of  rhombic 
prisms.  It  has  an  acid  reaction,  and  explodes  when  heated  in  a  tube.  (Langlois) 

Periodates  of  Barium. — The  monobarytic  salt  is  not  known.     A  pentabarytic  or 
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c  suit.  Ba:'POl<<!  or  oBaO.PO7,  is  obtained  by  igniting  iodate  of  barium  or  a 
mixture  ot%  iodide  and  peroxide  of  barium,  and  dissolving  out  the  iodide  of  barmm  from 
the  residue  with  water.  Its  solution  in  nitric  acid  yields  with  nitrate  of  silver  a  yellow- 
brown  precipitate  of  basic  penodate  of  silver.  (Rammelsberg,  Pogg.  Ann.  xliv.  272.) 

A  salt  containing  half  as  much  base  as  the  last,  viz.  Ba5(IO*)2.I207  or  5Ba0.2P07,  is 
precipitated  by  ammonia  from  the  solution  of  the  pentabasic  salt,  or  from  a  mixture 
of  a  soluble  barium-salt  with  monobasic  periodate  of  sodium  dissolved  in  nitric  acid ; 
also  on  mixing  nitrate  of  barium  with  dibasic  periodate  of  sodium.  The  precipitate 
contains  5  at.  water,  which  are  given  off  at  100°;  by  longer  exposure  to  this  tempera- 
ture, the  salt  is  completely  converted  into  iodate  of  barium.  (Rammelsberg.) 

A  dibarytic  or  dibasic  salt,  BaH3I06  or  2Ba0.3H2O.I-07,  is  obtained  by  adding 
baryta-water  to  a  solution  of  the  corresponding  sodium-salt  mixed  with  a  few  drops  of 
nitric  acid.  It  is  a  white  precipitate  which  decomposes  at  a  red  heat,  yielding  the 
pentabarytic  salt  (Langlois): 

10BaH3I06  =  2Ba5(I06)2  +  I6  +  O21  +  15H20. 

Periodates  of  Calcium. — A  dicalcic  salt,  CaH'IO8  or  2Ca0.3H2O.F07  (at  100°), 
is  obtained  by  decomposing  the  sodium  salt,  NaH4I08,  with  nitrate  of  calcium,  as  a 
white  precipitate,  which  appears  crystalline  under  the  microscope,  and  when  heated 
gives  off  water,  oxygen,  and  iodine,  and  leaves  the  pentacalcic  salt,  CaaPO12  (Langlois). 
The  latter  is  likewise  obtained,  but  mixed  with  lime,  by  igniting  iodate  of  calcium  in  a 
close  vessel. 

Periodate  of  Copper,  Cu2HI06  or  4CuO.H2O.P07,  is  precipitated  by  mixing  the 
solutions  of  sulphate  of  copper  and  the  monosodic  salt — a  considerable  quantity,  how- 
ever, remaining  in  solution — or  by  the  action  of  aqueous  periodic  acid  in  slight  excess 
of  hydrated  carbonate  of  copper.  (Langlois.) 

Periodates  of  Iron. — Iron-salts  (ferrous  or  ferric)  form,  with  solution  of  periodate 
of  sodium,  yellowish  white  precipitates,  easily  soluble  in  nitric  acid  (Benckiser). 
According  to  Langlois,  periodic  acid,  in  contact  with  ferrous  oxide,  is  reduced  to  iodic 
acid,  and  ferric  iodate  separates  out.  Similar  reaction  with  manganous  oxide. 

Periodates  of  Lead. — Atriplumbicor  tribasic  salt,  Pb3H4(I06)2or3Pb0.2IPO.P07, 
is  precipitated  on  mixing  1  at.  of  the  disodic  salt  with  3  at.  nitrate  of  lead,  in  micro- 
scopic crystals,  which  do  not  suffer  any  loss  of  weight  between  120°  and  130°,  but,  at 
a  higher  temperature,  give  off  water,  oxygen,  and  iodine,  and  leave  an  oxyiodide  of 
lead  containing  PbP.5PbO  (Langlois): 

2Pb3H«(I06)2  =  PbP.SPbO  +  O15  +  P  +  4H20. 

Periodate  of  Lithium,  Li5I06? — By  treating  carbonate  of  lithium  with  periodic 
acid  and  evaporating  the  solution  at  a  gentle  heat,  a  crystalline  mass  is  obtained,  which 
dissolves  completely  in  water,  and  when  dried  in  a  vacuum,  and  then  heated  to  redness, 
gives  off  successively  water,  oxygen,  and  iodine,  but  without  undergoing  complete 
decomposition.  (Langlois.) 

Periodate  of  Magnesium. — Magnesium-salts  are  not  precipitated  by  solution  of 
periodate  of  sodium.  Carbonate  of  magnesium,  immersed  in  aqueous  periodic  acid,  is 
converted  into  insoluble  periodate  of  magnesium,  which  dissolves,  however,  in  excess 
of  the  acid.  The  salt  consists  of  small  prismatic  crystals,  which,  when  dried  at  mean 
temperatures,  contain  2MgH3IOs.9lPO  or  2Mg0.3H'2O.P07  +  9  aq.,  give  off  9  at. 
water,  at  100°,  and  leave  pure  magnesia  when  ignited.  (Langlois.) 

Periodates  of  Potassium. — The  monopotassic  salt,  KIO4,  is  precipitated  in 
sparingly  soluble  crystalline  grains  on  passing  chlorine  into  a  solution  of  the  iodate 
mixed  with  potash  or  carbonate  of  potassium.  Its  aqueous  solution,  mixed  with 
caustic  potash,  yields  the  tetrapotassic  salt,  K-0.2KI04  or  2K-O.P07,  which  is  also 
sparingly  soluble  in  water,  and  is  converted  by  ignition  into  a  mixture  of  potash  and 
iodide  of  potassium.  The  neutral  salt  when  ignited  leaves  the  pure  iodide.  (Magn  u  s 
and  Ammermiiller.) 

Periodates  of  Silver. — Nitrate  of  silver  added  to  a  solution  of  disodic  periodate, 
throws  down  a  greenish  yellow  precipitate,  which  is  a  basic  periodate  of  silver.  By 
washing  it  with  water  containing  nitric  acid,  then  dissolving  it  nearly  to  saturation  in 
warm  nitric  acid,  and  evaporating  by  heat,  the  monoargentic  salt,  AglO4,  is  obtained 
in  anhydrous  orange-yellow  crystals.  This  salt  is  decomposed  by  warm  water,  which 
dissolves  out  half  the  acid,  leaving  a  blackish-brown  residue  of  the  tetrargeniic  salt, 
2Ag'JO.P07.H20  or  Ag^^AglOMPO,  which  turns  red  by  trituration.  Cold  water 
decomposes  the  salt  in  like  manner,  but  the  residual  salt  is  a  yellow  powder,  consisting 
of  Ag''H3I06  or  2Ag-0.3H-0.P07,  and  separates  from  a  solution  in  dilute  slightly 
warmed  nitric  acid,  in  straw-yellow  crystals,  which,  according  to  Rammelsberg 
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(Jahresb.  1857,  p.  125),  are  rhombohedral,  exhibiting  the  combination  R  .  —  |R  .  oR. 
For  R,  the  ratio  of  the  secondary  axes  to  the  principal  axis  =  1  :  2'0653.  Angle  R  :  R 
in  the  terminal  edges  =  74°  0';  oR  :  R  =  112°  45'.  The  crystals  become  darker- 
coloured  by  exposure  to  light.  On  pouring  boiling  water  on  these  crystals  or  on 
the  yellow  powder,  2  atoms  of  water  are  removed,  and  the  red  salt  above  mentioned  is 
produced.  (Magnus  and  Ammermuller.) 

Periodates  of  Sodium. — The  monosodic  salt,  NalO4,  is  obtained  by  saturating 
the  disodie  salt  with  periodic  acid,  and  evaporating.  It  is  colourless,  very  soluble  in 
water,  anhydrous,  crystallises  readily,  and  is  permanent  in  the  air  (Magnus  and 
Ammermuller).  The  crystals  are  dimetric,  P.  Poo.  For  P,  the  ratio  of  the 
secondary  axes  to  the  principal  axis  is  1 :  T59.  Angle  P :  P  in  the  terminal  edges 
*=  99°  30' ;  in  the  lateral  edges  =  132°  4'.  The  crystals  are  colourless.  (Rammels- 
berg,  loc.  cit.) 

The  disodie  or  dibasic  salt,  Na2H3IOa  or  2Na20.3H2O.I207,  is  obtained  by  passing 
chlorine  gas  into  a  hot  solution  of  1  pt.  iodine  and  7  pts.  carbonate  of  sodium  in  100  pts. 
water,  or  into  a  solution  of  1  pt.  iodate  of  sodium  mixed  with  3  pts.  of  caustic  soda 
(Magnus  and  Ammermuller).  Langlois  uses  equal  weights  of  caustic  soda  and 
the  iodate,  and  to  obtain  a  solution  as  concentrated  as  possible,  first  dissolves  the 
caustic  soda  in  water,  then  adds  the  iodate,  and  surrounds  the  filtered  solution  with 
hot  water  while  the  chlorine  is  passing  into  it ;  the  sodic  periodate  then  separates  in 
considerable  quantity,  as  a  crystalline  powder,  having  the  composition  just  mentioned. 
It  is  sparingly  soluble  in  cold  water,  somewhat  more  in  warm  water,  and  may  be 
obtained  in  the  crystalline  form  from  a  boiling  solution  of  the  neutral  salt  mixed 
with  caustic  soda.  At  a  white  heat,  it  gives  off  3  at.  water  and  8  at.  oxygen,  and  leaves 
an  oxyiodide  of  sodium : 

2Na2H3I08  -  3H20   -  O8     =     Na4PO. 

At  a  low  red  heat,  it  loses  only  3  at.  oxygen,  leaving  a  residue  of  hypo-todite  of  sodium, 
Na4I203  —  2Na2O.I20  (or  perhaps  a  compound  of  iodide  and  iodite  of  sodium, 
2NaI  +  3Na2O.PO»orNaI.Na2O.NaI02).  This  compound  is  sparingly  soluble  in  water, 
has  an  alkaline  reaction,  and  bleaches  vegetable  colours,  but  loses  this  property  when 
boiled  with  water,  iodate  of  sodium  being  then  formed,  and  the  salt  becoming  easily 
soluble.  On  exposure  to  the  air  it  turns  moist,  and  gradually  yields  free  iodine. 

Periodate  of  Zinc. — Hydrated  carbonate  of  zinc  is  converted  by  aqueous  periodic 
acid  into  a  granular  powder  of  periodate  of  zinc,  Zn2HI06  or  4ZnO.H2O.I207,  which 
dissolves  readily  in  excess  of  the  acid,  forming  a  solution,  which,  when  evaporated  at  a 
gentle  heat,  yields  laminar  crystals  of  another  salt  containing  3Zn0.7H'J0.2P07,  i.e. 

a  double  per-iodic  molecule,  Zn»HI4I4024  =  7J£jj£  j 02«.    (Langlois.) 

IODINE,  SELENIDE,  SULPHIDE,  and  TELLITRIDE  OF.  See  SELE- 
NIUM, SULPHUR,  and  TELLURIUM,  IODIDES  OF. 

IODITE,  lODOPYRITE,  IODIC  SILVER.  Native  iodide  of  silver.  (See 
SILVER,  IODIDE  OF.) 

IODOBENZOIC  ACID.  CTIPIO2.— An  acid  produced  by  the  action  of  hydriodio 
acid  on  diazobenzo-oxybenzamic  acid : 

c,4Hi,N30«   +   2HI     =     C7H7N02.HI   +   C7H5I02  +   N2. 

Diazobenzo-  Hydriqdate  of          lodobenzoic 

oxybenzamic  oxybenzamic  acid, 

acid.  acid. 

It  crystallises  in  needles,  is  heavier  than  water,  easily  soluble  in  alcohol;  sublimes 
without  decomposition ;  forms  a  white  silver-salt,  C7H4AgI02,  insoluble  in  water  and 
in  alcohol;  is  converted  by  fuming  nitric  acid  into  nitro-iodobenzoic  acid.  (G-riess, 
Ann.  Ch.  Pharm.  cxiii.  201.) 

ZODOBRUCZKTE.     Syn.  with  Iodide  of  Brucine.    (See  BRUCINE,  i.  683.) 

XODO-CAOTTTCHZir.     See  CAOUTCHIN  (i.  737). 

lODO-CHLORO-NITROHARlVIIKrE.  Syn.  with  Di-iodide  of  Chloro-nitro- 
harmine.  (See  HA.RMINE,  iii.  12). 

IODOCINCHONINE.     See  CiNciioNiNE  (i.  979). 

lODOCISTNAMIC  ACID.  C8H7I02? — When  cinnamic  acid  is  melted  with 
excess  of  iodine,  and  the  dark  brown  mass  is  boiled  with  water  till  all  the  free  iodine 
is  volatilised,  the  liquid  on  cooling  yields  small  colourless  stellate  crystals  of  iodocin- 
namic  acid,  which  acquire  a  faint  yellow  colour  on  exposure  to  the  air.  The  acid 
dissolves  easily  in  hot  water  and  in  alcohol.  (Herzog,  N.  Br.  Arch.  xx.  147.) 
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Syn.  with  Iodide  of  Codeine.     (See  CODEINE,  i.  1068). 

IODOFORM.  CHI8.  Di-iodatcd  iodide  of  methyl.  (G-m.  vii.  330 ;  G-erh.  i.  609.) 
— This  compound,  which  was  discovered  in  1824  by  Serullas  (Ann.  Ch.  Phys.  xxv. 
314),  is  produced  by  the  action  of  iodine  and  alkalis  or  alkaline  carbonates  on  wood- 
spirit,  alcohol,  or  ether  ;  in  small  quantity  also  by  the  action  of  the  same  substances  on 
cane-sugar,  glucose,  gum,  dextrin,  and  several  albuminous  substances.  It  has  also 
been  observed  among  the  products  obtained  by  heating  glycerin  with  hydriodic  acid. 
(Erlenmeyer,  Jahresb.  1861,p.  668.) 

Preparation. — 1  pt.  of  alcohol  is  added  to  a  solution  of  2  pts.  crystallised  carbonate 
of  sodium  in  10  pts.  water;  the  liquid  is  heated  to  60  or  80°  ;  and  1  pt.  of  iodine  is 
added  by  small  portions,  till  it  is  entirely  dissolved,  and  the  liquid  has  become 
colourless.  lodoform  then  makes  its  appearance  towards  the  end  of  the  operation  and 
sinks  to  the  bottom  of  the  hot  liquid,  which  must  be  filtered  to  collect  this  first  portion 
of  the  product.  The  mother-liquor  is  then  again  heated  to  60°  or  80° ;  another  portion 
of  carbonate  of  sodium,  equal  to  the  former,  is  dissolved  in  if, ;  a  fresh  portion  of  alcohol 
is  added ;  and  a  current  of  chlorine  is  passed  into  the  liquid,  which  must  be  continually 
agitated,  so  that  the  iodine  which  separates  may  mix  well  with  it.  When  the  process 
is  so  conducted  that  a  slight  excess  of  iodine  is  constantly  present,  iodoform  is  produced 
in  abundance.  When  a  considerable  quantity  has  been  deposited,  the  stream  of  chlorine 
is  interrupted,  the  liquid  is  left  to  decolorise,  and  the  second  portion  of  iodoform  is 
added  to  the  first.  The  mother-liquor  may  then  be  treated  with  chlorine  and  a  third 
portion  of  iodoform  obtained.  The  process,  when  properly  conducted,  yields  a  quantity 
of  iodoform  weighing  40  or  50  per  cent,  of  the  iodine  used.  Care  must  be  taken, 
throughout  the  operation,  to  avoid  a  great  excess  of  iodine,  as  in  that  case  the  iodoform 
will  not  be  produced  at  all.  Borax  may  be  used  instead  of  carbonate  of  sodium,  and 
will  yield  a  product  of  equal  amount.  With  phosphate  of  sodium  the  product  is  not 
so  good.  (Filhol,  J.  Pharm.  [3]  vii.  267.) 

Cornelius  and  Grille  (ibid.  xxii.  196)  prepare  iodoform  by  adding  hypochlorite 
of  calcium  to  an  alcoholic  solution  of  iodide  of  potassium  heated  to  40°,  continuing  the 
addition  till  the  liquid  becomes  colourless.  It  then  on  cooling  yields  a  crystalline  de- 
posit, consisting  of  iodoform  mixed  with  iodate  of  calcium,  from  which  the  iodoform 
may  be  dissolved  by  boiling  alcohol.  8  pts.  of  iodide  of  potassium  yield,  by  this  process, 
2  pts.  of  iodoform  and  2  pts.  of  iodate  of  calcium. 

Properties. — lodoform  crystallises  in  nacreous  scales,  friable,  soft  to  the  touch,  having 
a  sulphur-yellow  colour  and  the  odour  of  saffron.  According  toKammelsberg  and 
Kokscharow  (Jahresber.  1857,  p.  431),  the  crystals  are  hexagonal  combinations 
oP  .  P.  For  P  the  ratio  of  the  secondary  axes  to  the  principal  axis  is  0-9025  :  1. 
Angle  P  :  P  in  the  terminal  edges  =  133°  36';  in  the  lateral  edges  =  104°.  Specific 
gravity  about  2'0.  Melts  between  115°  and  120°,  and  then  vaporises,  partly  with- 
out alteration,  partly  resolved  into  iodine  and  hydriodic  acid,  with  a  residue  of  char- 
coal. With  vapour  of  water  it  distils  undecomposed.  It  is  not  perceptibly  soluble  in 
water,  adds,  or  aqueous  alkalis,  but  dissolves  readily  in  alcohol,  ether,  and  oils,  both 
fixed  and  volatile. 

Decompositions. — 1.  lodoform  heated  in  a  sealed  tube  to  150°,  either  alone  or  with 
iodine,  is  resolved  into  di-iodide  of  methylene,  and  a  number  of  brown  substances  not 
yet  examined  (Hof man n,  Chem.  Soc.  J.  xiii.  65). — 2.  lodoform  is  acted  upon  by 
bromine,  yielding  bromiodoform,  CHBr'I. — 3.  With  moist  chlorine,  it  yields  chloro- 
carbonic  oxide,  hydrochloric  acid,  and  protochloride  of  iodine : 

CHI3  +   H'O   +   Cl8     =     COCP   +   3HC1  +   3ICL 

-4.  Heated  with  pentachloride  of  phosphorus,  it  yields  an  oily  liquid,  perhaps  chloro- 
form, or  according  to  Butlerow,  di-iodide  of  methylene,  CH2!2. —  5.  Distilled  with  chloride 
of  mercury,  lead,  or  tin,  it  yields  chloriodoform,  CHC1-I. — 6.  Distilled  with  sulphide 
of  mercury,  it  yields  a  small  quantity  of  an  oily  liquid,  which,  according  toBouchardat 
(J.  Pharm.  xxiii.  12)  is  sulphoform,  C'HS3;  but  according  to  Eggert  (Chem.  Centr. 
1857,  p.  513)  is  nothing  but  disulphide  of  carbon. — 7.  With  cyanide  of  mercury  01 
cyanide  of  silver  it  yields  a  sublimate  of  iodide  of  cyanogen. — 8.  When  cyanogen  gas  is 
passed  into  an  alcoholic  solution  of  iodoform,  the  liquid  becomes  heated  and  assumes 
a  violet  tint ;  and  if  then  left  at  rest,  deposits  golden-yellow,  prismatic  crystals,  from 
which  alcohol  extracts  two  substances  having  a  strong  metallic  lustre ;  one  with  a 
greenish  gold,  the  other  with  a  violet  colour ;  the  latter  appears  to  be  cyanide  of  di-iodo- 
nu-thyl,  CHP.Cy  (St.-E  vre,  Compt.  rend,  xxvii.  533).— 9.  Heated  with  alcoholic  solution 
of  snlphoci/anate  of  potassium  to  100°  in  sealed  tubes,  it  yields  a  gas  and  oily  compound 
which  has  an  odour  of  horse-radish,  and  forms  a  crystalline  compound  with  ammonia, 
though  not  so  readily  as  oil  of  mustard  (Hlasiwetz,  Ann.  Ch.  Pharm.  cxii.  184). — 
10.  Mercuric  oxide  gently  heated  with  iodoform  acts  energetically  upon  it,  producing 
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water,  carbonic  anhydride,  formic  acid,  and  mercuric  iodide. — 11.  lodoform  boiled 
with  aqueous  potash  is  partly  converted  into  formate  and  iodide  of  potassium,  a  portion, 
however,  volatilising  with  the  watery  vapour. — 12.  With  alcoholic  potash  it  forms  a 
liquid  which  Briining,  who  first  obtained  it  (Ann.  Ch.  Pharm.  civ.  187)  regarded  as 
CPHPOt  but  which,  according  to  Butlerow,  is  di-iodide  of  methylene.  — 13.  With 
ethylate  of  sodium,  iodoform  yields  iodide  of  methylene,  CH2!8,  together  with  iodide  of 
sodium  and  aldehyde  (Butlerow,  Ann.  Ch.  Pharm.  cvii.  110): 

C2H5NaO   +   CHI8     =     CH2!2   +  Nal  +   C'H'O. 

According  to  more  recent  experiments  by  Butlerow  (ibid.  cxiv.  204;  cxviii.  325)  it 
appears  that  acrylic  acid,  C8H402,  and  ethyl-lactic  acid,  C5H100S,  are  likewise  formed 
in  this  reaction. 

14.  lodoform  heated  with  potassium  produces  a  violent  explosion. 

15.  With  triethyl-phosphine,  iodoform  unites  directly,  without  the  aid  of  heat,  yielding 
the  tri-iodide  of  formyl-nonethyl-triphosphonium  (Hofmann,  Proc.  Koy.  Soc.  x.  189)* 

CHI8   +   3(C2H5)3P     =     C19H46PSP     =     [(CH)'"(C2H5)9P3]'"P. 

IODOLITE.  A  meteoric  mineral  mentioned  by  C.  U.  Shepard  among  a  number 
of  others  which  have  been  but  imperfectly  described.  (SilL  Am.  J.  [2]  ii.  377 ;  vi. 
402 ;  xv.  363.) 

IODOIVIECON-E.  C3H4I808.  (J.  Brown,  Edinb.  Phil.  Trans,  xxi.  [1]  49.)— A 
substance  formed  by  treating  pyromeconic  acid  with  excess  of  protochloride  of 
iodine : 

C5H40»  +   8IC1   +  4H20     -     CSH4P08  +   2C02   +  8HC1. 

On  adding  potash  to  the  yellow  liquid  thus  obtained  (after  separation  of  a  small  quan- 
tity of  iodopyromeconic  acid)  impure  iodomecone  is  obtained  as  a  black  precipitate 
which  redissolves  on  agitation.  The  addition  of  potash  must  be  discontinued  as  soon 
as  this  precipitate  exhibits  a  lighter  colour,  no  longer  redissolves  on  agitation,  and  is 
not  increased  by  fresh  additions;  and  by  then  collecting  the  precipitate,  and  washing 
it  with  cold  water,  and  repeatedly  crystallising  it  from  boiling  alcohol,  iodomecone  is 
obtained  in  the  pure  state.  It  may  be  obtained  in  the  same  manner  from  meconic  or 
comenic  acid,  which  differ  from  pyromeconic  acid  only  by  the  elements  of  carbonic 
anhydride. 

Iodomecone  forms  shining  yellow  hexagonal  plates,  having  an  odour  which  recalls 
that  of  saffron  ;  it  has  neither  an  acid  nor  an  alkaline  reaction,  sublimes  below  100°  ; 
is  insoluble  in  water,  soluble  in  alcohol  and  in  ether,  insoluble  in  hydrochloric  acid, 
which  does  not  decompose  it  even  at  the  boiling  heat.  It  is  decomposed  by  strong 
nitric  acid,  and  with  aid  of  heat  by  strong  sulphuric  acid.  Caustic  potash,  after  long 
boiling,  abstracts  from  it  a  small  portion  of  iodine. 

lODOMECOWTN.     See  MECONIN. 

ZOBOMEX.AXrZI.XZrE.     See  MELANILINE. 

lODOZVIERCURATES.  Compounds  of  mercuric  iodide  with  the  more  basic 
iodides.  (See  MERCURY,  IODIDES  OF.) 

XODOXMEETHYXiAXIfXXXrE.     See  METHYLAMINE. 

XOX>01KETHYX.-SEX.ENXOirS  ACID.     See  SELEXIOUS  ETHERS. 

IODOMORPHI17E.     See  MORPHINE. 

IODONICOTINE.     See  NICOTINE. 

lODONITROHARlvmiE.     Syn.  with  DI-IODIDE  OF  NITROHARMINE  (p.  11). 

IODONITROPHENIC  ACID      See  PHENIC  ACID,  DERIVATIVES  OF. 

IODOPAPAVERISTE       See  PAPAVERINE. 
IODOPHENYI.AlttIXE.      See  PHENYLAMINE,  DERIVATIVES  OF. 

XODOPHEXTYX.CXTRACOXXMXDE.  See  CiTRACONic  ACID,  AMIDES  OP 
(i.  993). 

lODOPlAlSTYX..     Syn.  with  IODOMECONIN. 

XOBOPXiATXXTATES.  Compounds  of  platinic  iodide  with  the  more  basic 
iodides.  (See  PLATINUM,  IODIDES  OF.) 

IODOPROPYLENE.      See  ALLYL,  IODIDES  OF  (i.  142). 

IODOPYRITE.     Syn.  with  IODITE. 

IODOPYROMECONIC  ACID.      See  PYROMECONIC  ACID. 
XOBOQUXMrXXTE.     See  QUININE. 
IODOSALICYLIC  ACID.      See  SALICYLIC  ACID. 
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IODOGTRYCH3VIWE.      See  STRYCHNINE. 

ZODO-SUBSTXTUTXON  COMPOUNDS.  Iodine,  though  generally  speaking 
very  similar  in  its  action  to  chlorine  and  bromine,  acts  for  the  most  part  less 
energetically,  and  is  much  less  disposed  to  form  substitution-compounds  by  direct 
action.  Some  compounds  containing  hydrogen,  indeed,  are  acted  upon  by  iodine  in  the 
same  manner  as  by  bromine  or  chlorine,  part  of  the  hydrogen  being  abstracted  to  form 
hydriodic  acid,  and  its  place  being  supplied  by  an  equivalent  quantity  of  iodine ;  such 
is  the  case  with  ammonia  (iii.  280),  ethylamine  (ii.  536),  methylamine,  and  phenylamine. 
But  iodated  organic  acids  cannot,  for  the  most  part,  be  formed  in  this  way ;  to  produce 
them  from  the  original  acids  it  is  necessary  to  use  chloride  of  iodine  instead  of  free 
iodine,  so  that  the  superior  affinity  of  the  chlorine  for  hydrogen  may  remove  it,  and 
enable  the  iodine  to  take  its  place  (p.  294)  e.  g. : 

C5H«0»  +   IC1     =     HC1  +   C5H3I03. 

Pyrom**-  lodopyro- 

conic  acid.  mecouic 

acid. 

On  the  other  hand,  Kekule  (Chem.  Soc.  J.  xvii.  206)  has  lately  shown  that  many  iodo- 
eubstitution  compounds  are  decomposed  by  hydriodic  acid,  iodine  being  set  free  and 
the  original  acid  reproduced,  e.  g. : 

C3H5I08  +   HI     =     C«H«0*   +  P. 

lodopropi-  Propionic 

onic  acid.  acid. 

It  is  evident  that  where  this  reaction  takes  place,  it  is  impossible  that  an  iodised  com- 
pound can  be  produced  by  the  direct  action  of  iodine  on  an  organic  acid.  [For  an 
exception,  perhaps  only  apparent,  to  this  rule,  see  SALICYLIC  ACID.] 

The  action  of  hydriodic  acid  on  iodated  organic  compounds  just  noticed  explains 
the  reducing  action  which  it  exerts  on  certain  organic  acids  (p.  285).  The  reaction 
takes  place  in  two  stages,  an  iodo-substitution  compound  being  first  formed,  and 
subsequently  decomposed  in  the  manner  above  explained,  e.g.'. 

C2H40S     +  HI     =     H20   +   C2H3I02. 

Glyoollic  lodacetic 

acid.  acid. 

C«H3I02   +  HI     =     I2       +   C2H*02. 

lodacetic  Acetic 

acid.  acid. 

IODOSUI.PHIDE  OP  ABTTIMOITY.     See  ANTIMONY  (i.  338). 

IODOTEX.I.URATES.     See  TELLURIUM,  IODIDE  OF. 

IODOTOI.UYI.IC  ACID.      See  TOLUYLIC  ACID. 

XOX.ITE.     Syn.  with  DICHROITE  (ii.  320). 

XONKTAPHTHXN.  This  name  is  given  by  Carey  Lea  (Sill.  Am.  J.  [2]  xxxii. 
211)  to  a  colouring  matter  obtained  in  preparing  naphthylamine  from  nitronaphthylene 
by  the  action  of  ferrous  acetate  ( Grmcliri's  Handbook,  xiv.  95,  5).  If  the  mixture  is 
heated  before  being  treated  with  caustic  potash,  a  faint  red-coloured  liquid  distils  over, 
which  turns  violet  on  addition  of  mineral  acids,  and  if  subsequently  heated,  assumes  a 
dark  purple-blue  colour,  and  after  a  while  yields  a  black  crystalline  precipitate,  the 
quantity  of  which  is  increased  by  further  heating ;  this  is  ionnaphthin.  The  crystals 
are  black,  with  green  metallic  reflex,  and  dissolve  in  alcohol  with  blood-red  colour, 
which,  on  addition  of  a  very  small  quantity  of  sulphuric  or  nitric  acid,  changes  to 
scarlet,  and  finally  to  purple-blue,  is  not  altered  by  heating  with  sulphuric  acid,  but  is 
changed  to  straw-yellow  by  hot  nitric  acid.  From  the  brown  mother-liquor,  ammonia 
throws  down  dark-coloured  flocks,  which  are  insoluble  in  water  and  in  alcohol,  are 
blackened  by  dilute  sulphuric  acid  and  bichromate  of  potash,  and  then  form  a  violet 
solution  with  dilute  nitric  acid. 

IPECACUANHA.  An  emetic  substance,  the  root  of  several  plants  growing  in 
South  America.  All  the  kinds  have  nearly  the  same  ingredients,  but  differ  in  the 
amount  of  the  active  principle  (emetin)  which  they  contain.  The  best  is  the  annulated, 
yielded  by  Cephalis  Ipecacuanha,  a  small  shrubby  plant  of  the  rubiaceous  order,  native 
of  Brazil  and  New  Granada.  It  is  found  in  commerce  in  pieces  from  2  to  6  inches  long 
and  about  the  thickness  of  a  straw,  much  bent  or  twisted,  and  sometimes  branched, 
with  a  remarkably  knotty  character,  owing  to  numerous  circular  depressions  or  clefts, 
which  give  the  whole  the  appearance  of  a  number  of  rings.  It  consists  of  a  contra! 
axis  called  meditullivm,  and  an  external  portion  called  the  cortical  part.  Each  of 
these  contains  emetin,  but  by  far  the  greater  portion  exists  in  the  cortical  part. 
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The  following  are  analyses  of  different  kinds  of  ipecacuanha : 

a  b 


Cortical  MedU 

part.  tullium. 

Fatty  matter                  .    )   ,.9  2  trace                  2 

Wax     .        .        .        .    \  1 2  6 
Kesin                                      1-2 

Emetin         .         .         .      16'0  16  1-15                 14 

Non-emetic  extract        ...  .  .  2-45 

Gum                                        2'4  10  6-00                 16 
Albumin       ...       2-4 

Starch  ....      53'0  42  20-00                 18 

Woody  fibre.         .         .      12'5  20  66'40                 48 
Gallic  acid?.         .         .     trace 

Loss     ....     11-3  _4  5-00              __2 

100-0  100  100-00               100 

a.  Grey  ipecacuanha,  analysed  by  Barruch  and  Richard  (the  2-4  per  cent,  gum 
includes  saline  matters),  b.  Blackish-grey,  analysed  by  Pelletier.  c.  Reddish-grey, 
deprived  of  its  meditullium,  analysed  by  Pelletier.  In  an  ash-grey  variety,  Pelletier 
found  9  per  cent,  fatty  matter,  12  emetin,  and  79  starch,  gum,  and  woody  fibre. 

Another  sort  of  ipecacuanha  is  obtained  from  the  Psychotria  emetica.  This  kind 
contains  only  9  per  cent,  emetin ;  and  the  undulated  or  amylaceous  ipecacuanha,  the 
produce  of  Richardsonia  scabra,  contains  only  6  per  cent,  emetin,  with  92  per  cent, 
starch.  Besides  these,  the  roots  of  numerous  other  plants  are  used  in  tropical  countries 
as  emetics,  and  often  termed  ipecacuanha.  (Pelouze  etFremy,  Traite,  vi.  399. — 
Penny  Cyclopedia,  xiii.  17.—  Rochleder,  Phytochemie,  s.  131.) 

IPECTJAWIC  ACID.  An  acid  existing,  according  to  Will  igk  (Ann.  Ch.  Pharm. 
Ixxvi.  342),  in  the  root  of  Ccphalis  Ipecacuanha.  It  is  extracted  from  the  root  by 
boiling  with  alcohol,  precipitating  with  basic  acetate  of  lead,  and  decomposing  the  lead- 
salt  with  sulphydric  acid.  It  is  a  reddish-brown,  very  bitter,  amorphous  mass,  soluble 
in  ether,  more  soluble  in  alcohol  and  water.  It  colours  ferric  salts  green,  the  colour 
being  changed  to  violet  by  ammonia.  Its  dilute  solution  does  not  precipitate  neutral 
acetate  of  lead.  When  mixed  with  an  alkali,  it  absorbs  oxygen  from  the  air  and 
becomes  coloured.  It  gives  by  analysis  5622  per  cent.  C,  and  6'23  H,  whence 
Willigk  deduces  the  formula  CHH1807.  Pelletier  (Ann.  Ch.  Phys.  iv.  172)  regarded 
it  as  gallic  acid. 

IPOZVTJBIC  ACID.  An  acid  produced  by  the  action  of  nitric  acid  on  rhodeoretic 
acid,  a  derivative  of  jalap-resin  (q.  v.)  It  agrees  with  sebacic  acid  in  all  its  properties 
excepting  its  melting  point — which  is  104°,  whereas  sebacic  acid  melts  at  127° — and  in 
some  of  its  relations  to  bases  (Mayer,  Ann.  Ch.  Pharm.  Ixxxiii.  143).  See  SEBACIO 

ACID. 

IRIDIUM.  Ir.  Atomic  weight  198-26.— The  black  scales  which  remain  when 
native  platinum  is  dissolved  in  nitromuriatic  acid  were  found  by  Smithson  Tennant 
(Phil.  Trans.  1804)  to  consist  of  an  alloy  of  two  metals,  iridium  and  osmium,  hence  called 
iridosmine.  The  same  alloy  occurs  in  flat  white  metallic  grains  in  native  platinum. 
Iridium  has  also  been  observed  in  combination  with  about  20  per  cent,  of  platinum, 
crystallised  in  octahedrons,  which  are  whiter  than  platinum,  and  are  said  to  have  a 
greater  density,  namely  22-66. 

The  separation  of  the  osmium  and  iridium  is  effected  by  the  following  methods : — 
1.  The  iridosmine  is  mixed  with  an  equal  weight  of  common  salt,  and  subjected  to 
the  action  of  a  stream  of  chlorine  in  a  porcelain  tube  heated  to  redness.  Double 
chlorides  of  iridium  and  sodium,  and  of  osmium  and  sodium,  are  then  formed,  and  if 
the  chlorine  is  moist,  a  certain  quantity  of  osmic  acid,  which  volatilises,  and  may  be 
condensed  in  aqueous  ammonia.  The  mixture  of  the  double  chlorides  is  detached  from 
the  tube  and  boiled  with  nitric  acid.  Osmic  acid  is  then  evolved,  and  may  be  con- 
densed in  an  alkaline  solution,  while  the  chloride  of  sodium  and  iridium  remains  in  the 
solution,  and,  when  mixed  with  sal-ammoniac,  yields  a  precipitate  of  chloride  of 
iridium  and  ammonium,  which,  on  ignition,  leaves  metallic  iridium.  (Wohler,  Pogg. 
Ann.  xxxi.  161.) 

2.  A  mixture  of  100  grms.  of  iridosmine  and  300  grms.  of  nitre  is  placed  in  an 
earthen  crucible,  and  heated  to  bright  redness  for  an  hour,  the  resulting  mixture  of 
osmate  and  iridiate  of  potassium  poured  out  on  a  cold  metal  plate,  then  introduced  into 
a  tubulated  retort,  and  distilled  with  a  large  excess  of  nitric  acid.  A  large  quantity  of 
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osmic  acid  then  volatilises  and  condenses  in  the  receiver  in  beautiful  white  crystals. 
As  soon  as  the  evolution  of  osmic  acid  ceases,  water  is  added,  and  the  residue, 
consisting  of  oxide  of  indium,  with  a  certain  quantity  of  oxide  of  osmium,  is 
collected  on  a  filter  and  boiled  with  nitrorauriatie  acid,  which  dissolves  the  two  metals 
as  chlorides.  The  solution  is  then  mixed  with  sal-ammoniac,  which  precipitates 
chlorosmate  and  chloriridiate  of  ammonium ;  and  the  mixed  precipitate  is  suspended 
in  water  and  exposed  to  a  current  of  sulphurous  acid,  whereby  the  chloriridiate  of 
ammonium,  NH4IrCls,  is  converted  into  chloriridite,  (NH4)3Ir2Cl6,  which  dissolves,  while 
the  chlorosmate  of  ammonium  remains  unaltered,  and  does  not  dissolve :  this  latter 
chloride  yields  pure  metallic  osmium  by  calcination.  The  solution  of  chloriridiate  of 
ammonium  leaves,  when  evaporated,  beautiful  brown  crystals,  which  by  calcination 
yield  metallic  iridium.  (Fre"my,  Compt.  rend,  xviii.  144.) 

Iridosmine  generally,  however,  contains  platinum  as  well  as  other  metals  of  the  same 
group,  which  are  not  effectually  separated  by  the  methods  just  described.  The  com- 
plete separation  of  the  several  metals  of  the  platinum  group  has  of  late  years  formed  the 
subject  of  several  elaborate  investigations,  which  will  be  more  fully  considered  under 
PLATINUM  ;  those  more  especially  relating  to  iridium  are  the  following: 

3.  The  separation  of  iridium  from  platinum  depends  upon  the  ready  convertibility  of 
the  chloriridiate  of  ammonium  or  potassium  to  a  lower  degree  of  chlorination  by  the 
action  of  reducing  agents,  and  the  easy  solubility  of  the  resulting  double  chloride. 
Muckl£  and  Wohler  (Ann.  Ch.  Pharm.  civ.  368)  treat  chloriridiate  of  ammonium 
containing   platinum  with   solution  of  cyanide   of  potassium,    adding  the  solution 
cautiously  and  avoiding  an  excess,  then  digest  it  at  a  gentle  heat  till  the  undissolved 
portion  has  acquired  a  light  yellow-brown  colour.     The  chloriridiate  of  ammonium  is 
thus  converted  into  chloriridite  of  potassium,  which  easily  dissolves,  whereas  the  chloro- 
platinate  resists  the  action  of  the  reducing  agent  much  longer,  and  remains  undissolved. 
The  completion  of  the  process  is  plainly  indicated  by  the  change  of  colour  of  the  un- 
dissolved salt,  since  the  presence  of  a  small  quantity  of  the  iridium- salt  gives  a  deep 
red  colour  to  the  chloroplatinate. 

The  separation  may  also  be  effected  by  sulphocyanate  of  potassium,  the  action  of 
which  is  similar  to  that  of  the  cyanide,  but  somewhat  more  complex.  It  is  better, 
however  to  reduce  the  chloriridiate  of  ammonium  by  sulphydric  acid,  or  by  sulphurous 
acid,  as  in  Fremy's  method  (see  above),  because  metallic  iridium  may  then  be  imme- 
diately obtained  by  simply  evaporating  the  filtered  solution  of  the  chloriridite  of  am- 
monium, and  igniting  the  residue.  (Glaus,  Ann.  Ch.  Pharm.  cvii.  129;  Jahresb. 
1858,  p.  210.) 

4.  The  iridosmine  which  remains   after  the  complete  exhaustion  of  platinum  ore 
with  nitromuriatic  acid  is  a  mixture  of  two  substances,  one  of  which  is  scaly  and 
consists  of  osmium,  iridium,  and  ruthenium,  while  the  other,  which  is  granular,  contains 
but  mere  traces  of  osmium  and  ruthenium,  but  is  very  rich  in  iridium  and  rhodium. 
Now  when  this  residue  is  heated  to  bright  redness  in  a  porcelain  tube  through  which 
a  current  of  air  (freed  from  carbonic  acid  by  passing  through  potash,  and  from  organic 
matter  by  passing  through  oil  of  vitriol)  is  drawn  by  means  of  an  aspirator,  osmic  acid 
and  oxide  of  ruthenium  are  formed,  the  latter  crystallising  in  the  colder  part  of  the 
tube,  while  the  more  volatile  osmic  acid  is  carried  forwards  (see  OSMIUM  and  KUTHB- 
KIUM),  and  an  alloy  of  iridium  and  rhodium  remains  behind.    To  separate  these  metals, 
the  residue  thus  obtained  is  calcined  in  an  earthen  crucible  with  four  times  its  weight 
of  nitre,  care  being  taken  not  to  carry  the  process  too  far ;  and  the  product  is  exhausted 
with  boiling  water  and  filtered.     The  filtrate  consists  of  an  alkaline  solution  of  osmite 
of  potassium,  the  osmium  never  being  completely  removed  by  the  previous  roasting, 
while  a  copious  precipitate  containing  the  iridium  and  rhodium,  together  with  potash, 
remains  on  the  filter.     On  treating  this  precipitate  with  nitromuriatic  acid  for  several 
hours,  the  iridium  is  converted  into  chloriridiate  of  potassium,  which  may  be  dissolved 
out  by  boiling  water,  the  rhodium  still  remaining  undissolved.  (Fremy,  Compt.  rend, 
xxxviii.  1008.) 

6.  Iridosmine  in  fine  powder  (into  which  state  it  may  be  brought  by  calcining  it  in 
a  crucible  with  four  or  five  times  its  weight  of  zinc,  till  the  flame  no  longer  exhibits 
any  trace  of  that  metal)  is  mixed  with  3  pts.  peroxide  and  1  pt.  of  nitrate  of  barium, 
and  heated  to  redness  for  an  hour.  The  black  friable  substance  remaining  in  the 
crucible,  and  consisting  of  osmo-iridiate  of  barium  containing  ruthenium,  is  freed  from 
osmic  acid  by  prolonged  boiling  with  nitromuriatic  acid ;  the  baryta  is  then  precipitated 
by  the  exact  quantity  of  sulphuric  acid  required  (this  quantity  being  known  from  the 
previous  weighings) ;  the  dark  red  filtrate  mixed  with  excess  of  hydrochloric  acid  is 
evaporated  over  the  water-bath,  and  mixed,  towards  the  end  of  the  operation,  with  a 
large  excess  of  solid  sal-ammoniac ;  the  residue,  no  longer  smelling  of  acid,  is  washed, 
first  with  a  concentrated  solution  of  sal-ammoniac  (which  dissolves  out  the  rhodium, 
together  with  metals  not  belonging  to  the  platinum  group)  till  the  liquid  no  longer 
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runs  away  coloured,  then  with  a  more  dilute  solution  of  the  same  salt ;  the  residue, 
chiefly  consisting  of  chloriridiate  of  ammonium,  is  dried,  heated  to  commencing 
redness  (so  as  to  decompose  the  ammonium-salts  completely,  the  chlorides  of  the 
platinum  metals  imperfectly),  then  in  a  current  of  hydrogen  to  complete  the  reduction  ; 
and  the  resulting  metallic  sponge,  in  which  the  metals  are  not  alloyed,  but  only 
mechanically  mixed,  is  treated  with  nitromuriatic  acid,  which  completely  removes  any 
platinum  that  may  still  be  present,  but  leaves  behind  a  certain  quantity  of  osmium. 
The  remaining  pulverulent  metallic  mass  is  then  fused  with  a  mixture  of  nitrate  and 
hydrate  of  potassium;  and  the  unattacked  portion  of  the  metal,  after  being  carefully 
freed  from  rutheniate  of  potassium  by  washing  with  water,  is  heated  to  whiteness  in 
a  crucible  lined  with  charcoal,  in  which  it  bakes  together ;  then  placed  in  a  vessel  of 
lime  and  ignited  in  an  oxy-hydrogen  flame  containing  excess  of  oxygen,  till  every 
trace  of  the  odour  of  osmium  has  disappeared ;  and  lastly,  fused  at  the  strongest 
heat  which  the  oxy-hydrogen  flame  is  capable  of  producing.  (Deville  and  Debray, 
Ann.  Ch.  Phys.  [3]  hi.  385 ;  Rep.  Chim.  pure,  1859,  p.  541  ;  Jahresber.  1859,  p.  241.) 

6.  An  intimate  mixture   of    100  pts.  iridosmine   or   platinum-residues,   100  pts. 
nitrate  of  barium  and  200  pts.  caustic  baryta,  is  heated  in  a  red-hot  earthen  crucible  ; 
and  the  fritted  mass,  after  being  pulverised,  is  thrown  by  small  portions  into  cold 
water,  then  mixed  with  nitric  acid,  and  heated  till  all  the  osmium  is  driven  off  as 
osmic  acid.     A  small  quantity  of  hydrochloric  acid  is  then  added  ;  the  liquid  is  heated 
and  filtered  through  gun-cotton  ;  and  the  iridium  is  separated  from  the  other  metals 
contained  in  it,  as  in  the  preceding  method.     (Deville  and  Debray,  Compt.  rend, 
liv.  1138.) 

7.  Platinum-residue,  finely  pulverised  and  freed  by  levigation  from  the  coarser  grains 
of  osmide  of  iridium,  is  gently  ignited  in  a  covered  crucible,  then  mixed  with  1  pt. 
finely   granulated  lead  and  l|  pt.  litharge,  and  heated,  with  stirring,  in  a  thick- 
bottomed  hessian  crucible  till  the  mixture  becomes  perfectly  fluid.     By  this  means  all 
the  silicates  and  earthy  minerals  present  are  converted  into  a  slag ;  the  metals  more 
oxidable   than    lead    are    oxidised;    and    the    specifically   heavier  platinum-metals 
collect  in  the  lead-regulus.    The  latter,  after  being  freed  from  slag,  is  dissolved  at  a 
gentle  heat  in  nitric  acid  diluted  with  l£  vol.  water,  which   dissolves  principally 
copper  and  palladium,  leaving  a  residue  which,  when  washed  by  decantation,  consists 
of  a  fine  black  metallic  powder  of  iridium,  rhodium,  and  ruthenium,  together  with  fine 
grains  and  scales  of  iridosmine,  which  must  be  separated  by  levigation.      The  black 
powder  is  immediately  available  for  further  treatment ;  the  iridosmine,  on  the  other  hand 
(together  with  the  coarser  grains  obtained  by  levigating  the  crude  platinum-residue),  is 
reduced  to  powder  by  fusing  it  in  a  charcoal  crucible  with  twice  its  weight  of  granulated 
zinc,  and  then  raising  the  heat  to  whiteness  to  drive  off  the  zinc  (p.  315).     The  finely 
divided  iridosmine,  is  then  heated  in  a  stream  of  oxygen  to  expel  the  osmium,  and  the 
residue,  together  with  the  black  powder  of  iridium,  rhodium,  and  ruthenium  above- 
mentioned,  is  mixed  with  an  equal  weight  of  chloride  of  sodium,  and  decomposed  by 
Wohler's  method  with  chlorine  gas  (p.  314).    The  dark  brown  solution  thus  obtained  is 
mixed  with  a  little  hydrochloric  acid  and  one-fourth  of  its  bulk  of  ordinary  nitric  acid,  and 
distilled  to  one-third,  the  osmic  acid  which  passes  over  being  condensed  by  ammonia  ; 
the  remaining  liquid,  which  contains  the  double  chlorides  of  iridium,  &c.,  is  mixed, 
while  still  warm,  with  an  equal  volume  of  a  saturated  solution  of  sal-ammoniac;  and  the 
red- brown  precipitate,  after  standing  for  some  days,  is  separated  from  the  liquid,  and 
washed  with  sal-ammoniac  solution  till  the  liquid  runs  off  colourless.     The  wash- 
water  contains  the  whole  of  the  rhodium-salt,  the  mother-liquor  consists  chiefly  of 
chloride  of  iron  and  ammonium,  with  traces  of  iridium,  rhodium,  and  gold.     The  pre- 
cipitate, consisting  of  chloriridiate    of  ammonium  contaminated  with  platinum  and 
ruthenium- salt,  is  mixed,  after  drying,  with  l£  pt.  cyanide  of  potassium,  and  melted  for 
10  or  15  minutes  in  a  capacious  porcelain  crucible ;  the  cooled  mass  is  dissolved  in  the 
smallest  possible  quantity  of  water ;  and  the  yellow  filtrate  (after  the  whole  of  the  free 
cyanide  of  potassium  has  been  decomposed  by  dilute  hydrochloric  acid)  is  precipitated 
by  sulphate  of  copper.     The  resulting  precipitate,  consisting  chiefly  of  platino-  and 
iridio-cyanide  of  copper,  is  washed  with  boiling  water,  first  by  decantation,  then  on  a 
filter,  and  finally  decomposed  with  boiling  baryta-water,  whereby  oxide  of  copper  is 
separated,  and  the  platinum  and  iridium  are  converted  into  platino-  and  iridio-cyanides 
of  barium,  which  are  easy  to  separate,  the  platinum-salt,  which  is  much  more  soluble 
in  hot  than  in  cold  water,  separating  out  completely  at  first,  and  the  white  iridium-salt 
crystallising  afterwards.     The  mother-liquor  of  the  iridium-salt  contains  a  small  quan 
tity  of  ruthenio-cyanide  of  potassium  ;  any  rhodium-salt  that  may  be  present  may  be 
precipitated  by  acetic  acid.  (C.  A.  Martius,  Ann.  Ch.  Pharm.  cxvii.  357 ;  Jahresber. 
1860,  p.  202.) 

8.  The  following  process  is  given  by  Deville  and  Debray  (Ann.  Ch.  Phys.  [3] 
Ixi.  6  ;  Jahresb.  1861,  p.  889)  for  obtaining  iridium,  pure  or  alloyed,  from  the  substance 
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known  in  the  Russian  mint  as  "  iridium-oxide  " — a  not  quite  uniform  mixture  con- 
taining iridium  as  oxide,  and  having  the  following  average  composition : 

Volatile  substances  (and  oxygen)   ....  28'0 

Soluble  salts  (NaCl  and  CaSO4)      ....  12'0 

Platinum 3*8 

Rhodium 1'8 

Palladium 0*4: 

Copper 0'6 

Iron 07 

Iridium  (and  loss) 52'7 

ICO7*) 

The  substance  is  ignited  in  a  crucible  lined  with  charcoal ;  and  the  residue  is  washed 
with  water,  heated  with  strong  sulphuric  acid  to  the  boiling  point  of  that  liquid,  and 
again  washed  with  water,  whereby  all  the  soluble  salts  are  removed,  together  with  the 
copper  and  iron.  If  the  amount  of  platinum  is  known,  and  the  object  is  to  prepare  an 
alloy,  the  washed  metal  is  heated  to  whiteness  (to  give  it  a  compact  texture),  and  then 
fused  before  the  oxy-hydrogen  blowpipe.  To  obtain  pure  iridium,  the  crude  metallic 
powder,  after  treatment  with  sulphuric  acid,  is  digested  with  nitromuriatic  acid,  the 
greater  part  of  the  iridium  (with  traces  of  rhodium)  then  remaining  behind. 

Metafile  iridium  is  obtained  from  the  chloride  by  reducing  that  salt  with  hydrogen 
at  a  red  heat,  or  by  exposing  it  alone  to  a  very  high  temperature,  or  more  easily  by 
igniting  the  chloriridiate  of  ammonium  (p.  314),  in  the  form  of  a  grey  metallic  powder 
much  resembling  spongy  platimim.  It  is  the  most  refractory  of  all  bodies  excepting 
ruthenium  and  osmium ;  not  being  fusible  in  the  flame  of  the  ordinary  oxy-hydrogen 
blowpipe.  Children,  however,  by  the  discharge  of  a  very  large  voltaic  battery, 
succeeded  in  melting  it  into  a  globule  which  was  white  and  very  brilliant,  but  still  a 
little  porous,  and  had  a  density  of  18'68  ;  and  Deville  and  Debray,  by  means  of  their 
powerful  oxy-  hydrogen  blast  furnace,  have  fused  it  completely  into  a  pure  white  mass, 
resembling  polished  steel,  brittle  in  the  cold,  somewhat  malleable  at  a  red  heat,  and 
having  a  density  equal  to  that  of  platinum,  viz.  2ri5.  By  moistening  the  pulverulent 
metal  with  a  small  quantity  of  water,  pressing  it  tightly,  first  between  filtering  paper, 
then  very  forcibly  in  a  press,  and  calcining  it  at  a  white  heat  in  a  forge-fire,  it  may  be 
obtained  in  the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good  polish,  but 
still  very  porous,  and  of  a  density  not  exceeding  16-0.  After  strong  ignition  it  is  in- 
soluble in  all  acids,  but  when  reduced  by  hydrogen  at  low  temperatures,  it  oxidises 
slowly  at  a  red  heat,  and  dissolves  in  nitromuriatic  acid.  It  is  usually  rendered 
soluble  by  fusing  it  with  nitre  and  caustic  potash,  or  by  mixing  it  with  common  salt, 
or  better  with  a  mixture  of  the  chlorides  of  potassium  and  sodium,  and  igniting  it  in  a 
current  of  chlorine,  thereby  it  is  converted  into  the  soluble  chloriridiate  of  potassium  or 
sodium. 

IRIIHUIVT,  AliXiOYS  OP.  1  pt.  of  iridium  combines  at  a  white  heat  with 
4  pts.  of  copper,  forming  a  ductile,  pale  red  alloy,  which  is  much  harder  than  copper, 
and  gives  up  its  copper  to  nitric  acid,  the  iridium  remaining  in  the  form  of  a  black 
powder. 

With  gold,  iridium  forms  a  malleable  alloy,  having  a  colour  very  much  like  that  of 
gold :  nitromuriatic  acid  dissolves  out  the  gold  and  leaves  the  iridium. 

1  pt.  of  iridium  and  8  pts.  lead  heated  together  to  an  intense  red  heat,  form  an 
alloy  which  is  very  ductile,  but  much  harder  and  whiter  than  lead,  and  behaves  with 
nitric  acid  like  the  copper  alloy.  On  cupellation,  the  iridium  is  left  as  a  soft  black 
powder. 

With  mercury,  iridium  forms  a  viscid  amalgam,  which  is  obtained  by  immersing 
sodium-amalgam  in  an  aqueous  solution  of  chloriridiate  of  sodium.  When  very  strongly 
ignited,  it  leaves  a  black  powder,  from  which  boiling  nitric  acid  extracts  a  small 
quantity  of  mercury,  leaving  a  residue  of  pure  iridium,  soluble  in  boiling  nitromuriatic 
acid.  (Bottger,  J.  pr.  Chem.  xii.  252.) 

The  compound  of  iridium  and  osmium  is  not,  properly  speaking,  an  alloy,  inasmuch 
as  osmium  is  rather  a  metalloid  than  a  metal.  (See  IREDOSMINE.) 

Platinum  ?.nd  iridium  easily  melt  together,  and  form  alloys  which,  even  when  they 
contain  20  per  cent,  of  iridium,  are  still  malleable  and  capable  of  being  worked,  but 
are  less  easily  attacked  by  chemical  reagents  than  pure  platinum.  (Deville  and 
Debray.) 

Equal  weights  of  the  two  metals  form  a  brittle  alloy  capable  of  welding  to  a  certain 
extent.  The  alloy  of  platinum  with  a  few  parts  per  cent,  of  iridium  is  ductile  and  much 
harder  than  pure  platinum,  and  more  capable  of  resisting  the  action  of  fire  and  of  chemical 
reagents  (Berzelius).  An  alloy  made  by  fusing  1  pt.  iridium  and  10  platinum  in  the 


318  IRTDIUM  :  CARBIDE  —  CHLORIDES. 

flame  of  the  oxyhydrogen  blowpipe,  is  very  malleable,  susceptible  of  hardening,  does 
not  tarnish,  and  when  laid  on  copper  serves  for  metallic  mirrors.  (Gaud in,  J.  pr. 
Chem.  xvi.  55.) 

A  native  alloy  of  iridium  and  platinum  called  native  iridium  occurs  in  the  Ural 
in  cubo-octahedrons  of  specific  gravity  varying  from  21-85  to  22*65  and  22*8,  and  in 
Brazil  in  white  round  grains  of  specific  gravity  16-94.  (S  van  berg,  Gmelin's  Handb. 
vi.  393.) 

Pt.  Ir.  Rh.  PA.  Os.  Fe.  Cu. 

Ural     .  19-64         76*85          .    .          0-89          .     .  .    .          1*78     =     99-16 

Brazil  .  55'44         2779          6*86         0'49         trace          4'14         3'30     =     98-02 

1  pt.  of  iridium  unites  but  imperfectly  with  2  pts.  of  silver.     (Vauquelin.) 

1  pt.  of  iridium  unites  with  4  pts.  of  tin  at  an  intense  red  heat,  forming  a  dull  white 
easily  crystallisable,  hard,  malleable  alloy.  (Vauquelin.) 

When  iridosmine  is  fused  with  from  5  to  6  times  its  weight  of  tift,  the  alloy  being 
kept  for  a  long  time  at  a  red  heat  in  the  charcoal  crucible,  then  slowly  cooled  and 
treated  with  hydrochloric  acid,  tin  passes  into  solution,  together  with  traces  of  iridium, 
and  there  remains  a  mixture  (separable  by  a  fine  sieve)  of  finely  pulverulent  crystalline 
osmium,  and  large  shining  cubic  crystals  of  an  alloy  of  tin  and  iridium,  which  is  not 
attacked  by  nitromuriatic  acid,  but  when  strongly  ignited  in  an  atmosphere  of  sulphy- 
dric  acid,  gives  off  the  whole  of  the  tin,  amounting  to  56-6  per  cent.,  as  sulphide, 
leaving  43 '4  per  cent,  iridium. — By  fusing  tin  with  a  mass  containing  platinum, 
iridium,  and  rhodium,  and  dissolving  the  excess  of  tin  in  hydrochloric  acid,  a 
crystalline  residue  is  obtained,  whose  composition  (if  Pt  denotes  the  platinum  metals 
in  general)  is  PtSn*.  (D  e  v  i  1 1  e  and  D  e  b  r  ay.) 

An  alloy  of  iridium  and  zinc,  obtained  as  in  Deville  and  Debray's  first  method  of 
preparing  an  alloy  of  iridium  and  tin,  is  not  crystallisable. 

IRIDIU1VT,  CARBIDE  OF.  When  a  coherent  mass  of  iridium  is  held  in  the 
flame  of  a  spirit-lamp,  black  masses  appear  on  its  surface,  which  are  a  carbide 
containing  19*83  per«cent.  carbon,  or  IrC4.  The  carbon  burns  off  readily  in  the  air. 

IRIDIUIVI,  CHLORIDES  OP.  Iridium  appears  to  form  four  compounds  with 
chlorine ;  but  only  two  of  them  have  been  obtained  in  definite  form. 

The  dichloride,  IrCl2,  is  said  by  Berzelius  to  be  formed  when  pulverised 
iridium  is  heated  to  low  redness  in  chlorine  gas.  It  is  described  as  a  dark  olive  green 
powder,  insoluble  in  water,  slightly  soluble  in  hydrochloric  acid,  and  forming  double 
salts  with  the  chlorides  of  the  alkali-metals.  According  to  Glaus,  however  (Ann.  Ch. 
Pharm.  lix.  255),  the  so-called  dichloride  of  iridium  is  merely  a  mixture  of  the 
trichloride  with  metallic  iridium.  The  dichloride  appears,  however,  to  exist  in 
certain  double  salts  (p.  322). 

The  trichloride,  Ir2Cl6,  is  prepared  by  dissolving  the  sesquioxide  in  hydrochloric 
acid,  and  evaporating;  it  also  sublimes  when  iridium,  either  alone  or  mixed  with 
nitre,  is  ignited  in  chlorine  gas.  It  is  black,  deliquescent,  and  does  not  crystallise. 
It  unites  with  the  chlorides  of  the  alkali -metals,  forming  double  salts,  called  chloro- 
iridites,  which  are  prepared,  either  by  mixing  the  solutions  of  the  component 
chlorides  in  the  required  proportions,  and  evaporating,  or  by  reducing  the  solutions 
of  the  corresponding  chloriridiates  with  sulphurous  acid,  sulphydric  acid,  alcohol, 
or  ferrocyanide  of  potassium.  Glaus  has  obtained  the  compounds  6NH4Cl.Ir2ClB. 
6H20,  6KCl.Ir2Cl6.6H20,  and  6NaCl.Ir2Cl6.24H20.  They  are  olive-green,  pulveru- 
lent salts,  soluble  in  water ;  the  sodium-salt  is  also  soluble  in  alcohol ;  the  other 
two  are  insoluble  in  alcohol.  Berzelius  obtained  a  potassium-salt  containing 
4KCl.Ir2Cl«. 

Chloriridite  of  silver,  Ag8Ir2Cl12  =  6AgCl.Ir2Cl8,  is  produced,  on  adding  nitrate  of 
silver  to  aqueous  chloriridiate  of  potassium,  as  a  deep  indigo-coloured  flocculent 
precipitate,  which,  however,  becomes  paler  in  a  few  seconds,  and  finally  loses  its  colour 
altogether.  The  reaction,  which  is  attended  with  evolution  of  oxygen,  is : 

6AgNOs  +  2K2IrCl"  +  H20  =  Ag'IrW  +  4KN08  +  2HNO«  +  0. 
With  a  boiling  solution  of  chloriridiate  of  potassium,  the  same  compound  is  formed 
immediately,  without  the  intermediate  production  of  a  blue  substance.  The  silver- 
salt  is  insoluble  in  water  and  in  acids,  and  but  slightly  soluble  in  ammonia.  When 
it  is  covered  with  strong  aqueous  ammonia  and  left  to  itself  for  a  few  days,  one  portion 
dissolves,  and  the  remainder  is  converted  into  a  crystalline  modification  of  the  salt 
composed  of  rhombohedrons  having  an  adamantine  lustre.  (Glaus,  Ann.  Ch.  Pharm. 
Ixiii.  338.) 

The  tetrachloride,  IrCl4,  is  obtained  by  dissolving  very  finely  divided  iridium, 
or  one  of  its  oxides,  or  the  trichloride,  in  nitromuriatic  acid,  and  heating  the 
liquid  to  the  boiling  point.  On  evaporating  the  solution,  it  remains  in  the  form 
of  a  black,  deliquescent,  amorphous  mass,  translucent  with  dark  red  colour  at  the 
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edges.  It  sustains  a  rather  strong  heat  without  decomposition,  but  at  a  higher 
temperature  is  reduced  to  the  trichloride  and  ultimately  to  metallic  iridium 
(Berzelius).  It  dissolves  in  water,  forming  a  reddish-yellow  solution.  It  unites 
with  the  alkaline  chlorides,  forming  definite  crystalline  double  salts  called  chlor- 
iridiates,  the  general  formula  of  which  is  M"IrCl6==2MCl.IrCl4.  The  ammonium- 
salt,  2NHlCl.IrCT.H-0  or  (NH«)3Ir01«.H-0,  is  obtained,  on  mixing  the  solutions  of 
the  component  chlorides,  as  a  very  dark  brown  precipitate,  which  dissolves  in  boiling 
water  and  crystallises  in  octahedrons  on  cooling.  It  dissolves  in  20  pts.  of  cola 
water,  forming  a  dark  red  brown  liquid,  and  imparts  distinct  coloration  to  4,000  pts. 
of  water.  The  red  colour  often  exhibited  by  chloroplatinate  of  ammonium  is  due  to 
small  quantities  of  this  salt.  The  aqueous  solution  supersaturated  with  ammonia 
forms  a  pale  yellow  mixture,  which  becomes  perfectly  colourless  when  exposed  to 
light,  but  afterwards  turns  purple,  then  violet,  and  finally  assumes  a  beautiful  blue 
colour. 

The  chloriridiates  are  easily  converted,  by  the  action  of  sulphurous  acid,  sulphydric 
acid,  and  other  reducing  agents,  into  the  more  soluble  chloriridites,  a  reaction  which 
affords  the  means  of  separating  iridium  from  platinum,  the  chloroplatinates  being 
but  very  slowly  reduced  under  the  same  circumstances,  and  not  converted  into  more 
soluble  salts  (p.  315). 

The  potassium-salt,  K-IrCl8  =  2KCUrCl4,  is  precipitated  on  mixing  the  aqueous  solu- 
tions of  its  component  salts.  It  may  also  be  prepared  by  passing  chlorine  gas  over  a 
gently  ignited  and  intimate  mixture  of  finely  divided  iridium  and  chloride  of  potassium  ; 
filtering  from  unaltered  iridium ;  dissolving  the  unfused  black-brown  mass  in  hot 
water ;  mixing  it  with  nitromuriatic  acid  and  evaporating  to  dryness  ;  extracting  the 
excess  of  chloride  of  potassium  by  small  quantities  of  cold  water ;  dissolving  the  residue 
in  boiling  water ;  adding  a  small  quantity  of  nitromuriatic  acid  ;  and  evaporating  to  the 
crystallising  point.  It  crystallises  in  black  octahedrons,  yielding  a  red  powder.  It 
dissolves  very  slowly  in  cold  water,  but  quickly  in  boiling  water,  forming  a  liquid  which 
appears  deep  red  in  the  mass,  but  yellow  in  thin  films.  It  is  insoluble  in  saline  solu- 
tions and  in  alcohol,  which  precipitates  it  from  solution  in  water.  The  aqueous  solution, 
mixed  with  excess  of  potash,  behaves  in  the  same  manner  as  the  ammonium-salt  with 
excess  of  ammonia.  At  a  strong  heat,  it  is  converted  into  chloriridite  of  potassium, 
and  at  a  still  higher  temperature,  leaves  metallic  iridium  mixed  with  chloride  of  po- 
tassium. The  sodium-salt,  Na*IrCl6.6H-0  or  2NaCl.IrCl'.6H20,  is  obtained,  like  the 
potassium-salt,  by  passing  chlorine  over  a  gently  ignited  mixture  of  iridium  and  chloride 
of  sodium.  It  forms  black  tables  and  four-sided  prisms  with  dihedral  summits,  iso- 
morphous  with  tne  corresponding  platinum-salt.  When  heated,  they  leave  the  anhydrous 
salt  in  the  form  of  a  brownish-grey  powder.  It  is  easily  soluble  in  water,  and  the 
solution  mixed  with  sal-ammoniac  yields  a  precipitate  of  chloriridiate  of  ammonium. 

A  hexchloride  ef  iridium  was  obtained  by  Berzelius,  in  combination  with  chloride  of 
potassium,  by  fusing  iridosmine  with  nitre,  distilling  the  product  with  nitromuriatic 
acid,  and  treating  the  residue  with  successive  portions  of  water.  A  dark  red  solution 
was  then  obtained,  which  yielded  a  salt  having  the  composition  SKCl.IrCl8,  but 
according  to  Glaus,  the  salt  thus  obtained  was  really  a  ruthenium-compound,  having  been 
prepared  by  Berzelius  from  iridosmine  containing  ruthenium.  Pure  iridium  fused  with 
nitre  and  distilled  with  nitromuriatic  acid,  yields  a  saltcontainingdichloride  of  iridium. 

XRXDIUIK,  DETECTION  AWD  ESTIMATION.  Iridium  in  its  free  state 
is  easily  distinguished  from  all  other  metals,  excepting  rhodium  and  ruthenium,  by  its 
insolubility  in  acids,  not  being  attacked  in  the  compact  state  by  any  acid  whatever, 
and  in  the  state  of  fine  division,  only  very  slowly  by  nitromuriatic  acid.  Its  infusibility, 
even  in  the  ordinary  oxy- hydrogen  blowpipe  flame,  serves  also  to  distinguish  it  from  all 
metals  excepting  rhodium,  ruthenium,  and  osmium. 

It  may  be  distinguished  from  rhodium  by  fusing  it  in  the  finely  divided  state  with 
acid  sulphate  of  potassium.  The  iridium  is  then  converted  into  sesquioxide,  but  does 
not  dissolve  in  the  acid  sulphate  or  colour  it  red,  as  rhodium  does.  Another  method 
of  distinguishing  iridium  from  rhodium,  and  likewise  from  ruthenium,  is  to  mix  it 
intimately  with  chloride  of  potassium  or  sodium,  heat  the  mixture  in  a  stream  of 
chlorine,  and  dissolve  the  resulting  double  chloride  in  water  :  iridium  thus  treated 
yields  a  black-brown  solution,  rhodium  a  rose-red,  and  ruthenium  an  orange-yellow 
solution.  (See  RHODIUM  and  RUTHENIUM.) 

All  compounds  of  iridium  are  easily  reduced  tothemetallic  state  by  ignition  inanatmo- 
sphere  of  hydrogen ;  the  reduced  metal  may  then  be  tested  in  the  manner  just  described. 

Iridic  solutions  (containing  the  dioxide  or  tetrachloride),  which  are  those  of  most  fre- 
quent occurrence,  are  of  a  dark  brown-red  colour ;  iridous  solutions  (containing  the 
sesquioxide  or  trichloride)  have  an  olive-green  colour.  The  characters  of  an  iridic 
solution  are  best  observed  with  chloriridiate  of  sodium,  as  all  the  other  compounds  are 
but  very  slightly  soluble. 
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Caustic  potash  in  excess  decolorises  the  solution  of  an  iridic  salt,  changing  the  dark 
red  colour  to  a  very  faint  greenish  tint,  and  after  some  time  throws  down  a  slight 
black-brown  precipitate  of  chloriridiate  of  potassium.  If  the  clear  solution  be  heated, 
and  then  left  in  contact  with  the  air,  it  first  acquires  a  faint  red  and  then  a  blue 
colour,  gradually  increasing  in  intensity  from  the  surface  downwards,  and  ultimately 
becoming  as  deep  as  that  of  an  ammoniacal  solution  of  copper.  The  solution  evapo- 
rated to  dryness,  leaves  a  white  mass,  which,  when  treated  with  water,  yields  a  colour- 
less solution  and  an  insoluble  blue  powder  consisting,  according  to  Glaus,  of  iridic 
hydrate.  This  is  the  most  characteristic  of  all  the  reactions  of  iridium.  The  presence 
of  palladium  interferes,  however,  with  the  production  of  the  blue  colour,  and  gives  rise 
to  the  precipitation  of  iridic  oxide.  A  solution  of  iridium  containing  platinum  is  like- 
wise not  coloured  blue  by  potash,  but  is  decolorised,  and  yields  a  red  precipitate  of 
chloroplatinate  of  potassium  containing  iridium ;  on  heating  the  liquid,  this  precipitate 
redissolves,  and  another  precipitate  is  formed  consisting  of  platiniferous  iridic  oxides. 
If  the  solution  contains  rhodium,  no  alteration  takes  place  at  first ;  but  subsequently, 
a  light  yellow  precipitate  of  rhodic  hydrate  is  produced ;  or  if  the  solution  is  hot,  the 
precipitate  is  of  a  dirty  greyish-green  colour,  and  the  solution  becomes  colourless. 

Ammonia  in  excess  also  decolorises  iridic  solutions,  and  forms  a  slight  blackish  pre- 
cipitate. On  boiling  the  solution  for  some  time,  till  the  greater  part  of  the  ammonia 
is  expelled,  the  solution  acquires  a  blue  colour,  especially  if  left  exposed  to  the  air; 
but  the  colour  is  neither  so  pure  nor  so  deep  as  that  produced  by  potash.  The  pre- 
sence of  palladium,  platinum,  or  rhodium  modifies  the  reaction  with  ammonia  much  in 
the  same  manner  as  with  potash.  Carbonate  of  potassium  forms  a  red-brown  preci- 
pitate, which  gradually  dissolves,  the  liquid  afterwards  turning  blue  when  exposed  to 
the  air.  Carbonate  of  ammonium  imparts  a  blue  colour  to  the  liquid  under  the  in- 
fluence of  the  air.  Sulphydric  acid  decolorises  the  solution  at  first,  and  afterwards 
forms  a  brown  precipitate.  Chloride  of  ammonium  forms  a  dark  cherry-red,  pulveru- 
lent precipitate  of  chloriridiate  of  ammonium.  Ferrocyanide  of  potassium  and  proto- 
sulphate  of  iron  decolorise  the  solution.  Dichloride  of  tin  forms  a  light  brown 
precipitate.  Zinc  precipitates  metallic  iridium  as  a  black  powder. 

Quantitative  estimation  and  separation. — Iridium  is  completely  precipi- 
tated from  the  solution  of  an  iridic  salt  by  treating  the  solution  with  chloride  of  am- 
monium or  chloride  of  potassium,  and  then  adding  alcohol  containing  ether,  in  which  the 
chloriridiate  of  ammonium  or  potassium  is  quite  insoluble.  The  precipitate  may  be 
collected  on  a  weighed  filter,  washed  with  alcohol  and  ether,  dried  in  the  water-bath, 
and  then  weighed.  The  ammonium-precipitate  contains  44*21  percent.,  the  potassium- 
precipitate  40'38  per  cent,  iridium.  The  ammonium-precipitate  may  also,  after  washing 
with  ether-alcohol  (not  on  a  weighed  filter),  and  drying,  be  carefully  ignited  in  a  tared 
platinum  crucible,  and  the  weight  of  the  remaining  iridium  directly  determined. 

If  the  iridium  exists  in  solution  as  sesquichloride,  it  must,  before  precipitation,  be 
converted  into  dichloride  by  passing  chlorine  gas  into  it,  or  heating  it  with  nitro- 
muriatic  acid. 

The  mode  of  precipitation  just  described  serves  for  the  separation  of  iridium  from 
all  metals  excepting  platinum,  rhodium,  ruthenium,  and  osmium  ;  and  from  all  these, 
except  rhodium,  it  may  be  separated  by  reducing  it  to  the  state  of  sesquichloride,  and 
then  adding  to  the  liquid  an  excess  of  a  concentrated  solution  of  sal-ammoniac.  Chlori- 
ridite  of  ammonium,  6NH4Cl.Ir2Cl6,  is  then  formed,  which  is  soluble  in  sal -ammoniac, 
whereas  the  double  compounds  of  chloride  of  ammonium  with  the  chlorides  of  the  other 
platinum-metals  (except  sesquichloride  of  rhodium)  are  insoluble  in  excess  of  chloride 
of  ammonium. 

The  reduction  of  dichloride  of  iridium  in  solution  to  sesquichloride  may  be  effected 
by  any  of  the  reducing  agents  already  mentioned  (pp.  315, 319),  but  the  most  convenient 
for  analytical  purposes  is  sulphydric  acid. 

When,  for  example,  iridium  is  to  be  separated  from  platinum,  both  being  in  the 
form  of  tetrachlorides,  the  mixture  of  these  compounds,  or  rather  their  double  salts 
with  chloride  of  ammonium  or  potassium,  may  be  treated  with  a  small  quantity  of 
water,  and  solution  of  sulphydric  acid  added  by  small  portions.  The  reduction  of  the 
iridic  chloride  then  takes  place  immediately,  a  green  liquid  being  formed,  rendered 
milky  by  precipitated  sulphur,  and  coloured  brown  by  sulphide  of  platinum,  if  that 
metal  is  present  in  rather  large  proportion.  Iridium  is  not  precipitated  from  its  solu- 
tions as  sulphide  by  sulphydric  acid  at  ordinary  temperatures,  unless  the  reagent  is 
added  in  very  large  excess,  and  even  then  the  precipitation  takes  at  least  24  hours. 
The  reduction  of  the  iridium  to  trichloride  being  complete,  sal-ammoniac  is  added  in 
excess,  and  the  liquid  filtered.  The  platinum  then  remains  undissolved,  while  the 
iridium  passes  into  the  filtrate,  and  may  be  reconverted  into  tetrachloride  by  means  of 
nitromuriatic  acid,  and  precipitated  as  already  described. 

The  same  method  may  serve  to  separate  iridium  from  osmium,  but  the  separation 
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of  that  metal  from  the  other  members  of  the  group  is  generally  effected  by  distillation 
with  nitromuriatic  acid,  or  by  roasting  in  an  atmosphere  of  oxygen.  (See  OSMIUM.) 

Palladium  is  easily  separated  from  iridium  by  precipitation  with  cyanide  of  mer- 
cury, which  does  not  throw  down  iridram ;  also  by  fusion  with  acid  sulphate  of 
potassium,  which  dissolves  the  palladium,  but  merely  oxidises  the  iridium. 

The  separation  of  iridium  from  rhodium  may  be  effected,  when  the  former  is  in  the 
state  of  tetracbloride  and  the  latter  in  the  state  of  trichloride,  by  treating  the  solution 
with  excess  of  chloride  of  ammonium,  which  forms,  with  trichloride  of  rhodium,  a 
double  salt  soluble  in  excess  of  chloride  of  ammonium,  whereas  chloriridiate  of  ammo- 
nium is  insoluble  in  excess  of  that  salt.  Another  mode  of  separation  is  founded  on  the 
fact  that  chloriridiato  of  sodium  is  soluble,  and  chlororhodiate  of  sodium  insoluble,  in 
alcohol.  The  method  of  fusion  with  acid  sulphate  of  potassium,  whereby  rhodium  is 
dissolved  while  iridium  is  merely  oxidised,  serves  for  the  qualitative  distinction  between 
the  two  metals  (p.  319),  but  is  not  adapted  for  quantitative  separation,  because  the 
solution  of  the  rhodium  takes  place  but  slowly,  and  when  a  small  quantity  of  it  is 
mixed  with  a  considerable  quantity  of  iridium,  not  a  trace  of  it  is  taken  up  by  the 
fused  acid  sulphate.  (See  RHODIUM.) 

Atomic  Weight  of  Iridium. — The  only  known  determination  of  this  number  is 
that  made  in  1828  by  B  e  rz  e 1 i  u  s  (Pogg.  Ann.  xiii.  435),  and  founded  on  the  analysis  of 
chloriridiato  of  potassium,  2KCl.IrCl4.  100  parts  of  this  salt  ignited  in  a  stream  of 
hydrogen  lost  29  pts.  of  chlorine.  Now,  as  only  4  at.  chlorine  are  given  off,  the 
chloride  of  potassium  not  being  decomposed,  we  have,  for  determining  the  atomic 
weight  of  iridium  (taking  K  =  39'2  and  01  =  35-5),  the  proportion 

291-4  +  Ir  :  142  =  100  :  29 
whence  Ir  =  198-26. 

ZRZDZUXIS,  ZODZDES  ©E1.  (Oppler,  Ueber  die  Jodverbindungen  des  Iridiums 
(Dissertation),  Gottingen,  1857;  Jahresb.  1857,  p.  263). — Iridium  appears  to  form 
three  compounds  with  iodine,  namely,  Irl2,  Ir-Iu  and  Irl4. 

The  di-iodide,  Irl2,  or  Hypo-iridious  iodide,  appears  to  be  formed,  as  a  brown 
powder,  by  passing  sulphurous  acid  gas  into  water  in  which  iridic  iodide  is  suspended. 
'  By  dissolving  finely  pulverised  chloriridiate  of  ammonium  in  a  boiling  concentrated 
solution  of  iodide  of  potassium,  and  leaving  the  liquid  to  stand  for  a  few  hours,  hypo- 
iodirid'tte  of  ammonium,  (NH4)2IrI4  or  2NH4I.Irl2,  separates  as  a  black  crystalline 
powder  or  in  blackish-grey  spangles. 

The  tri-iodide,  Ir'^I",  or  Iridious  iodide,  separates  as  a  black  crystalline  pre- 
cipitate on  adding  chloride  of  ammonium  to  aqueous  iodiridiate  of  potassium,  K2IrP 
(iodiridiate  of  ammonium  being  probably  formed  in  the  first  instance,  and  subsequently 
resolved  into  tri-iodide  of  iridium,  iodide  of  ammonium,  and  free  iodine).  It  is 
very  sparingly  soluble  in  cold  water,  somewhat  more  freely  in  hot  water,  insoluble  in 
alcohol.  It  unites  with  alkaline  iodides,  forming  double  salts  which  may  be  called 
iodiridites.  The  ammonium-salt,  (NH4)6Ir2I12.2H20  or  6NH4LIr2I6.2H20,  separates 
in  crystalline  needles  from  the  mother-liquor  of  hypo-iodiridite  of  ammonium  (see 
above)  on  repeated  concentration,  first  together  with  the  latter,  afterwards  alone. 
T*he  potassium-salt,  K6Ir2!12,  separates  on  adding  a  concentrated  solution  of  iodide  of 
potassium  to  a  solution  of  trichloride  of  iridium,  as  a  fine  crystalline  powder. 
having  a  green  lustre,  insoluble  in  water  and  in'  alcohol,  dissolving  slowly  in 
acids,  easily  in  alkalis  when  heated.  The  silver-salt,  Ag6Ir2I12,  is  obtained  on 
adding  nitrate  of  silver  to  a  solution  of  iod-iridiate  of  potassium,  as  a  dark  green 
amorphous  precipitate,  which  afterwards  turns  brown.  The  reaction  by  which 
it  is  formed  is  similar  to  that  of  nitrate  of  silver  on  chloriridiate  of  potassium 
(p.  318). 

The  tetra-iodide,  Irl4,  or  Iridic  iodide,  is  obtained  as  a  soft  black  powder 
by  adding  iodide  of  potassium  to  a  strong  solution  of  tetrachloride  of  iridium,  and 
boilins:  the  brown-red  liquid,  mixed  with  a  little  hydrochloric  acid.  With  alkaline 
chlorides  it  forms  the  iodiridi  ate  s.  The  ammonium-salt,  (NH4)2IrCl6,  or  2NH4I.IrCl4, 
separates  after  some  weeks  from  a  solution  of  chloriridiate  of  ammonium  in  cold 
concentrated  aqueous  iodide  of  potassium,  in  dark  brown  shining  crystals  easily 
decomposed  by  heat.  The  aqueous  solution,  when  gently  heated,  becomes  turbid  and 
black-brown,  depositing  hypo-iodiridite  of  ammonium,  (NH4)2IrI4,  and  iridic  iodide. 
The  potassium-salt,  K2IrI°  or  2KLIrI4,  separates  after  the  iridic  iodide  itself,  from-,  a 
solution  of  iridic  chloride  mixed  with  iodide  of  potassium.  It  is  formed  also,  though 
in  small  quantity  only,  by  the  action  of  iodine-vapour  on  an  intimate  mixture  of  dridium 
and  iodide  of  potassium  heated  to  60° — 70° ;  and  in  larger  quantity,  by  adding  iridic 
chloride  to  a  solution  of  iodide  of  potassium,  the  latter  being  kept  in  excess :  or  by  dis- 
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solving  tho  iridic  iodide  in  iodide  of  potassium,  and  leaving  the  solution  to  crystallise. 
It  forms  dark,  metallic-shining,  crystalline  spangles,  appearing  as  octahedrons  under 
the  microscope,  easily  soluble  in  water,  insoluble  in  alcohol  ;  it  is  dissolved  by  acids, 
and,  with  decomposition,  by  alkalis.  The  sodium-salt,  Na'^IrP  =  2NaI.IrI4,  is  obtained 
on  adding  a  concentrated  solution  of  iodide  of  sodium  to  iridic  chloride,  as  a  dark 
brownish-green  crystalline  powder,  insoluble  ill  alcohol  and  in  cold  water,  sparingly 
soluble  in  hot  water. 

IRIBIU2V1,  OXIDES  OP.  Iridium  forms  four  compounds  with  oxygen,  namely, 
IrO,  Ir20s,  IrO2,  and  IrO3.  The  protoxide,  or  Hypo-iridious  oxide,  IrO,  is  but 
little  known.  It  is  obtained  by  precipitating  an  alkaline  hypochloriridite  with  caustic 
alkali  in  an  atmosphere  of  carbonic  anhydride  (p.  323)  ;  but  on  exposure  to  tho  air  it 
is  quickly  converted  into  a  higher  oxide.  (C  1  a  u  s.) 

The  sesquioxide,  or  Iridious  oxide,  Ir-03,  was  formerly  regarded  as  the  most 
easily  formed  and  most  stable  of  the  oxides  of  iridium  ;  but,  according  to  Clans,  it 
has  a  great  tendency  to  take  up  oxygen  and  pass  to  the  state  of  dioxide.  It  may  be 
prepared  by  gently  igniting  a  mixture  of  chloriridite  of  potassium  (6KCl.Ir2Cl6)  with 
carbonate  of  sodium  in  an  atmosphere  of  carbonic  anhydride  ;  on  treating  the  product 
with  water,  the  sesquioxide  remains  in  tho  form  of  a  black  powder  insoluble  in  acids 
(Glaus,  Ann.  Ch.  Pharm.  lix.  251).  It  forms  two  hydrates,  one  containing  3  at.,  the 
other  5  at.  water.  Tho  trihydrate,  Ir203.3H20,  is  obtained  by  treating  a  solution  of 
the  olive-green  sesquichloridc*,  or  one  of  its  double  salts,  with  potash  and  alcohol,  as  a 
black  precipitate,  which,  when  treated  with  hydrochloric  acid,  yields  a  small  quantity 
of  olive-green  sesquichloridc.  The  pen  tahy  drat  e,  Ir203.5H26,  is  obtained  by  mixing 
the  solution  of  either  of  the  double  salts  of  trichloride  of  iridium  with  a  small 
quantity  of  caustic  potash,  and  leaving  the  liquid  for  some  time  to  itself  in  well-closed 
and  perfectly  filled  bottles.  It  is  then  deposited  as  a  yellowish  precipitate  with  a  tinge 
of  olive  green  ;  but  it  cannot  be  obtained  pure,  as  it  easily  takes  up  oxygen,  turning 
blue,  and  being  partially  converted  into  dioxide.  It  dissolves  in  the  smallest  quantity 
of  potash. 

Sesquioxide  of  iridium  unites  with  bases,  forming  salts  which  may  be  called  i  r  i  d  i  t  e  s. 
A  solution  of  a  chloriridite  in  excess  of  lime-water  deposits,  after  standing  for  some 
time  out  of  contact  of  air,  a  dirty  yellow  precipitate  containing  Ca3Ir206  or  3CaO.Ir203. 
(Glaus,  J.  pr.  Chem.  Ixxx.  282;  Jahresb.  1860,  p.  207.) 

The  dioxide,  or  Iridic  oxide,  IrO3,  is,  according  to  Glaus,  the  most  easily 
prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is  always  deposited  in  the 
form  of  a  bulky,  indigo-coloured  hydrate,  Ir202.2H20,  when  a  solution  of  either  of 
the  chlorides  of  iridium  or  their  double  salts  is  boiled  with  an  alkali  ;  but  it  always 
retains  3  or  4  per  cent,  of  tho  alkali.  The  hydrate  may  also  be  obtained  by  dissolving 
the  hydrated  sesquioxide  in  potash  and  treating  the  solution  with  an  acid.  A  greenish- 
blue  precipitate  is  then  formed,  which  gradually  absorbs  oxygen  from  the  air  and 
assumes  an  indigo-colour.  The  hydrate  parts  with  its  water  when  heated.  It  dissolves 
in  acids,  forming  solutions  which  are  dark  brown  when  concentrated,  reddish-yellow 
when  dilute. 

The  trioxide,  or  Per  iridic  oxide,  IrO3,  is  formed,  according  to  Glaus,  when 
iridium  is  fused  for  some  time  with  nitre.  The  resulting  blackish-green  mass  dis- 
solves in  water,  forming  a  deep  indigo-coloured  solution  of  basic  periridiate  of  potassium, 
leaving  a  black  crystalline  powder  consisting  of  acid  periridiate.  This  powder,  when 
washed,  is  perfectly  neutral  and  tasteless,  and  dissolves  with  indigo-colour  in  hydro- 
chloric acid,  giving  off  a  very  large  quantity  of  chlorine.  The  quantity  of  potash 
in  it  is  variable,  but  tho  iridium  and  oxygen  (in  the  acid)  constantly  maintain  the 
proportion  of  1  to  3.  (Glaus,  Ann.,  Ch.  Pharm.  lix.  249.) 

IRIDIUZVT,  OXYGEN-SALTS  OP.  Iridium,  like  the  other  platinum-metals, 
shows  but  little  tendency  to  form  oxygen-  salts.  The  oxides  dissolve  in  acids,  but  no 
definite  salts  are  obtained  in  this  way.  The  solution  of  iridic  oxide  in  sulphuric  acid 
has  a  dark  brown  colour,  which  is  not  modified  by  potash  in  the  same  manner  as  that 
of  the  tetrachloride,  neither  does  it  yield  any  blue  precipitate  on  boiling. 

The  only  definite  oxygen-salts  of  iridium  that  have  been  obtained  are  double  salts, 
containing  sulphurous  and  hyposulphuric  acids. 

a.  Hypo-iridoso-potassic  Sulphite,     3(K2O.S02).Ir0.2S02  =  (          08.S02.—  This 


salt  is  obtained  as  a  white  powder  when  the  mother-liquor  obtained  in  preparing  chlor- 
iridite of  potassium  by  passing  sulphurous  anhydride  through  a  solution  of  the  chlor- 
iridiate  (p.  318),  is  evaporated  to  a  small  bulk.  It  is  somewhat  crystalline,  nearly 
tasteless,  insoluble  in  water,  but  dissolves  easily  in  hydrochloric  acid,  giving  off  sul- 
phurous anhydride,  and  yielding  a  yellow  prjsmatic  salt,  in  which  3  at.  SO2  are 
replaced  by  6  at,  Cl,  It  dissolves  in  potash,  forming  a  solution  which  is  decomposed 


IRIDIUM,  SULPHIDES   OF— 1RIDIUM-BASES.        323 

by  heat,  with  separation  of  blue  iridic  hydrate.  Tho  crystals  contain  5  at.  water,  which 
is  given  off  at  180°;  at  a  higher  temperature,  the  salt  is  completely  decomposed.  (Glaus, 
Ann.  Oh.  Pharm.  Ixiii.  352.) 

/3.  Acid  Hypo-iridious  Sulphite  with  Chloride  of  Potassium,  6KCl.(Ir0.2S02). — 
Produced  by  treating  the  salt  a  with  hydrochloric  acid.  The  resulting  yellow  solution 
yields  by  evaporation,  pale  yellow  prisms,  very  soluble  in  water,  and  having  an 
astringent  somewhat  sweetish  taste.  At  a  red-heat  it  gives  off  sulphurous  anhydride, 
and  leaves  a  mixture  of  metallic  iridium  with  chloride  and  sulphate  of  potassium. 
(Clu us,  loc.cit.) 

7.  A  salt  containing  4KClJrCl2.(2K2S03JrS03.S02).12H20  is  obtained  by  heating 
a  solution  of  chloriridite  of  potassium  with  acid  sulphite  of  potassium  till  the  green 
colour  changes  to  red,  and  carefully  evaporating.     It  forms  minium-red  crystals,  yields 
protoxide  of  iridium  when  treated  with  carbonate  of  potassium  in  an  atmosphere  of 
carbonic  anhydride,  and  is  converted  by  prolonged  heating  with  acid  sulphite  of  potas- 
sium, into  the  white  salt,  a.     (Glaus,  Ann.  Ch.  Pharm.  cvii.  129.)     In  a  former 
memoir  (Ann.  Ch.  Pharm.  Ixiii.  3-14-348)  Glaus  represented  this  salt  by  the  formula 
2(KO.SO-).2KCl.2lrO. S*0*Cl,  in  which  the  protoxide  of  iridium  was  supposed  to  be 
combined  with  a  chloro-hyposulphuric  anhydride  S30*Cl.     The  same  acid  may  be 
supposed  to  exist  in  the  two  following  salts : 

8.  4KCL2lr0.820*Cl.  —Formed  by  treating  the  preceding  salt  with  hydrochloric 
acid.      Deep  red  prismatic   crystals,  easily  soluble,  with  yellow   colour,  in  water, 
insoluble  in  alcohol.     The  air-dried  crystals  contain  5  and  6  per  cent,  water  (  =  4HO), 
which  is  given  off  at  180°.     Alkalis  slowly  decompose  the  salt,  and  nitromuriatic 
acid  converts  it,  after  some  time,  into  an  iridic  salt.     Its  composition  might  also  be 
represented  by  the  formula  2KS03.(2KCUr-Cl3);  but  it  appears  to  contain  a  proto- 
rather  than  a  sesqui-compound  of  iridium. 

e.  ±(KO.SO'}.IrO.S-0*Cl. — This  salt  is  contained  in  the  mother-liquor  of  5,  and 
separates  as  a  translucent,  amber-coloured,  viscid  mass,  which  dries  up  to  an  amor- 
phous translucent  substance,  yielding  a  yellow  powder.  It  is  decomposed  by  water, 
part  of  it  dissolving,  while  the  rest  is  converted  into  the  white  salt  o.  (Glaus,  Ann. 
Ch.  Phaim.  Ixiii.  351 ;  see  also  Gmclin's  Hand-book,  vi.  388.) 

ZRZDZUM,  SUZ.PHZZJES  OP,  Four  of  these  compounds  are  described,  analo- 
gous to  the  oxides,  and  obtained  by  precipitating  the  solutions  of  the  chlorides  with 
sulphydric  acid.  The  protosulphide,  IrS,  obtained  also  by  heating  either  of  the 
higher  sulphides  in  a  close  vessel,  is  grey  or  blackish-blue.  According  to  Berzelius,  it 
dissolves  in  nitric  acid,  forming  hypo-iridious  or  iridious  sulphate ;  and  in  sulphide 
of  potassium  more  easily  than  sulphide  of  platinum.  The  sesquisulphide,  Ir2S3,  is  a 
brown-black  precipitate,  sparingly  soluble  in  water  [?  when  partially  oxidised],  and 
behaving  like  the  protosulphide  with  nitric  acid  and  sulphide  of  potassium  (Ber- 
zelius).  The  disidphide,  IrS2,  is  obtained  by  precipitation,  also  by  igniting  chlor- 
iridiate  of  ammonium  with  an  equal  weight  of  sulphur  (Vauquelin);  by  igniting 
pulverulent  iridium  with  sulphur  and  an  alkaline  carbonate,  and  exhausting  the  pro- 
duct with  water  (Fellenberg,  Pogg.  Ann.  lix.  66);  and  by  mixing  a  solution  of 
tetrachloride  of  iridium  in  strong  alcohol  with  sulphide  of  carbon,  and  leaving  the 
mixture  in  a  closed  vessel  for  a  week.  It  is  then  converted  into  a  gelatinous  mass, 
which  is  to  be  broken  up,  collected  on  a  filter,  washed  with  alcohol,  then  repeatedly 
boiled  with  water,  filtered  and  dried.  The  product  thus  obtained  is  disulphide  of 
iridium.  It  is  a  dark  yellow-brown  powder,  which  is  decomposed  by  heat,  leaving 
the  protosulphide  or  metallic  iridium  according  to  the  temperature  to  which  it  is 
raised.  The  disulphido  obtained  by  precipitation  behaves  with  nitric  acid  and  with 
sulphide  of  potassium  like  the  protosulphide.  The  trisidphide,  IrS3,  is  obtained  by 
decomposing  the  trichloride  with  sulphydric  acid,  but  to  complete  the  decomposition, 
the  liquid  saturated  with  sulphydric  acid  must  be  left  for  a  considerable  time  in  a 
closed  vessel  at  60°.  It  is  a  dark  yellow-brown  precipitate,  which  behaves  like  the 
preceding  compounds  with  nitric  acid  and  sulphide  of  potassium.  (Berzelius.) 

XRZDZUXK-BASE3,  AMIVKO^ZACAI..  Ammonio-dichloridc  of  indium, 
2NH3.IrCl2,  or  Chloride  of  iridammonium,  N2H6Ir".Cl2,  is  prepared  by  heating  tetra- 
chlorido  of  iridium  till  it  is  converted  into  dichloride,  dissolving  the  brown 
resinous  residue  in  carbonate  of  ammonia,  and  adding  hydrochloric  acid  in  slight 
excess.  The  compound  then  separates  in  the  form  of  a  yellow  granular  preci- 
pitate, insoluble  in  water.  The  oxide  corresponding  to  this  chloride  has  not 
been  obtained  in  the  free  state.  The  sulphate,  N'-H6Ir".S04,  is  obtained  by  heat- 
ing the  chloride  with  dilute  sulphuric  acid.  It  crystallises  in  largo  orange-yellow 
laminae,  easily  soluble  in  water— Tetrammonio-dicMoride  of  iridium,  4NH3.IrCl2, 

or  Chloride  of  ammiridammonium,  N2HXNH4)2Ir".Cl2,  is  obtained  as  a  white  preci- 
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pitate,  by  boiling  the  compound,  N2H8Ir".Cl2,  with  excess  of  ammonia,    Treated  with 

moderately  strong  sulphuric  acid,  it  yields  the  corresponding  sulphate  (N2H4(NH4)2Ir".SO* 
in  rhombic  prisms ;  and,  by  decomposing  this  salt  with  nitrate  of  barium,  or  the 
chloride  with  nitric  acid,  the  nitrate  is  obtained  in  yellow  needles,  which  dissolve 
readily  in  water,  melt  when  heated,  and  then  suddenly  decompose  with  flame. — 

Chloronitratc  of  ammiridammonium,  N2H4(NH4)2Ir"  r     Cp  or  Nitrate  of  ammochlori- 

ridammonium,  N2H4(NH4)2(IrCl2).2N03,  analogous  to  Gros' platinum-nitrate,  is  obtained 
as  a  yellowish,  crystalline,  granular  mass,  by  heating  the  chloride  of  iridammonium, 
N2H8IrCl2,  with  strong  nitric  acid;  when  recrystallised  from  water,  it  forms  shining, 
yellow,  laminar  crystals. — Dichloridc  ofammiridammonium,~$zH.*(NIL*)-Iv".Cl2,  or  Chlo- 
ride of  ammochloriridammonium,  N'-'H4(NH4)2(IrCl2).Cl2,  is  obtained  by  treating  the 
last-mentioned  salt  with  hydrochloric  acid,  in  the  form  of  a  violet  precipitate,  which 
dissolves  readily  in  hot  water,  and  separates  from  the  solution  in  violet  crystals. 
Nitrate  of  silver  added  to  the  solution  throws  down  only  half  the  chlorine.  The 
nitrate,  treated  with  dilute  sulphuric  acid,  yields  the  chlorosulphate  of  ammiridam- 
monium, in  delicate  greenish,  needle-shaped  crystals.  (Skoblikoff,  Ann.  Ch.  Pharm. 
lxxxiv.275.)  "  n.  .  -^ 

The  compound  10NH3.Ir2Cl8,  or  N-H4(NH4)2Ir  \  ^  ig  Oktaine(i  by  mixing  a  dilute 

N2H2(NH4)4Ir"/ 

solution  of  chloriridite  of  ammonium,  (NH4)6Ir4Cl12,  with  excess  of  ammonia,  and  leaving 
the  mixture  in  a  well-closed  and  completely  filled  bottle  for  some  weeks  in  a  warm 
place ;  heating  the  liquid,  which  has  then  acquired  a  rose  colour,  to  expel  the  excess  of 
ammonia ;  neutralising  with  hydrochloric  acid,  evaporating  to  dryness,  and  treating 
the  greenish-yellow  residue  with  cold  water  to  extract  the  chloride  of  ammonium.  A 
light  flesh-coloured,  finely  crystalline  powder  then  remains,  which,  when  dissolved 
in  boiling  water  acidulated  with  hydrochloric  acid,  yields  on  cooling,  a  crystalline 
precipitate  of  10NH8.Ir2Cl6,  mixed  with  trichloride  |of  iridium.  This  compound, 
when  dissolved  in  a  boiling  solution  of  ammonia,  is  partially  decomposed,  with  separa- 
tion of  blue  hydrated  dioxide  of  iridium;  when  digested  with  water  and  oxide  of 
silver,  it  yields  a  rose-coloured  alkaline  solution  of  the  base  10NH3.Ir203.  This 
solution,  saturated  with  various  acids,  yields  crystalline  salts,  soluble  in  water,  namely, 
a  carbonate,  10NHs.Ir203.3H2C03,  as  a  light  flesh-coloured,  finely  crystalline,  alkaline 
powder;  ^nitrate,  10NH3.Ir203.3N-06,  in  indistinct,  light  flesh-coloured,  neutral  prisms ; 
and  a  sulphate,  10NH3.Ir203.3SOs,  also  neutral  and  of  similar  colour.  (Glaus,  JBcitrage 
sur  Geschichte  der  Platin-metalle,  Dorpat,  1854  ;  Jahresb.  1854,  p.  434.) 

IRZDOSMZNE.  Native  iridium,  Osmide  of  Iridium,  Osmium-indium,  Iridosmium, 
Newjanskite,  Sisserskite. — This  compound  occurs,  together  with  platinum,  in  the 
province  of  Choco  in  South  America,  in  California,  Oregon,  Australia,  and  in  the  Ural 
mountains ;  also  in  the  gold  washings  on  the  rivers  du  Loup  and  des  Plates,  Canada. 
It  sometimes  constitutes  the  principal  part  of  platinum  ore,  especially  of  that  from 
Katharinenberg,  Slatoust,  and  Kisehtin  in  the  Ural.  It  occurs  rarely  in  hexagonal 
prisms  with  replaced  basal  edges,  commonly  in  irregular  grains,  flat  or  round,  sometimes 
in  very  thin  laminae.  It  has  a  metallic  lustre,  tin-white  or  light  steel-grey  colour,  and 
is  slightly  malleable.  Hardness  =  6  to  7.  Specific  gravity  =  19'3  to  21-12. 

The  following  are  analyses  of  specimens  from  different  localities: — 1.  By  Thomson 
(Gmelirfs  Handbook,  vi.  425).— 2.  By  Glaus  (Beitr'dgc $c.\— 3.  By  Berzelius  (Pogg. 
Ann.xxxii.  232).— 4-8.  Deville  and  Debray  (Ann.  Ch.Phys.  [3]  Ivi.  385;  Jahresb. 
1859,  p.  767). 

Og.  Ir.  Rh.          Pt.          Ru.         Cu.  Fe. 

1.  Brazil.                2l-5b  72-90 2-GO  =  100 

2.  Nischna  Tagilsk,  hexagonal  plates       27-32  51-24  1-51         10-08       5-85          .    .  .    .=100 

3.  Katharinenberg,  laminae  .       .            49-34  4677       3-45          . 074  =  10D 

4.  Oregon,  thin  shining  scales       .            17-20  70-40  12-30           O'lO       GOO         *.    .  .    .  =  100 

5.  „       round  compact  grains .  35-10       57'80       0'63          .    .        6-37         O'OG       O'lO  =  100 

6.  California,    Cavernous  nodules, 

sometimes  filled  with  oxide  of 

iron  or  chromic  iron  ore        .  43-40  53-50  2'60  '    .    .  0-50         .    .        .    .  =  100 

7.  Australia,  extremely  thin  lamina  33-46  58-13  3-04  .    .  5-22        0-15        .    .  =  100 

8.  Borneo 38-94  58-27  2-G4  0'15 =100 

Iridpsmine  has  usually  been  regarded  as  consisting  of  definite  osmides  of  iridium 
(the  iridium  being  more  or  less  replaced  by  rhodium,  ruthenium,  and  platinum) ;  No.  1 
agreeing  nearly  with  the  formula  Ir'Os ;  2,  with  IrOs ;  and  3,  with  IrOs8.  But 
according  to  Deville  and  Debray,  it  is  not  a  homogeneous  substance,  and  cannot  be 
regarded  as  a  distinct  mineral  species. 

Iridosmine,  when  heated  in  the  air,  gives  off  osraic  acid,  with  greater  facility  as  it  is 
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richer  in  osmium,  and  becomes  dull.  When  ignited  for  some  time  with  nitre  alone,  or 
with  nitre  and  caustic  potash,  it  gives  off  part  of  the  osmium  as  osmic  acid,  and  forms 
osmate  of  potassium,  together  with  iridiate  of  potassium  (p.  314).  According  to 
Fischer  (Pogg.  Ann.  xviii.  258)  it  is  more  easily  decomposed  by  nitrate  of  calcium, 
and  according  to  Deville  and  Debray  (p.  316)  by  a  mixture  of  peroxide  and  nitrate 
of  barium.  Nitromuriatic  acid  has  scarcely  any  action  upon  it.  [For  the  methods  of 
analysing  it,  see  IRIDIUM,  pp.  315,  316,  320;  also  PLATINUM-RESIDUES.] 
XRZSSWE.  See  CHINOLENE  (i.  871). 

XRITE.  This  name  was  given  by  Hermann,  J.  pr.  Chem.  xxiii.  276)  to  a  black 
mineral  from  the  Ural,  crystallised  in  regular  octahedrons  and  consisting  of  the 
protoxides  of  iridium,  osmium,  and  iron,  combined  with  the  sesquioxides  of  iron  and 
chromium.  According  to  C 1  a u  s  (ibid.  Ixxx.  28 5)  it  is  a  very  variable  mixture,  consisting 
chiefly  of  iridosmine  and  chrome-iron  ore. 

IRON1.  Synonyms:  Eiscn;  Fer;  Ferrum  ;  Mars.  Symbol :  Fe.  Atomic  weight : 
56.  Equivalents:  Fe  =  28  (ferrosum);  fe  =  18f  (ferricum). 

This  metal,  although  the  most  abundant  of  the  heavy  metals,  and  most  largely 
employed  in  the  arts,  is  but  little  known  in  a  state'  of  absolute  chemical  purity.  The 
iron  met  with  in  commerce  always  contains  carbon,  and  generally  some  other  foreign 
substances,  altogether  varying  in  amount  from  0'5  to  nearly  10  per  cent.  Probably  all 
these  admixtures  exercise  some  influence  on  the  characters  of  the  metal ;  but  it 
appears  to  be  chiefly  the  amount  of  carbon  contained  in  iron,  which  determines  the  re- 
markable differences  of  character  presented  by  the  several  varieties  of  metallic  iron 
known  as  malleable  iron,  cast  iron,  and  steel. 

Pure  iron  is  described  as  resembling  silver  in  whiteness,  capable  of  receiving  a  very 
high  polish,  extremely  tenacious,  softer  than  ordinary  malleable  iron,  and  presenting  a 
scaly,  conchoi'dal,  or  sometimes  crystalline  fracture.  Specific  gravity,  after  melting 
7-8439,  in  sheet  or  wire  7'75  to  7'60. 

Iron  obtained  by  electrolysis  was  found  to  have  a  specific  gravity  of  8*1393.  Its 
malleability  was  not  affected  by  heating  to  redness  and  rapid  cooling,  nor  was  it  in  the 
least  degree  hardened  by  this  treatment.  It  was  scarcely  acted  upon  by  acids  at  the 
ordinary  temperature ;  but  dissolved  with  the  aid  of  heat,  evolving  hydrogen  quite  free 
from  the  peculiar  smell  observable  in  the  hydrogen  evolved  during  the  solution  of  ordi- 
nary iron.  (Percy,  Metallurgy,  ii.  2.) 

The  crystalline  form  of  iron  is  either  the  cube,  octahedron,  or  some  other  form 
belonging  to  the  regular  system. 

The  different  kinds  of  iron  employed  in  the  arts  may  be  comprised  under  three  heads, 
viz.  malleable  iron,  cast  iron,  and  steel,  the  latter  being  to  some  extent  inter- 
mediate in  its  characters  between  the  other  two,  and  combining  some  of  the  peculiarities 
of  both.  See  STEEL. 

The  difference  between  these  three  kinds  of  iron  is,  however,  by  no  means  absolute, 
even  as  regards  their  characters,  but  more  a  difference  in  the  degree  in  which  particular 
characters  are  presented.  Iron  approaching  nearest  to  a  state  of  purity  requires  a  very 
high  temperature  for  its  fusion,  Avhile  cast  iron  melts  at  a  comparatively  low  heat,  but, 
not  being  sufficiently  malleable,  it  cannot  be  wrought  into  any  required  shape.  Malleable 
iron  has  a  much  higher  degree  of  toughness  or  tenacity  than  cast  iron,  which  on  the 
other  hand  is  much  harder,  while  steel  may  be  melted  and  forged,  as  well  as  rendered 
hard  or  soft  at  will,  or  as  it  is  technically  termed  "  tempered,"  by  cooling  suddenly  or 
gradually ;  on  account  of  these  varied  combinations  of  qualities,  the  different  kinds 
of  iron  have  a  wide  range  of  applicability  to  a  great  diversity  of  purposes. 

Leaving  out  of  consideration  for  the  present  all  the  other  substances  met  with  in 
iron  except  carbon,  it  appears  that  the  greater  or  less  approximation  to  the  character 
of  pure  iron  is  so  uniformly  accompanied  by  very  slight  differences  in  the  amount  of 
carbon,  that  these  two  circumstances  may  be  regarded  as  having  a  very  intimate  causal 
connection. 

Karsten's  observations  lead  to  the  conclusion  that  iron  containing  0'65  per  cent, 
carbon,  and  free  from  any  other  substance,  becomes  so  much  hardened  by  plunging 
it  into  water,  while  red-hot,  that  it  may  be  regarded  as  steel.  When  the  amount  of 
carbon  is  as  much  as  1*4  or  1/5  per  cent,  the  metal  presents  the  maximum  combination 
of  tenacity  with  the  capability  of  hardening  by  sudden  cooling.  Increase  in  the  amount 
of  carbon  beyond  this  limit  is  accompanied  by  increased  hardness,  but  the  tenacity  and 
malleability  are  less.  With  175  per  cent,  carbon,  the  malleability  of  the  metal  is  very 
slight,  and  with  T9  per  cent,  it  scarcely  admits  of  being  wrought.  Iron  with  2'3  per 
cent,  carbon  presents,  when  melted  and  gradually  cooled,  indications  of  graphite  being 
separated  during  the  cooling,  and  the  other  characters  of  cast  iron,  which  may  contain 
p.n  amount  of  carbon  varying  from  this  minimum  limit  up  to  5'75  per  cent. 

These  limits,  however,  arc  somewhat  different  when  iron  contains  other  substances, 
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as  is  usually  the  case  :  thus,  taking  as  the  criterion  between  malleable  iron  and  steel,  the 
capability  of  acquiring,  by  sudden  cooling,  such  a  degree  of  hardness  as  to  give  sparks 
when  struck  with  flint,  this  is  generally  found  to  obtain  with  iron  containing  0'5  per 
cent,  when  it  also  contains  small  quantities  of  silicon,  sulphur,  phosphorus,  &c. 

Taking  as  the  criterion  which  distinguishes  cast  iron  from  steel,  the  separation  of 
graphite  when  the  melted  metal  is  slowly  cooled,  and  the  want  of  malleability  in  the 
cold,  it  is  found,  in  like  manner,  that  the  relation  between  these  characters  and  the  amount 
of  carbon  is  not  strictly  constant,  but  that  it  is  to  some  extent  modified  by  the  nature 
and  amount  of  other  admixtures,  not  only  by  their  rendering  the  metal  less  malleable, 
but  also  by  their  promoting  the  tendency  to  the  separation  of  carbon. 

Malleable  Iron  (Schmicdciscn  ;  Stabeiscn;  Fcr  doux).  —  Ordinary  malleable  iron 
has  a  grey  colour,  which  varies  in  its  shade  according  to  the  character  of  the  iron,  and 
has  sometimes  a  bluish  or  blackish  tinge. 

The  specific  gr  ity  varies  between  7  '3  and  7  '9  ;  that  of  the  better  kinds  gene- 
rally approximating  to  the  mean  of  these  two  values.  The  specific  gravity  is  affected 
to  some  extent  by  the  alteration  of  internal  texture  produced  mechanically.  Thus  a 
bar  4  inches  wide  and  1  inch  thick  with  a  specific  gravity  =  7*8010  acquired  a  spe- 
cific gravity  =  7*8621  when  rolled  out  to  very  thin  sheet,  and  iron  of  specific  gravity 
7*7938  acquired  a  specific  gravity  =  7*8425  when  drawn  into  very  thin  wire. 
(Karsten.) 

The  specific  heat  of  ordinary  malleable  iron  is  O'l  13795,  and  is  somewhat  higher 
when  the  amount  of  carbon  in  the  metal  is  large.  (Kegnault.) 

The  conducting  power  for  heat  is  374*3  compared  with  gold  =  1000.    (Despretz.) 

The  linear  and  cubical  expansion  by  heat  (see  HEAT,  iii.  68,  71)  is  less  than  that 
of  most  other  metals.  The  linear  expansion  for  each  degree  between  100°  and  300°  C. 
=  osioo-  (Dulong  and  Petit.) 

An  iron  bar  expands  -^  when  raised  from  a  red  heat  to  a  white  heat,  an 
heated  from  20°  C.  to  whiteness.     (E  in  man.) 

The  melting  point  of  malleable  iron  has  not  been  determined  with  any  degree  of  cer- 
tainty. It  is  between  the  melting  point  of  cast  iron  and  that  of  platinum,  and  is 
estimated  at  1550°  C.  by  Pouillet,  and  at  2000°  C.  by  Scheerer,  and  there  is  no 
doubt  that  it  is  higher  in  proportion  as  the  metal  contains  less  carbon. 

Pure  iron  is  attracted  by  the  magnet  more  powerfully  than  iron  containing  carbon, 
and  it  may  be  rendered  magnetic  ;  but  it  does  not  retain  the  magnetic  condition  so  long 
as  iron  containing  some  carbon.  Ordinary  bar  iron  is  also  attracted  more  strongly 
than  steel,  and  is  more  easily  rendered  magnetic,  but  loses  the  polar  condition  much 
sooner  than  steel  does.  It  appears  therefore  that  the  presence  of  a  certain  amount  of 
carbon  is  in  some  way  necessary  for  the  retention  of  the  magnetic  condition  by  iron. 
Bars  of  iron  placed  vertically  or  nearly  so  become,  in  course  of  time,  magnetic.  The 
magnetic  condition  of  iron  is  very  nearly  destroyed  by  a  red  heat,  and  entirely  so  by 
exposure  to  a  white  heat. 

The  electric  conductivity  of  iron  is  much  less  than  that  of  copper.  Taking  this  as 
=  100,  that  of  iron  is  =  20  (Harris),  15*8  (Becquerel),  17*74  (Lenz).  Matt  hi  es- 
s  en  considers  that  the  electric  conductivity  of  electro-deposited  iron  is  much  highej 
than  that  of  ordinary  malleable  iron. 


when 


Electrotype  iron 
Plate  iron  . 

Conductivity  at  0°  C. 

Percentage  decrement 
in  conductivity  between 
0°andlOO°C. 

Deduced 

conductivity  of  pure  iron. 

at  o°  c: 

100 

(91*8 

•m-8 

(84*6 

38*3 
36-0 
34*1 
34-7 

102*7 

102*1 
99*2 

The  hardness  of  malleable  iron  varies  considerably ;  it  is  influenced  by  the  presence 
of  foreign  substances,  and  reduced  by  increase  of  temperature.  It  is  however  but  very 
slightly  increased  by  sudden  cooling  of  the  red-hot  metal ;  the  less  so  the  smaller  the 
amount  of  carbon  contained  in  it.  A  certain  amount  of  carbon  seems  essential  to  the 
hardness  of  malleable  iron.  Absolutely  pure  iron  is  so  soft  that  it  offers  but  little 
resistance  to  friction. 

The  tenacity  of  iron  also  varies  widely,  and  is  influenced  by  the  nature  and  amount  of 
foreign  admixture  in  the  metal,  as  well  as  by  its  internal  texture,  by  temperature,  and 
by  other  conditions.  Up  to  a  temperature  of  146°  C.,  the  tenacity  of  boiler  plate  is  not 
sensibly  diminished ;  but  at  a  red  heat  it  is  reduced  one  fourth.  The  tenacity  of  good 
rivet  iron  at  190°  C.  is  a  third  greater  than  at  the  ordinary  temperature;  but  at  a  red 
heat  it  is  reduced  to  nearly  one  half.  (Fairbairn,  Useful  Information  for  Engineers.) 


IRON. 


327 


Tenacity  or  tensile  strength  of  iron. 


Kind  of  iron. 

Lengthwise 
in  pounds  pei 

Crosswise 
•  square  inch. 

Ultimate  exten- 
sion. 

Authority. 

Lowmoor  iron  wire 
Staffordshire  bar  iron  j 

Swedish  bar  iron       .  \ 

64,200 
from  62,231  > 
to    66,715  \ 
from  48,232  > 
to     47,855$ 

52,490 

(      0-302 
}     0-186 
(     0-264     > 

}     0-278     { 

Fairbairn. 
Kirkaldy  and 
Napier. 

M 

(See  Kirkal  dy,  Trans.  Instit.  of  Engineers  in  Scotland,  1858-9 ;  and  Tensile  Strength 
of  Wrought  Iron  and  Steel,  London,  1862. — Fairbairn,  Brit.  Assoc.  Eeport,  1856.) 

The  malleability  of  iron  is  very  considerable,  though  less  than  that  of  silver  or  gold. 
It  is  influenced  by  the  presence  of  foreign  substances  which  modify  the  hardness  and 
tenacity,  the  degree  of  malleability  being  apparently  determined  by  the  relative  hard- 
ness and  tenacity,  and  to  some  extent  also  by  its  internal  texture.  The  malleability 
of  iron  is  increased  in  proportion  as  its  temperature  is  raised,  inasmuch  as  it  then 
becomes  softer  without  its  tenacity  being  proportionally  lessened.  At  a  red  heat  it  is 
sufficiently  soft  to  be  brought  to  any  required  shape  by  hammering  or  rolling,  and  at  a 
white  heat  it  becomes  quite  pasty,  so  that  separate  pieces  may  be,  as  it  were,  kneaded 
together  into  one  mass  ;  or,  as  it  is  termed,  welded.  This  capability  of  being  forged 
and  welded,  so  important  as  regards  the  methods  by  which  iron  is  wrought  for  various 
uses,  is  referable  to  the  wide  interval  between  the  temperature  at  which  the  metal 
presents  its  ordinary  degree  of  hardness,  and  that  at  which  it  becomes  liquid ;  as  well 
as  to  the  fact  that,  at  temperatures  far  below  the  melting  point,  it  acquires  a  soft 
plastic  condition,  which  is  retained  in  a  greater  or  less  degree  through  a  considerable 
range  of  temperature. 

Among  the  foreign  substances  influencing  prejudicially  the  malleability  of  iron,  the 
chief  are  sulphur,  phosphorus,  and  silicon.  The  first  communicates  to  it  the  charac- 
ter of  being  brittle  while  hot,  or,  as  it  is  called,  "  red  short "  in  forging.  Phosphorus 
renders  iron  "cold  short,"  or  brittle  and  weak  at  the  ordinary  temperature.  Silicon 
has  a  similar  influence  in  a  higher  degree.  Manganese  seems  to  be  beneficial  rather 
than  otherwise  as  regards  the  malleability  of  iron.  The  malleability  of  iron  is  con- 
siderably reduced  by  immersing  it  while  red-hot  in  cold  water,  as  well  as  by  long  con- 
tinued hammering  and  by  rolling,  but  it  is  again  restored  by  heating  the  metal  to 
redness,  and  allowing  it  to  cool  gradually. 

The  texture,  or  molecular  structure  of  iron  varies  very  considerably  according  to  the 
treatment  to  which  it  has  been  subjected.  After  being  melted,  iron  is  decidedly 
crystalline  or  granular,  and  its  fracture  presents  distinct  indications  of  that  condition. 
By  hammering  or  rolling  while  hot,  it  acquires  a  fibrous  or  silky  texture,  becomes  more 
tenacious,  less  susceptible  of  true  fracture,  and  capable  only  of  being  torn  asunder.  In 
the  usual  method  of  producing  malleable  iron,  it  is  not  melted,  but  wrought 
mechanically  while  in  a  kind  of  doughy  condition,  and  the  uniform  close  fibrous  texture 
which  determines  the  quality  of  the  metal  depends  much  upon  the  nature  of  this 
treatment  and  the  extent  to  which  it  is  carried. 

By  hammering  while  cold,  fibrous  iron  is  rendered  harder  and  brittle ;  when  after- 
wards broken,  it  presents  a  granular  or  crystalline  fracture,  but  opinions  differ  as  to 
whether  this  crystalline  condition  be  really  a  result  of  the  hammering.  This  is  also 
tlie  case  with  regard  to  the  influence  of  long  continued  pressure,  vibration,  or  concussive 
action,  in  affecting  the  texture  of  iron,  some  maintaining  that  these  conditions  slowly 
destroy  the  fibrous  texture,  rendering  the  iron  crystalline  and  thereby  weaker. 
(Kankine,  Proceedings  of  Inst.  of  Civil  Engineers,  1843;  Percy,  Metallurgy,  ii.  8.) 

Malleable  iron  undergoes  no  change  in  dry  air,  or  in  water  free  from  air ;  but  in 
moist  air,  or  in  water  containing  air,  it  gradually  becomes  oxidised  or  rusted,  from  the 
surface  inwards,  until  eventually  the  entire  mass  may  be  converted  into  oxide.  The 
carbonic  acid  present  in  atmospheric  air  appears  to  contribute  largely  to  the  production 
of  this  change.  The  presence  of  saline  substances  in  water  also  facilitates  the  oxidation 
of  iron;  while  alkalis,  and  oily  or  resinous  substances,  retard  the  oxidation.  (Mallet, 
Action  of  air  and  water,  <£•<?.,  upon  cast  iron,  wrought  iront  and  steel,  Brit.  Assoc. 
Reports,  1838,  p.  253;  1840,  p.  221.)  Contact  with  more  highly  electro-positive 
metals,  such  as  zinc,  also  hinders  the  oxidation  of  iron  within  a  certain  distance 
around  the  point  of  contact. 

At  a  temperature  about  230°  C.,  iron  becomes  capable  of  combining  directly  with 
atmospheric  oxygen,  and  the  polished  surface  at  first  becomes  covered  with  an 
extremely  thin  film  of  magnetic  oxide,  of  a  yellow  colour  which  gradually  passes  into 
red,  blue,  and  grey.  At  a  red  heat  this  crust  of  oxide— forge  scale — becomes  thicker, 
and  gradually  passes  at  its  outer  surface  into  ferric  oxide.  At  a  white  heat,  iron  burns 
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in  the  air,  with  production  of  magnetic  oxide,  and  this  combustion  may  be  sustained 
for  some  time  by  directing  a  blast  of  air  upon  the  metal. 

At  a  temperature  about  360°  C.  iron  decomposes  water-vapour,  forming  magnetic 
oxide  and  liberating  hydrogen. 

Pure  iron  dissolves  completely  in  moderately  dilute  acids.  Ordinary  malleable  iron 
dissolves  completely  in  strong  hydrochloric  acid :  but  with  dilute  acid  a  carbonaceous 
residue  remains  undissolved.  In  both  cases  also  the  hydrogen  evolved  carries  with  it 
carbonaceous  vapour,  which  communicates  to  it  a  peculiar  smell. 

Malleable  iron  generally  contains  from  0'25  to  0'5  per  cent,  carbon ;  sometimes  tlie 
amount  is  much  less.  The  smaller  the  amount  of  carbon,  the  softer  is  the  iron,  and 

»  Analyses  of  best  qualities  of  Foreign  Malleable  Iron. 


Source  j 
Analyst 

Osterby. 
00 

Swa 
Gyslnge. 

® 

dish. 
LBfsta. 

© 

ISilesian  ; 
Rybnik. 

Russian  iron. 

ccivD  j  K.SKB 

Swedish. 
Klostcr. 

»*» 

MSgdesprung. 

Danne- 

mora. 

Henry. 

K.-ivs  tun. 

Henry. 

Bromcis. 

SclKlf- 

liKutl. 

Iron  . 
Carbon. 
Silicon      . 
*  Sulphur    . 
Phosphorus 
Manganese       • 

99-863 
0-054 
0-028 
*  0-055 
trace 
trace 

99-220 
0-087 
O-Oafi 
*  0-632 
0-005 

99-544 
0087 
0-115 
*  0-220 
0034 

09-73 
0-24 
0-03 

trace 
trace 

99-873 
0-090 
0-030 
0-007 

99-412 
0-272 
0*068 
*  0-234 

99-594 
0-340 
trare 
*  0-066 

98  G05 
0386 
O252 
*  0  757 
trace 
trace 

98'88 
0-40 
0-01 

trace 

0-30 
0-32 

99-13 
066 
trace 

029 
0-05 

98-78 
084 
O'lU 

005 

0-07 
002 

•  • 

0-020 

trace 

Arsenic    . 

-    • 

trace 

trace 

•    • 

trace 

•    • 

•    • 

100-000 

100-000 

100-000 

100'  000 

100-000 

100-000 

100-000 

100-000 

99-91   flOO-13 

99-88 
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1 

South  Wales. 

Shropshire. 

Puddled  bar. 

Best  bar. 

Works 

Dowlais. 

Analyst 

Schafhaut!. 

Riley. 

Price. 

Iron 

98-90 

772 

98-54 

Carbon     . 

0-41 

not  estimated 

Silicon 

0-08 

0-26 

0-13 

0-18 

0-18 

Sulphur   . 

0-21 

0-05 

0-06 

0-03 

Phosphorus 

0-40 

0-71 

0-42 

0-37 

0-30 

Manganese 

0-04 

Manganese,     nickel  ) 
and  cobalt      .     .  J 

.     . 

0-03 

0-22 

.    . 

trace 

99-83 

100-00 

100-00 

Armour  and  Boiler  Plate. 


Works 
Analyst 

Lowmoor. 

Thames 
Iron  Coy- 

Beale&Co. 

Shortridge 
&  Howell. 

Weardale. 

Russell's 
Hal!. 

Tookey. 

Percy. 

Percy. 

Percy. 

Percv. 
La  Gloire. 

Percy. 

Henry. 

Iron 
Carbon  . 
Silicon  . 
*  Sulphur 
Phosphorus  . 
Manganese     . 
Nickel   . 
Cobalt  . 

Specific  gravity 
Tensile  strength     . 
Eelative  resistance) 
to  punching          J 

1  99-372 
0016 
0-122 

;  *o-io4 

0-106 

0-280 
trace 
trace 

0-033 

0-160 
*0-121 
0-173 

0-029 

trace 

0:044 
0-174 
*0-118 
0-228 

0-250 

trace 

6-230 
0-014 
*0-190 
0020 

0-110 

trace 

0-143 

*0:058 
0030 

0:170 

0-110 

*0-058 
0089 

0-330 

trace 

99-361 
0-190 
0-144 
*0-165 
0-140 

100-000 

100-000 

7-8083 
24-644 

1000 

77035 
23-354 

907 

7-6322 
24-171 

873 

7-9042 
27-032 

1168 

•    . 

•     • 

.    . 

The  results  to  which  this  mark  *  is  put  arc  probably  much  too  high.    See  Estimation  of  Sulphur,  p.  372. 
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the  larger  the  amount,  the  nearer  does  it  approximate  to  the  character  of  steel.  The  only 
iron  that  is  probably  quite  free  from  carbon  is  that  known  technically  as  "  burnt  iron," 
which  cannot  be  soundly  welded.  Hence  it  has  been  supposed  that  the  capability  of 
being  welded  is  determined  by  the  presence  of  carbon  in  iron.  There  are,  however,  no 
good  reasons  for  this  opinion;  it  is  more  probable  that  the  peculiarity  of  "burnt  iron" 
is  only  indirectly  due  to  the  absence  of  carbon,  and  is  determined  by  the  presence,  in 
the  metal,  of  a  minute  quantity  of  oxide,  which  coxild  not  have  been  introduced  so  long 
as  it  still  retained  any  carbon. 

Among  the  foreign  substances,  other  than  carbon,  present  in  malleable  iron,  the 
most  important  are  sulphur,  phosphorus,  and  silicon,  existing  probably  in  combination 
with  equivalent  proportions  of  the  metal,  as  sulphide,  phosphide,  and  silicide. 

Sulphur  is  generally  present  to  some  extent  in  malleable  iron,  and,  even  when 
amounting  to  only  0-034  per  cent.,  has  the  effect  of  rendering  it  "  red  short,"  and 
liable  to  crack  at  the  edges  in  forging.  It  has  been  considered  that  0*01  per  cent,  is 
the  highest  amount  consistent  with  the  usefulness  of  the  iron.  (Karsten,  Handbuch 
der  Eiscnhilttcnkundc,  423.) 

Phosphorus  is  also  frequently  present,  and,  when  amounting  to  075  per  cent.,  renders 
the  iron  very  weak  and  brittle  at  the  ordinary  temperature,  or,  as  it  is  called,  "  cold 
short."  In  smaller  amount,  it  is  considered  to  be  serviceable  in  rendering  the  iron 
more  capable  ofbeing  welded.  (Karsten,  op.  cit.} 

Silicon  renders  iron  harder  and  lessens  its  tenacity,  making  it  what  is  termed 
"  rotten"  in  working,  even  when  present  to  the  extent  of  only  0'37  per  cent. 

Manganese  is  considered  to  render  iron  harder,  but  not  to  make  it  steely. 

Copper  is  considered  to  render  iron  "  red  short,"  and  to  reduce  the  capability  of 
being  welded,  without  however  affecting  the  tenacity  of  the  metal. 

It  may,  however,  be  safely  said  that  the  evidence  upon  which  the  above  opinions,  as 
to  the  influence  of  these  admixtures  upon  the  character  of  malleable  iron,  are  founded, 
is  much  too  slender,  and  it  is  very  desirable  that  this  subject  should  be  more  thoroughly 
investigated. 

The  characters  of  steel,  and  the  methods  of  manufacturing  it,  will  be  treated  of  in  a 
separate  article. 

Cast  Iron,  Pig  Iron  (Eohcisen  ;  Grttsseisen ;  Fonte). — There  are  two  essentially 
distinct  kinds  of  cast  iron,  viz.  grey  and  white. 

Grey  cast  iron  ( Granes  Rohciscn  ;  Fonte  grise)  varies  in  colour  from  pale  to  dark  grey. 
It  has  generally  some  slight  degree  of  malleability ;  but  is  harder  and  more  brittle  than 
malleable  iron.  Its  texture  is  granular ;  sometimes  very  fine-grained,  sometimes  coarse- 
grained at  the  fracture,  with  minute  particles  of  graphite  visible  throughout  the  mass. 

White  cast  iron  (Wcisscs  Rohciscn,  Fonte  blanche)  varies  in  colour  from  that  of  tin 
to  pale  grey.  It  is  very  hard  and  brittle ;  of  crystalline  lamellar  texture,  and  some- 
times vesicular.  The  fracture  is  shining,  and  varies  from  lamellar  to  compact  and 
conchoi'dal,  in  proportion  as  the  colour  varies  from  tin-white  to  grey.  The  most 
characteristic  variety  is  called  specular  iron  (Spicgeleisen  ;  fontcs  lamdleuses). 

The  specific  gravity  of  grey  cast  iron  is,  on  the  average,  7'1 ;  that  of  white  cast  iron 
is,  on  the  average,  75. 

Grey  cast  iron  melts  at  about  1600°  C.,  and  more  easily  in  proportion  as  the 
amount  of  carbon  it  contains  is  greater.  White  cast  iron  melts  at  a  lower  temperature; 
but  it  does  not  become  so  liquid  when  melted  as  the  grey  cast  iron,  which  passes  sud- 
denly from  the  solid  to  the  liquid  state,  while  the  white  cast  iron  remains  in  a  pasty 
state  for  some  time.  Melted  cast  iron  dissolves  malleable  iron,  and  is  thus  rendered 
tougher  and  stronger  than  originally  (toughened  cast  iron).  "White  iron,  when  cooled 
very  gradually  from  the  melted  state,  is  converted  into  grey  cast  iron.  Grey  cast  iron, 
on  the  contrary,  when  very  gradually  cooled  from  a  melted  state,  is  not  altered  except 
in  becoming  softer  and  more  malleable ;  but  when  rapidly  cooled,  it  is  converted  into 
white  cast  iron,  more  or  less  completely  in  proportion  as  the  amount  of  carbon  it  con- 
tains is  greater  or  less.  On  this  account  the  outer  surface  of  a  casting  has  a  hard  crust 
or  "  skin,"  as  it  is  called,  in  consequence  of  the  more  rapid  cooling  of  that  portion  of 
the  melted  metal  which  comes  in  contact  with  the  sides  of  the  mould,  and  its  conversion 
into  white  cast  iron.  This  effect  is  often  augmented,  in  practice,  by  lining  the  mould 
with  iron  plates,  so  as  to  facilitate  the  rapid  cooling  of  the  outer  portions  of  the  casting, 
and  produce  a  layer  of  white  cast  iron,  from  ^  to  |  an  inch  thick,  while  the  interior 
retains  the  condition  of  grey  cast  iron,  thus  combining  the  particular  advantages  of 
white  cast  iron  as  regards  hardness,  and  of  grey  cast  iron  as  regards  strength. 

It  has  been  observed  that  in  large  masses  of  cast  iron  there  is  an  inequality  in  the 
amount  of  carbon  contained  in  the  metal  at  the  exterior  and  interior  portions.  In 
masses  which  have  been  gradually  cooled  from  a  melted  state,  the  centre  portion  con- 
tains less  carbon  than  the  exterior  portions.  There  is  also  a  further  difference  as  to 
the  condition  in  which  the  carbon  exists.  At  the  centre,  the  relative  proportion  of 
graphitic  carbon  as  compared  with  combined  carbon,  is  greater  than  it  is  at  the  exterior 
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portions.  This  latter  difference  will  be  more  marked  in  proportion  as  the  melted  metal 
is  more  rapidly  solidified  at  the  surface.  In  one  instance  of  iron  cast  in  an  iron  mould, 
referred  to  by  Karsten,  the  following  results  were  obtained : — 

Total  quantity 

of  carbon. 
.     4-0281     . 
.     5-0929     . 
.     3-8047     . 


Combined 

carbon. 
=  0-7812 
=  5-0929 
=  0-6106 


Graphite. 
3-2469 


3-1941 


Cast  iron  before  melting     . 
Outer  white  portion  of  casting     . 
Inner  grey  portion  of  casting 

The  main  chemical  difference  between  white  and  grey  cast  iron  consists  in  the  state 
in  which  the  carbon  they  contain  exists.  In  specular  iron,  the  whole  of  the  carbon  is 
combined  with  iron,  while  in  the  most  characteristic  kind  of  grey  cast  iron,  when  solid, 
at  least,  the  greater  part  of  the  carbon  is  merely  mixed  with  the  iron,  in  the  state  of 
graphite,  and  only  a  portion  of  it  is  in  a  state  of  combination.  Between  these  two 
extremes  there  are  a  variety  of  intermediate  states  in  which  white  and  grey  cast  iron 
are  mixed  together  in  various  proportions,  constituting  what  is  known  as  mottled  cant 
iron  (Jialbirtes  G-ussdscn  ;  fonte  truitee). 

The  hardness  and  strength  of  these  varieties  of  cast  iron  differ  considerably ;  as  a 
rule,  the  grey  is  stronger  than  the  white,  and  this  again  is  harder  than  the  grey. 
White  cast  iron  is,  however,  too  brittle  to  be  used  for  structures,  except  for  the  purpose 
of  coating  the  surface  of  castings  with  a  hard  crust  or  skin,  by  casting  in  moulds  lined 
with  metal  (chill  casting).  (Rankine,  Civil  Engineering,  p.  499.) 

The  tenacity  of  cast  iron  is  very  much  less  than  that  of  malleable  iron ;  but  its 
capability  of  resisting  crushing  force  is  very  much  greater. 


Kind  of  iron. 

Direct  Tenacity. 

Resistance  to 
direct  crushing. 

Modulus  of 
rupture  of  square 
bars. 

Modulus  of  Elas- 
ticity. 

In  pounds  per  square  inch. 

Cold  blast      . 
Hot  blast 
Toughened  cast  iron 

C  from  12,694 
j     io     18,855 
(  from  13,434 
{     to     23,468 
j  from  23,461 
}     to     25,764 

56,456 
102,408 
72,193 
104,881 
129,876 
119,457 

36,693 
39,609 
29,889 
43,497 

14,000,000 
17,036,000 
11,539,000 
22,733,000 

The  strength  of  cast  iron  is  increased  by  remelting,  but  reduced  when  the  melting  is 
repeated  several  times.  At  very  low  temperatures  it  becomes  more  brittle  and  weaker. 
(Fairbairn  and  Hodgkinson,  Report  on  the  Application  of  Iron  to  Railway 
Structures,  p.  265.) 

The  specific  heat  of  specular  iron  =  0*12983,  that  of  ordinary  white  cast  iron 
=  0-12728.  (Eegnault.) 

The  linear  expansion  of  cast  iron  by  heat  is  greater  than  that  of  malleable  iron, 
amounting  to  ^  between  20°  and  560°  C.  (red  heat),  and  ^  between  20°  and  a 
white  heat.  (Rinman.) 

Pieces  of  cold  cast  iron  thrown  into  the  melted  metal  sink  to  the  bottom ;  but  when 
they  have  a  temperature  near  the  melting  point,  they  float  on  the  surface  of  the  melted 
metal.  Hence  it  would  appear  that  some  degree  of  contraction  takes  place  in  the 
passage  from  the  solid  to  the  liquid  state.  This  character  of  cast  iron  is  important  as 
regards  its  application  to  casting :  for  the  increment  of  bulk  attending  solidification 
ensures  the  perfect  filling  of  the  moulds  at  that  moment,  and  the  production  of  sharp, 
well-defined  castings.  But  the  greatest  amoiint  of  expansion  or  contraction  takes  place 
just  below  the  melting  point.  On  account  of  this  contraction  between  a  temperature 
near  the  melting  point  and  the  ordinary  atmospheric  temperature,  it  is  necessary  to 
make  the  moulds  for  castings  proportionately  larger  than  the  castings  are  required  to 
be.  The  contraction  of  grey  cast  iron  amounts  to  about  1  per  cent. ;  that  of  white  cast 
iron  is  from  2  to  2*5  per  cent,  of  the  linear  dimensions.  The  allowance  generally 
made  for  this  "shrinkage"  in  casting  is  —  or  one  eighth  of  an  inch  in  a  foot.  Cast 
iron  also  undergoes  a  permanent  increase  of  bulk  under  the  long-continued  influence  of 
heat.  (Percy,  Metallurgy,  ii.  872.) 

White  cast  iron  exposed  to  oxidising  influences  at  the  ordinary  temperature,  rusts 
much  more  slowly  than  grey  cast  iron,  and  this  again,  provided  it  does  not  contain 
much  sulphur  or  other  readily  oxidisable  substances,  more  slowly  than  malleable  iron. 
Specular  iron  is  but  very  little  liable  to  oxidation. 

At  an  elevated  temperature,  grey  cast  iron  becomes  coloured  by  oxidation  sooner 
than  malleable  iron ;  white  cast  iron  on  the  contrary  becomes  coloured  even  sooner 
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than  steel.  When  cast  iron  is  heated  to  redness  in  the  air,  the  carbon  it  contains  is 
first  oxidised  and  the  metal  rendered  more  or  less  malleable  ;  then  a  crust  of  magnetic 
oxide  is  formed  at  the  surface  and  gradually  increases  in  thickness  as  in  the  case  of 
malleable  iron.  Grey  cast  iron  is  most  slowly  oxidised  in  this  way,  and  becomes 
porous  and  friable  after  abstraction  of  its  carbon.  White  cast  iron  is  decarbonised 
more  rapidly,  and  acquires  a  malleable  steely  character.  Upon  this  fact  ,is  based 
the  manufacture  of  malleable  cast  iron,  which  consists  in  heating  to  redness  the1 
castings,  while  imbedded  in  powdered  chalk,  charcoal,  or  oxide  of  iron,  so  as  to  be  par- 
tially protected  from  the  oxidising  influence  of  the  air. 

Cast  iron  melted  in  contact  with  air  becomes  covered  with  a  crust  of  oxide,  and  by 
removing  this  crust  from  time  to  time,  it  may  be  entirely  converted  into  oxide.  If  the 
crust  is  allowed  to  remain  in  contact  with  the  melted  metal,  this  gradually  becomes 
decarbonised,  steely  arid  less  fusible.  White  cast  iron  heated  in  contact  with  air  till 
it  assumes  the  pasty  condition,  is  decarbonised  much  more  rapidly  than  by  mere  heating 
to  redness,  and  passes  from  the  steely  condition  to  that  of  pure  iron,  without  so  great  a 
degree  of  oxidation  as  takes  place  when  the  metal  is  melted.  The  most  important 
method  of  manufacturing  malleable  iron  is  based  upon  this  fact  (puddling). 

Cast  iron  melted  under  soda,  potash,  lime,  or  magnesia  carbonates,  is  gradually  de- 
carbonised, and  may  be  wholly  converted  into  malleable  iron,  if  the  heat  be  raised  as 
the  iron  becomes  less  fusible. 

Atmospheric  air  forced  into  melted  cast  iron  oxidises  the  carbon  and  silicon,  as 
well  as  part  of  the  iron,  and  converts  the  remainder  into  malleable  iron.  The  tempera- 
ture produced  in  this  way  is  sufficiently  high  to  determine  the  fusion  of  the  wholly 
decarbonised  iron.  (See  STEEL.) 

White  cast  iron  heated  with  concentrated  hydrochloric  acid  is  entirely  dissolved ; 
but  grey  cast  iron,  treated  in  the  same  way,  leaves  a  residuum  of  graphite.  In  both 
cases  the  combined  carbon  enters  into  combination  with  a  portion  of  the  nascent 
hydrogen  eliminated  by  the  solution  of  the  iron,  forming  volatile  oily  hydrocarbons, 
the  vapour  of  which  communicates  a  peculiar  smell  to  the  gas  evolved.  This  oily 
substance,  which  appears  to  be  of  a  nature  analogous  to  petroleum,  also  collects  as  a 
thin  film  on  the  surface  of  the  acid  solution. 

The  action  of  dilute  hydrochloric  acid  upon  cast  iron  is  somewhat  different. 
Specular  iron  is  acted  upon  very  slowly  at  the  ordinary  temperature,  but  with  the  aid 
of  heat,  both  it  and  grey  cast  iron  are  readily  dissolved.  The  hydrogen  evolved  has 
the  characteristic  smell,  but  the  amount  of  the  hydrocarbons  formed  appears  to  be 
smaller  than  when  concentrated  acid  is  employed.  White  cast  iron  leaves  a  bulky 
dark-brown  carbonaceous  residue,  which  is  soluble  in  potash,  and,  when  washed  and 
dried  is  very  readily  combustible,  leaving  a  black  residue  containing  silica  (Daniel!, 
Journal  of  Science  and  the  Arts,  ii.  278 ).  Grey  cast  iron  leaves  a  residue  consisting 
partly  of  graphite,  partly  of  a  carbonaceous  substance  similar  to  that  obtainable  from 
white  cast  iron,  and,  partly  of  a  black  carbonaceous  substance  which  is  magnetic,  takes 
fire  by  contact  with  the  air,  and  leaves  when  burnt  a  residue  of  ferric  oxide. 

Cast  iron  is  slowly  acted  upon  by  sea-water.  Cannon  balls  that  had  been  lying  in 
the  sea  off  the  coast  of  Normandy  since  1692,  were  found  to  have  lost  two-thirds  of 
their  original  weight,  contained  no  metallic  iron,  and  were  converted  into  a  substance 
that  could  be  cut  with  a  knife  (Deslongchamps,  J.  Chim.  m6d.  xiii.  89).  Cannon 
balls  taken  from  vessels  sunk  fifty  years  before,  near  Carlscrona,  were  found  to  be 
partly  converted  into  a  grey  porous  graphite  substance,  which  after  exposure  to  the 
air  for  a  quarter  of  an  hour,  became  so  heated  that  the  adherent  water  was  converted 
into  steam  (B  erz  e  liu  s,  6rmclin's  Handbook,  v.  218).  The  substance  remaining  after  the 
action  of  sea-water,  appears  to  be  similar  to  that  remaining,  mixed  with  graphite  and 
the  bulky  carbonaceous  residue,  after  dissolving  grey  cast  iron  by  dilute  hydrochloric 
acid,  and  which  Karsten  regards  as  a  compound  of  iron  with  three  equivalents  of  carbon. 
Eerzelius  considered  this  solution  of  cast  iron  by  sea-water  to  be  due  to  the  conjoint 
action  of  carbonic  acid  and  oxygen.  The  solution  of  cast  iron  takes  place  at  places 
where  it  is  exposed  to  the  combined  influence  of  fresh  water  and  sea-water  by  tides 
more  rapidly  than  in  sea- water.  (Mallet,  op.  cit.} 

The  solution  of  cast  iron  takes  place  at  places  where  it  is  exposed  to  the  combined 
influence  of  fresh  water  and  sea  water,  by  tides  mere  rapidly  than  in  sea  water. 

The  maximum  amount  of  carbon  in  cast  iron  is  met  with  in  specular  iron,  varying 
from  575  to  5-24  per  cent.  Bromeis  and  Percy  consider  that  the  manganese  present, 
so  far  as  is  yet  known,  in  all  specular  iron  containing  as  much  as  5  per  cent,  carbon,  is 
in  some  way  essential  to  this  high  proportion  of  combined  carbon. 

In  grey  cast  iron  the  amount  of  carbon  varies,  as  a  general  rule,  between  2  and  4 '65 
per  cent. ;  in  white  cast-iron  it  is  from  3'5  to  575  per  cent ;  but  the  difference  between 
white  and  grey  cast  iron  is  more  intimately  connected  with  the  state  in  which  the 
carbon  exists,  than  with  the  amount  of  this  substance. 
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Analyses  of  cast  iron. 


Ore  used          . 
Fuel  used 
Source  . 

Analyst 
Kind  of  iron   . 


Iron 
Carbon 


combined 
graphitic 


Silicon          • 
Sulphur 
Phosphorus 
Manganese  . 
Copper  . 
Aluminium  . 
Calcium 
Magnesium  . 


Spathic  iron  ore  Magnetic  iron  ore      f.™k-   '"''ton" 


id  brown 


STYRIA 


Widter- 
mann 


MUSEN 


BOHE- 
MIA 


Richter 


DANNEMORA 


Henry 


NEW 
JERSEY 


Henry 


Specular  iron 

94-06     82-860      ~ 92-906     95'57      81-363 
3-88       4-323     2-311      4-809       4-20        6-900 


0-41 
0-02 
0-04 

0-98 


0-07 
0-01 


100-04 


0-997 
0-014 
0059 

10-707 
0-066 
0-077 
0-091 
0-045 


99-954 


2732 


22-183 


100-00 


0-176 
trace 
0-122 
1-987 


100-00 


0-08 

trace 

0-05 

o-io 


100-00 


0-100 
*0-137 

11-500 


NOVA 

SCOTIA 


Tookey 


No.  I  grey 


94-85 
3-50 

0-84 
002 
0-19 

0-44 


100-00 1     99-84 


INDIA 
IRON 
Co. 


W.A. 


3-38 

0-44 
0-04 
0-27 

0-14 


Ore  used 

Iron  in  ore  . 

Sulphur  in  ore 

Phosphorus  in  ore 
Fuel  used        . 

Sulphur  in  fuel 


Name  of  works 
Analyst 
Kind  of  iron  . 


Clay  iron  ore  of  coal  measures 


39-8 

trace 

0-50 

Thick-coal  coke 
0-5U 


Staffordshire 


0-31 


Lays ;  DUDLEY       Level ;  DUDLEY 


NETHER-  ! 

TON       i 


GrOLDEN- 


[Northamp- 
ton clay 
iron  ore 

|and  roasted 
tap  cinder 


RUSSELL'S 
HALL 


Woolwich  Arsenal 


Iron   . 
Carbon 


hot  blast 


grey  pig 
cold  blast 


lorge  pig 
hot  blast    cold  blast 


Henry 


No.  4  lorge 
hot  blast 


[  combined 
[graphitic 


Silicon         . 

Sulphur 

Phosphorus 

Manganese . 

Aluminium 

Arsenic 


2-87 

1-16 
0-08 


3-34 


1-18 
007 
0-55 


3-21 

1-54 
007 
0-23 


2-56 

1-75 
0-05 
0-63 

0-06 


2-61 

1-40 
0-04 
072 

0-49 


2-81 

0-57 
006 
0-29 

0-13 


2'54 

2-71 
004 
1-07 

0-98 


92-82 
0-19 
2-45 

2-07 

*032 

1-43 

0-72 
trace 
trace 


10 


11 


12 


13 


16 


16 


Ore  used 
Phosphorus  in  ore 

Fuel  used 
Sulphur  in  fuel     . 

Name  of  works  -I 

Analyst 

Kind  of  iron  .          -[ 


Iron    .         .    -    . 
Carbon,  graphitic 

Silicon 
Sulphur     . 
Phosphorus 

Manganese          . 


Clay  iron  ore  of  coal  measures 


Barnsley  coal 


0-(i5 

East  End ; 

WELLINGBRO'  ; 

Nor t  ha  mp  tonshire 


Deep  hard  coal 
and  coke 


WEST  HALLAM 


0-41  0-73 

Brand's  hard  coa 


0-52 
BUTTERLEY 


Derbyshire 


Woolwich  Arsenal. 

cold  blast  hot  blast  hot  blast 

No.  1  grey  mottled  pig    forge  pig    foundry    No.2pig|No.4  pig 


BOWLING  ; 
Yorkshire 


1-92 
010 
1-19 

0-24 


17 


2-10 

2-11 
0-13 
1-07 

0-08 


18 


2-57 

1-53 
005 
0-70 

0-94 


2-40 

1-50 
0-06 
0-34 

0-60 


19     |     20 


2-74 

2-36 
0-02 
1-21 

1-06 


21 


2-60 

1-34 
0-11 
0-75 

0-40 


No.  1 


2-90 

1-94 
004 
0-57 


23 


jTo.  3 

2-80 

1-51 
006 
0-44 


*  Probably  estimated  too  high.    S?c  Estimation  of  Sulphur,  p.  372, 
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Analyses  of  cast  iron — continued. 


Ore  used        .       . 

Iron  in  ore 
Sulphur  in  ore    . 
Phosphorus  in  ore 
Fuel  used 
Sulphur  in  fuel   . 

Name  of  Works  j 

Analyst 
Kind  of  iron   .        j 

Clay  iron  ore 

Haematite 

Haematite 

Cleve 
No.  4 

and  ore 
No.  5 

- 

charcoal 

69-1 

trace 
coke 

coke 

coke 

BEESTON 
Yorkshire 

NEWLAND 
Lanca- 
shire 

1-09 

Haematite  Co*.,  WHITE- 
HAVEN;  Cumberland 

1-05 
SOUTH 
BANK 
Di 

0-91 

STOCKTON 
ON  TEES 
irham 

Woolwich  Arsenal 

coidl 
No.Spig 

slasc 
No.  4  pip 

No.  1  pig 

hot  blast 
No.  2  pip 

No.  4  pig 

ho 
No.Spig 

t  blast 
No.  3  pig 

Iron 

M-IS5S3? 

Silicon 
Sulphur 
Phosphorus 

Manganese  . 

little 
2-24 

277 
0-01 
0-05 

0-07 

0-35 
1-86 

2-63 
0-10 
0-03 

0-07 

3-04 

2-73 
0-04 
1-30 

0-38 

3-31 

1-43 
003 
1-36 

0-06 

2-83 

2-17 
0-05 
0-55 

1-00 

276 

1-80 
0-84 
0-55 

0-61 

2-83 

0-59 
0-03 
0-10 

3-22 
3-02 
0-06 

0-11 

25 

26 

27 

28 

29 

30 

31 

32 

Ore  used 
Iron  in  ore  . 
Sulphur  in  ore 
Phosphorus  in  ore 
Fuel  used 
Sulphur  in  fuel 

Name  of  works 
Analyst 
Kind  of  iron       .          { 

Spathic  iron  ore 

Clay  iron  ore 

33-56—  49-78 
traces 
traces 
Coke 

- 

0-60 

Durham 

WEARDALE  Co. 

I 
Tow  LAW 

Scotland 
CALDEE  ||        CLYDE 

W.  A. 

•Kiley 

Tookey 

Berthier 

No.  1 
P'ff 

No.  2 
Pi/r 

No.  3 
pip: 

No.  1 
Pig 

specular 
iron 

foundry  pig 

white 
Pig 

90-684 

4-100 

0-230 

0030 
0-073 

2-370 

0-014 

94-63 
1-20 
1-40 

1-53 

0-35 
0-39 

0-50 

92-30 
0-40 
1-80 

2-80 

1-40 
1-30 

92-24: 
0-30 
1-52 

1-79 

060 
0-95 

2-60 

n    ,       (combined 
Carbonj  graphitic 

Silicon 
Titanium 

3-24 
1-80 

2-26 
4-25 

2-15 
1-18 

2-795 

4-414 
trace 
0039 
0-099 

1-837 

traces 

Sulphur 
Phosphorus 

Manganese 
Nickel,         cobalt,  \ 
copper  and  leadj 

004 
0-19 
1-45 

0-06 
007 

1-04 

0-12 
0-19 

trace 

33 

34 

35 

36 

37 

38 

39 

40 

Ore  used 

Clay  iron  ore  of  coal  measures 

Brown  iron  ore 

Iron  in  ore    . 





56-83 

_ 

Sulphur  in  ore 

_ 

^^ 



_  _ 

Phosphorus  in  ore 

— 

— 

0-32 

— 

Fuel  used 

— 

Three-quarter  coal  coke 

coke 

coke 

Sulphur  in  fuel 
Name  of  works 

DOWLAIS 

0-74 
SOUTH  WALES 
BLAENAVON 

076 
PONTY- 
POOL 

0-90 
PARK  END  ; 
Jjcan  Forest 

Analyst 

Riley 

Woolwich  Arsenal 

Kind  of  iron      .          | 

cold 
No.  3 

blast 
white  pip 

< 
No.  3  pig 

old  blast 
No.  1  pig 

forpe  pip 

cold  blast 
grey  pig 

cold 
No.  V  pip 

blast 
grey  forge 

Iron 

94-56 

95-10 

Carbon  {^^ 

0-04 
3-10 

I    2-84 

2-64 

3-40 

J2-37 

2-53 

3-26 

3-08 

Silicon 

2-16 

1-21 

1-68 

1-36 

1-09 

1-23 

2-34 

2-18 

Sulphur 

Oil 

0-46 

0-08 

007 

073 

0-08 

004 

006 

Phosphorus 

063 

064 

0-27 

0-29 

0-76 

046 

0-14 

0-14 

Manganese 

0-50 

0-14 

0-66 

0-28 

0-22 

0-42 

0-23 

014 

Nickel  and  cobalt 

0-05 

0-03 

41 

42 

43 

44 

45 

46 

47     |      48 
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Besides  iron  and  carbon,  cast  iron  always  contains  other  substances,  as  indicated  by 
the  above  analyses,  especially  silicon,  sulphur,  phosphorus,  manganese,  arsenic,  copper. 
They  probably  exist,  in  combination  with  equivalent  quantities  of  iron,  as  silicide, 
sulphide,  phosphide,  &c.,  and  some  of  them  appear  to  exercise  considerable  influence 
upon  the  quality  and  characters  of  the  metal,  although  the  mode  in  which  it  is  exor- 
cised is  but  very  partially  understood,  and  the  very  nature  of  that  influence  is  in  some 
cases  dubious. 

Silicon  is  almost  always  present  in  cast  iron  to  some  extent,  originating  from  the 
deoxidation  of  silica  in  the  process  of  smelting.  The  amount  varies  very  muoh.  In 
white  cast  iron  it  is  generally  from  O'l  to  0'5  per  cen$»  In  grey  cast  iron  the  amount  is 
much  greater,  and  is  seldom  less  than  0'5  per  cent.,  sometimes  exceeding  even  3  per  cent. 
Karsten  found  3'46  per  cent,  to  be  the  maximum  amount.  The  greater  amount  of 
silicon  in  grey  cast  iron  is  considered  to  be  due  to  the  higher  temperature  at  which  it 
is  produced.  Iron  produced  with  hot  blast  contains  more  silicon  than  that  produced 
with  cold  blast. 

It  is  generally  considered  that,  within  the  ordinary  limits  as  to  the  amount  of  silicon 
in  cast  iron,  this  substance  does  not  exercise  any  prejudicial  influence  upon  the  quality 
of  the  metal ;  but,  in  the  conversion  of  cast  iron  into  malleable  iron,  the  silicon  must 
be  as  much  as  possible  separated,  since  it  is  very  detrimental  to  malleable  iron  as 
regards  its  tenacity.  The  greater  the  amount  of  silicon  in  pig  iron,  the  greater  also  is 
the  waste  incurred  in  its  conversion  into  malleable  iron  by  the  puddling  operation. 

Sulphur  is  almost  always  present  in  cast  iron,  but  sometimes  the  amount  is  so  small 
that  it  can  hardly  be  estimated.  It  probably  never  reaches  0'5  per  cent,  in  good  cast 
iron.  Iron  smelted  with  mineral  fuel  always  contains  more  sulphur  than  that  smelted 
with  charcoal,  in  consequence  of  the  sulphur  contained  in  the  coal  or  coke  being  trans- 
ferred to  the  iron.  The  presence  of  sulphur  in  cast  iron  renders  it  more  fusible,  but 
also  more  liable  to  solidify  sooner  when  slightly  cooled  below  the  melting  point,  so  as 
to  become  quite  viscid  while  still  red-hot. 

When  specular  iron  is  melted  with  sulphur,  carbon  separates  and  collects  upon  the  sur- 
face of  the  melted  mass  in  the  form  of  graphite,  which  differs  from  ordinary  graphite 
in  having  no  lustre.  Grey  cast  iron  melted  with  sulphur  is  converted  into  white  cast 
iron,  containing  a  greater  amount  of  carbon  than  the  original  grey  iron,  as  shown  in 
the  following  results  obtained  by  Karsten  (Eisenhiittcnkunde,  i.  583) : 


Combined  carbon   . 
Graphite 
Sulphur  . 

The  grey  cast  iron 
contained  in  100  pts. 

0-6253 
3-3119 
0-0286 

The  resulting  white  iron 
contained  in  100  pts. 

5-4878 
0-4464 

Hence  it  would  appear  that  sulphur  displaces  carbon  existing  in  combination 
with  iron,  but  that  up  to  a  certain  point,  the  carbon  so  displaced  from  combination 
with  one  portion  of  the  iron,  enters  into  combination  with  another  portion,  until  no 
more  can  'be  taken  up.  The  presence  of  sulphur  in  cast  iron  appears  therefore  to 
determine  the  existence  of  the  carbon  in  the  state  of  combination  with  the  iron,  and 
thus  to  be  conducive  to  the  production  of  white  cast  iron.  (Janoyer,  Ann.  des 
Mines,  1851,  iv.  20  ;  Weston,  Percys  Metallurgy,  ii.  135.) 

Phosphorus  is  frequently  present  in  cast  iron,  sometimes  to  the1  extent  of  1  or  2  per 
cent.  When  amounting  to  more  than  0'5  per  cent.,  it  renders  the  iron  brittle  but  more 
fusible,  very  liquid  when  melted,  and  capable  of  remaining  longer  in  the  liquid  state. 
Within  certain  limits,  therefore,  the  presence  of  phosphorus  in  iron  intended  for  casting, 
is  advantageous  rather  than  otherwise. 

Nitrogen. — It  appears  that  cast  iron  sometimes  contains  a  minute  amount  of  nitrogen, 
and  that  it  has  a  considerable  influence  on  the  character  of  the  metal.  Schafhautl 
estimated  the  nitrogen  in  several  kinds  of  cast  iron  as  follows  (Prechtl,  Techu. 
Encyklop.  1847,  xv.  364;  Phil.  Mag.  1840,  xvi.  44): 

White  cast  iron  (Maesteg,  South  Wales)       .         .        .     0-764  per  cent. 

Grey  cast  iron  (Creuzot,  France) 0-720        „ 

Specular  iron 1'200        „ 

Marchand's  experiments  led  him  to  doubt  the  existence  of  nitrogen  in  cast  iron ; 
and  to  infer  that  if  it  were  present,  it  never  amounted  to  0-02  per  cent.,  and  that  the 
indications  of  nitrogen  obtained  by  analysis  were  generally  referable  to  absorption  of 
atmospheric  nitrogen  by  the  iron,  and  formation  of  cyanogen  during  the  analysis. 

Bouis  (Compt.  rend.,  1861,  Hi.  1195)  on  the  contrary,  considers  that  nitrogen  is  often 
present  in  cast  iron,  and  has  estimated  the  amount  in  a  sample  of  very  hard  white  cast 
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iron,  containing  much  manganese,  at  0-15  per  cent.  This  subject,  however,  is  far 
from  having  been  satisfactorily  investigated. 

Arsenic. — There  is  much  difference  of  opinion  as  to  the  influence  of  arsenic  upon  cast 
iron,  and  as  to  the  frequency  of  its  presence,  but  there  are  some  well-established 
instances  of  cast  iron  containing  a  considerable  amount  of  a-rsenic.  Wohler  found  it 
in  four  samples  of  pig  iron,  and  Schaf  liautl  has  stated  that  pig  iron  made  at  Alais 
from  arsenical  ore,  contained  from  2 -5  to  4  per  cent,  of  arsenic.  Karsten  never  de- 
tected arsenic  in  pig  iron.  According  to  Berthier's  analyses  of  some  iron  shells  and 
shot  from  Algiers,  they  contained  from  9*8  to  27  per  cent,  arsenic,  constituting  in  fact 
a  true  alloy,  and  more  recently  a  wrought  shot  from  Sinope  has  been  found  to  contain 
16-20  per  cent,  arsenic  by  Dr.  Noad.  (Percy,  Metallurgy,  ii.  7G.) 

The  presence  of  small  amounts  of  arsenic  in  cast  iron,  is  considered  to  have  the 
effect,  like  phosphorus,  of  rendering  the  metal  more  fusible,  brittle,  and  weaker. 

Titanium  appears  to  be  frequently  present  in  some  kinds  of  cast  iron,  and  it  has 
been  supposed  to  improve  the  quality  of  the  metal.  Several  patents  have  been  obtained 
for  introducing  it  into  cast  iron  intended  for  the  manufacture  of  steel  (Mushet 
13  specifications,  March  1859  to  December  1861),  but  it  is  very  questionable  whether 
this  "invention"  has  any  real  foundation  of  known  fact.  The  following  analyses  of 
titaniferous  pig  iron  are  by  Mr.  Biley. 


Ore  used     < 

Haematite 
and  7-57  % 
Ilmenite. 

The  same,  with  some 
Belfast  aluminous  ore. 

Cornish  |,  haematite  i, 
and  Irish  bog-ore  ±, 
containing  6  to  9 

Cornish  f, 
Irish  bog- 
ore  i. 

Kind  of  Iron 

No.  1  foun- 
dry pig. 

No.  2  pig. 

grey  pig. 

per  cent,  manganese. 

Iron   .... 

93-47 

92-79 

92-04 

87-90 

86-88 

84-26 

. 

.     . 

0-31 

1-02 

0-07 

Carbon 

3-31 

3-18 

3-11 

3-12 

3-01 

2-61 

Silicon 

1-86 

3-28 

3-55 

2-59 

2-55 

3*82 

Titanium    . 

1-15 

0-71 

0-47 

0-79 

1-15 

1-63 

Sulphur 

0-06 

0-06 

0-11 

0-03 

0-03 

0-02 

Phosphorus 

0-08 

006 

0-09 

0-15 

0-15 

0-20 

Manganese 

0-50 

0-48 

1-09 

5-85 

6-37 

8-09 

Nickel  and  cobalt 

. 

. 

0-06 

0-11 

Copper  and  antimony  . 

•     • 

•     • 

•     • 

0-06 

0-04 

0-06 

100-437 

100-56 

100-46 

100-85 

100-31 

100-27 

Vanadium  has  also  been  found  in  the  pig  iron  made  from  the  ores  of  Taberg  in 
Sweden  (Sefstrom,  Berz.  Jahresb.  1832,  xi.  97),  and  in  pig  iron  made  from  the  Seend 
ore  of  Wiltshire.  (Eiley,  Journ.  Chem.  Soc.  [2]  ii.  21.) 

Chromium  has  been  found  in  cast  iron,  but  there  is  no  evidence  to  show  whether  it 
has  any  influence  on  the  character  of  the  metal. 

Manganese  is  very  frequently  present  in  cast  iron,  and  it  appears  to  have  some  in- 
fluence in  determining  a  high  degree  of  carburation  of  the  iron,  as  well  as  the  existence 
of  the  carbon  in  a  state  of  combination  with  the  iron,  so  that  its  presence  in  the 
materials  smelted,  tends  to  effect  the  production  of  white  cast  iron  (See  ante, 
p.  331).  Cast  iron  containing  manganese  appears  to  be  especially  suited  for  the 
production  of  steel  or  steely  iron.  (See  STEEL.) 

Copper  is  not  unfrequently  present  in  cast  iron.  When  exceeding  0'2  per  cent,  it  is 
said  to  render  the  metal  harder,  tougher,  and  stronger. 

Zinc  is  sometimes  present  in  cast  iron  smelted  from  ores  containing  zinc ;  and  Karsten 
found  cast  iron  containing  traces  of  zinc  to  be  very  soft,  but  rotten  and  brittle. 
(Eisenhuttenkundc,  i.  519.) 

Aluminium,  Magnesium,  Calcium  and  Potassium  are  sometimes  indicated  by  analyses 
as  existing  in  minute  proportion  in  some  kinds  of  cast  iron,  but  scarcely  anything  is 
known  of  their  influence  on  the  characters  of  the  metal. 

Occurrence.  Although  iron  is  one  of  the  most  abundant  and  widely  distributed  of 
the  heavy  metals,  it  is  very  seldom  met  with  naturally  in  the  metallic  state.  There 
are  two  species  of  native  metallic  iron,  viz.  telluric  and  meteoric  iron. 

1.  Telluric  iron  is  very  rare ;  it  occurs  massive  in  plates  and  grains,  is  more 
malleable  and  ductile  than  ordinary  iron  ;  its  specific  gravity  is  from  7'  to  7'8.  It  has 
been  found  associated  with  brown  haematite  and  quartz  in  a  lode  near  Grenoble 
(Schr&iber,  Journ.  de  Phys.  July  1792);  at  Canaan,  Connecticut,  as  a  vein  two 


336 


IRON. 


inches  broad  in  mica  slate  (Shepard).  This  specimen  contained  91-Sper  cent,  iron 
iron  and  7  per  cent,  carbon.  It  is  said  to  be  mixed  with  the  granular  platinum  of 
South  America  (John),  and  disseminated  through  some  basaltic  rocks  (Andrews), 
also  in  the  auriferous  Sitndof  Olaphian  (Molnar).  Native  iron  containing  6  per  cent. 
of  silicon  and  a  little  sulphur  is  said  to  have  been  found  with  galena,  in  the  lodes  at 
Leadhills,  and  in  volcanic  scoriae  at  Graveniere  in  Auvergne. 

2.  Meteoric  iron  is  met  with,  both  as  large  compact  masses,  and  as  grains  and 
splinters  disseminated  through  earthy  meteorites.  Its  colour  is  somewhat  like  that  of 
platinum,  and  it  is  characterised  by  always  containing  nickel,  sometimes  also  cobalt, 
copper,  chromium  and  tin.  The  masses  of  meteoric  iron  found  in  South  America  and 
Siberia,  and  estimated  to  weigh  several  tons,  are  among  the  most  remarkable  that  are 
known.  Meteoric  iron  almost  always  contains  particles  of  iron  sulphide  mixed  with  it, 
apparently  neither  magnetic  nor  ordinary  pyrites.  (Kammelsberg,  Pogg.  Ann.  1849, 
Ixxiv.  442.) 

Analyses  of  Meteoric  Iron. 


Fell  at 

Weight 
Analyst        .        . 

Bohumi- 
litz, 
Bohemia, 
in  1829. 

Krasno- 
jarsk, 
Siberia. 

Hras- 
china, 
Croatia, 
1751. 

Cape, 
Africa. 

Clair- 
borne, 
Alabama. 

Potosi. 

N.  Ame- 
rica. 

Bitburg, 
near 
Trevcs. 

1031bs. 

1GOO  Ibs. 

71  Ibs. 

300  Ibs. 

_ 

— 

_ 

3300  Ibs. 

Berzelius. 

Wehrle. 

Jackson. 

Morren. 

Sllliman 
&  Hunt. 

Stro- 
mever. 

Iron 

Nickel  . 
Cobalt  . 
Copper. 
Manganese    . 
Chromium     . 
Tin       ... 
Magnesium  . 

93-78 
3-81 
0-21 

88-04 
10-73 
0-46 
0-07 
0-13 

trace 
0-05 

8978 
8-89 
0-67 

85-61 
12-27 
-0-89 

66-56 
24-71 

83-57 
12-67 

92-58 
5-71 

81-8 
11-9 
1-0 

0-2 
5-1 

trace 
trace 
1-40 

•     • 

•     • 

3-24 

trace 

Sulphur 
Iron  sulphide 
Carbon 
Chlorine 
Insoluble 

•     • 

trace 

•     • 

•     • 

4-00 

2-3*0 
0-91 

*2-20 

0-04 
0-48 

.    . 

.     . 

1-48 

100-00 

100-00 

99-34 

98-77 

99-99 

99-45 

99-69 

100-0 

Iron  ores.  Compounds  of  iron  occur  native  in  great  numbers  as  minerals,  and 
very  widely  distributed ;  there  are  indeed  few  natural  bodies  in  which  iron  is  not 
present  to  some  extent ;  it  exists  in  the  ashes  of  most  plants  (see  i.  417,  ii.  680),  and 
appears  to  be  an  essential  constituent  of  the  blood  of  animals  (see  ante,  p.  2).  Of  the 
native  compounds  containing  iron  in  large  proportion,  those  which  occur  in  greatest 
abundance  are  the  oxides,  disulphide,  carbonate,  phosphate,  titanate,  and  silicate.  But 
for  the  extraction  of  the  metal  the  only  minerals  that  are  suitable  are  the  several  oxides 
and  the  carbonate,  all  of  which  occur  as  large  masses,  of  a  greater  or  less  degree  of 
purity,  being  generally  mixed  with  varying  amounts  of  siliceous  or  earthy  substances, 
and  smaller  quantities  of  various  other  minerals.  The  most  important  varieties  of 
these  ores  of  iron  are  the  following : — 

Native  magnetic  oxide,  Magnetic  iron-ore  ;  Magnctciscn  ;  Oxyde  magnetique. — This 
is  the  richest  of  the  ores  of  iron  available  for  smelting ;  in  its  purest  state  it  contains 
72-41  per  cent.  iron.  It  is  black  and  generally  has  a  metallic  lustre,  and  occurs  both 
crystalline,  granular  and  compact  or  even  earthy,  at  well  as  in  the  state  of  sand.  It 
exists  abundantly  in  many  localities  as  beds  or  veins,  and  sometimes  forming  entire 
mountain  masses,  associated  with  volcanic  or  schistose  rocks,  and  chiefly  in  Norway, 
Sweden,  Siberia,  and  North  America.  It  is  sometimes  largely  mixed  with  pyrites  and 
other  sulphuretted  minerals.  In  this  country  magnetic  iron-ore  occurs  in  the  West  of 
England  and  at  Eosedale  in  Yorkshire. 

The  mineral  known  as  Franklinite  appears  to  be  a  variety  of  magnetic1  iron  ore  in 
which  ferrous  oxide  is  replaced  by  zinc  oxide, 
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Source 
Analyst 

Dart- 
moor. 

Cornwall. 

Rosedale. 

Danne- 
mora. 

Frank- 
Unite. 

Riley. 

Noad. 

North- 
cutt. 

Pattin- 

son. 

Karsten. 

Rammels- 
berg. 

Ferric  oxide        . 
Ferrous  oxide 

Manganous  oxide 

62-20 
17-32 

0-14 

44-40 
20-00 

016 

66-50 
13-00 

•56 

12-22 
35-25 

32-67 
33-85 

0-69 

70-23 
29-65 

64-51 

13-51 
25-30 

Alumina     .... 
Lime  
Magnesia    .... 
Potash  and  soda  . 
Silica  

3-81 
5-52 
1-82 

o-io 

9-66 

5-20 
0-60 
1-00 

3-60 
0-56 
1-52 

14-10 
2-38 
3-95 

3-15 
2-86 
1-59 
trace 
6-95 
10-36 
1-41 
trace 
0-03 

376 
0-84 

•     • 

9-65 
16-25 

trace 
trace 

4-80 

Phosphoric  acid 
Sulphuric  acid  . 
Iron  pyrites 

**•&££*,  :    : 

Insoluble  in  acid 
Percentage  of  iron       .        . 

0-10 

007 

0-28 
0-34 

050 
004 

J2-50 
24-20 

0-57 
004 

3-20 
9-40 

101-36 
57-01 

99-60 

98-95 

98-60 
35-94 

98-16 
49-17 

99-88 
71-68 

103-32 
45-16 

Native  ferric  oxide;  Haematite,  Red  iron  ore ;  Rotheisenstein  ;  Per  oligiste.— «In  its 
purest  state  this  ore  consists  entirely  of  anhydrous  ferric  oxide  containing  70  per  cent, 
iron.  It  occurs  in  various  states,  crystalline,  massive,  and  earthy,  very  often  as  lumps 
with  a  radiating  fibrous  structure  and  smooth  surface,  known  as  "  kidney  ore."  It  also 

Analyses  of  Red  Iron  Ore. 


Source 
Analyst 

Whitehaven. 

Ulverstone. 

Cleator 

Ulver- 
stone. 

Whit- 
church, 
South 
Wale«. 

W.A. 

Dick. 

Spiller. 

R.  Smith 

Dick. 

Ratcliff 

Ferric  oxide 
Ferrous  oxide     .        . 

98-71 

95-16 

94-23 

90-94 

90-55 

86-50 

66-55 
1-13 

1-13 

279 
9-40 
1-39 
0-42 
0-15 
8-90 
6-73 
1-02 
1-31 

J2-12 
0-38 

Manganous  oxide 
Alumina     .         . 
Lime 
Magnesia  .        .         . 
Potash 

trace 
trace 

0-24 
0-06 
0-07 

0-23 
0-63 
0-05 
trace 

0-25 
trace 
0-99 
trace 

o-io 

1-43 
0-71 
0-06 

0-21 
0-30 
2-77 
1-46 

Soda. 

Silica 
Carbonic  acid 

1-00 

5-6*6 

4-90 

6-68 
0-78 
trace 
024 

7-06 

trace 
trace 

6-18 
2-96 
trace 
0-11 

Phosphoric  acid 
Sulphuric  acid  . 
Iron  pyrites 
TIT  i     (  hv£roseot)ic 

trace 

trace 
trace 
trace 

trace 
0-09 
0-03 
0-39 
0-17 

Water  <  UJ&*U.     F 
(  combined 

Organic  substance 

Percentage  of  iron  . 

9971 
69-10 

101-19 
6660 

0072 
65-98 

99-88 
63'66 

99-96 
63-25 

100-49 
60-55 

02-42 
47-47 

forms  large  veins  or  beds,  associated  with  quartz,  calcspar,  and  heavy  spar.     Some 
kinds  are  hard,  others  soft  and  friable,  and  it  generally  contains  varying  amounts  of 
earthy  admixtures.    The  principal  British  deposits  of  haematite  are  in  Cumberland  and 
VOL.  III.  Z 
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Lancashire,  the  Isle  of  Man,  Devonshire  and  Cornwall.  On  the  Continent  it  occurs 
chiefly  in  the  Hartz,  Silesia,  the  Austrian  provinces,  and  in  Norway.  A  peculiar  oolitic 
haematite  occurs  in  the  neighbourhood  of  Liege. 

Eed  ochre  is  an  earthy  variety  of  ferric  oxide  containing  a  large  admixture  of 
clay. 

Specular  iron  ore ;  Eisenglanz ;  Fer  speculaire. — This  also  consists  of  anhydrous 
ferric  oxide  in  a  crystallised  form.  Its  colour  is  iron  grey  or  almost  black.  Specific 
gravity  4-8  to  5'3.  The  crystals  of  this  mineral  belong  to  the  hexagonal  system,  K.oR 
and  sometimes  R .  |P2.  £R.  It  occurs  chiefly  in  schistose  rocks,  in  Norway,  the  Erzgebirge, 
in  Kussia,  and  several  parts  of  the  South  of  Europe,  the  most  extensive  deposit  being  that 
in  Elba,  which  has  been  worked  upwards  of  3,000  years. 

Specular  iron  ore  often  contains  titanium,  either  in  the  form  of  rutile,  or  combined 
with  the  ferric  oxide  constituting  ilmenite.  This  was  formerly  considered  preju- 
dicial to  the  ore ;  but  quite  recently  it  has  been  stated  that  the  presence  of  titanium 
in  iron  ores,  contributes  in  some  way,  not  yet  understood,  to  the  production  of  good 
iron. 

Native  hydrated  ferric  oxide;  Brown  iron  ore  ;  Brauneiscnerz ;  hematitebrun. — Thisore 
consists  essentially  of  hydrated  ferric  oxide,  which  in  the  pure  state  contains  59'89 
per  cent,  of  iron  and  14-44  per  cent,  combined  water.  It  is  sometimes  indistinctly 
crystalline  or  fibrous ;  but  more  generally  compact  or  earthy,  and  of  various  shades  of 
colour  from  blackish-brown  to  yellowish-brown.  This  ore  frequently  contains  a  con- 
siderable amount  of  manganese,  and  a  more  or  less  considerable  admixture  of  foreign 
earthy  substances.  It  occurs  abundantly  -in  the  Forest  of  Dean  in  Gloucestershire,  in 
several  parts  of  Devonshire  and  Northamptonshire,  and  Lincolnshire,  as  well  as  in 
Weardale,  Durham,  where  it  has  originated  chiefly  by  the  alteration  of  spathic  iron 
ore.  On  the  Continent  it  is  very  abundant,  and  is  one  of  the  principal  ores  smelted  in 
France  and  Germany. 

A  variety  of  this  mineral  occurs  in  many  places  under  the  name  of  bog  iron 
ore  (Sumpferz;  mineral  des  marais),  which  has  apparently  been  formed  by  deposition 
from  ferruginous  water  under  the  influence  of  living  organisms.  Some  kinds  of 
this  ore  furnish  very  good  iron — for  instance,  the  lake  ores  of  Sweden  and  Lower 
Canada ;  but  generally  it  contains  so  large  an  amount  of  phosphorus  as  to  be  useless 
for  smelting. 

Yellow  ochre  is  an  argillaceous  variety  of  hydrated  ferric  oxide  containing  more 
combined  water  than  brown  iron  ore,  and  basic  sulphate ;  sometimes  also  basic  silicate, 
phosphate,  and  arsenate. 

Analyses  of  Brown  Iron  Ore. 


Source 
Analyst 

Dean  Forest. 

Devon- 
shire. 

Northampton- 
shire. 

Weardale. 

Dick. 

Price. 

Dick. 

Dick. 

Tookey. 

Spiller. 

Ferric  oxide 
Ferrous  oxide   . 

90-05 

89-80 

89-28 

89-39 

76-00 
trace 
0-40 
2-30 
0-41 

0-11 

74-32 

'o-5*7 
2-91 
0-76 
0-18 

6-03 

0-57 
3-17 
trace 
0-06 

11-89 
trace 

72-08 

6-60 
0-40 
0-56 
1-90 

4-0*9 

0-13 
0-22 

|  12-40 

49-57 
10-77 
3-06 
0-84 
5-69 
1-21 
0-05 
6-64 

14-49 

o-oi 

trace 
0-03 
1-81 
6-63 
trace 

Manganous  oxide 
Alumina  .        .    ..   . 
Lime 
Magnesia  . 
Potash 

0-88 
0-14 
0-06 
0-20 

0-04 
0-98 
0-51 
0-40 

•     • 

0-33 
0-52 
0-33 
0-20 

Silica 
Titanic  acid 
Carbonic  acid    . 

0-92 

2-14 

0-98 

1-42 

5-33 

Phosphoric  acid 
Sulphuric  acid  . 
Iron  pyrites 

Water5h^°.8CTc  ' 
}  combined 

Organic  substance     . 

0-09 
(traces 

*9-22 

0-13 
trace 

Yo*5 

trace 
J9-74 

0-13 

trace 
trace 

8-83 

1-03 

'l*8*0 

12-40 

Percentage  of  iron     . 

100-76 
63-04 

101-05 
62-86 

100-00 
62-57 

101-15 
62-60 

99-78 
53-20 

100-46 
52-05 

99-38 
49-78 

100-80 
43-02 

IRON. 

Analyses  of  Brown  Iron  Ore— continued. 
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Source 

North- 
ampton 
shire. 

Wales; 
Llan- 
trissant 

Lincoln 
shire 
Brigg. 

North- 
ampton 
shire. 

Dorset- 
shire. 

Wilt- 
shire; 
Seend. 

North- 
ampton- 
shire. 

Corn- 
wall; 
St. 

Austle. 

Price  & 

Analyst 

Nichol- 
son. 

Riley. 

Tookey 

Percy. 

Tookey. 

Riley. 

Spiller. 

Riley. 

Ferric  oxide 

68-58 

59-05 

58-10 

56-20 

55-21 

53-48 

52-86 

51-87 

Ferrous  oxide    . 

Manganous  oxide 

0-36 

0-09 

0-88 

0-20 

0-95 

1-60 

trace 
0-51 

0-43 

Alumina  . 

3-27 

trace 

4-95 

2-43 

770 

4-38 

7-39 

4-01 

Lime 

0-66 

0-25 

4-15 

0-49 

0-70 

0-84 

7-46 

0-52 

Magnesia  . 
Silica 

11-63 

0-28 
34-40 

0-96 
11-70 

0-17 
29-07 

1-15 
19-65 

072 
26-23 

0-68 
13-16 

0-17 
36-03 

Carbonic  acid    . 

. 

. 

1-08 

trace 

4-92 

Phosphoric  acid 
Sulphuric  acid  . 

0-97 
0-18 

0-14 

1-40 

0-84 

0-42 
0-16 

0-87 

1-26 

0-49 

Iron  pyrites 

0-09 

trace 

A.AO 

0.     0 

Waterj  hygroscopic  . 
|  combined       . 

•11-56 

0-24 
6-14 

>  16-46 

1-16 

9-74 

'  13-11 

13-61 

11-37 

0-80 
5-80 

Organic  substance 

00-26 

00-68 

99-68 

100-30 

99-05 

01-73 

99-54 

100-15 

Percentage  of  iron 

48-00 

41-34 

40-67 

39-34 

38-65 

37-44 

37-00 

36-31 

Analyses  of  Brown  Iron  Ore — continued. 


Source 

North- 
ampton 
shire. 

Oxford 

shire  -, 
Wood- 
stock. 

Dean 
Forest. 

Stafford 
shire  ; 
Frog- 
hall. 

North- 
ampton 
shire. 

Dean 

Forest. 

Belfast. 

North- 
ampton- 
shire. 

Analyst 

Dick. 

Tookey 

D 

ck. 

Riley. 

Dick. 

Tookey 

Riley. 

Ferric  oxide 
Ferrous  oxide     . 
Manganous  oxide 
Alumina     . 
Lime  .... 
Magnesia  . 
Potash 

38-04 
10-54 
0-69 
13-02 
trace 
4-35 
0-38 

44-67 
0-86 
0-44 
9-10 
9-29 
0-66 

32-76 

trace 
0-05 
0-25 
0-25 

52-83 
081 

14-61 
5-70 

50-53 
trace 
0-51 
7-52 
11-92 
0-62 
0-11 

48-99 
0-24 
0-16 
0-17 
14-07 
10-21 

35-91 
657 
0-05 
27-95 
0-60 
0-20 
0'49 

34-41 
trace 
0-27 
6-40 
25-72 
0-87 

Silica 
Carbonic  acid     . 
Phosphoric  acid 
Sulphuric  acid    . 
Iron  pyrites 

Water  Jh^°.scTC    ' 
/combined 

Organic  substance 

23-24 
0-16 
0-26 
trace 
0-13 

6-92 
0-19 

12-34 
6-11 
0-55 

trace 
1  16-31 

63-52 

0-09 
trace 

'3-5*5 

trace 
18-14 
0-32 
0-28 

*4-75 
1-30 

8-80 
7-98 
1-28 

'0-17 
•11-00 

0-79 
20-75 
0-06 
trace 

*5-18 

9-75 

•18-60 

6-69 
18-45 
1-47 
0-07 
0-30 

6-97 

Percentage  of  iron 

99-92 
34-83 

00-33 
31-94 

00-47 
22-93 

98-74 
36-98 

100-44 
35-37 

100-62 
34-46 

00-12 
30-25 

101-62 
24-09 

Native  ferrous  carbonate  ;  Spathic  iron  ore;  Spatheisenstein  ;  fer  spathique. — This 
mineral  consists  essentially  of  ferrous,  carbonate,  and  in  its  purest  state  contains  48 -27 
per  cent,  of  iron.  It  is  generally  crystalline,  sometimes  presenting  distinct  crystals 
(see  i.  785),  and  sometimes  in  the  form  of  fibrous  nodular  masses  known  by  the  name  of 
sphserosiderite.  It  varies  in  colour  from  white  to  yellow  or  brown,  and  is  very  often 
found  to  have  undergone  more  or  less  complete  conversion  into  hydrated  ferric  oxide 
under  the  influence  of  atmospheric  oxygen.  Spathic  iron  ore  occurs  as  veins  and  beds 
in  the  older  rocks,  and  associated  with  limestone  strata.  It  is  worked  in  this  country 
chiefly  in  Durham  and  Somersetshire;  on  the  Continent  it  is  of  more  frequent  occur- 
rence, the  chief  localities  being  Styria  and  Westphalia,  where  it  constitutes  entire 
mountains,  and  has  long  been  famous  under  the  name  of  "  steel  ore  "  for  yielding  very 
fine  qualities  of  iron  and  steel. 
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Spathic  iron  ore  generally  contains  a  considerable  amount  of  manganese  and  small 
quantities  of  lime  and  magnesia,  and  is  sometimes  associated  with  lead  and  copper  ores, 
quartz,  fluor-spar,  calcspar,  heavy  spar,  &c.,  but  is  frequently  quite  free  from,  any  ad- 
mixture of  impurities  that  would  be  prejudicial  to  the  iron  made  from  it. 

Analyses  of  Spathic  Iron  Ore. 


Source 
Analyst 

Mil  sen, 
West- 
phalia. 

Ripsey 
Vein. 
Durr 

Wear- 
dale. 
am. 

Brendon, 
Somersetshire. 

Siegen 
Alte 
Birke. 

Ehren- 
frieders- 
dorf; 
Saxony. 

Ex- 

moor; 
Devon. 

Peters. 

Dick. 

Tookey. 

Spiller, 

Price  & 
Nichol- 
son. 

Schna- 
bel. 

Magnus. 

Spiller. 

Ferric  oxide 
Ferrous  oxide     . 
Manganous  oxide 
Zinc  oxide  . 
Alumina    . 
Lime 
Magnesia  . 
Silica 
Carbonic  acid     . 
Phosphoric  acid 
Sulphuric  acid    . 
Iron  pyrites 

Water  JhygrOSC°piC     ' 
{combined 

Organised  substance  . 
Percentage  of  iron 

2-75 

*0-83 
0-04 
1-63 
1-75 
2-29 
1-62 
39-92 
0-54 

'o-2*2 
\  0-45 
0-39 

49-47 
2-42 

0-06 
3-47 
3-15 
4-93 
37-71 
trace 
trace 

trace 

0-81 
49-77 
1-93 

*3-96 
2-83 
3-12 
37-20 
trace 

0-04 
0-30 

0-81 
43-84 
12-64 

o-oi 

0-28 
3-63 
0-07 
38-86 

0-07 
1791 
7-64 

24-80 
6-17 

41-75 

trace 

O'll 

0-38 

43-94 
12-88 

*4-00 
39-18 

43-59 

17-87 

0-88 
0-24 

38-22 

36-81 
25-31 

38-35 

0-18 

100-55 
42-59 

101-29 
38-56 

99-96 
38-95 

100-32 
34-67 

100-00 
34-18 

100-00 
33-90 

100-47 
28-63 

99-23 
13-98 

Ferrous  carbonate  mixed  with  clay  often  occurs  with  beds  of  coal,  in  sedimentary 
rocks,  and  is  known  under  the  name  of  argillaceous,  sphaerosiderite,  or  clay  iron  ore.  It 
is  compact  and  earthy;  of  various  shades  of  grey  and  brown,  or  sometimes  quite  black, 
owing  to  an  admixture  of  carbonaceous  substance,  and  occurs  in  lenticular  masses  or 
nodules.  This  ore  is  generally  very  abundant  in  the  coal  measures ;  but  in  some 
instances  it  is  almost  wholly  wanting  in  those  rocks,  as  for  instance  in  the  coal  fields 
of  Northumberland,  Durham,  Lancashire,  and  Belgium.  The  principal  localities  where 
it  is  worked  in  this  country  are  the  coal  fields  of  Scotland,  Staffordshire,  Shropshire 
and  Wales. 

It  is  found  to  some  extent  in  France  and  Germany,  and  abundantly  in  America, 
but  is  not  worked  there. 

Analyses  of  Clay  Iron  Ore  from  the  Coal  Measures. 


Name  of  ore 
Analyst 

Scotland. 

Black  band. 

Colquhoun. 

Ferric  oxide 
Ferrous  oxide     . 
Manganous  oxide 
Alumina    *. 
Lime  .... 
Magnesia  . 
Silica 
Carbonic  acid     . 
Sulphur 
Waterj  hygroscopic    . 
(combined 

45-84 
020 
2-53 
1-90 
5-90 
7-83 
33.63 

0-33 
38-80 
0-07 
6-20 
5-30 
6-70 
10-87 
30-76 
0-16 

1-16 
35-22 

5-34 
8-62 
5-19 
9-56 
32-53 
0-62 

0-23 
53-03 

0-63 
3-38 
1-77 
1-40 
35-17 

0-47 
43-73 

5-13 
2-10 
2-77 
9-70 
32-24 
0-20 

1-16 

35-22 

5-34 
8-62 
5-19 
9-56 
32-53 
0-62 

0-23 

53-82 

1-51 
0-28 
2-00 
34-39 

2-72 
40-77 

0-90 
0-72 
10-10 
26-41 

1-00 

17-38 

Organic  substance 
Percentage  of  iron 

1-86 

1-87 

2-13 

3-63 

1-50 

2-13 

7-70 

100-37 
28-40 

101-00 
30-00 

100-37 
28-40 

40-90 

99-66 
34-00 

100-37 
28-40 

100-00 

41-60 

10000 
34-60 

IRON. 
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A  variety  of  this  ore  containing  from  10  to  15  or  even  30  percent,  of  coaly  substance, 
occurs  as  thin  layers  in  the  coal  measures  of  Scotland,  and  some  parts  of  England  and 
Wales,  and  is  known  under  the  name  of  "  black  band." 


Analyses  of  Clay  Iron  Ore  from  the  Coal  Measures — continued. 


Yorkshire. 

Derbyshire. 

Staffordshire. 

Source 

Black 
bed; 
Low- 
moor. 

White 
mine  ; 
Park 

Black 
mine  ; 
gate. 

Brown 
Rake  ; 
Butter- 
lev. 

Dale- 
moor 
Rake; 
Stanton. 

Dog- 
tooth; 
Stave- 
ley 

Chalky 
mine  ; 
Foley. 

Red 

Shag; 
Shelton. 

Analyst 

Spiller. 

Dick. 

Ferric  oxide 

1-45 

1-69 

2-39 

1-49 

3-49 

1-42 

0-12 

0-05 

Ferrous  oxide 

36-14 

39-38 

41-77 

37-99 

39-55 

28-27 

51-07 

46-53 

Manganous  oxide 

1-38 

0-95 

1-13 

1-51 

1-50 

1-02 

2-36 

2-54 

Alumina 

6-74 

6-42 

4-79 

5-57 

5-45 

2-21 

2-47 

1-22 

Lime  .... 

2-70 

2-26 

2-55 

4-59 

3-38 

13-94 

1-74 

2-44 

Magnesia    . 

2-17 

3-89 

3-85 

3-37 

2-88 

9-27 

1-10 

1-39 

Potash 

0-65 

0-37 

0-43 

0-55 

0-48 

0-16 

0-28 

20 

Silica. 

17-37 

12-16 

8-93 

10-04 

10-22 

3-55 

3-02 

1-93 

Carbonic  acid 

26-57 

29-38 

31-39 

29-92 

28-63 

3761 

33-63 

30-77 

Phosphoric  acid  . 

0-34 

0-47 

0-75 

0-80 

1-12 

0-74 

1-12 

0-69 

Sulphuric  acid    . 

trace 

.     . 

trace 

trace 

trace 

trace 

trace 

0-04 

Iron  pyrites 

o-io 

trace 

. 

0-06 

0-05 

0-04 

0-17 

0-34 

Water  JX°SCTC     ' 
}  combined 

0-61 
1-16 

0-68 
1-41 

0-55 
1-15 

0-74 
1-47 

0-51 
1-24 

0-18 
0-73 

|  0-99 

U 

Organic  substance 

2-40 

0-54 

0-86 

1-42 

1-14 

0-92 

1-24 

10-46 

99-78 

99-60 

100-54 

99-52 

100-14 

100-16 

98-97 

100-07 

Percentage  of  iron 

29-12 

31-82 

34-16 

30-60 

33-20 

22-98 

39-88 

36-39 

Analyses  of  Clay  Iron  Ore  from  the  Coal  Measures — continued. 


Staffordshire. 

Source 

Dudley. 

Bun- 
ker's 
Hill. 

Darlaston. 

Name  of  ore 

Pins. 

Grains. 

Gubbin. 

sH*** 

Balls. 

White- 
stone. 

Gubbin. 

Analyst    . 

Dick. 

Spiller. 

Dick. 

Tookey. 

Ferric  oxide 

054 

0-13 

0-40 

0-04 

1-15 

0-43 

3-17 

3-82 

Ferrous  oxide     . 

45-35 

46-30 

45-86 

48-63 

30-96 

52-04 

33-92 

49-40 

Manganous  oxide 
Alumina     . 

0-56 
5-70 

1-44 

4-80 

0-96 
5-86 

1-29 
3-64 

0-73 
9-58 

0-92 
4-98 

077 
6-44 

0-86 
3-05 

Lime 

2-60 

0-76 

1-37 

4-45 

1-84 

0-53 

2-65 

086 

Magnesia  . 

1-26 

0-94 

1-85 

0-80 

3-11 

1-18 

443 

0-52 

Potash 

0-36 

0-11 

0-74 

0-32 

0-74 

0-30 

Silica 

10-63 

10'29 

10-88 

6-21 

26-50 

6-63 

18-23 

6-22 

Carbonic  acid     . 

30-21 

30-44 

31-02 

32-16 

22-13 

32-31 

26-89 

32-05 

Phosphoric  acid 

0-46 

0-74 

0-21 

0-31 

0-26 

0-21 

0-35 

0-23 

Sulphuric  acid    . 

trace 

trace 

trace 

0-06 

trace 

trace 

1-27 

Iron  pyrites 

0-20 

0-07 

o-io 

0-16 

0-12 

0-13 

0-15 

0-13 

Water  ^hygr(:8COpic    * 
{  combined 

|  1-64 

1-38 

1-08 

0-32 
1-23 

0-56 
1-83 

0-46 

0-42 
0-98 

0-37 
0-29 

Organic  substance 

1-59 

1-14 

0-90 

0-28 

o-io 

0-51 

0-47 

0-54 

100-99 

98-43 

100-29 

99-69 

99-61 

100-25 

99-61 

99-81 

Percentage  of  iron 

35-74 

36-14 

35-99 

37-45 

24-88 

40-84 

28-87 

41-06 

, 
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Analyses  of  Clay  Iron  Ore  from  the  Coal  Measures—  continued. 


Source     . 
Name  of  ore 
Analyst    . 

South  Wales. 

Ponty- 
pool. 

Blaen- 
avon. 

Cwm 

Avon. 

Aberdare. 

• 

Aber- 
safn. 

Llanelly. 

Balls. 

Black 
pin. 

Sulphury 
mine. 

Coal  brass. 

B 

lack  band, 
raw.    (calcined. 

Riley. 

Dick. 

Price  &Nicholson. 

Ratcliffe 

Price. 

Ferric  oxide 
Ferrous  oxide  . 
Manganous  oxide 
Manganic  oxide 

0-50 
44-50 
0-73 

0-45 
41-22 
1-07 

0-34 
40-30 
1-03 

37-07 
0-23 

42-64 
0-26 

4-10 

43-37 

|  1-50 

3-00 
0-25 

0-32 
6-5 

•80 
30-50 
trace 

1-56 

*0-2*7 
0-31 
6-25 

43-30 
1-08 

1-26 
2-67 

7-20 
28-46 
0-67 

0-26 
15-10 

80-00 

|  1-80 

2-10 
4-45 

10-61 
1-03 

Lime         . 
Magnesia          , 
Soda 
Potash      . 
Alumina  ... 

2-05 
3-26 
0-13 

*5-95 

2-89 
3-68 

0-48 
4-88 

1-44 
2-94 

0-82 
7-90 

6-61 
7-40 

*270 

37-14 
0-23 

5-24 
5-26 

36-89 
0-17 

Silica 
Carbonic  acid    . 
Phosphoric  acid 
Sulphuric  acid  . 

10-81 
30-92 
0-23 

11-60 
30-07 
0-76 
trace 

14-43 
28-23 

trace 

Iron  pyrites 
Water  5Vg?oscopic  . 
}  combined       . 
Organic  substance     . 

Percentage  of  iron     . 

0-11 
|  0-76 
0-21 

0-15 

1-21 

0-82 

0-09 
0-74 

0-2*9 

trace 
*9-80 

0-22 
'8-8*7 

100-24 
34-96 

99-28 
32-44 

99-43 
31-63 

100-18 
28-88 

99-55 
33-17 

100-28 
36-4 

100-00 

33-68 

99-99 
56-00 

Clay  iron  ore  also  occurs  abundantly  in  strata  belonging  to  the  Lias,  as  well  as  in  the 
Oolite  and  Tertiary  series  of  rocks,  sometimes  partially  or  wholly  converted  into  brown 
iron  ore  by  atmospheric  oxidation.  This  ore  is  now  largely  worked  in  the  Cleveland 
district  in  Yorkshire. 

Analyses  of  Clay  Iron  Ore  from  the  Lias  and  Oolites. 


Source 

Middles, 
bro. 

I  I  ut  ton 
Low 
Cross. 

Eston 
Nab. 

Upleat- 
ham. 

Belmont 

Gros- 

mont. 

Nor- 
manby. 

North- 
ampton- 
shire. 

Analyst 

Percy. 

Crow- 
der. 

Crow- 
der. 

Crow- 
der. 

Percy. 

Percy. 

Pattin- 
son. 

Dick. 

Ferric  oxide 
Ferrous  oxide    . 
Manganous  oxide 

2-86 
43-02 
0-40 

4-25 
40-86 

1-20 
43-35 

5-80 
38-25 

3-50 
39-00 
1'30 

4077 
0'67 

2-60 
38-06 
074 

3-31 
33-29 
I'll 

Alumina    . 
Zinc  .        .        . 
Magnesia  . 
Potash 

5-87 
5-14 
5-21 

3-44 
3-80 
3-70 

9-88 
0-58 
5-35 

12-20 
5-00 
2-40 

7-46 
7-44 
3-82 

1-32 
4-08 
5-34 

5-92 
7-77 
4-16 

7-89 
0-50 
11-77 
0"20 

Silica 
Carbonic  acid     . 
Phosphoric  acid 
Sulphuric  acid   . 
Iron  pyrites 

Water  Jh^?S(XlPic    • 
}  combined 

Organic  substance 

7-17 
25-50 
1-81 

*0-34 
3-14 
0-15 

7-20 
32-50 
0-96 
0-30 
1-60 

|  1-45 

7-65 
22-96 
3-87 

0-09 
|  6-07 

7-45 
25-40 
0-50 
trace 
trace 

\  3-00 

9-46 
23-06 
1-60 

j  3-66 

8-80 
31-80 
0-06 

|  2-70 

10-36 
22-00 
1-07 
trace 
0-14 

\  4-45 

19-49 
24-79 
0-22 
trace 
0-13 

0-54 
0'08 

Percentage  of  iron 

100-61 
35-46 

100-06 
34-75 

100-00 
34-54 

100-00 
33-81 

100-30 
32-78 

99-10 
31-71 

97-27 
31-42 

100-32 

28-28 
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Both  clay  iron  ore  and  carbonaceous  iron  ore  are  frequently  accompanied  by  admix- 
tures of  metalliferous,  sulphuretted,  arsenical,  and  phosphatic  minerals,  sometimes  in 
such  amount  as  to  detract  from  their  value  for  smelting  purposes  ;  but  generally  they 
are  sufficiently  pure  to  furnish  iron  of  good  quality.  Some  kinds  of  the  ore  known 
as  "  coal  brass  "  also  contain  a  considerable  amount  of  ferrous  carbonate,  though  they 
were  disregarded  as  iron  ores,  until  attention  was  directed  to  their  composition  in  1853 
by  Messrs.  Price  and  Nicholson. 

Native  iron  Sulphides  occur  very  frequently  and  in  great  abundance  in  some  places. 
Of  late  years  these  minerals  have  been  much  used  as  a  source  of  sulphur,  and  are  largely 
imported  from  Spain  and  Norway  for  that  purpose.  The  principal  varieties  are  : 

1.  Iron  pyrites  (Eisenkies  ;  pyrite),  which  has  a  yellow  colour  and  metallic  lustre. 
Specific  gravity  4'9  to  51.  It  occurs  crystalline,  granular  and  compact,  frequently 
disseminated  through  other  minerals.  In  its  purest  state  it  contains  5 3 -3 3  per  cent, 
iron,  and  46'67  per  cent,  sulphur. 

Analyses  of  Iron  Pyrites. 


Analyst 

I 

•attinson. 

Price  & 
Nichol- 
son. 

Clap- 
ham. 

Source 

SP< 

lin. 

Bel- 
gium. 

West- 
phalia. 

Norway. 

Ireland. 

Coal 

brasses. 

Wales. 

Corn- 
wall. 

Iron 
Sulphur  . 

Copper    . 
Lead 
Zinc 
Thallium 
Ferrous  oxide  . 

38-70 
44-60 
3-80 
0-58 
0-30 
trace 

41-41 
49-30 
5-81 
0-66 
trace 
trace 

39-68 
45-01 

0-37 
1-80 
trace 

38-22 
45-60 

0-64 
6-00 
trace 

39-22 
45-50 
1-80 

1-18 

40-52 
44-20 
0-90 
1-50 
3-51 

31-44 
38-10 
trace 

J49-72 
11-01 

32-20 
34-34 
0-80 
0-40 
1-32 

Lime 
Magnesia 
Carbonic  acid  . 

0-14 
trace 

0-14 

trace 

0-25 

O'll 

2-10 

o-oi 

1-65 

0-24 

4-96 
0-33 
5-11 

7-95 
5-74 
19-29 

Arsenic   . 
Oxygen   . 
Coaly  substance 

0-26 
0-23 

0-31 
0-25 

trace 
0-42 

trace 
0-37 

0-45 

0-33 
0-25 

trace 
0-31 
14-45 

6-10 

0-91 

Grangue   .         , 
Moisture  . 

11-10 
0-17 

2-00 
0-05 

12-23 
0-25 

8-70 
0-36 

9-08 
0-17 

8-80 
0-90 

1-40 
0-90 

29-0 

99-88 

99-93 

99-91 

100-30 

100-16 

100-34 

100-30 

99-81 

98-98 

2.  White  iron  pyrites  (Strahlkies ;  pyrene},  is  a  -variety  of  iron  pyrites  of  a  white 
colour ;  it  is  also  of  frequent  occurrence. 

3.  Magnetic  pyrites  (Magnetkies ;  pyrite  magnetique],  has  a  bronze  colour  with 
metallic  lustre,  and  is  slightly  magnetic.     Specific  gravity  4-5  to  4 -7.      It  occurs  both 
crystalline  or  granular,  and  compact.    In  its  purest  state  it  contains  60'49  per  cent 
iron,  and  39'51  per  cent,  sulphur. 

4.  Arsenical  pyrites  (Mispickel ;  Arsenkies  ;  fer  arsenical),  has  a  steel  grey  colour, 
and  metallic  lustre.   Specific  gravity  6  to  6-2.  It  occurs  in  the  same  states  as  iron  pyrites, 
frequently  associated  with  tin  ores,  and  contains  34-35  per  cent,  iron,  10-96  per  cent, 
sulphur,  and  5679  arsenic.    This  mineral  frequently  contains  a  considerable  amount  of 
silver.     Both  it  and  the  other  varieties  of  iron  pyrites  sometimes  contain  gold,  and 
varying  proportions  of  other  metallic  sulphides,  especially  copper  pyrites,  with  which 
they  are  frequently  associated. 

The  residue  left  after  separating  sulphur  from  iron  pyrites  by  roasting,  is  smelted  to 
extract  the  copper  it  contains;  and  attempts  are  being  made  to  use  it  also  for  obtaining 
the  iron  from  it. 

Of  other  native  compounds  of  iron  that  occur  in  large  quantities,  the  most  important 
are  the  chromate  (see  CHKOME  IJRON  ORE,  i.  939)  ;the  titanates  iserine,  smdilmenite  (see 
TITANATES);  the  tungstate  (see  WOLFRAM)  ;  the  silicates  (see  GREEN  EABTH,  ii.  944, 
and  SILICATES)  ;  the  ferrous  and  ferric  phosphates.  (See  PHOSPHATES.) 

Preparation. — 1.  Pure  iron  may  be  obtained  by  heating  pure  ferric  oxide  in  a 
current  of  hydrogen  gas.  If  the  reduction  be  effected  at  the  lowest  possible  temperature, 
the  iron  is  obtained  in  the  state  of  a  grey  powder  which  is  pyrophoric,  and  takes  fire 
on  contact  with  atmospheric  air,  being  converted  into  ferric  oxide.  At  a  strong  red, 
heat  the  metal  is  obtained  in  a  spongy  state  and  is  less  readily  oxidised. 
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2.  A  mixture  of  iron  wire  or  iron  filings,  with  one-fourth  part  of  magnetic  oxide, 
placed  in  a  closely  covered  crucible,  under  a  layer  of  powdered  glass,  free  from  heavy 
metallic  oxides,  and  exposed  to  a  white  beat  in  a  smith's  forge,  yields  a  button  of  iron 
containing  only  mere  traces  of  carbon  or  other  impurities. 

Manufacture  on  the  large  scale. — Malleable  iron  may  be  obtained  directly  from  iron 
ores  by  heating  them  with  charcoal  under  the  influence  of  a  blast  of  air.  Formerly, 
malleable  iron  was  obtained  by  this  method  exclusively,  but  it  is  now  practised  almost 
only  in  Sardinia,  the  Pyrenees,  India,  some  parts  of  America,  Africa,  and  other  countries 
where  metallurgic  art  is  less  advanced  than  in  the  great  iron-producing  districts  of 
Europe. 

1.  Production  of  malleable  iron  direct  from  the  ore. — This  is  chiefly  practised  ac- 
cording to  what  is  termed  the  Catalan  method.     It  consists  in  heating  the  roasted 
ore  with  a  charcoal  fire  urged  by  a  blast,  and  in  a  manner  very  similar  in  its  general 
character,  to  that  adopted  in  working  a  smith's  forge.     The  most  important  of  the 
several  arrangements  for  this  operation,  comprised  collectively  under  the  term  "  bloom- 
ery  "  (Luppenfeuer,  forge  Catalan),  is  the  hearth  (Heerd;  creuset),  which  is  a  nearly 
cubical  chamber  built  of  stone,  and  lined  with  blocks  of  iron,  s,  s,  t,  t,  at  the  back 
and  front.     It  is  placed  against  a  wall  N,  N,  through  which  the  tuyere,  T,  of  the 
blowing  machine  projects,  as  shown  in  fig.  573.   The  ore  to  be  reduced  is  broken  to  pieces 

Fia  573  *^e  B^ze  °f  a  nut» an^  ™  placed  against  the 

\  front  of  the  hearth,  s,  s,  while  the  remain- 

ing space  M,  between  it  and  the  back  i, 
t,  is  filled  with  charcoal,  and  when  the 
hearth  is  filled  in  this  way,  the  upper  part 
of  the  heap  of  ore  forms  a  ridge  at  d,f,  gt 
the  surface /<7,  being  covered  with  a  layer 
of  closely  packed  charcoal  dust  (brasque). 
The  fire  is  then  urged  by  the  blast  and  the 
ore  becomes  gradually  deoxidised,  while 
the  gangue  or  earthy  substance  contained 
in  the  ore,  combines  with  a  portion  of  fer- 
rous  oxide,  forming  a  fusible  siliceous  slag 
which  collects  at  the  bottom  of  the  hearth. 
Fresh  charcoal,  and  the  finely  divided  ore, 
are  constantly  supplied  to  the  fire  mean- 
while, and  eventually  the  deoxidised 
mineral  sinks  down,  in  the  state  of  malle- 
able iron,  to  the  bottom  of  the  hearth, 
where  a  workman  kneads  together  the 
fragments  into  a  spongy  mass,  which  is 
taken  out  of  the  fire,  and  rendered  solid 
by  hammering  while  still  red-hot,  so  as  to 
unite  the  metallic  particles,  and  it  is  then 
drawn  out  into  bars  under  a  forge  hammer. 
Only  the  richer  kinds  of  ore  can  be  treated  in  this  way,  and  it  always  involves 
the  waste  of  a  large  portion  of  the  iron,  which  escapes  reduction,  and  by  entering 
into  combination  with  the  siliceous  and  earthy  portions  of  the  ore,  forms  a  slag 
consisting  chiefly  of  ferrous  silicate.  In  the  extraction  of  iron  by  this  method,  the  reduc- 
tion is  effected,  perhaps  entirely,  by  carbonic  oxide,  and  the  "carburation  of  the  iron  to 
such  an  extent  as  to  determine  the  production  of  cast  iron,  is  prevented  by  the  want  of 
an  adequately  high  temperature. 

2.  Indirect  process. — The  production  of  malleable  iron  is  now  for  the  most  part 
effected  by  operating  upon  cast  iron  so  as  to  deprive  it  of  the  greater  part  of  the  carbon 
and  silicon  it  contains,  and  at  the  same  time  to  separate  other  admixtures  that  would 
be  prejudicial  to  the  quality  of  malleable  iron.     This  operation  is  conducted  in  two 
ways,  the  one  termed  the  charcoal  finery,  the  other  puddling.     Both  consist  in  a 
partial  oxidisation  of  the  cast  iron,  and  production  of  a  fusible  ferrous  silicate,  which 
reacts  upon  the  carburet  of  iron  and  determines  the  oxidation  of  the  greater  part  of 
the  carbon  and  other  substances  contained  in  the  cast  iron. 

The  main  distinction  between  these  two  modes  of  operating  is  that,  in  the  one  case 
charcoal  is  employed  in  contact  with  the  cast  iron ;  while,  in  the  other,  coal  is  used  in 
a  reverberatory  furnace,  so  that  the  iron  is  acted  upon  in  a  separate  chamber  without 
actual  contact  with  the  fuel,  but  only  by  the  flame  and  heated  gases  produced  by  its 
combustion. 

White  cast  iron  containing  a  small  amount  of  carbon  is  most  suitable  for  conversion 
into  malleable  iron,  because  it  does  not  melt  so  readily  at  a  moderate  heat  and  is  not 
BO  liquid  when  melted  as  grey  cast  iron,  but  softens  before  melting  and  remains  for 
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Borne  length  of  time  in  a  viscous  condition,  which  admits  of  its  presenting  a  greater 
surface  to  the  action  of  oxidising  agents  when  stirred  about.  Its  carbon  is  also  more 
easily  oxidised  than  the  graphite  of  grey  cast  iron.  When  therefore  grey  cast  iron 
has  to  be  converted  into  malleable  iron,  it  is  in  the  first  instance  converted  into  white 
iron  by  a  preliminary  melting  in  the  running-out  fire  (p.  349). 

The  production  of  malleable  iron 
by  the  charcoal-finery,  is  practised 
in  different  places  with  a  great 
number  of  minute  variations,  de- 
termined partly  by  the  nature  of 
the  pig  iron  operated  upon,  partly 
by  less  important  circumstances. 

The  charcoal-finery  employed 
in  Wales,  and  some  other  parts  of 
the  country,  for  manufacturing  the 
sheet  iron  used  for  tin  plates,  which 
requires  to  be  of  very  good  quality, 
is  represented  in  section  by  fig. 
574.  It  consists  of  a  quadrangular 
hearth  lined  with  cast  iron  plates 
enclosed  within  brick  walls  and 
furnished  with  a  blast  apparatus. 
About  2  cwt.  of  pig  iron,  melted 
with  coke  in  a  similar  kind  of 
hearth,  called  a  melting  finery, 
is  run  into  the  hearth,  covered 
with  charcoal  and  stirred  about, 
while  the  fire  is  urged  by  a  blast 
of  air  until  the  iron  becomes  suffi- 
ciently decarburised  to  be  malle- 
able. Then  it  is  collected  in  a  lump  (Luppe;  loupe)  at  the  end  of  an  iron  bar,  and 
removed  from  the  hearth  for  the  purpose  of  being  hammered  into  a  prismatic  slab 
about  2  inches  thick.  This  is  broken  into  pieces  of  about  25  Ibs.  each,  called  stamps 
(schirbel;  lopins).  About  three  of  these  stamps  are  piled  upon  the  flattened  end  of  an 

iron  bar  termed  the  staff  or  portal,  and   raised   to  a  welding  heat  in  a  kind  of 

reverberatory  furnace  termed  the  hollow  fire,  and  again  hammered  into  a  slab  about 
3  inches  thick,  which  is  passed  between  rollers  until  it  forms  a  sheet  of  the  requisite 

thickness. 

In  Sweden  the  greater  part  of  the  best  iron  is  made  in  a  very  similar  manner,  except 

that  there,  as  well  as  in  Germany  and  other  parts  of  the  Continent,  the  pig  iron  is  melted 

in  the  same  hearth  in  which  it  is  converted  into  mal- 
leable iron.  An  ordinary  form  of  the  hearth  em- 
ployed is  represented  "by  fig.  575. 

The  pig  iron  is  melted  above  the  tuyere,  so  that  it 

may  not  be  exposed  to  the  blast  until  it  has  become 

liquid,  and  the  blast  is  regulated  so  as  to  retain  the 

metal  on  the  hearth  in  a  proper  state  of  fusion ;  the 

blast  is  then  stopped,  the  slag  run  off,  the  iron  raised 

off  the  hearth,  and  placed  on  the  top  of  a  fresh  supply 

of  charcoal,  after  which  it  is  again  melted.    When  the 

decarburation  has  advanced  far  enough,  which  may  be 

judged  of  by  the  consistence  of  the  metal,  it  is  again 

raised   up,  covered  with   charcoal,   subjected  to   a 

strong  welding  heat  to  melt  away  the  slag,  and  then 

hammered  out  to  a  short  bar,  which  is  cut  into  pieces 

that  are  again  welded  together,  and  drawn  out  into 

bars  under  a  hammer. 

In  order  to  appreciate  the  chemical  nature  of  the 

process  that  takes  place  in  the  charcoal-finery,  it  is 

necessary  to  consider  the  composition  of  the  slags.     They  consist  essentially  of  silica 

and  ferrous  oxide,  but  may  be  divided  into  two  classes,  viz.  poor  slag  (Rohschlacke) 

and  rich  slag  ( Gaarschlacke}. 

The  poor  slag  is  formed  during  the  first  melting  of  the  pig  iron  and  the  earlier  stage 

of  the  operation.     It  consists  essentially  of  ferrous  silicate.     It  is  very  liquid  and 

solidifies  rapidly,  is  of  a  blackish-grey  colour  with  metallic  lustre,  crystalline,  frequently 

variegated,  and  sometimes  porous.     The  crystals  have  the  form  of  olivine  or  iron  chry 
and  the  composition  of  the  slag  approximates  to  that  of  this  mineral. 


Fig.  575. 
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Analyses  of  poor  Slags  from  the  Charcoal-finery. 


Source 
Analyst 

•      • 

•      • 

•       • 

Magdespriing. 

Mitscherlich. 

Rammelsberg. 

Walchner. 

Wiegand. 

Ferric  oxide 
Ferrous  oxide     . 
Manganous  oxide 
Magnesia   . 
Lime 
Alumina    . 
Potash 
Silica 

Ratio  of  oxygen  in5) 
bases  to  oxygen  in  j- 
silica     .         .         j 
Percentage  of  iron 

67-24 
0-65 

81-16 

2-25 
63-51 

34-38 

62-04 
2-64 
1-40 

0-28 
32-34 

57-3 
4-5 

2-8 
3-0 

32-4 

99-05 
•914 
62-30 

100-14 
•822 
50-69 

99-70 
•868 

48-25 

100-0 

•907 
44-95 

The  rich  slag  is  formed  during  the  latter  stage  of  the  operation.  It  is  less  liquid, 
and  solidifies  less  quickly  than  the  poor  slag.  It  forms  an  agglutinated  mass ;  is  heavier, 
of  a  grey  colour,  and  has  a  compact  fracture.  Its  composition  varies  much,  and  the 
amount  of  iron  is  greatest  in  that  formed  at  the  end  of  the  operation. 

In  the  charcoal-finery  process,  the  separation  of  the  carbon,  silicon,  phosphorus,  and 
manganese  from  pig  iron  is  effected  by  the  oxidation  of  these  substances,  partly  by  the 
blast  and  partly  by  the  ferrous  oxide  contained  in  the  slag,  formed  at  the  end  of  the 
operation. 

Cast  iron  melted  with  ferric  oxide  yields  carbonic  oxide  and  iron.  Iron  containing 
silicon,  when  heated  with  iron  oxides,  yields  ferrous  silicate.  The  ferrous  silicate  consti- 
tuting poor  slag  is  not  reduced,  either  by  pig  iron  or  by  carbon,  at  a  red  heat ;  it  is  only 
at  a  very  high  temperature  that  there  is  a  reaction  between  the  carbon  and  ferrous  oxide, 
with  elimination  of  iron.  The  more  highly  basic  ferrous  silicates,  constituting  rich 

Analyses  of  rich  Slag  from  the  Charcoal-finery. 


Name  of  works 

Sweden. 

Rybnik. 

Gysinge. 

Skebo. 

Lauch- 
hammer. 

Sauvigny. 

Norway. 

Silesia. 

Analyst  . 

Winckler. 

Sefstrom. 

Lampadius 

Berthier. 

Strom. 

Karsten. 

Hoffm;mn. 

6-00 

Ferrous  oxide 

82-9 

82-1 

77-00 

74-0 

71-3 

61-2 

71-15 

Manganous  oxide  . 
[  Magnesia 

•o 

C  IN 

6-8 

2-8 

3-00 

3-6 

2-7' 

6-7 
2-4 

0-46 

fLime    .        .         . 

1* 

.     . 

1-75 

1*8 

. 

0-9 

1-26 

Alumina 

li 

.     . 

3-00 

1-2 

. 

0-2 

Potash 

I 

Silica    . 

13-9 

7-6 

10-25 

19-8 

21-4 

18-1 

21-01 

Phosphoric  acid    . 

•    - 

•    • 

1-75 

•    • 

3-7 

100-0 

99-3 

99:75 

100-4 

99-1 

99-5 

99-88 

Ratio  of  oxygen  in  \ 
bases  to  oxygen  J- 

2-485 

5-150 

3-598 

1-736 

1-418 

1-7 

1-663 

in  silica  .         .J 

Percentage  of  iron 

64-48 

63-86 

59-89 

57-56 

55-46 

47-6 

59-50 

slag,  on  the  contrary,  are  decomposed,  even  at  a  red  heat,  by  pig  iron,  in  such  a  manner 
that  the  excess  of  ferrous  oxide  is  reduced,  and  a  less  basic  ferrous  silicate  remains. 

During  the  first  stage  of  the  process,  the  silicon  of  the  iron,  together  with  the 
oxidised  iron,  and  any  sand  that  may  be  present,  contribute  to  the  formation  of  poor 
slag ;  but  as  the  oxidation  of  the  iron  continues,  the  slag  gradually  becomes  richer  in 
iron,  and  serves  to  a  great  extent  as  the  medium  by  which  the  action  of  atmospheric 
oxygen  upon  the  pig  iron  is  exercised.  Phosphoric  acid  and  manganese  also  pass  into 
the  slag.  The  conversion  of  pig  iron  in  this  way  must  not  be  carried  on  too  rapidly, 
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•especially  in  the  case  of  the  less  pure  varieties,  or  the  oxidation  of  the  silicon,  phos- 
phorus, &c.,  and  their  consequent  separation,  will  not  be  fully  effected ;  nor  must  it  be 
too  much  protracted,  or  there  would  be  unnecessary  waste  of  iron  by  oxidation. 

Hot  blast  has  been  employed  in  the  charcoal-finery ;  but  since  the  object  of  that 
operation  is  not  so  much  to  obtain  a  high  temperature  as  to  separate  all  the  impurities 
of  the  pig  iron,  the  blast  cannot  be  so  much  heated  as  in  other  cases. 

3.  Puddling;  Frischen  im  Flammqfen  ;  affinage  a  la  houille. — This  iaat  the  present 
time  by  far  the  most  important  method  of  manufacturing  malleable  iron,  especially 
in  this  country.  Th«  main  difference  between  the  operation  of  puddling  and  that  of 
refining  with  charcoal,  consists  in  the  use  of  a  reverberatory  furnace  for  the  purpose,  in 
order  that  the  decarburation  of  the  iron  may  be  effected  in  a  chamber  separated  by  a 
wall  or  bridge  from  the  fire-place  where  the  fuel  is  burnt.  The  metal  is  thus  kept 
•entirely  out  of  contact  with  the  fuel  by  which  the  furnace  is  heated,  and  it  is  acted 
upon  only  by  the  flame  and  hot  gas  passing  over  the  bridge  into  the  working  chamber. 
This  arrangement  admits  of  the  use  of  mineral  fuel  in  place  of  charcoal,  and  is 
requisite  for  the  sake  of  preventing  the  iron  from  becoming  contaminated  with  the  im- 
purities always  present  in  mineral  fuel  in  far  larger  amount  than  in  wood  charcoal. 

The  construction  of  the  puddling  furnace  is  represented  by  fig.  576  in  elevation,  and  by 
figs.  577  and  -57S  in  vertical  and  horizontal  sections.  It  is  built  of  brick,  and  cased  with 

strong  plates  of  cast  iron, 

Fig.  576.  held    together    by  iron 

bars.  The  fireplace  is 
shown  in  the  sections  at 
b  b,  and  the  firing  hole  at 
a  in  the  elevation ;  c  is 
the  bridge  separating  the 
fireplace  from  the  work- 
ing chamber  f;dd  the 
bed  or  hearth  upon  which 
the  cast  iron  is  melted 
and  decarburised.  This 
is  now  constructed  of 
cast-iron  plates  covered 
-  with  a  layer  of  red  iron 
ore,  or  some  material 

containing  abundance  of  ferric  oxide.  The  working  door  g  has  a  small  hole  at  the  bottom, 
through  which  the  workman  stirs  about  the  metal  in  the  furnace.  Just  below  this 
door,  level  with  the  surface  of  the  hearth,  is  a  small  hole  called  the  floss  or  tap-hole, 
that  can  be  closed  with  a  plug,  and  through  which  the  slag  is  run  out  from  the  hearth. 
Sometimes  the  slag  is  allowed  to  run  away  from  a  hole  k  below  the  chimney.  The 
door  h  is  for  introducing 

a   fresh   charge    of  pig  Fig.  577. 

iron.  The  chimney  i  is 
generally  from  30  to  50 
feet  high,  and  is  fur- 
nished at  the  top  with  a 
damper  for  regulating 
the  draught,  as  shown 
in  fig.  579. 

The  pig  iron  to  be  de- 
carburised is  piled  up  on 
the  hearth  of  the  work- 
ing chamber,  and  when, 
after  a  few  minutes,  it 
begins  to  melt,  about  25 
per  cent,  of  hammer-  or 
mill- scale  is  added.  The 
metal  is  then  broken  up 
and  stirred  about  with 
an  iron  bar  called  a 
rabble,  worked  through 
the  small  hole  in  the 
door  g.  This  is  conti- 
nued until  the  whole 
mass  is.  reduced  to  a 
kind  of  sandy,  half- 
melted  condition.  The  heat  is  then  increased,  and  soon  after  the  whole  of  the  metal 
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is  melted,  it  begins  to  swell  and  heave  as  if  boiling,  while  jets  of  blue  flame  issue  from 
Fig.  579.  a^  Parts  °f  the  mass.     This  is  due  to  the  formation  of 

carbonic  oxide  by  the  reaction  of  the  carbon  in  the 
metal  with  the  ferruginous  oxides  present.  As  this  re- 
action progresses,  the  iron  becomes  pasty,  and  in  con- 
sequence of  -the  oxidation  of  the  silicon  contained  in 
the  iron,  and  the  formation  of  ferrous  silicate,  a  liquid 
slag  separates  from  it,  and  collects  round  the  metal  on 
the  hearth,  or  flows  away  towards  the  floss  A.  When 
the  separation  of  carbon  from  the  metal  has  advanced 
to  some  considerable  extent,  the  oxidising  action  of 
the  atmosphere  in  the  working  chamber  is  lessened  by 
lowering  the  damper  and  keeping  the  iron  surrounded 
by  highly  carbonaceous  or  smoky  gas.  When  the  iron  has  become  so  far  decarbu- 
rised  as  to  be  malleable,  or  as  it  is  termed  "  come  to  nature,"  it  is  gathered  together  and 
•worked  into  several  lumps  with  an  iron  bar,  ready  to  be  removed  from  the  furnace. 

A  modified  form  of  this  operation  is  adopted  at  some  works,  under  the  name  of  "  pig- 
boiling."  The  furnace  used  for  this  purpose  is  constructed  much  in  the  same  way  as 
the  puddling  furnace,  except  that  for  "  pig-boiling  "  the  hearth  is  much  deeper  and 
more  pan-shaped  than  in  the  puddling  furnace.  The  hearth  is  also  covered  with  a 
thick  layer  of  red  iron  ore,  or  roasted  slag  from  the  puddling  furnace,  and  the  decar- 
buration  of  the  pig  iron  is  in  this  case  effected  probably  more  by  the  action  of  oxidised 
compounds  of  iron  than  by  the  direct  action  of  atmospheric  oxygen. 

For  detailed  descriptions  and  drawings  of  the  furnaces  and  machinery  used  in  'the 
manufacture  of  iron,  see  Truran,  Iron  Manufactures  of  Great  Britain,  London,  1862. 
The  presence  of  sulphur  or  of  some  metals,  such  as  zinc,  lead,  and  copper  in  the  pig 
iron,  retards  the  conversion  into  malleable  iron,  and  in  the  case  of  pig  iron  that 
becomes  very  liquid  when  melted,  is  more  difficult  to  bring  it  into  a  plastic  condition 
than  when  it  has  the  viscid  character  which  good  white  cast  iron,  containing  a  small 
amount  of  carbon  and  a  little  sulphur,  presents  when  melted.  In  puddling  sulphury 
iron,  there  may  be  a  very  large  waste,  due  to  oxidation  of  the  metal,  in  consequence  of 
the  greater  time  occupied  in  performing  the  last  stage  of  the  operation.  It  is  the 
opinion  of  some  that  the  presence  of  a  certain  amount  of  phosphorus  in  sulphury  iron 
facilitates  its  working  into  balls. 

The  reactions  that  take  place  in  puddling  are  essentially  the  same  as  those  which 
take  place  in  the  charcoal  refinery.  Under  the  influence  of  the  free  oxygen  in  the 
atmosphere  of  the  working  chamber,  a  portion  of  the  iron  is  oxidised,  and  at  the  same 
time  the  manganese,  silicon,  carbon,  sulphur,  and  phosphorus  present  in  the  iron,  are 
also  oxidised,  either  by  the  direct  action  of  air,  or  through  the  medium  of  the  metallic 
oxides  added  to  the  pig  iron,  or  formed  during  the  process,  the  result  being  the  pro- 
duction of  a  slag  or  cinder,  consisting  of  ferrous  and  manganous  silicates,  and  magnetic 
oxide,  and  containing  the  other  earthy  impurities  present  in  the  iron  operated  upon,  as 


well  as  part  of  the  sulphur  and  phosphorus,  the  one  probably  in  state  of  sulphide,  the 
other  as  phosphate.     This  will  be  evide 


,  , 

be  evident  from  the  following  analyses  of  these  slags. 


Analyses  of  Slag  from  the  Puddling  Furnace,  "  Tap  Cinder." 


Works 

Chil- 
lington. 

Dowlais. 

Brooms- 
grove. 

Bromford. 

Wales. 

Analyst 

Riley. 

Percy. 

Noad. 

Ferric  oxide   . 

16-42 

13-53 

8-27 

17-00 

23-75 

17-11 

Ferrous  oxide     . 

60-14 

57-67 

66-32 

58-67 

39-83 

48-43 

70-48 

Manganous  oxide 

2-29 

0-78 

1-29 

0-57 

6-17 

1-13 

12-80 

Alumina     . 

trace 

1-88 

1-63 

2-84 

0-91 

1-28 

Lime 

070 

4-70 

3-91 

2-88 

0-28 

0-47 

Magnesia   . 

0-42 

0-26 

0-34 

0-29 

0-24 

0-35 

Silica 

15-30 

8-32 

771 

11-76 

23-86 

29-60 

8-24 

Iron  sulphide   . 

. 

707 

. 

311 

0-62 

1-61 

Sulphur    . 

traces 

1-78 

053 

Phosphoric  acid 

4-66 

729 

8-07 

4-27 

6-42 

1-34 

7-66 

Copper 

•    • 

trace 

trace 

99-93 

101-50 

99-32 

101-39 

102-08 

101-32 

99-71 

Percentage  of  iron 

58-26 

58-04 

57-37 

47-61 

47-60 

44-22 

54-81 

The  elimination  of  sulphur  and  phosphorus  from  pig  iron  appears  to  be  always 
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attended  with  oxidation  of  the  iron  in  a  degree  proportionate  to  the  quantity  of  those 
substances  separated  from  the  metal.  Consequently,  in  order  that  the  waste  of  metal 
thus  incurred  in  producing  malleable  iron  of  good  quality  may  not  exceed  such  a  limit 
as  would  be  tolerable  in  practice,  it  is  essential  that  the  amount  of  those  substances 
in  the  pig  iron  operated  upon  should  not  be  large.  The  smaller  the  amount  of 
sulphur  and  phosphorus  in  the  pig  iron,  the  easier  is  its  conversion  into  good  mal- 
leable iron,  and  so  far  as  the  separation  of  those  substances  is  concerned,  the  smaller 
is  the  waste  experienced  in  this  operation. 

The  manganese  present  in  pig  iron  appears  to  be  always  separated  almost  entirely 
in  the  manufacture  of  malleable  iron.  The  presence  of  manganese  in  pig  iron  appears 
to  exercise,  in  some  way  not  fully  understood,  a  beneficial  influence  upon  the  quality 
of  the  malleable  iron  made  from  it  by  the  operation  of  puddling.  Experiments  recently 
made  by  Caron  (Compt.  rend.  xlvi.  828)  appear  to  show  that  sulphur  may  be  sepa- 
rated from  pig  iron  by  the  influence  of  manganese  during  the  decarbonisation,  but  that 
phosphorus  is  not  separable  in  the  same  way.  He  operated  upon  iron  containing  1*15 
per  cent,  of  sulphur.  By  melting  it  three  times  without  any  admixture,  the  amount 
of  sulphur  was  reduced  to  0'96  per  cent;  but  by  adding  to  it  6  per  cent,  metallic 
manganese,  and  by  melting  three  times  with  access  of  air,  the  amount  of  sulphur  was 
reduced  to  0-8  per  cent.  The  same  iron  melted  with  10  per  cent,  ferric  oxide  showed  a 
reduction  in  the  amount  of  sulphur  from  1*15  to  1  08per  cent.,  and  by  melting  it  with  10 
per  cent,  ferric  oxide  and  6  per  cent,  manganese,  the  sulphur  was  reduced  to  0'07  per  cent. 

The  separation  of  silicon  from  pig  iron  in  puddling,  as  in  other  modes  of  producing 
malleable  iron,  takes  place  very  readily  under  the  influence  of  oxidising  conditions, 
with  formation  of  ferrous  silicate ;  and  the  chief  importance  attaching  to  its  presence  in 
pig  iron  employed  for  that  purpose,  relates  more  to  the  amount  of  malleable  iron  obtain- 
able than  to  any  special  difficulty  in  the  elimination  of  silicon.  In  the  ferrous  silicate 
constituting  the  slag  of  the  puddling  furnace,  there  is  three  and  a  half  times  as  much 
iron  as  silicon ;  so  that,  if  both  the  silica  and  the  oxide  of  iron  it  contains  originate 
from  the  oxidation  of  the  pig  iron  operated  upon,  the  waste  of  iron  will  be  very  con- 
siderable when  the  amount  of  silicon  in  the  pig  iron  is  large.  Under  the  supposition 
that  the  slag  is  derived  wholly  from  the  metal  by  oxidation,  the  puddling  of  pig  iron 
containing  5  per  cent,  of  silicon  would  be  attended  with  a  waste  of  15  per  cent,  of  iron 
due  to  this  cause  alone,  independently  of  that  resulting  from  the  separation  of  carbon, 
silicon,  and  other  substances.  Hence  it  is  very  desirable  that  the  amount  of  silicon  in 
pig  iron  intended  for  conversion  into  malleable  iron  should  not  be  large. 

In  that  modification  of  the  method  of  producing  malleable  iron  known  as  "  boiling," 
the  pig  iron  does  not  undergo  any  preliminary  treatment,  and  the  furnace  is  sometimes 
charged  with  the  liquid  metal  run  direct  from  the  smelting  furnace,  so  as  to  save  the 
fuel  requisite  for  remelting  it.  But  in  puddling,  the  practice  is  generally  to  submit  the 
pig  iron  beforehand  to  an  operation  known  as  refining  (Ftinen  ;  mazkage),  which  con- 
sists in  melting  the  pig  iron,  in  contact  with  coke  and  with  the  aid  of  an  air-blast,  in 
a  hearth  similar  to  a  charcoal  finery,  but  larger,  and  termed  a  refinery  or  running-out 
fire  (Feinheerd;  feu  de  finerie).  This  operation,  which,  in  fact,  corresponds  to  the  first 
melting  of  the  pig  iron  under  the  blast  in  the  charcoal-finery,  has  the  effect  of  partially 
decarbonising  the  iron,  and  of  removing  from  it  the  greater  part  of  the  silicon.  At 
the  same  time  grey  pig  iron  is  brought  into  the  condition  of  white  cast  iron,  which  is 
most  suitable  for  conversion  into  malleable  iron  by  puddling.  This  change  is  facilitated 
by  suddenly  cooling  the  metal  with  water  as  it  runs  from  the  hearth.  The  composition 
of  refined  iron,  or,  as  it  is  technically  termed  "  metal"  (Feinesen;  fine-metal),  and  the 
change  that  takes  place  in  the  process,  are  shown  by  the  analyses  below. 

Analyses  of  Refined  Iron. 


Works  . 

Bromford. 

Konigshiitte. 

Ebbw  Vale,  Wales. 

France. 

Analyst  . 

Dick. 

Abel. 

Noad. 

Regnault. 

pig  iron. 

refined. 

pig  iron. 

refined. 

pig  iron. 

refined. 

Iron 

95-14 

. 

. 

97-8 

92-3 

Carbon  . 

3-07 

.    '. 

t 

.     . 

0-30 

1-7 

3-0 

2-40 

Silicon  . 

0-63 

4-66 

0-62 

2-68 

0-32 

0-5 

4-5 

Sulphur 

0-16 

0-04 

0-30 

0-22 

0-18 

Phosphorus    . 

073 

0-56 

0-50 

0-13 

0-09 

.    . 

0-2 

Manganese     . 

trace 

•     • 

•     • 

0-86 

0-24 

100-17 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 
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The  refinery  or  running-out  fire,  represented  by  fig.  580,  consists  of  a  rectangular 
hearth  H  about  2  feet  deep,  and  rather  longer  than  it  is  wide.  It  is  lined  with  cast-iron 
plates  constructed  so  as  to  admit  of  being  cooled  by  water  circulating  through  them, 
and  has  three  blast  tuyeres  t,  t  supplying  hot  air  on  each  side.  The  chimney  c  is  sup- 
ported upon  iron  columns,  and  the  spaces  between  them  are  closed  with  cast-iron  plates. 
(See  Truran,  op.  cit.,  p.  193,  et  seq.) 

Fig.  680. 


A  quantity  of  coke  is  put  into  the  hearth,  and  after  the  fire  has  been  sufficiently 
raised,  about  one  or  two  tons  of  pig  iron  is  placed  on  the  top,  covered  with  coke,  and 
the  fire  urged  by  the  blast  until  the  whole  of  the  metal  has  melted  and  run  down  into 
the  hearth,  where,  under  the  oxidising  influence  of  the  blast,  the  carbon  and  silicon  it 
contains  are  oxidised,  and  a  slag  is  formed  which  floats  on  the  surface  of  the  metal. 
Fresh  coke  is  added,  meanwhile,  and  the  heat  kept  up  until  the  action  has  advanced 
sufficiently  far.  A  hole  level  with  the  bottom  of  the  hearth  is  then  opened,  and  the 
melted  metal  run  into  a  cast-iron  mould  B  cooled  externally  by  water ;  and  a  quantity  of 
water  is  thrown  upon  it  in  order  to  cool  it  suddenly  and  to  render  the  slag  discharged 
from  the  hearth  with  it,  more  easily  separable.  Sometimes  the  charge  of  iron  is  run 
into  the  refinery  direct  from  the  blast  furnace,  and  in  some  cases  a  quantity  of 

Fig.  581. 


hammer-scale  or  the  slag  from  previous  operations,  is  added  to  the  charge,  in  order 
to  facilitate  the  process  of  purification  by  which  the  silicon  and  other  impurities  are 
separated. 

The  slag  produced  in  the  operation  of  refining  is  vitreous,  dark-coloured,  black  or 
bluish.     It  consists  essentially  of  ferrous  silicate,  and  generally  contains  the  greater 
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part  of  the  manganese,  as  well  as  some  of  the  phosphorus  and  sulphur  that   were 
present  in  the  pig  iron  operated  upon,  together  with  the  ash  of  the  coke  used  as  fuel. 

Analyses  of  Refinery  Slag. 


Name  of  works  . 

Stourbridge. 

Dowlais. 

Bromford. 

Analyst 

Rammelsberg. 

Riley. 

Forbes. 

Ferric  oxide 

13-09 

Ferrous  oxide     . 

73-22 

65-52 

54-94 

61-28 

Manganous  oxide 

.     . 

1-57 

2-71 

3-58 

Alumina 

. 

3-60 

5-75 

7'30 

Lime 

.     . 

0-45 

1-19 

3-41 

Magnesia 

1-28 

0-50 

0-76 

Silica 

13-69 

25-77 

33-33 

22-76 

Sulphur 

. 

0-23 

. 

0-46 

Iron  sulphide 

.     . 

. 

0-17 

Phosphorus 

.     . 

1-37 

0-99 

Copper 

•     • 

•    • 

trace 

100-00 

99-79 

99-68 

99-55 

Percentage  of  iron 

66-11 

50-96 

42-84 

47-66 

The  quantity  of  slag  produced  in  puddling  depends  very  much  on  the  kind  of  pig 
iron  operated  upon,  and  also  upon  whether  it  has  been  previously  refined  or  not.  Grey 
iron  and  unrefined  pig,  containing  the  most  considerable  amount  of  silicon,  afford  a 
more  abundant  and  more  liquid  slag  than  refined  metal,  the  slag  from  which  is  propor- 
tionately richer  in  ferrous  oxide,  and  being  consequently  less  fusible,  accumulates  in 
a  thick  layer  on  the  bottom  of  the  hearth.  It  may  also  contain  ferric  oxide,  in  conse- 
quence of  partial  oxidation  of  the  ferrous  silicate,  or  of  the  ferrous  oxide  produced  in 
excess  of  that  requisite  to  form  the  silicate. 

The  lumps  of  decarburised  iron  obtained  as  above  described  are  termed  puddle-balls 
(Ballen  ;  bottles'),  and  consist  of  coherent  spongy  masses  of  malleable  iron,  intermixed 
with  oxide  and  slag.  In  order  to  separate  these  admixtures  and  reduce  the  iron  to 
a  compact  and  uniform  mass,  the  puddle-balls  are  removed  from  the  working  chamber 
of  the  puddling  furnace  while  still  at  a  welding  heat,  and  either  hammered  or 
squeezed.  This  operation  is  termed  "  shingling  "  or  blooming. 

Fig.  582. 


XlXlXIXlXlXlXIXt 
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The  hammers  employed  for  this  purpose,  termed  forge  hammers  (Stirnkammcr  ;  mar- 
teau  frontal),  are  very  powerful,  and  are  either  constructed  of  cast  iron  as  shown  at 
fig.  582,  or  are  steam  hammers.  In  the  former  a  massive  beam  c,  8  or  10  feet  long, 
resting  at  one  end  on  a  fulcrum  /,  and  having  at  the  other  end  a  H  shaped  head  d,  is 
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lifted  by  the  wipers  b,  b,  b  of  the  cam-wheel  a,  and,  as  that  revolves,  the  hammer  is  let 
fall,  at  the  rate  of  70  or  80  strokes  a  minute,  upon  the  anvil  e,  where  the  puddle- 
ball  is  placed.  The  steam-ltammer  (Dampfhammer  ;  marteau  pilon),  consists  of  a  block 
of  iron,  weighing  several  tons,  attached  to  the  piston  of  a  steam-engine  fixed  above  it, 
by  which  it  may  be  lifted  vertically  in  guides  fitted  to  the  frame  work,  and  let  fall 
upon  the  ball  placed  on  an  anvil. 

The  machines  employed  for  compressing  puddle-balls  are  of  various  forms,  and  are 
termed  squeezers  ( Quetscher;  presse  a  charniere).  One  of  the  most  usual  kinds,  repre- 
sented by  fig.  583,  consists  of  a  lever,  worked  upon  a  fulcrum  at  the  centre,  by  a  crank 


Fig.  583. 


connected  to  one  end,  so  that  the  jaws  are  alternately  brought,  at  a  rate  of  some  60 
strokes  a  minute,  nearer  to  the  corresponding  anvil-faces  where  the  puddle-balls  are 
placed  to  receive  the  pressure. 

The  puddle-ball,  after  having  been  hammered  or  squeezed,  which  occupies  only  a 
few  seconds  for  each,  is  termed  a  bloom  (Luppe;  loupe},  and  is  then  drawn  out  into 
a  bar  by  being  rapidly  passed  several  times,  and  while  still  red-hot,  between  grooved 
rollers,  constituting  what  is  termed  a  forge-train  (Streck-walzwerk,  train  de  lami- 
noir),  fig.  584.  This  consists  of  two  pairs  of  rollers,  B  F,  fitted  in  frames  and  driven 

Fig.  584. 


by  machinery.  In  one  pair  of  rollers,  called  the  roughing  rolls  (Cannelur-Walzen  ; 
cylindres  degrossisseurs},  there  are  corresponding  V-shaped  grooves  round  the  surface. 
In  the  other  pair  of  rollers,  termed  the  finishing  rolls  (cylindres  finisseurs),  the 
grooves  are  flat,  and  in  both  they  gradually  decrease  in  size  from  one  end  of  the  rollers 
to  the  other,  so  that  by  passing  the  blooms  successively  through  several  pairs  of 
grooves,  they  are  reduced  to  bars  of  from  7  to  3  inches  wide  by  from  1^  to  ^  an  inch 
thick.  In  this  condition  the  iron  is  termed  "  puddle  bar,"  or  No.  1  iron. 

After  leaving  the  rolls,  these  bars,  while  still  hot,  are  cut  into  short  lengths  by  shears, 
and  the  pieces  tied  together  by  strong  wire  in  a  bundle  is  termed  a  pile  (Paket  ; 
trousse),  which  is  brought  to  a  welding  heat  in  a  reverberatory  furnace  called  the 
"re-heating  or  mill  furnace"  (Schweiss-ofcn ;  four  de  chaufferie),  constructed  somewhat 
like  a  puddling  furnace,  as  shown  by  fig.  585.  The  hearth  a  of  this  furnace,  on  which 
the  iron  is  placed,  is  made  of  sand,  and  slopes  down  towards  the  flue,  so  that  any  slag 
that  is  formed  may  run  down  and  escape  at  the  hole  6,  leaving  the  hearth  quite 
dry. 

The  piles  are  raised  as  rapidly  as  possible  to  a  full  welding  heat  in  the  mill  furnace, 
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and  are  then  removed  with  tongs  to  mill-rolls,   of  a  similar  kind  to  those  already  de- 
scribed, but  more  highly  finished,  and  drawn  into  bars  which  are  again  cut  up,  piled, 

and  then  submitted  to  the  same 

V'  08t)<  operations  of  heating  and  rolling 

several  times,  according  to  the 
required  quality  of  the  iron. 
Sometimes,  after  the  first  rolling 
of  the  iron  into  puddle  bars, 
hammering  is  substituted  in  the 
place  of  drawing  out  between 
rollers.  It  is  in  this  series  of  ope- 
rations that  the  iron  acquires  its 
texture,  and  that  close,  uniform, 
and  continuous  fibre,  upon  which 
its  strength  and  general  good 
quality  is  considered  to  be 
chiefly  dependent.  The  mode  in 
which  the  pieces  of  iron  are 
arranged  in  the  piles  is  considered  to  be  of  great  importance  as  regards  the  result 
obtained ;  but  notwithstanding  the  strong  opinions  expressed  on  this  subject,  little  is 
known  as  to  the  rationale  of  the  connection  apparently  existing  between  the  quality  of 
the  iron  and  the  mode  in  which  it  is  wrought. 

A  certain  proportion  of  slag  is  produced  during  the  reheating  of  the  piles  in  the  mill- 
furnace,  which  has  a  composition  very  similar  to  that  of  the  slag  from  the  puddling 
furnace,  but  the  silica  it  contains  is  derived  mainly  from  the  sand  forming  the  hearth. 

es  of  Mill-furnace  Slag. 


Works     . 

Dowlais. 

Wasseralfingen. 

Sweden. 

Analyst  . 

Riley. 

Rammelsberg. 

Dugendt. 

Noad. 

Ferric  oxide  . 

8-49 

5-00 

Ferrous  oxide 

66-01 

55-36 

65-83 

52-20 

Manganous  oxide  . 

0-19 

.     . 

0-74 

Alumina 

2-47 

. 

9-60 

Lime      .... 

0-81 

0-36 

Magnesia 

0-27 

trace 

Silica     .... 

2871 

34-00 

33-47 

32-00 

Sulphur 

Oil 

Iron  sulphide 

, 

.     . 

1-95 

Phosphoric  acid     . 

1-22 

. 

. 

0-25 

Copper  .... 

trace 

9979 

98-21 

100-04 

100-00 

Percentage  of  iron 

51-34: 

49-0 

51-20 

45-34 

"When  all  these  successive  operations  have  been  completed,  the  iron  is  in  the  condition 
known  as  "  merchant  iron,"  and  the  different  degrees  of  quality  are  indicated  as  No.  2, 
No.  3,  &c.,  or  as  "  common,"  "  best"  and  "best best,"  as  well  as  by  particular  brands. 

Besides  the  waste  of  iron  resulting  from  the  formation  of  slag  in  refining,  puddling, 
&c.,  there  is  always  a  further  waste  due  to  the  oxidation  of  the  iron  during  the  shin- 
gling, hammering  and  rolling  to  which  it  is  subjected.  The  product  of  this  oxidation 
consists  chiefly  of  magnetic  oxide,  which  forms  a  crust  on  the  surface  of  the  hot  iron, 
and  falls  off  in  scales,  constituting  what  is  known  as  "  hammer-scale "  or  mill-scale 
(Hammcrschlag  ;  battitures  defer}. 

The  total  waste  of  iron  in  the  conversion  of  pig  iron  into  malleable  iron,  varies  ac- 
cording to  the  kind  of  pig  iron  operated  upon,  and  the  amount  of  impurities  in  it,  as 
well  as  upon  the  skill  of  the  workmen.  In  South  Staffordshire,  the  waste  amounts  to 
from  18  to  22  per  cent,  on  the  pig  iron.  In  South  Wales  it  sometimes  amounts  to 
from  26  to  28'5  per  cent.,  though  it  is  sometimes  less  than  13  per  cent.  Formerly  the 
waste  amounted  in  some  cases  to  from  34  to  3 5  per  cent.  (Truran,  op.cit.  p.  215).  The 
introduction  of  iron  bottoms  for  puddling  furnaces,  in  place  of  sand,  has  contributed 
largely  to  reduce  the  waste  of  iron  due  to  the  formation  of  slag,  and  the  use  of 
materials  containing  ferrous  or  ferric  oxides,  as  admixtures  in  the  puddling  or  boiling 
operation,  in  all  probability  tends  to  compensate  the  waste  that  would  result  from 
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atmospheric  oxidation,  inasmuch  as  the  oxidation  effected  by  these  admixtures  would 
be  accompanied  by  an  equivalent  elimination  of  metal  from  them. 

The  greater  part  of  this  waste  of  iron  takes  place  in  the  refining,  amounting  on  the 
average  to  about  10  per  cent,  on  the  pig  iron.  In  puddling  refined  metal,  the  waste  is 
not  more  than  from  4  to  7  per  cent.  In  the  mill-furnace  the  waste  is  much  less,  varying, 
according  to  the  number  of  reheatings,  and  the  size  to  which  the  iron  is  rolled,  from 
3*5  to  10  per  cent.  The  consumption  of  iron  in  any  stage  of  the  manufacture,  requisite 
to  produce  a  ton  of  iron  in  a  subsequent* stage,  is  technically  called  the  "yield,"  by  a 
somewhat  singular  inversion  of  the  meaning  of  the  term. 

The  consumption  of  fuel  in  the  various  stages  of  the  conversion  of  pig  iron  into 
malleable  iron,  varies  according  to  the  skill  of  the  workmen,  as  well  as  the  kind  of  fuel 
and  iron  used.  In  refining,  from  6^  to  8  cwt.  of  coke  per  ton  of  metal  made,  is  used 
when  the  pig  iron  has  to  be  melted,  and  from  4  to  5  cwt.  when  the  melted  metal  is  run 
in  from  the  blast  furnace  direct. 

In  "pig-boiling,"  the  consumption  of  coal  varies  from  18  to  22  cwt.  per  ton  of  bar 
iron  made,  according  as  the  coal  is  more  or  less  bituminous  and  capable  of  burning 
with  flame. 

In  puddling  refined  metal,  the  consumption  is  about  10  to  14  cwt.  of  bituminous 
coal,  and  from  17  to  18  cwt.  of  anthracitic  coal  per  ton  of  iron  made.  • 

In  heating  the  piles,  the  consumption  of  fuel  is  from  7  cwt.  to  13  cwt.  per  ton  of 
merchant  bars,  according  as  they  are  larger  or  smaller. 

In  connection  with  the  consumption  of  fuel  in  the  conversion  of  pig  iron  into  malleable 
iron,  it  will  be  interesting  to  consider  what  amount  of  the  heat,  capable  of  being  gene- 
rated by  the  coal  consumed,  is  really  effective ;  how  much  of  it  is  really  used  in  heating 
the  iron. 

The  temperature  to  which  the  iron  requires  to  be  heated  in  the  puddling  furnace 
may  be  taken  as  expressed  by  1650°  C.;  and,  assuming  that  the  specific  heat  of  cast 
iron  increases  above  350°  C.  in  the  same  ratio  that  it  does  up  to  that  temperature,  it 
would,  in  that  case,  be  about  0'26  at  1650°  C. ;  accordingly,  the  quantity  of  heat 
requisite  to  raise  iron  from  15°  C.  to  that  temperature  would  be: 
heat  units. 

424-84     =     1650     -      15    x    0'26. 

A  further  quantity  of  heat  would  be  consumed  in  melting  the  iron,  and  though  the 
latent  heat  of  iron  has  not  been  determined,  it  may  be  assumed  as  equal  to  30  heat 
units.  Thus  the  total  heat  requisite  to  heat  cast  iron  up  to  1650°  C.  and  to  melt  it 
would  be : 

heat  units. 
464-84     =     424-84    +    30. 

and  the  quantity  of  heat  requisite  for  one  ton  of  iron  would  be : 

heat  units. 
1,018,841-6     =     2240    x    454-84. 

Taking  the  average  calorific  power  of  coal,  expressed  in  heat  units,  to  be  7,778,  it 
appears  from  the  foregoing  calculation,  that  the  quantity  of  heat  actually  communicated 
to  the  iron  amounts  to  less  than  that  capable  of  being  generated  by  131  pounds  of 
coal.  Thus : 

Quantity  of  heat  required 

Quantity  of  heat  to  heat  1  ton  of  iron  from 

Coal,         Calorific  power,  generated,  15°  to  1650°C.  and  to  melt  it, 

IDS.  heat  units.  heat  units.  heat  units. 

131        x       7,778        =       1,018,918  1,018,841-6. 

Then,  taking  the  quantity  of  coal  consumed  in  puddling  as  being  equal  in  weight 
to  the  pig  iron  worked,  it.  appears  that  only  133  pounds  out  of  every  ton  of  coal  burnt 
in  the  puddling  furnace  is  really  effective  in  heating  the  iron,  or  not  more  than  one- 
sixteenth  part.  But  though  the  quantity  of  heat  actually  communicated  to  the  iron 
bears  only  this  small  proportion  to  the  whole  quantity  generated  by  the  combustion  of 
the  fuel  used,  it  must  be  remembered  that,  under  existing  circumstances,  this  large  con- 
sumption of  fuel  is  unavoidable,  since  it  is  indispensable  that,  during  the  whole  of  the 
operation,  the  temperature  should  be  maintained  sufficiently  high  to  keep  the  iron 
melted.  For  this  purpose  the  rate  of  combustion  must  be  high,  and  the  intensely 
heated  products  of  combustion  must  pass  rapidly  through  the  working  chamber  of  the 
furnace.  It  has  been  estimated  that  in  the  ordinary  puddling  furnace,  when  the  con- 
sumption of  coal  is  at  the  rate  of  240  pounds  per  hour,  the  volume  of  heated  gas 
passing  through  the  working  chamber  amounts  to  upwards  of  72  cubic  feet  per  second, 
or  sufficient  to  fill  the  working  chamber  twice  in  a  second,  and  that  this  is  necessary 
in  order  to  counteract  the  influence  of  conduction  and  radiation  in  reducing  the  tem- 
perature. (See  Prideaux,  Elementary  treatise  on  Fuel,  particularly  with  reference  to 
Reverberatory  Furnaces.) 
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It  is  in  consequence  of  the  extremely  high  temperature  required  to  be  maintained  in 
puddling  and  mill  furnaces,  that  only  so  small  a  fraction  of  the  heat  generated  by  com- 
bustion of  the  fuel  consumed,  is  really  effective  in  heating  the  iron  (FuEL,  ii.  729), 
inasmuch  as  it  is  only  the  heat  corresponding  to  the  difference  existing  at  any  moment 
between  the  temperature  of  the  iron,  and  the  higher  temperature  of  the  atmosphere  in 
the  working  chamber  of  the  furnace,  that  is  available  for  maintaining  or  raising  the  tem- 
perature of  the  iron.  So  long  therefore  as  the  temperature  of  iron  in  a  puddling  furnace 
requires  to  be  1650°  C.,  the  gas  passing  into  the  chimney  must  be  at  a  temperature  not 
less  than  that,  and  the  whole  of  the  heat  corresponding  to  the  quantity  of  gas  discharged 
at  that  temperature  into  the  chimney,  will  be  without  any  other  useful  effect.  A  variety 
of  arrangements  have  been  contrived  for  turning  this  waste  heat  to  account  in  raising 
steam  for  driving  the  machinery  of  iron  works ;  and  by  far  the  most  simple  and  con- 
venient plan  consists  in  doing  away  with  the  separate  chimney  to  each  furnace,  and 
conducting  the  heated  gas  escaping  from  the  working  chamber  of  several  puddling 
furnaces,  into  a  spacious  underground  culvert,  extending  some  distance  away  from  the 
furnaces,  and  communicating  with  flues  passing  through  and  round  a  large  Cornish 
boiler,  along  which  the  gas  passes,  and,  after  communicating  its  heat  to  the  water,  is 
then  discharged  into  a  lofty  chimney  capable  of  producing  a  draught  sufficient  for  all 
the  furnaces  connected  with  it. 

A  great  number  of  attempts  have  been  made  to  introduce  other  improvements  in 
the  method  of  producing  malleable  iron  by  puddling ;  such,  for  instance,  as  the  use  of 
a  blast  of  hot  air,  or  of  steam,  or  a  mixed  blast  of  air  and  steam,  rotary  puddling 
furnaces,  &c.,  but  excepting  the  admixture  with  the  pig  iron  of  materials  containing 
ferruginous  oxides,  and  the  use  of  iron  hearth-bottoms  in  the  puddling  furnace,  none  of 
these  projects  appear  to  have  either  any  such  scientific  basis  as  to  appear  promising, 
or  to  have  been  attended  with  sufficient  success  to  demand  consideration. 

The  case  is  different  as  regards  the  application  of  gaseous  fuel  in  the  refinery, 
puddling  furnace,  and  mill  furnace.  The  gas  used  for  this  purpose  is  either  the  com- 
bustible gas  evolved  from  the  throat  of  the  blast  furnaces  in  which  pig  iron  is  made,  or 
it  is  made  specially  from  small  coal  and  other  inferior  kinds  of  fuel,  by  burning  them  in 
such  a  manner  that  the  carbonic  acid  generated  by  the  combustion  of  one  portion,  is 
made  to  pass  through  a  mass  of  incandescent  fuel,  so  as  to  be  converted  into  carbonic 
oxide,  which,  together  with  the  hydrocarbon  vapours  driven  off  from  the  fuel,  passes 
into  the  furnace  to  be  heated,  and  is  there  burnt,  much  in  the  same  manner  as  coal  gag 
is  burnt  in  aBunsen'sburner(See  Bischof :  Die  indirecte  aber  hochste  Nutzung  der  roken 
Brcnnmaterialen,  1848  ;  also  Scheerer,  Metallurgie,  i.  339).  This  method  of  using 
fuel  has  long  been  practised  in  Germany,  and  is  now  being  introduced  at  some  of  the 
iron  works  in  this  country,  where  it  is  to  be  hoped  it  will  eventually  not  only  admit  of 
coal  being  used  in  iron  working,  without  those  disadvantages  arising  from  the  presence 
of  sulphur  and  other  impurities,  when  it  is  in  contact  with  the  metal ;  but  that  it  may 
likewise  become  an  important  means  of  economising  fuel,  and  especially  of  turning  to 
good  account  the  vast  quantities  of  small  coal  that  have  hitherto  been  almost  entirely 
wasted.  For  descriptions  of  gas  generators,  and  gas  refining,  puddling,  &c.,  see  the 
works  above  quoted,  and  Percy,  Metallurgy,  ii.  596,  674,  716;  lire's  Dictionary  oj 
Arts,  Manufactures,  $c.  ii.  573. 

4.  Atmospheric  process. — Under  this  designation,  an  entirely  new  method  of 
producing  malleable  iron  from  pig  iron,  has  been  proposed  within  the  last  few  years  as 
a  substitute  for  the  operation  of  puddling.  It  consists  in  submitting  melted  pig  iron 
to  the  action  of  a  current  of  air  forced  through  it  until  it  is  sufficiently  decarburised. 
The  heat  generated  during  this  process,  by  the  combustion  of  the  carbon  and  silicon,  and 
some  portion  of  the  iron,  is  sufficient  to  heat  the  metal  above  the  melting  point  of 
malleable  iron,  so  that,  when  the  operation  is  ended,  the  decarburised  iron  is  obtained 
in  a  liquid  condition,  and  may  be  run  into  ingots,  which  are  afterwards  to  be  forged  into 
bars.  (Bessemer,  specifications,  1855,  Nos.  2321,  2768  ;  1856,  Nos.  356,  630.) 

The  main  principle  of  this  method  is  to  effect  the  conversion  of  pig  iron  into 
malleable  iron,  wholly  by  the  direct  influence  of  atmospheric  oxygen,  and  independently 
of  that  reaction  between  the  pig  iron  and  the  ferruginous  or  manganese  oxides,  or 
materials  containing  them,  which  takes  place  in  the  operation  of  puddling  or  boiling, 
and  which,  according  to  all  experience,  and  to  such  scientific  data  as  there  are  for 
forming  an  opinion,  is  so  important  a  condition  of  the  separation  of  sulphur  and  phos- 
phorus from  pig  iron.  The  result  of  the  trial  of  this  new  method  of  producing 
malleable  iron  affords  a  still  further  confirmation  of  the  important  influence  of  the 
reaction  referred  to  as  taking  place  in  puddling.  By  the  new  method  pig  iron  may  be 
wholly  decarburised,  and  the  silicon  it  contains  may  be  entirely  eliminated  with  ease  ; 
but  the  case  is  very  different  as  regards  the  sulplmr  and  phosphorus:  for  these 
substances,  which  are  so  detrimental  to  malleable  iron,  far  from  being  separated  from 
the  pig  iron  subjected  to  this  new  mode  of  Treatment,  are  either  wholly  unacted  upon, 
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or  so  little  affected,  that,  relatively,  they  are  augmented,  the  amount  of  phosphorus  in 
the  decarburised  iron  obtained  by  this  method,  being  greater  than  it  was  in  the  pig 
iron  operated  upon,  while  the  amount  of  sulphur  is  but  little  reduced,  as  will  be  seen  by 
the  following  analyses : 


Analyst     . 

Pig  iron,  per  cent. 

Bessemer  iron,  per  cent. 

Tookey. 

Carbon           .... 
Silicon            .         .         ... 
Sulphur          .... 
Phosphorus    .... 

3-309 
0-595 
0-485 
1-012 

0-218 

0-402 
1-102 

At  the  present  time  no  means  of  obviating  this  defect  are  known  ;  consequently,  the 
application  of  this  method  is  confined  to  the  working  of  such  kinds  of  pig  iron  as  are 
practically  free  from  sulphur  and  phosphorus  ;  and  hence,  as  regards  the  greater  part 
of  the  malleable  iron  manufactured  in  this  country,  there  is  no  possibility  of  the 
adoption  of  this  method,  although  it  admits  of  the  decarburation  of  pig  iron  with  much 
greater  ease,  and  much  more  rapidly  than  the  operation  of  puddling.  In  Sweden,  on 
the  contrary,  where  the  pig  iron  produced  is  far  less  contaminated  with  sulphur  and 
phosphorus  than  most  of  that  made  in  this  country,  the  new  method  is  being  worked 
with  great  advantage.  In  England,  it  is  also  being  applied  in  working  some  of  the 
better  and  more  costly  kinds  of  pig  iron,  but  chiefly  for  the  purpose  of  producing  a 
kind  of  steel  which  bears  a  higher  price  than  ordinary  malleable  iron.  For  this  reason 
the  further  consideration  of  this  method  will  be  included  in  the  article  on  STEEL. 

5.  Iron  smelting-. — In  the  extraction  of  iron  from  such  of  its  ores  as  are  suitable  for 
metallurgic  purposes,  and  as  it  is  now  chiefly  practised  in  iron-producing  countries,  the 
metal  is  always  obtained  in  the  carburetted  state,  commonly  known  &s  cast  iron,  pig 
iron,  or  crude  iron.  The  processes  comprised  in  the  smelting  of  iron  are  : — 

1.  The  separation  of  water,  carbonic  acid,  sulphur,  and  other  volatilisable  substances 
from  the  ore  by  the  action  of  heat. 

2.  The  reduction  of  the  iron  from  the  state  of  oxide,  as  it  exists  in  the  ore,  to  the 
metallic  state,  by  the  action  of  carbonic  oxide. 

3.  The  separation  of  the  earthy  substances,  commonly  present  in  iron  ores,  from  the 
reduced  metal,  in  consequence  of  the  formation,  at  a  high  temperature,  of  fusible 
compounds  of  those  substances  ;  and 

4.  The  carburation  and  melting  of  the  reduced  metal. 

In  smelting  the  richer  kinds  of  iron  ore,  calcination  or  roasting  (Rostung ; 
grillage)  is  not  always  requisite  for  the  removal  of  volatilisable  substances  ;  but  with 
the  majority  of  the  iron  ores  used  in  that  operation,  it  is  very  desirable  that  they 
should  undergo  this  preparatory  treatment,  as  will  be  seen  by  reference  to  the  analyses 
of  iron  ores ;  and  in  all  cases  calcination  is  advantageous,  inasmuch  as  it  has  the  eifect 
of  rendering  the  ore  more  porous,  and  consequently  more  susceptible  of  being  re- 
duced. 

The  calcination  of  iron  ores  is  effected  by  heating  them  to  dull  redness  in  contact 
with  air,  either  in  heaps,  with  layers  of  coal  at  the  bottom  and  alternating  with  layers 
of  the  ore ;  or  in  kilns  built  of  brick  or  masonry,  from  which  the  roasted  ore  can  be 
drawn  out  at  the  bottom.  The  careful  regulation  of  the  heat  applied  is  the  most 
important  requisite  in  the  calcination  of  iron  ores,  and  it  should  be  only  just  sufficient 
to  expel  the  volatilisable  substances,  without  effecting,  in  the  case  of  carbonaceous  ores, 
the  reduction  of  iron  to  the  metallic  state,  or,  in  the  case  of  siliceous  ores,  the  formation 
of  ferrous  silicate  and  fusion  of  any  portion  of  the  ore,  so  as  to  render  it  more 
compact. 

The  changes  effected  by  calcination  consist  chiefly  in  the  separation  of  water,  car- 
bonic acid,  and  bituminous  substance  when  the  ores  are  carbonaceous.  In  this  case  there 
may  be  a  partial  deoxidation  of  the  ore,  attended  with  formation  of  ferrous  or  magnetic 
oxide ;  but  more  generally  the  calcination  of  iron  ores  has  the  effect  of  producing  ferric 
oxide  to  a  greater  or  less  extent,  if  the  iron  is  not  already  in  that  state. 

The  sulphur  in  iron  ores,  generally  present  in  the  state  of  pyrites,  is  also  to  a  great 
extent  separated  from  them  by  calcination,  in  consequence  of  the  decomposition  of  the 
pyrites ;  one  half  of  the  sulphur  being  volatilised,  while  the  residual  iron  sulphide  is 
converted  by  oxidation  into  sulphate,  which  may  be  decomposed  if  the  heat  is  suffi- 
ciently great  The  entire  separation  of  sulphur  from  iron  ores  in  this  way  is  seldom 
practicable. 

An  alteration  of  some  kinds  of  iron  ore  similar  to  that  resulting  from  calcination, 
especially  as  regards  separation  of  sulphur,  is  effected  by  exposing  them  for  a  time  to 
the  atmosphere.  In  this  process  of  weathering  (  Verwitterung\  pyritic  minerals  are 
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oxidised  and  converted  into  sulphates,  which  may  be  washed  out  to  some  extent  by 
rain,  and  this  change,  together  with  the  peroxidation  of  the  ore  that  takes  place  in 
some  cases  by  contact  with  atmospheric  air,  has  the  effect  of  disintegrating  the  ore  and 
rendering  it  more  porous. 

Sometimes  the  separation  of  the  volatilisable  constituents  of  iron  ores,  instead  of 
being  effected  by  a  preliminary  operation,  takes  place  in  the  blast  furnace,  and  is  then 
the  first  stage  of  the  process  of  smelting,  the  heat  requisite  for  the  purpose  being  derived 
from  the  current  of  gas  ascending  through  the  charge.  It  is  probable  that  in  some 
cases  this  plan  may  be  attended  with  economy  of  fuel,  and  that  if  the  height  of  the 
shaft  could  be  increased,  so  that  the  upper  part  would  serve  as  a  substitute  for  the 
calcining  kiln,  the  temperature  of  the  gas  discharged  from  the  throat  might  be  reduced 
to  a  minimum,  and  the  whole  of  the  heat  generated  in  the  furnace  thus  rendered  effec- 
tive. But  there  is  a  practical  limit  to  the  adoption  of  this  plan,  consisting  in  the 
friable  character  of  some  kinds  of  fuel  and  ore,  and  their  liability  to  become  crushed 
by  the  weight  of  a  high  column  of  materials  in  the  shaft.  In  the  Cleveland  district, 
where  the  ore  is  used  in  large  masses,  and  the  fuel  used  is  a  very  hard  coke,  furnaces 
have  been  built  with  this  object  75  feet  high,  and  the  temperature  of  the  gas  has  been 
reduced  on  the  average  to  about  258°  C.  instead  of  381°  C.  (I.  L.  Bell,  Industrial 
Resources  of  the  Tyne,  Wear,  and  Tees,  p.  107).  But  this  saving  is  only  partial,  and 
since  the  calcination  of  ores  in  the  blast  furnace  is  attended  with  disadvantages  as 
regards  other  modes  of  applying  the  waste  heat  of  the  gas  discharged  from  blast  fur- 
naces (see  p.  354),  it  yet  remains  to  be  seen  whether  that  plan  can  be  adopted  so  as  to 
realise  the  greatest  possible  degree  of  economy  in  fuel. 

The  smelting  of  iron  ores  is  conducted  in  a  furnace  consisting  essentially  of  two 
parts,  viz.,  the  hearth,  which  is  a  circular  chamber,  built  of  stone  and  lined  with  fire- 
brick, where  the  combustion  of  the  fuel  and  the  melting  of  the  reduced  ore  and  flux 
take  place,  and  the  shaft,  which  is  a  wider  cylindrical  chamber,  built  above  the  hearth, 
and  continuous  with  it,  where  the  charge  of  ore,  flux,  and  fuel  continuously  supplied  at 
the  top,  is  subjected  to  the  action  of  the  heated  gas  resulting  from  combustion,  before 
reaching  the  hearth.  The  precise  form  and  dimensions  of  this  furnace,  which  is  termed 
a  blast  furnace  (Hohofen;  haut  fourncau)  vary  considerably  (see  Truran,  op.  cit.  pp. 
22,  124,  et  seq. ;  Percy,  Metallurgy,  ii.  350,  475,  and  559).  One  of  the  most  approved 
forms  is  represented  by.%.  586.  In  this  case,  the  distinction  between  the  hearth, 
a  a',  and  the  shaft,  bb'b",  is  less  marked  than  it  is  in  some  furnaces  where  the  hearth  is 
not  more  than  two  or  three  feet  wide,  with  its  sides  vertical  and  terminating  in  a 
decided  angle  at  the  junction  with  the  lower  part  of  the  shaft,  b  b',  termed  the  boshes 


(Hast;  etalage],  which  in  the  older 
form  of  furnaces,  was  more  inclined 
than  in  the  figure,  while  the  shaft 
(Schacht ;  cuve),  b' b",  was  much 
more  conical,  and  formed  a  de- 
cided angle  at  its  junction  with 
the  upper  part  of  the  boshes,  or 
widest  part  of  the  furnace,  termed 
the  belly  (Kohlcnsack ;  venire],  so 
that  the  interior  sectional  contour 
corresponded  to  the  dotted  outline 
shown  in  the  figure.  In  the  furnaces 
of  this  form,  the  upper  portion  of  the 
hearth  is  termed  on  the  Continent 
the  Gcstell;  ouvrage,  and  the  lower 
portion,  where  the  melted  materials 
collect,  the  Crucible(Heerd  ;  creuset). 
At  one  side  of  the  hearth,  there 
is  an  opening  formed  by  an  arch,  t, 
called  the  tymp  (Tiimpel;  tympe\ 
and  below  this  arch  the  hearth  is 
prolonged  outwards  somewhat  be- 
yond the  plane  of  the  tymp,  as  far 
as  the  block  of  stone  d,  called  the 
dam  (WaUstcin;  dame),  over  which 
the  melted  slag  flows  away  to  the 
"cinder  fall,"  s,  through  a  depres- 
sion called  the  cinder  notch 
(Schlackentriff),  in  the  upper 
surface  of  the  dam.  Through  the 
bottom  of  one  side  of  the  dam. 


Fig.  586. 
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there  is  a  channel,  called  the  tapping  hole  (Stichlock;  trou de coulee )  communicating 
with  the  hearth,  to  admit  of  the  melted  metal  collected  at  the  bottom  of  the  hearth 
being  run  out  at  intervals.  This  channel  is  stopped  up  with  clay  or  sand,  while 
the  metal  and  slag  are  accumulating  in  the  hearth.  That  side  of  the  furnace  to- 
wards which  the  hearth  is  prolonged,  is  called  the  front  (Arbeitssntc;  partie  an- 
terieure),  while  the  opposite  side  is  called  the  back  (Ruckscite;  partie  posterieurc). 
At  this  side  there  is  an  arched  opening,  a,  called  the  tuyere  hole  (Form)  and 
there  is  generally  a  similar  opening  at  each  of  the  other  sides.  Opposite  each  of 
these  openings  an  arch  is  turned  in  the  outer  brickwork  of  the  furnace  to  admit  of 
access  to  the  tuyere  holes.  The  upper  extremity  of  the  shaft  is  called  the  throat 
(Gicht;  guelard),  and  is  generally  surmounted  by  a  low  wall  or  chimney,  called  the 
tunnel  head,  with  openings  at  the  side  for  introducing  the  materials  into  the  furnace. 

Air  is  supplied  to  the  furnace  through  a  series  of  pipes  connected  with  a  blowing 
engine,  each  pipe  terminating  with  a  conical  tube  called  a  tuyere  (Duse ;  tuyere), 
surrounded  with  a  hollow  conical  sheath,  through  which  passes  a  stream  of  water  to 
prevent,  the  melting  of  the  tuyeres,  extending  through  each  of  the  tuyere  holes  as  far  as 
the  interior  surface  of  the  hearth. 

In  the  working  of  a  blast  furnace,  the  shaft  is  kept  nearly  filled  with  the  solid 
materials  used ;  these  are  introduced  at  intervals  into  the  upper  end,  and  gradually 
sink  down  as  the  smelting  progresses.  Meanwhile  a  continuous  supply  of  air  is  forced 
into  the  lower  end  of  the  furnace  through  the  tuyeres,  under  a  pressure  of  from  ~  to 
2  Ibs.  per  square  inch  in  charcoal  furnaces ;  and  from  2  to  5  Ibs.  per  square  inch  in 
furnaces  worked  with  coal  or  coke,  and  in  quantity  proportionate  to  the  size  of  the 
furnace  and  its  rate  of  working,  so  as  to  maintain  a  rapid  combustion  of  the  fuel  at 
that  part  of  the  furnace  immediately  above  the  level  of  the  tuyeres.  (See  Truran, 
op.  cit.,  p.  115.) 

The  reduction  of  the  ferruginous  oxides  in  the  ore  is  effected  by  the  reaction  taking 
place  at  a  high  temperature  between  these  oxides  and  carbonic  oxide,  produced  by 
the  combination  of  carbonic  acid,  resulting  from  combustion  of  the  fuel,  with  a  further 
quantity  of  carbon  equal  to  that  it  contains;  and,  since  ferric  oxide  contains  30  per  cent, 
of  oxygen,  the  carbon  and  air  requisite  in  these  reactions  for  the  reduction  of  a  quan- 
tity of  ferric  oxide  containing  1  pt.  of  iron  will  amount  to  : 

Parts  by  weight  Parts  by  weight  of 
of  carbon  requi-  oxygen  requisite  to 
site  in  the  state  of  form  carbonic  acid 

Iron.  Ferric  oxide.  carbonic  oxide.       with  half  the  carbon.  Air. 

1         -         1-429         =         0-3214         =  0-4285  =          1'863 

or  somewhat  about  8  cwt.  of  coal,  containing  80  per  cent  carbon,  and  1  ton  17  cwt. 
29  Ibs.  of  air,  or  54,443  cubic  feet,  per  ton  of  iron  made. 

The  reduction  of  the  ferruginous  oxide  in  the  ore  is  not  alone  sufficient  for  the  pro- 
duction of  the  metal  in  an  available  condition :  for  it  is  but  seldom  that  iron  ores  do 
not  contain  a  considerable  admixture  of  earthy  substances  which  require  to  be  sepa- 
rated. They  generally  consist  chiefly  of  silica,  clay,  or  carbonate  of  lime,  as  will  be 
seen  by  reference  to  the  tabulated  analyses  of  iron  ores.  These  substances  being 
intimately  mixed  with  the  ferruginous  oxide,  and  consequently  with  the  reduced  metal, 
it  is  necessary  that  they  should  be  melted  as  well  as  the  metal  itself,  in  order  that 
they  may  separate  according  to  their  different  densities  in  the  liquid  state.  Any  one 
of  these  substances  alone  is  infusible  at  the  temperature  commonly  produced  in  iron 
smelting,  and  they  can  be  separated  only  by  being  converted  into  sufficiently  fusible 
compounds.  The  double  silicates  containing  two  or  more  bases,  are  substances  whose 
fusibility  corresponds  to  the  requirements  of  this  case,  and  it  is  by  the  formation  of 
such  a  vitreous  silicate,  termed  slag  (Schlacke;  laitier\  capable  of  being  readily 
melted,  that  the  separation  of  the  earthy  admixtures  in  iron  ores  is  effected. 

It  is  but  rarely  that  these  admixtures  are  of  such  a  nature,  and  present  in  such 
relative  proportions,  as  to  produce,  under  the  influence  of  heat,  a  silicate  that  would 
be  suitable  for  the  purposes  of  iron  smelting.  Hence  it  is  necessary  to  mix  with  the 
ore  some  substance  that  will  effect  this  result.  The  nature  and  proportion  of  this 
flux  (Zuschlag  ;  castine)  will  of  course  depend  upon  the  composition  of  the  ore  to  be 
smelted,  and  must  be  regulated  in  accordance  with  the  general  principles  relating  to 
the  production  of  slags.  (See  METALLURGY.) 

In  smelting  iron  ores  in  which  the  earthy  admixture  is  chiefly  calcareous,  clay  or 
some  siliceous  material,  such  as  forge  cinder  or  the  roasted  slag  from  puddling  fur- 
naces, is  added  as  a  flux,  or  the  ore  may  be  mixed,  in  suitable  proportions,  with  ores 
containing  silica  or  clay.  In  the  more  frequent  case  of  ores  containing  clay,  or  silica 
in  some  form,  the  material  used  as  a  flux  is.limestone  or  quicklime,  in  order  to  effect 
the  formation  of  a  double  silicate  containing  alumina  and  lime  as  its  basic  constituents. 

The  fusibility  of  the  double  lime  and  alumina  silicates  varies  according  to  the  pro- 
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portion  existing  between  the  silica  and  the  bases,  as  well  as  that  between  the  two 
bases.  The  most  fusible  of  them  are  those  in  which  the  oxygen  of  both  bases  amounts 
to  two-thirds  of  that  in  the  silica,  and  the  oxygen  of  the  lime  equals  that  in  the 
alumina. 

In  smelting  iron  ores  with  charcoal,  the  temperature  of  the  furnace  is  generally 
lower  than  when  they  are  smelted  with  coke  or  coal,  and  on  that  account  the  slag 
requires  to  be  more  fusible  than  in  the  latter  case.  In  smelting  iron  ores  with  coke 
or  coal,  especially  when  hot  blast  is  used,  the  temperature  is  so  much  higher  than  in 
furnaces  worked  with  charcoal— not  only  where  fusion  takes  place,  but  also  at  the 
upper  part  of  the  furnace — that  the  slag  requires  to  be  rendered  less  fusible  by  increas- 
ing the  proportion  of  lime  to  such  an  extent,  in  relation  to  the  silica  and  alumina  in 
the  ore,  that  fusion  may  not  take  place  before  the  reduction  of  the  ore  has  been  com- 
pletely effected,  and  that  the  fragments  of  the  charge  may  not  become  agglutinated, 
but  remain  loose  and  porous  while  passing  through  that  portion  of  the  shaft  where 
reduction  takes  place,  and  consequently  more  capable  of  being  permeated  by  the 
reducing  gas. 

In  the  smelting  of  siliceous  ores  there  is  a  further  necessity  for  the  addition  of  lime, 
even  more  important  than  that  connected  with  the  production  of  a  suitably  fusible 
slag.  This  arises  from  the  circumstance  that  the  double  silicate,  containing  alumina 
and  ferrous  oxide  as  its  basic  constituents,  is  very  fusible,  and  from  the  consequent 
tendency  to  the  formation  of  this  compound,  the  result  of  which  would  be  that  a  con- 
siderable amount  of  the  iron  would  escape  reduction  to  the  metallic  state,  and  pass  off 
in  the  slag,  thus  giving  rise  to  considerable  loss  of  iron,  besides  other  serious  incon- 
veniences. This  combination  of  ferrous  oxide  with  the  aluminous  silicate  in  the  ore 
does  not  take  place  in  the  presence  of  a  sufficient  amount  of  lime,  and  in  order  to 
prevent  it  as  much  as  possible,  the  quantity  of  lime  added  to  the  ore  is  generally 
such  as  to  form  a  slag  in  which  the  oxygen  of  the  bases  is  equal  to  that  in  the  silica. 


Analyses  of  Slags  from  Blast  Furnaces. 


Locality  . 

Edsken, 
Sweden. 

Peitz. 

Konigshiitte. 

Rube- 
land, 
Hartz. 

Ham  ro- 
ll iilte. 

Siegen. 

Olsberg, 
West- 
phalia. 

Ore  used     . 

Bog  iron 
ore. 

Red  and 
brown 

iron  ore. 

Fuel  used   . 

Charcoal. 

Kind  of  iron  made 

Mottled 
Pig. 

Specular  iron. 
Hot  blast. 

Analyst   .         . 

Ullgren. 

Karsten. 

Rammels- 
berg. 

Ferrous  oxide    . 

0-95 

1-45 

0-2 

. 

2-44 

21-5 

0-06 

1-27 

Manganous  oxide 

1-86 

1-40 

11-6 

4-30 

2-20 

29-2 

33-96 

3-16 

Alumina  . 

4-30 

6-25 

6-7 

12-60 

13-04 

2-1 

6-63 

5-71 

Lime         .         .         . 

38-64 

19-71 

26-9 

42-85 

25-67 

. 

.     . 

27-60 

Magnesia  . 

7-40 

070 

. 

. 

0-57 

8-6 

10-22 

7-01 

Potash      . 

0-30 

Soda 

1-38 

Silica 

46-37 

70-12 

54-1 

39-60 

53-79 

37-8 

48-39 

55-25 

Phosphoric  acid 

traces 

Sulphur    . 

0-03 

0-37 

0-5 

0-65 

•     • 

0-80 

100-00 

100-00 

100-00 

100-00 

97-71 

100-00 

99-29 

100-00 

Ratio  of  oxygen  in] 

bases  to  oxygen  in  L 

0-697 

0-257 

0-480 

0-917 

0-512 

0-547 

0-572 

0-385 

silica   .         .         .] 

Ratio  of  oxygen  in") 

bases  to  oxygen  in  r 

7-301 

2-180 

3-293 

2-  00 

1-400 

15-000 

3-730 

3-037 

alumina       .         .  j 

Percentage  of  iron    . 

0-740 

1-130 

0-160 

•     . 

1-900 

16-720 

•     • 

0-990 
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Analyses  of  Slags  from  Blast  Furnaces — continued. 


Locality  . 

Ore  used    . 
Fuel  used   . 
Kind  of  iron  made 
Analyst    . 

Magdesprung,  Hartz. 

Eisp- 
nerz, 
Styria. 

Sweden. 

Gesberg. 

Eds- 
bra. 

Spathic,  red,  and  brown  iron  ore. 

Magnetic  iron  ore. 

Charcoal. 

Hot  blast. 

Rammelsberg. 

Bromeis 

Wehrle. 

Oengren 

Sjtigeen. 

Follin. 

Ferrous  oxide     . 
Manganous  oxide 
Alumina     . 
Lime          .         . 
Magnesia  . 
Silica 

4-03 
25-04 
5-88 
20-56 
2-41 
39-99 

0-44 
24-85 
4-96 
26-66 
1-10 
41-49 

3-25 
24-53 
11-27 
21-55 
0-82 
38-58 

5-83 
22-18 
5-12 

20-00 
2-18 
43-58 

CaSl'll 

1-4 
28-6 
2-6 
10-4 
1-3 
64-6 
1-1 

1-68 
2-81 
6-62 
19-35 
10-46 
58-60 

3-29 
2-63 
5-38 
19-81 
7-12 
61-06 

i-o 

4-1 
5-1 
18-0 
13-3 

581 

Katio   of   oxygen   in} 
bases  to  oxygen  in  [• 
silica      .         .         j 
Eatio   of   oxygen   in} 
bases  to  oxygen  in  \ 
alumina          .         j 
Percentage  of  iron 

97-91 
0-752 

0-481 
3-130 

99-50 

100-00 

100-00 

100-0 

0-458 

8-951 
1-090 

99-52 
1-310 

99-29 
2-460 

99-6 
0-451 

4-825 
0-780 

0-340 

2-420 

4-560 

Analyses  of  Slags  from  Blast  Furnaces — continued. 


Provi- 

Rus- 

dence, 

Rus- 

Cwm 

Works 

Oowlais. 

Dudley. 

sell's 
Hall. 

Charle- 
roi,  Bel. 

sell's 
Hall. 

Celyn. 

gium. 

Ore  used 

Clav  iron  ores  of  the  coal  mt-asuies. 

Fuel  used     . 

coke. 

coke. 

Kind  of  iron  made  . 

white  forge  pig.   |grey  pig. 

hot  blast. 

whitepip 

Analyst 

Riley. 

Percy.  |  Forbes. 

Percy.  |    Dick. 

Noad. 

Ferrous  oxide     .        . 

3-08 

6-91 

0-76 

1-27 

0-93 

4-94 

1-00 

19-80 

Manganous  oxide 

1-02 

1-67 

1-62 

0-40 

2-79 

2-26 

2-20 

1-53 

Alumina     . 

11-55 

15-51 

15-13 

14-11 

13-01 

13-05 

12-91 

20-20 

Lime 

3209 

23-81 

3282 

35-70 

31-43 

32-53 

29-92 

10-19 

Magnesia   . 

3-78 

4-38 

7-44 

7-61 

7-27 

1-06 

4-79 

2-90 

Potash 

1-53 

1-98 

192 

1-85 

2-60 

2-69 

0-87 

1-10 

Silica 

45-23 

44-88 

38-48 

38-05 

37-91 

42-06 

47-08 

42-96 

Phosphoric  acid  . 

. 

0-43 

0-15 

.     . 

0-19 

0-05 

Calcium 
Sulphur 

1-04 
0-83 

0-59 
0-47 

1-23 
0-99 

|  0-82 

3-65 

1-03 

1-78 

1-32 

100-15 

100-63 

100-54 

99-81 

99-56 

99-81 

100-60 

100-00 

Katio  of  oxygen  in} 

bases    to    oxygen  I 

0716 

0-691 

0-99 

1-01 

0-953 

0-81 

0-691 

0-822 

in  silica  .         .       j 

Eatio  of  oxygen  in} 

bases    to    oxygen  L 

2-18 

1-45 

1-85 

2-09 

2-15 

1-88 

1-87 

0-929 

in  alumina      .       J 

Percentage  of  iron 

2-39 

5'37 

0-60 

0-99 

0-62 

3-84 

0-80 

15-40 

The  characters  that  are  generally  considered  to  be  indicative  of  the  formation  of  a 
suitable  slag,  consist  in  its  being  sufficiently  liquid  to  separate  perfectly  from  the 
metal,  though  as  it  flows  from  the  furnace  it  is  generally  somewhat  viscous.  When 
it  should  not  be  vesicular,  but  compact  and  homogenous,  without  being 
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either  very  vitreous  or  stony.  The  colour  of  slag  from  blast  furnaces  varies  very 
much,  but  does  not  afford  much  indication  of  its  character.  When  charcoal  is  used  as 
fuel,  the  slag  is  lighter  coloured  than  that  from  furnaces  in  Thich  coal  or  coke  is  used. 

The  published  analyses  of  blast  furnace  slags  are  very  numerous;  but  comparatively 
few  have  any  real  value,  from  the  absence,  in  most  instances,  of  any  statements  as  to 
the  conditions  under  which  the  slags  were  produced.  For  the  elucidation  of  the  pro- 
cesses that  take  place  in  the  smelting  of  iron  ores,  so  far  as  the  formation  of  slag  is 
concerned,  it  is  essential  that  the  analyses  of  slags  should  not  only  be  numerous,  but 
that  they  should  also  be  accompanied  by  descriptions  of  the  kind  of  iron  made,  and 
the  working  condition  of  the  furnace,  as  well  as  of  the  kind  of  ore,  fluxes,  and  fuel  em- 
ployed. The  analyses  on  pp.  359  and  360  will  serve  to  illustrate  the  general  character 
of  the  slag  produced  in  iron  smelting. 

In  some  kinds  of  iron  ore,  the  relation  existing  between  the  silica  and  alumina  is 
very  different  from  that  generally  obtaining  in  the  clay  iron  ores  of  the  coal  measures,  as 
will  be  seen  from  the  following  table  and  by  reference  to  the  analyses  of  ores. 


Low  Moor. 

Brierly. 

Stanton. 

Butterley. 

Parkgate. 

Cleveland. 

Alumina    . 

23 

24 

20 

26 

24 

25 

Lime          .         . 

9 

9 

13 

11 

13 

27 

Magnesia  . 

8 

7 

17 

9 

19 

.14 

Silica 

60 

60 

50 

54 

44 

34 

100 

100 

100 

100 

100 

100 

In  consequence  of  this  difference,  and  the  greater  proportion  of  alumina  in  the  ores 
of  the  Cleveland  district,  the  slags  produced  in  smelting  them  are  much  more  stony 
and  less  vitreous  than  those  produced  in  smelting  other  ores.  An  increased  addition 
of  lime  would  not  remove  this  difference,  which  is  due  to  the  deficiency  of  silica  in 
proportion  to  the  alumina  present,  and  is  probably  accompanied  by  a  legs  degree  of 
fusibility  of  the  slags.  This  circumstance  will  perhaps  serve  to  account  for  the  appa- 
rent necessity  of  a  very  high  temperature  in  the  smelting  of  these  ores,  and  for  the 
failure  of  the  attempts  that  have  been  made  to  smelt  them  with  cold  blast.  (I.  L.  Bell, 
loc.  cti.  p.  95.) 

Analyses  of  Slags  from  Cleveland  Ores. 


Name  of  works 
Ore  used   . 

Analyst  . 

Clarence,  Middlesbro'. 

Clay  iron  ore  smelted  with  coke  and  hot  blast. 

Flue  dust 
from  blast 
furnace  gas. 

Crowder. 

Clarence  Laboratory. 

8-20 

Ferrous  oxide     .... 

0-72 

3-64 

0-61 

0-32 

Manganous  oxide 

0-35 

1-02 

trace 

0-80 

4-60 

Alumina    ..... 

2469 

20-72 

22-28 

21-70 

16-00 

Lime          

40-00 

36-88 

40-45 

38-72 

12-15 

Magnesia  

3-55 

4-25 

7-21 

6-10 

0-57 

Potash       

'    0-46 

0-50 

0-40 

Soda  

0-99 

6-85 

Silica          

27-65 

30-40 

27-80 

29-92 

34-82 

Phosphorus        .... 

0-26 

0-07 

Sulphur      

1-95 

1-34 

2-0*0 

1-61 

8-80 

1-56 

Water        

•    • 

•     • 

•     • 

•     • 

5-60 

100-62 

98-75 

100-35 

99-24 

99-55 

Katio  of  oxygen  in  bases  to  oxy- 
gen in  silica  '. 

1-675 

2-042 

1-687 

1-600 

Ratio  of  oxygen  in  bases  to  oxy- 
gen in  alumina 

1-127 

2-394 

1-392 

1-346 

Percentage  of  Iron      . 

0-560 

2-830 

0-470 

0-250 
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The  preceding  analyses  of  slags  from  furnaces  in  which  the  Cleveland  ores  are  worked, 
will  illustrate  the  difference  between  them  and  the  slags  produced  in  other  districts. 

The  precise  mode  in  which  the  carburation  of  iron  takes  place  in  the  blast  furnace 
is  not  known.  From  the  iact  that  iron  becomes  carburated  when  heated  in  contact 
with  hydrocarbon  gases,  or  even  with  carbonic  oxide,  and  since  these  conditions  obtain 
in  the  blast  furnace,  it  is  highly  probable  that  carburation  may  take  place  before  the 
reduced  iron  reaches  that  part  where  there  is  a  temperature  high  enough  for  fusion. 

The  state  in  which  the  carbon  exists  in  the  iron  obtained  from  the  blast  furnace 
appears  to  depend  very  materially  upon  the  temperature  at  which  fusion  takes  place. 
The  lower  the  temperature,  the  greater  is  the  proportion  of  the  carbon  combined  with 
the  iron,  and  any  circumstance  which  tends  to  induce  fusion  at  a  low  temperature  is 
almost  invariably  attended  with  the  production  of  white  iron.  This  is  the  case  when 
charcoal  is  used  as  fuel,  when  the  ore  is  readily  fusible,  and  also  when  it  is  highly 
refractory  and  has  not  a  suitable  admixture  of  flux  to  determine  fusion.  When  a 
furnace  is  worked  with  a  large  amount  of  ore  in  proportion  to  the  fuel,  or,  as  it  is 
termed,  with  a  "  heavy  burden,"  and  when  sulphur  is  present  to  any  large  extent,  there 
is  from  the  same  reason  a  tendency  to  the  production  of  white  iron. 

The  production  of  grey  iron  containing  carbon  in  the  graphitic  condition  appears  to 
require  a  temperature  far  beyond  that  of  mere  fusion,  and  it  is  probable,  on  that 
account,  the  introduction  of  carbon  in  this  form  may  be  due  to  action  more  of  a  physical 
than  chemical  nature,  and  consist  in  solution  of  the  carbon  by  the  melted  metal  rather 
than  actual  combination.  When  sulphur  is  present  in  any  of  the  materials  used  in 
smelting  iron,  it  is  necessary  to  employ  a  very  high  temperature  in  order  to  obtain 
grey  iron,  because  the  melting  point  of  iron  is  considerably  lower  when  it  contains 
sulphur. 

Besides  the  reduction  of  the  ferruginous  oxide  in  the  ore  and  the  separation  of 
its  earthy  constituents  by  the  formation  of  a  suitable  silicate,  it  is  necessary  to 
maintain  a  very  high  temperature  at  the  lower  part  of  the  furnace  for  the  fusion  of 
these  products.  This  is  effected  by  the  rapid  combustion  of  fuel  under  the  influence 
of  a  blast  of  air  forced  in  through  the  tuyeres. 

The  kind  of  fuel  employed  in  smelting  iron  ores  has  a  great  influence  both  on  the 
quality  of  the  iron  produced  and  on  the  mode  of  working.  With  bulky  porous  fuel, 
such  as  charcoal,  combustion  takes  place  more  readily  than  with  the  more  compact  and 
denser  kinds  of  mineral  fuel,  and  from  the  greater  liability  of  charcoal  to  crumble  under 
pressure,  the  furnaces  in  which  it  is  used  are  generally  much  smaller  than  those  worked 
with  coal  or  coke.  But  the  main  difference  between  these  two  kinds  of  fuel,  as  regards  the 
smelting  of  iron,  consists  in  the  relative  freedom  of  charcoal  from  earthy  substances, 
and  its  entire  freedom  from  sulphur  and  phosphorus,  which  are  so  prejudicial  to  the 
quality  of  iron.  Hence  the  greater  purity  of  the  iron  smelted  with  charcoal,  provided 
the  ore  used  be  free  from  deleterious  admixtures. 

The  consumption  of  fuel  requisite  in  smelting  iron  for  the  production  of  a 
sufficiently  high  temperature  of  fusion,  far  exceeds  the  amount  requisite  for  the  reduc- 
tion and  carburation  of  the  metal,  which,  as  already  pointed  out,  is  less  than  half  the 
weight  of  the  iron  produced,  whereas  that  consumed  for  melting  may  amount  to  from 
one  to  two  or  three  tons  per  ton  of  pig  iron  made. 

The  consumption  of  fuel  in  iron  smelting  is  one  of  the  most  important  points  with 
regard  to  the  economical  production  of  the  metal,  and  it  is  exceedingly  desirable  to 
reduce  it  to  the  lowest  possible  limit  The  amount  of  fuel  consumed  per  ton  of  pig 
iron  made  varies  considerably,  not  only  according  to  the  kind  of  fuel,  its  calorific  power, 
combustibility,  texture,  etc.,  but  also  according  to  numerous  other  circumstances. 
Among  these  the  shape  of  the  furnace  has  an  influence,  in  so  far  as  it  admits  of  the 
easy  and  uniform  descent  of  the  charge  in  the  shaft,  and  less  fuel  is  consumed  in  making 
white  iron  than  in  making  grey  or  foundry  iron ;  but  probably  the  most  important  differ- 
ence in  the  consumption  of  fuel  is  that  resulting  from  the  use  of  air  at  the  ordinary 
atmospheric  temperature,  or  air  previously  heated  to  a  temperature  considerably  higher. 

In  charcoal  furnaces,  the  consumption  per  ton  of  pig  iron  made,  is  from  half  a  ton  to 
two  tons  and  upwards,  according  as  hot  or  cold  blast  is  used.  In  smelting  with  coal  or 
coke,  the  consumption  is  from  two  to  three  tons  and  upwards  with  cold  blast,  and  from 
23  cwt.  to  two  tons  with  hot  blast. 

The  fuel  is  introduced  into  the  furnace  at  intervals  alternately  with  the  mixture  of 
ore  and  flux,  and  in  uniform  proportions,  termed  the  charge  (Bcschickung  ;  lit  de 
fusion),  and  the  relative  proportion  of  fuel  or  of  ore  is  termed  in  either  case  the 
*'  yield ; "  sometimes  also  in  the  case  of  the  ore  it  is  termed  the  "  burden." 

The  total  weight  of  the  charge  per  ton  of  pig  iron  made,  will  vary,  according  to  the 
kind  of  ore,  flux,  and  fuel  used,  from  four  to  five  or  seven  tons  and  upwards,  when  the 
materials  are  used  in  the  raw  state ;  but  by  far  the  greater  quantity  of  the  material 
supplied  to  a  blast  furnace  in  smelting  iron,  consists  of  the  air  by  which  combustion  is 
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jmpported :  for  taking  carbonic  oxide  to  be  the  ultimate  though  not  the  immediate 
product  of  the  combustion,  the  quantity  of  air  required  would  amount  to  at  least  five 
times  the  weight  of  the  fuel  burnt,  taking  the  combustible  portion  of  the  fuel  to  be 
equal  to  85  per  cent,  of  carbon,  and  allowing  for  the  carbon  consumed  in  carburating 
the  iron.  Consequently  the  total  quantity  of  air  supplied  to  blast  furnaces  will  be  as 
follows,  according  to  the  consumption  of  fuel  given  above : 


Fuel  consumed  .         . 
Quantity  of  air  . 

Cubic  feet  at  60°F.     . 

tons.    cwt. 

tons. 

tons. 

I  per  ton  of  iron  made. 

23 
5     15 

168,038 

2 
10 

292,240 

3 
15 

438,360 

The  greater  part  of  this  air  is  consumed  in  burning  that  portion  of  the  fuel 
exclusively  concerned  in  the  production  of  a  temperature  high  enough  for  effecting 
fusion ;  and  that  part  which  is  consumed  in  the  combustion  of  the  fuel  requisite  for 
the  reduction  of  the  ore,  does  not  amount  to  quite  twice  the  weight  of  the  iron  made. 

The  temperature  of  the  gaseous  products  of  combustion  discharged  from  blast 
furnaces  differs  according  to  the  kind  of  materials  used  and  their  condition,  the  height 
of  the  shaft,  and  the.  mode  of  working.  In  the  case  of  charcoal  furnaces,  the  gas  has 
generally  a  temperature  of  from  300°  to  400°  C.,  while  that  from  furnaces  worked  with 
coke  or  coal,  is  from  550°  to  1000°  C.,  according  to  circumstances.  The  whole  of  the 
heat  corresponding  to  the  temperature  of  the  gas  discharged  is  waste  heat,  and 
although  it  has  served,  at  an  earlier  stage  of  the  process,  to  produce  the  high  temperature 
necessary  for  fusion  of  the  metal  and  slag,  it  is  still  available  for  any  purpose  to  which 
it  can  be  applied. 

The  great  extent  to  which  the  heat  generated  in  the  smelting  of  iron  ores  is  thus 
dissipated,  without  producing  the  full  useful  effect  of  which  it  is  capable,  may  be 
judged  of  from  the  fact  that  the  weight  of  the  gas  discharged  from  a  blast  furnace  is 
more  than  equal  to  the  entire  quantity  of  both  air  and  fuel  consumed,  or  from 
8  to  17  tons  per  ton  of  pig  iron  made. 

But  besides  the  waste  of  heat  due  to  the  high  temperature  of  the  gas  discharged,  there 
is  a  further  and  more  considerable  loss  of  heat,  due  to  the  fact  that  it  contains  a  large 
amount  of  carbonic  oxide,  together  with  some  hydrocarbons  and  hydrogen,  and  is  in  all 
ordinary  cases  sufficiently  combustible  at  the  temperature  at  which  it  is  discharged,  to 
take  fire  on  coming  in  contact  with  atmospheric  air  at  the  top  of  the  furnace.  This 
waste  is  proportionate  to  the  extent  to  which  carbonic  oxide  is  produced.  Taking  the 
average  consumption  of  fuel  in  iron  smelting  to  be  represented  by  a  quantity  of  carbon 
equal  to  twice  the  weight  of  the  pig  iron  produced,  if  that  portion  only  which  is 
requisite  for  the  reduction  of  ferric  oxide  be  ultimately  discharged  from  the  furnace  in 
the  state  of  carbonic  acid,  the  quantity  of  fuel  fully  utilised  in  producing  the  entire 
heating  effect  of  which  it  is  capable,  will  be  only  about  one-sixth  part  of  the  whole. 
Quantity  of  heat  generated 
by  perfect  combustion 

of  carbon, 

parts  by  weight 

2  :  0-3214 

Heat  units   .     16160        :         2596  =  6-225        :         1 

Then,  since  the  calorific  power  of  carbon  burnt  to  carbonic  oxide  is  only  about  one- 
third  of  its  calorific  power  when  burnt  to  carbonic  acid,  or  as 

2473        :         8080         =         1         :         3-223, 

the  heating  effect  produced  by  the  remaining  five-sixths  of  the  fuel  consumed,  so 
far  as  regards  its  ultimate  condition  when  discharged  from  the  furnace,  will  be  less 
than  one-third  the  effect  it  is  capable  of  producing : 

Quantity  of  heat 

capable  of  being  Quantity  of  heat 
generated  by  com-  generated  by  com- 
bustion of  1-6786  car-  bustion  of  1-6786  car- 
bon to  carbonic  acid,  bon  to  carbonic  oxide. 

heat  units.  heat  units.  Difference. 

13564         -         4151-1778         =         1-6786      x     2473         =         9413 
the  difference  representing  the  heating  effect  capable  of  being  produced  by  the  carbonic 
oxide,  and   amounting  to  no  less  than  58 -25  per  cent,  of  the   whole  heating  effect 
capable  of  being  produced  by  the  fuel  consumed. 

So  far,  therefore,  as  regards  the  condition  in  which  the  products  of  combustion  are 
discharged  from  a  blast  furnace,  the  only  portion  of  the  fuel  consumed  so  as  not  to  be 
further  available  as  a  source  of  heat,  is  that  equivalent  to  the  reduction  of  the  iron  in 
the  ore,  and,  supposing  the  metal  to  be  contained  in  the  ore  in  the  state  of  ferric 
oxide,  it  would  be  only  about  one-third  the  weight  of  the  iron  made,  or  16  per  cent. 
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of  the  fuel  consumed.  The  greater  part  of  the  heat  corresponding  to  the  remaining 
84  per  cent,  of  fuel  consumed,  leaves  the  furnace  in  some  form  or  other  in  the  gas,  as 
sensible  heat,  or  as  heat  capable  of  being  generated  by  combustion,  and  is  still  available 
for  heating  purposes. 

But,  notwithstanding  this  large  difference  between  the  amount  of  fuel  fully  utilised 
and  that  which  still  remains  available  as  a  source  of  heat,  after  its  combustion  in  the 
blast  furnace,  it  must  not  be  supposed  that  the  large  amount  of  fuel  consumed  in  iron 
smelting,  as  compared  with  the  amount  which  is  fully  utilised,  does  not,  in  the  blast 
furnace,  exercise  its  full  heating  power:  For  though  only  a  small  portion  of  the  whole 
heat  generated  is  rendered  latent  by  the  fusion  of  the  metal,  &c.,  the  whole  of  it  is 
required  for  producing  the  temperature  at  which  those  changes  take  place  ;  that  part 
which  passes  off  in  the  gas  does  not  indicate  a  useless  consumption  of  fuel,  and  can  only 
be  regarded  as  waste  heat,  in  so  far  as  it  is  allowed  to  escape  withoutibeing  turned  to 
such  further  advantage  as  it  is  still  capable  of. 

In  the  immediate  neighbourhood  of  the  tuyeres,  the  fuel  is  burnt,  under  the  influ- 
ence of  the  blast,  to  carbonic  acid,  generating  the  full  amount  of  heat  corresponding 
to  its  calorific  power,  and  producing  there  the  greatest  increase  of  temperature  it  is 
capable  of  producing  when  burnt  with  atmospheric  air.  (See  FUEL,  ii.  726.) 

It  is  at  this  part  of  the  furnace  that,  while  the  fuel  is  being  consumed,  the  reduced 
metal  and  the  earthy  substances  mixed  with  it  are  rapidly  melted,  and,  falling  down 
into  the  hearth,  make  room  for  afresh  quantity  of  the  materials  in  the  shaft  of  the  furnace 
to  sink  down  and  undergo  the  same  change,  while  the  gaseous  products  ascend  and 
communicate  their  heat  to  the  materials  in  the  higher  part  of  the  shaft. 

When  the  iron  ore  smelted  contains  carbonic  acid  or  water,  and  has  not  been 
previously  calcined,  those  substances  will  be  separated  during  the  descent  of  the  charge 
in  the  shaft,  and  will  mix  with  the  products  of  combustion.  This  will  also  be  the  case 
•with  the  carbonic  acid  of  the  limestone  used  as  a  flux,  and  if  coal  be  used  as  fuel,  its 
volatilisable  portion  will  likewise  be  expelled,  and  mix  with  the  ascending  gas. 

In  proportion  as  the  extent  of  this  admixture  is  greater,  the  gas  will  have  a  lower 
heating  power  when  burnt,  and  therefore  it  is  desirable  to  reduce  the  amount  of  car- 
bonic acid  and  water-vapour  in  the  blast  furnace  gas,  by  previous  calcination  of  the 
ore  and  limestone,  whenever  the  gas  is  to  be  used  as  fuel. 

As  a  consequence  of  the  different  physical  conditions  of  the  products  resulting  from 
the  changes  that  take  place  in  smelting  iron  ores,  those  products  are  continuously  dis- 
charged from  the  blast  furnace  in  a  manner  exactly  the  reverse  of  that  in  which  the 
raw  materials  are  supplied  to  it ;  the  melted  iron  and  slag  flowing  out  at  the  bottom, 
while  gas  escapes  from  the  top  or  throat  of  the  furnace. 

In  considering  more  minutely  the  conditions  under  which  these  products  are  formed, 
and  the  chemical  nature  of  the  changes  from  which  they  result,  it  will  be  convenient 
to  follow  the  course  of  the  air  supplied  to  the  furnace  as  it  passes  from  the  bottom  to 
the  top. 

The  direct  and  perfect  combustion  of  the  fuel  is,  in  all  cases,  confined  within  a  com- 
paratively small  portion  of  the  furnace,  and  in  furnaces  worked  with  charcoal,  it  extends 
only  to  a  short  distance  above  the  level  of  the  tuyeres.  Beyond  that  portion  of  the 
furnace,  heat  is  communicated  to  the  materials  in  the  upper  part  of  the  furnace  by  the 
ascending  heated  gaseous  products  of  combustion,  consisting  of  a  mixture  of  nitrogen 
and  carbonic  acid,  the  temperature  of  the  gas  being  proportionally  reduced  thereby 
as  it  passes  up  to  the  mouth  of  the  furnace.  But  since  the  materials  in  that  part  of 
the  furnace  immediately  above  the  region  of  combustion  are  at  a  high  red  heat,  the 
carbonic  acid  enters  into  cembination  with  a  further  quantity  of  carbon,  and  is  con- 
verted perhaps  entirely  into  carbonic  oxide,  its  volume  being  thereby  doubled.  This 
reaction  being  attended  with  a  considerable  absorption  of  heat  (see  FUEL,  ii.  727),  the 
temperature  of  that  part  of  the  furnace  where  it  takes  place,  though  still  very  high, 
must  be,  on  that  account,  much  lower  than  it  is  within  the  region  of  direct  combustion 
near  the  tuyeres. 

The  following  analyses  of  gas,  taken  from  different  heights  in  the  shafts  of  blast 
furnaces,  will  serve  in  some  degree  to  illustrate  the  nature  of  the  changes  resulting  from 
the  reaction  taking  place  between  the  solid  and  gaseous  materials  contained  in  the 
furnace,  and  figs.  587  and  588  represent  the  shape  of  two  of  the  furnaces  from  which 
the  gases  were  taken. 

The  formation  of  carbonic  oxide  is  probably  one  of  the  most  important  features  of 
this  process :  for  there  is  every  reason  to  consider  that  the  reduction  of  the  iron  ore, 
as  it  descends  towards  the  boshes  of  the  furnace,  is  effected  mainly,  if  not  entirely,  by 
this  gas.  aided  perhaps  in  some  cases,  by  hydrocarbon  vapour  or  gas  produced  from 
the  fuel  by  the  action  of  heat.  Previously  to  this,  no  alteration  of  the  relative  pro- 
portion existing  by  weight  or  volume,  between  nitrogen  and  oxygen  in  atmospheric 
*ir,  would  be  effected  Cither  by  the  combustion  of  the  fuel  or  by  the  subsequent 
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Analyses  of  Gas  from  Mast  Furnaces. 
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Fig.  588. 


production  of  carbonic  oxide.  But  by  the  reduction  of  the  ore  resulting  from  the  reaction 
of  carbonic  oxide  with  ferrous  or  ferric  oxides  at  a  high  temperature,  carbonic  acid  is 

again  produced,  equal  in  volume  to  the 
carbonic  oxide  undergoing  the  change,  and 
the  effect  of  this  transfer  of  oxygen  from 
the  solid  to  the  gaseous  contents  of  the 
furnace  would  be  to  produce  a  proportion- 
ate alteration  of  the  ratios  existing  be- 
tween both  the  relative  weights  and  vo- 
_______^ — .  .  lumes  of  the  nitrogen  and  oxygen.     How- 

L    >U'ft"l  /        !         \          ever,  the  influence  exercised  by  this  change 

on  the  composition  of  the  gas  passing 
upwards  through  the  furnace  will  be  slight; 
for,  since  the  consumption  of  fuel  in  smelt- 
ing iron  ores  so  far  exceeds  the  amount 
that  would  be  chemically  sufficient  for 
the  mere  reduction  of  the  ferric  oxide, 
and  since  it  is  probable  that  the  whole  of 
the  carbon  consumed  passes  into  the  state 
of  carbonic  oxide  at  some  part  of  the  fur- 
nace not  far  above  the  level  of  the  tuyeres, 
it  follows  that  the  extent  to  which  car- 
bonic acid  is  produced  by  the  reaction  be- 
tween ferric  oxide  and  carbonic  oxide,  must 
be  small  compared  with  the  total  amount 
of  carbonic  oxide  produced  in  the  opera- 
tion; and,  in  fact,  taking  the  consump- 
tion of  fuel  to  be  at  the  rate  of  2  pounds 
carbon  to  1  pound  of  pig  iron  made,  only 
one-sixth  part  of  the  carbonic  oxide  formed 
at  the  lower  part  of  the  furnace,  would 
be  converted  into  carbonic  acid  by  the 
reduction  of  the  iron  in  the  ore  from  the 
state  of  ferric  oxide,  taking  place  at  the 
upper  part  of  the  furnace. 

Most  probably  the  reduction  of  ferric 
oxide  by  carbonic  oxide  takes  place  pro- 
gressively, and  since  the  temperature  re- 
quisite does  not  exceed  that  of  dull  ignition,  it  may  extend  over  a  considerable  range 
in  the  descending  column  of  materials,  in  proportion  to  the  temperature  prevailing 
in  the  upper  part  of  the  furnace. 

From  the  relation  existing  between  the  calorific  power  of  iron  and  that  of  carbonic 
oxide  (see  HEAT,  p.  105),  it  is  probable  that  the  reduction  of  ferric  oxide  by  carbonic 
oxide,  generates  a  certain  amount  of  heat,  since  the  quantity  of  heat  generated  by  the 
combustion  of  iron  is  less  than  that  generated  by  the  combustion  of  the  carbonic  oxide 
requisite  for  its  reduction  from  the  state  of  ferric  oxide.  Thus  : 


charcoal  blast 
furnace. 


*._ 

English  blast 

furnace. 

Alfreton, 

Derbyshire. 


Quantity  of  heat  generated 

by  combustion  of  O75  Ib. 

carbonic  oxide, 

heat  units. 

1802-25 


Quantity  of  heat  generated  by  com- 
bustion of  1  Ib.  iron  to  lei ric  oxide, 
heat  units. 
1582 


Difference. 
220 


Unless,  therefore,  the  thermal  effect  of  the  combustion  of  carbonic  oxide  by  the 
condensed  oxygen  in  ferric  oxide,  be  different  from  that  of  its  combustion  by  gaseous 
oxygen,  this  change  would  be  attended  with  an  increase  of  temperature.  But  in  any 
case  it  does  not  appear  that  there  is  any  other  cause  operative  in  reducing  the  tempera- 
ture at  the  upper  part  of  the  blast  furnace,  save  the  transfer  of  heat  from  the  ascending 
gas  to  the  colder  materials  supplied  from  time  to  time  at  the  top,  as  the  charge 
descends,  and — if  hydratedor  carbonated  ores,  or  limestone,  or  fuel  containing  volatilisable 
substance,  be  used — the  absorption  of  heat  accompanying  the  change  of  water  into 
vapour  and  of  carbonic  acid  into  gas. 

Consequently,  the  maintenance  of  a  high  temperature  in  the  upper  parts  of  the  blast 
furnace  must  have  the  effect  of  preparing  the  materials  constituting  the  charge,  for 
passing  rapidly  through  that  stage  of  the  process  taking  place  near  the  level  of  the 
tuyeres,  which,  as  regards  the  present  system  of  working,  consists  probably  in  the  mere 
fusion  of  the  metal  and  slag,  and  the  combustion  of  the  remaining  fuel.  Accordingly, 
a  reduction  in  the  quantity  of  material  in  the  chai-ge  would  admit  of  a  given 
temperature  being  maintained  at  the  upper  part  of  the  furnace  with  a  less  consumption 
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of  fuel;  and  since  the  time  occupied  in  heating  the  materials  in  the  furnace  to  such  a 
temperature  as  will  determine  their  fusion,  is  directly  proportionate  to  the  quantity 
of  materials  to  be  heated,  and  inversely  proportionate  to  the  temperature  of  the 
ascending  gas,  other  conditions  being  equal,  such  a  reduction  would  also  admit  of  an 
increase  in  the  rate  of  working  or  production  of  the  blast  furnace,  and  thus  effect  a 
saving  of  both  time,  and  fuel. 

Then,  since  the  consumption  of  fuel  over  and  above  that  requisite  for  the  reduction 
of  the  ore,  and  equivalent,  as  already  shown,  to  about  one-third  the  weight  of  iron 
produced,  is  incurred  chiefly  in  order  to  effect  the  fusion  of  the  charge,  it  follows  that 
any  mode  of  supplying  the  heat  requisite  for  this  purpose,  otherwise  than  by  the  com- 
bustion of  fuel  in  the  furnace,  would  admit  of  a  reduction  in  the  amount  of  fuel  supplied 
in  the  charge,  and,  what  is  still  more  important,  a  proportionate  reduction  in  the  supply 
of  air.  As  a  consequence  of  that  twofold  reduction,  a  smaller  quantity  of  heat  would  suffice 
to  bring  the  charge  to  a  given  temperature  in  a  shorter  time.  The  greater  the  substi- 
tution of  the  extraneous  source  of  heat  for  the  combustion  of  fuel  in  the  furnace,  the 
nearer  would  be  the  approximation  of  the  amount  of  fuel  requisite  in  the  charge 
to  that  minimum  limit  which  is  necessary  for  the  reduction  of  the  ore,  and  the  greater 
would  be  the  utilisation,  in  the  blast  furnace,  of  the  full  calorific  and  reducing  power  of 
the  fuel. 

These  considerations  will  serve  to  illustrate  the  principle  of  the  economy,  both  in 
time  and  fuel,  resulting  from  the  use  of  hot  blast  in  iron  smelting.  The  apparently 
paradoxical  result  of  a  greater  thermal  effect  being  produced  by  a  less  consumption  of 
fuel,  has  given  rise  to  a  vast  deal  of  misconception  in  regard  to  this  subject,  and  has 
even  led  to  the  entire  denial  of  any  advantage  attending  the  use  of  hot  blast. 

In  smelting  iron  ores  with  mineral  fuel,  which  almost  always  contains  sulphur,  a  por- 
tion of  this  substance  is  retained  by  the  slag,  probably  in  the  state  of  calcium-sulphide ; 
but  the  pig  iron  generally  contains  some  sulphur,  and  it  is  desirable  to  reduce  the 
amount  to  the  smallest  practicable  limit.  The  means  that  are  considered  to  be  capable 
of  effecting  this  object  are,  increasing  the  proportion  of  lime  in  the  slag,  and  the  addi- 
tion of  materials  containing  manganese,  both  of  which  appear  to  determine  the  separa- 
tion of  a  larger  portion  of  sulphur  in  the  slag. 

The  amount  of  silicon  in  pig  iron  appears  also  to  be  influenced  by  the  proportion  of 
lime  in  the  charge.  At  the  high  temperature  obtained  in  smelting  with  hot  blast,  silica 
is  reduced,  in  all  probability,  to  a  greater  extent  than  is  generally  the  case  with  cold 
blast,  and  the  presence  of  an  additional  amount  of  lime  may  render  that  reduction  more 
difficult;  but  the  observations  that  have  been  made  on  this  subject  are  not  sufficiently 
decisive  to  show  that  this  is  really  the  case. 

The  pig  iron  obtained  by  smelting  phosphatic  ores  almost  invariably  contains  the 
greater  part  of  the  phosphorus  in  the  ore.  Experiments  made  on  this  subject  by 
Messrs.  Price  and  Nicholson  (Phil.  Mag.  Dec.  1855)  show  that  this  is  not  due  to 
the  influence  of  hot  blast,  as  had  been  supposed ;  but  that  it  is  the  natural  result  of  the 
easy  reducibility  of  phosphoric  acid.  Their  investigations  also  lead  to  the  conclusion 
that  the  separation  of  phosphorus  in  the  slag  is  closely  connected  with  the  partial  re- 
duction of  the  ore,  and  the  presence  of  a  large  amount  of  ferrous  oxide  in  the  slag;  and 
that  the  production  of  iron  free  from  phosphorus  from  phosphatic  ores,  such  as  bog 
iron  ore,  involves  a  large  waste  of  iron  in  this  way,  whereas  by  the  perfect  reduction  of 
the  ore,  the  whole  or  greater  part  of  the  phosphorus  passes  into  the  iron.  As  yet  no 
means  of  preventing  this  result  are  known,  and  at  the  present  time  the  elimination  of 
phosphorus  is  probably  one  of  the  most  important  problems  connected  with  the  che- 
mistry of  iron  smelting. 

The  investigation  of  this  and  similar  subjects  is,  however,  attended  with  very  great 
difficulty.  The  nature  of  the  operations  by  which  iron  is  produced  do  not  readily 
admit  of  being  conducted  experimentally ;  while  on  the  other  hand  it  is  to  a  great 
extent  essential  that  any  investigation  of  the  processes  involved  in  those  operations 
should  be  conducted  on  a  large  scale.  Consequently,  though  numerous  attempts  have 
been  made,  both  by  iron  smelters  and  chemists,  to  investigate  the  chemistry  of  this 
art,  and  though  in  many  instances  their  labours  have  been  well  directed  and  to  some 
extent  fruitful,  still  the  advance  that  has  been  made  in  knowledge  of  the  subject  is  far 
less  than  what  is  needed ;  and  without  in  the  least  detracting  from  the  merit  of  some 
who  have  directed  their  attention  to  the  subject,  it  may  be  said  that,  considering  the 
national  importance  of  this  manufacture,  as  well  as  the  magnitude  of  the  interests 
concerned,  the  chemical  contributions  made  during  the  last  thirty  years  to  its  elucida- 
tion and  improvement  have  been  in  the  highest  degree  meagre,  desultory,  and  unsatis- 
factory. B.  H.  P. 

IROU,  ALLOYS  Or.  The  alloys  of  iron  are  not  for  the  most  part  of  much  im- 
portance. The  softer  metals,  silver,  zinc,  tin,  antimony,  &c.  acquire  greater  hardness, 
and  sometimes  greater  tenacity,  by  taking  up  a  few  parts  in  a  thousand  of  iron.  True 
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alloys  of  iron  may  be  prepared  by  fusing  different  metals  with  iron  wire,  in  a  blast 
furnace,  a  small  quantity  of  ferric  oxide  being  added  to  decarbonise  the  iron. 

1.  An  alloy  of  iron  and  aluminium,  nearly  in  the  proportion  Al2Fe,  is  obtained  by 
melting  10  pts.  aluminium  and  5  pts.  ferrous  chloride  with  20  pts.  of  a  mixture  of 
the  chlorides  of  potassium  and  sodium  in  equivalent  proportions,  and  treating  the  re- 
sulting crystalline  regulus  with  dilute  hydrochloric  acid.     The  alloy  then  remains  in 
iron-coloured   six-sided  prisms;  it  is  attacked  by  hydrochloric  acid,  and   soda-ley 
extracts  from  it  a  small  quantity  of  aluminium  (Michel,  Ann.  Ch.Pharm.  cxv.  104). 
See  also  ALUMINIUM  (i.  155).  The  peculiar  excellence  of  the  Indian  steel,  known  under 
the  name  of  "wootz,"  has  been  ascribed  to  the  presence  of  aluminium  in  it ;  but  there 
is  room  for  doubting  whether  this  is  the  case  (Faraday  and  Stodart,  Quart.  Journ. 
of  Science,  1819-20,  ix.  320  ;  Karsten,  Eisenhuttenkunde,  i.  484).     (See  STEEL.) 

2.  With  Antimony  (i.  316). 

3.  With   Arsenic.     Arsenical  Iron.   Arsenosiderite. — Two  compounds   of  arsenic 
and  iron,  Fe4As6  and  FeAs2,  known  by  these  names,  occur  as  natural  minerals.     They 
appear  to  be  isomorphous,  forming  tri  metric  crystals,  in  which  ooP  :  ooP  =  111°  30' 
(Greg),  122°  (G.  Rose);  cleavage  rather  distinct  in  one  direction;  also  massive. 
Hardness  =  5 — 5'5.   Specificgravity,from6'80to8-71.  Lustre  metallic.  Colour  between 
silver-white  and  steel-grey.    Streak  greyish  black.   Fracture  uneven.    Brittle.    Heated 
in  a  glass  tube,  they  yield  a  sublimate  of  metallic  arsenic;  on  charcoal  before  the 
blowpipe,  they  give  off  arsenical  fumes  and  leave  magnetic  globules.     Nitric  acid  dis- 
solves them  with  separation  of  arsenious  acid. 

Arsenical  iron  always  contains  sulphur,  generally  between  1  and  2  per  cent. ;  a 
specimen  from  Geier,  in  the  Erzgebirge,  contains  6  per  cent.  If  this  be  reckoned  as 
arsenical  pyrites  (mispickel),  Fe2As2S2,  the  remainder  is  found  to  contain,  in  the  lighter 
varieties  (specific  gravity  6'24 — 7'00),  from  67'4  to  68*4  per  cent,  arsenic,  and  32'6  to 
31  '6  iron,  ;igreeing  nearly  with  the  formula  Fe4As6,  which  requires  66 '8  As  and  3342  Fe ; 
and  in  the  heavier  varieties  (specific  gravity  6'80  to  871),  from  ?1'35  to  73'49  arsenic, 
and  27'88  to  26'51  iron,  agreeing  nearly  with  the  formula  FeAs2,  which  requires 
72-84  As  and  27*16  Fe.  (Rammelsberg 's  Mineralchemie,  p.  19.) 

Arsenical  iron  occurs,  associated  with  copper-nickel,  at  Schladming  in  Styria ;  with 
serpentine  at  Reichenstein  in  Silesia,  and  at  Loling,  near  Hiittenberg.in  Carinthia,  in  a 
bed  of  spathic  iron  ore,  associated  with  bismuth  and  scorodite ;  at  Geier  in  the  Erzgebirge ; 
in  Bedford  County,  Pennsylvania,  and  in  Randolph  County,  North  Carolina,  where  a 
mass  was  found,  weighing  nearly  two  pounds.  (Dana,  ii.  61.) 

Gehlen,  by  melting  54  pts.  iron  with  108  pts.  arsenic  in  a  closed  vessel,  obtained  an 
arsenide  of  iron,  having  nearly  the  composition  Fe2As2 ;  it  was  white,  brittle,  and  very 
easily  pulverised.  Arsenical  cast  iron  (see  ante,  p.  335). 

4.  With  Bismuth. — An  alloy  prepared  by  melting  together  3  pts.  bismuth  and  1 
pt.  iron  is  still  magnetic. 

5.  With  Copper.     (See  ii.  42.) 

6.  With  Gold. — 1  pt.  iron  forms  with  £  pt.  gold  a  silver- white  alloy;  with  1  pt. 
gold,  a  grey  alloy. 

7.  With  Lead. — The  two  metals  unite  with  difficulty  when  fused  together,  forming 
two  alloys,  arranged  one  above  the  other,  the  lower  containing  but  very  little  iron,  ana 
the  upper  but  a  very  small  quantity  of  lead  (Morveau).     By  reducing  a  slag  con- 
taining lead  and  iron  in  a  crucible  lined  with  charcoal,  Biewend  (J.  pr.  Chem.  xxiii. 
252)  obtained  a  well-fused  alloy,  which  was  hard,  almost  perfectly  brittle,  lustrous,  and 
magnetic ;  it  had  a  light  steel-grey  colour,  a  fine-grained  laminar  fracture,  and  con- 
tained 96*76  per  cent,  of  iron  and  3*24  of  lead. 

8.  With  Manganese. — Cast  iron,  alloyed  with  manganese,  becomes  white  and  more 
brittle ;  when  the  proportion  of  manganese  amounts  to  22  per  cent,  the  iron  ceases  to 
exhibit  magnetic  properties.     (Mushet.) 

9.  With  Mercury. — An  amalgam  of  iron  with  mercury  is  described  by  Joule.   (Brit. 
Ass.  Reports,  1850,  p.  55.)    See  MERCUBT. 

10.  With   Molybdenum.— Molybdide  of  iron  is  bluish -grey,  hard,  brittle,    fine- 
grained, and  magnetic ;  fusible  before  the  blowpipe  when  formed  of  equal  parts  of  the 
two  metals,  but  not  so  when  formed  of  2  pts.  molybdenum  and  1  pt.  iron. 

Many  samples  of  the  so-called  "  bears  "  (Eisen-sauen)  which  are  metallic  masses  found 
in  the  hearths  of  blast  furnaces  in  which  copper  is  smelted,  as  at  Mansfield  (ii.  31),  like- 
wise consist  of  iron  alloyed  chiefly  with  molybdenum ;  a.  Bear  from  the  upper  works  at 
Eisleben,  obtained  in  the  fusion  of  bituminous  marl-slate  in  smelting  furnaces,  o. 
Fine-grained.  )8.  Coarse-grained  (Heine,  J.  pr.  Chem.  ix.  176). — b.  The  so-called  Mag- 
deburg meteoric  iron,  containing  slag  mixed  with  bronze-yellow  copper-cinder ;  probably 
the  bear  from  a  copper  furnace,  a  is  the  analysis  of  a  fine-grained  sample,  0  of  a  coarse- 
grained sample,  by  Stromeyer  (Pogg  Ann.  xxviii.  551);  7  is  the  analysis  by 
Wehrle  (Zeitschr.  Phys.  v.  W.  in.  168).— c.  Bear  found  in  the  neighbourhood  of  the 
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tothe  Hllttc  in  the  Harz,  examined  by  Wiggens  (Pogg.  xxviii.  565). 
underground  at  Lauchstadt.  (Steinberg,  J.  pr.  Chera.  xviii.  379.) 
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11.  With  Nickel.— Iron  and  nickel  melt  together  with  facility,  forming  alloys,  some 
of  which  do  not  rust  so  easily  as  iron  itself.     An  alloy  of  1  pt.  iron  with  0-03  nickel  is 
white,  of  specific  gravity  7 '80,  as  extensible  as  iron,  and  less  liable  to  rust.     1  pt.  iron 
with  0-1  nickel  has  a  greyish-white  to  yellowish  colour,  specific  gravity  7'85,  is  less 
extensible  than  iron,  but  rusts  less  easily.     1  pt.  iron  and  If  pt.  nickel  form  a  grey, 
rather  hard,  perfectly  extensible,  and  magnetic  alloy. 

Meteoric  iron  consists  chiefly  of  an  alloy  of  iron  and  nickel.  (See  p.  336;  also 
METEORITES.) 

12.  With  Palladium,  iron  forms  a  brittle  alloy.     (Faraday  and  Stodart,  PhiL 
Trans.  1822,  p.  254.) 

13.  With  Platinum. — Equal  weights  of  platinum  and  iron  heated  before  the  oxy- 
hydrogen  blowpipe  unite,  with  vivid  emission  of  sparks,  and  form  a  shining,  very  hard 
and  malleable  alloy,  which  is  scarcely  touched  by  the  file.     In  equal  volumes,  the  two 
metals  yield  a  brittle  button  (Clarke).     Combination  does  not  take  place  in  the  heat 
of  an  ordinary  fire  (Lewis,  Or  eh  1  en).     An  alloy  of  99  pts.iron  and  1  pt.  platinum  is 
not  attacked  by  ordinary  nitric  acid.     (Schonbein,  Pogg.  Ann.  xlii.  17.)  ^ 

When  equal  weights  of  iron  and  platinum  are  dissolved  in  nitromuriatic  acid,  the 
excess  of  acid  expelled  by  evaporation,  the  solution  precipitated  by  ammonia,  and  the 
washed  precipitate  reduced  in  a  stream  of  hydrogen  at  a  low  red  heat,  an  alloy  of  iron 
and  platinum  is  obtained,  which  immediately  takes  fire  on  exposure  to  the  air.  If  this 
alloy,  without  being  allowed  to  come  in  contact  with  the  air,  so  that  no  combustion 
may  take  place,  be  thrown  into  hydrochloric  acid — which  dissolves  part  of  the  iron 
with  evolution  of  hydrogen — and  the  residue  washed  with  water,  there  remains  a 
black  heavy  powder,  containing  80'1  per  cent,  platinum  to  19*9  iron  (which  may  be 
dissolved  out  by  boiling  nitric  acid)  together  with  a  trace  of  moisture,  but  no  hydrogen. 
This  residue  takes  fire  in  the  air  considerably  below  a  red  heat,  and  burns  with 
emission  of  sparks.  Sometimes  the  combustion  begins  at  the  hottest  part  and  spreads 
through  the  mass  with  a  red  light,  as  in  the  burning  of  tinder ;  after  the  combustion, 
the  powder  is  found  to  have  gained  1  per  cent,  in  weight.  (Boussingault,  Ann.  Ch. 
Phys.  [2]  liii.  441.) 

Carbide  of  Platinum  and  Iron. — a.  9  pts.  platinum  and  2  pts.  steel  form  a  perfect 
alloy,  which  does  not  tarnish  on  exposure  to  the  air;  specific  gravity  15-88.  /J.  The 
alloy  of  1  pt.  platinum  to  1  pt.  steel  takes  a  high  polish,  does  not  tarnish,  exhibits  a 
highly  crystalline  structure  on  the  surface,  and  has  a  density  of  9'862.  7.  1  pt.  pla- 
tinum and 8 pts.  steel  form  a  finely  damasked  alloy.  5.  1  platinum  to  10  steel:  specific 
gravity  8'1.  e.  1  pt.  platinum  to  67  pts.  steel:  the  best  adapted  for  cutting  instru- 
ments. C  1  pt.  platinum  to  100  pts.  steel :  of  uniform  surface,  and  beautiful  fracture ; 
not  so  hard  as  silver-steel,  but  much  tougher,  and  therefore  specially  adapted  to  many 
purposes,  rj.  1  pt.  platinum  to  200  steel :  damasked  alloy,  very  well  adapted  for  razors 
(Bryant).  Steel  alloyed  with  a  small  quantity  of  platinum  dissolves  in  dilute  sulphuric 
acid  much  more  quickly  than  pure  steel.  This  increase  of  solubility  is  produced  even 
by  5^5.  pt.  of  platinum,  and  is  strongest  with  a  quantity  between  ^  and  ^  With  ^ 
of  platinum,  the  solubility  is  perceptibly  less ;  steel  alloyed  with  one-half  platiimm  does 
not  dissolve  more  quickly  than  pure  steel ;  and  a  compound  of  2  pts.  steel  with  9  pla- 
tinum is  not  at  all  affected  by  dilute  sulphuric  acid.  These  alloys  exhibit  the  same  re- 
lations towards  other  dilute  acids. 

When  a  compound  of  100  pts.  of  steel  with  1  pt.  of  platinum  (or  of  any  other  metal 
insoluble  in  nitric  acid)  is  treated  with  dilute  sulphuric  acid,  and  the  undissolved  portion, 
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containing  platinum,  iron,  carbon,  and  hydrogen,  is  boiled  with  nitric  acid,  a  black 
residue  is  left.  This  latter  substance,  when  heated  to  200°,  detonates  slightly,  pro- 
ducing a  faint  light,  but  if  gradually  heated,  decomposes  with  detonation  ;  it  dissolves 
in  nitromuriatic  acid,  yielding  a  solution  containing  a  larger  portion  of  platinum,  with 
but  little  iron.  (Faraday  and  Stodart.  Phil.  Trans.  1822,  p.  257,  and  Quart. 
Journ.  of  Science,  p.  329.) 

Cast  iron  and  platinum  form  a  dark,  malleable,  very  hard  alloy. 

14.  With  Potassium. — An  alloy  having  nearly  the  composition  Fe4K2,  is  obtained 
by  igniting  12  pts.  iron  filings  with  8  pts.  pulverised  tartar;  it  has  the  aspect  of  bar- 
iron,  is  very  hard ;  can  be  forged  and  welded,  but  oxidises  very  rapidly  in  air  and 
water.    (Gay-Lussac and T h e n a r d,  Reckerchcs Physico-chimiques, i . 238 ;  C a  1  v e r t, 
Phil.  Mag.  Oct.  1855.) 

15.  With  Rhodium. — 1  pt.  rhodium  and  1  pt.  steel  form  an  alloy  having  a 
specific  gravity  of  9' 176,  and  a  very  fine  colour  and  surface  for  metallic  mirrors;  it 
does  not  tarnish  in  the  air.     An  alloy  of  1  pt.  rhodium  and  50  to  100  steel  is  very 
hard,  tolerably  tough,  requires  for  tempering   a  temperature  higher  by  39°  than 
common  steel,  and  by  17°  than  Indian  steel.     (Faraday  and  Stodart,  loc.  cit. 
p.  329.) 

16.  With  Silver. — Iron  is  said  to  take  up  a  small  quantity  of  silver  when  melted 
with  it. 

17.  With  Tin. — When  iron  and  tin  are  heated  to  redness  together,  there  is  formed: 
«.  An  alloy  of  22  pts.  tin  and  1  iron,  somewhat  harder  than  tin,  and  magnetic; 
and  below  it  b.  A  compound  of  2  pts.  iron  and  1  pt.  tin  (nearly  FeSn),  which  is 
white,  very  hard,  slightly  malleable,  and  difficult  of  fusion :  this  constitutes  tinned 
Iron-plate. — In  cast-iron  retorts  in  which  the  tin-amalgam  used  for  silvering  mirrors 
is  continually  distilled,  for  the  purpose  of  regaining  the  mercury,  an  alloy  of  tin  and 
iron  is  formed,  amounting  to  between  1  and  2  per  cent,  of  the  tin  obtained :  when 
the  tin  is  poured  out  of  the  retorts,  this  alloy  partly  floats  upon  it  in  scales,  and  is 
partly  deposited  at  the  bottom  in  the  form  of  a  doughy  mass.     It  may  be  freed  from 
the  pure  tin  which  adheres  to  it,  either  by  boiling  with  hydrochloric  acid,  which 
dissolves  the  latter,  or  by  treating  it  with  nitric  acid,  by  which  the  free  tin   is 
oxidised  while  the  alloy  is  not  attacked.     When  thus  purified,  it. has  the  form  of 
shining  square  needles,  of  specific  gravity  8733,  brittle,  and  fusing  at  an  incipient 
white  heat.     The  powder  of  this  compound,  when  thrown  into  the  flame  of  a  candle, 
burns  with  emission  of  sparks  and  a  white  smoke.     It  does  not  rust  in  the  air,  when 
moistened  with  water.     It  is  not  attacked  by  nitric  acid  at  any  temperature  or  any 
degree  of  concentration  ;  it  dissolves  slowly  in  boiling  hydrochloric  acid ;  but  rapidly 
and  completely,  and  with  violent  action,   in  nitromuriatic    acid.      (Lassaigne, 
J.  Chim.  med.  vi.  609.) 

Deville  and  Caron  (Compt.  rend.  xlvi.  920)  obtained  the  alloy  FeSn,  in  broad 
shining  laminae,  which  were  but  slightly  attacked  by  hydrochloric  acid. 

An  alloy  containing  FeSn  remains  in  the  preparation  of  stannous  chloride  from 
Banca  tin  (see  TIN),  in  slender  (probably  quadratic)  needles  of  specific  gravity  7 -44, 
fusible  only  at  a  white  heat ;  it  solidifies  in  the  crystalline  form  on  cooling,  and  is 
then  magnetic.  The  crystals  are  nearly  insoluble, in  hydrochloric  and  nitric  acid, 
but  dissolve  easily  in  nitromuriatic  acid;  they  burn  in  the  flame  of  a  candle. 
(Nollner,  Ann.  Ch.  Pharm.  cxv.  233.) 

It  has  been  proposed  to  harden  malleable  iron  rails  by  introducing  a  portion  of  tin 
into  the  metal,  but  it  has  been  found  to  render  the  iron  extremely  brittle  and  "  cold 
short,"  and  also  incapable  of  being  welded.  (Karsten,  EisenhuttenJcunde,  i.  508, 
and  Percy,  Metallurgy,  ii.  161.) 

18.  With  Titanium. — Pig-iron  often  contains  titanium  (p.  335),  which  appears  to 
be  derived  chiefly  from  the  clay  of  the  ore,  or  from  other  siliceous  compounds  added  as 
fluxes.     In  three  samples  of  grey  pig  from  the  iron  ore  of  Westbury  in  Wiltshire, 
Eiley  found  1*15,  071  and  0'47  per  cent,  titanium.    The  titanium  is  either  minutely 
disseminated  through  the  iron  or  else  alloyed  with  it.     The  presence  of  titanium  in 
the  ore  or  in  the  flux  appears  to  improve  the  quality  of  the  iron,  and  render  it  of 
excellent  quality  both  for  castings  and  for  conversion  by  the  Bessemer  process  ;  but 
according  to  Riley's  observations,  the  titanium  does  not  appear  to  remain  with  the 
iron,  at  least  only  in  very  minute  quantity,  when  it  is  converted  into  bar  iron  or  steel. 
Mushet  has  patented  the  use  of  titanium  in  the  manufacture  of  iron  and  steel,  and 
the  alloying  of  titanium  with  iron  and  steel ;  but  samples  of  his  steel,  in  the  manufac- 
ture of  which  titaniferous  ores  were  used,  did  not  yield  any  appreciable  evidence  of 
titanium.     (Riley,  Chem.  Soc.  J.  xvi.  387;  see  ante,  p.  335.) 

19.  With  Txfngsten. — Iron  and  tungsten  maybe  united  by  fusion.     It  is  stated 
that  steel  of  very  superior  quality  may  be  made  by  simply  melting  cast  steel,  or  even 
iron,  either  with  metallic  tungsten  or  with  the  so-called  native  alloy,  prepared  by 
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strongly  boating  a  mixture  of  powdered  wolfram  and  fine  carbonaceous  matter  in  a 
crucible  lined  with  charcoal.  (Bernouilli,  Pogg.  Ann.  1860,  xxi.  573.) 

20.  With  Zinc.— Iron  takes  up  zinc  when  heated  with  it.  A  brittle  friable  alloy 
is  readily  formed  by  molting  zinc  in  vessels  of  wrought  or  cast  iron,  or  by  dropping 
iron  into  melted  zinc ;  sometimes  crystalline  compounds  of  ferruginous  zinc  are 
deposited.  (Percy,  Metallurgy,  ii.  153.) 

By  immersing  malleable  iron  or  cast  iron,  perfectly  free  from  oxide  on  the  surface, 
in  melted  zinc,  the  iron  becomes  covered  with  a  coating  of  zinc,  probably  in  conse- 
quence of  the  two  metals  being  alloyed  superficially.  Iron  thus  coated  with  zinc  is 
less  liable  to  undergo  oxidation  when  exposed  to  the  atmosphere,  and  is  largely 
employed  under  the  name  of  galvanised  iron. 

IRON,  BROMIDES  OP.  Iron  unites  with  bromine  in  two  proportions,  form- 
ing the  dibromide  or  ferrous  bromide,  FeBr2,  and  the  tribromide  or  ferric  bromide, 
Fe'2Br6. 

Ferrous  bromide  is  a  yellowish  substance  obtained  by  passing  bromine- 
vapour  over  gently  ignited  iron  wire.  It  is  soluble  in  water,  and  may  be  obtained 
in  solution  by  dissolving  iron  in  hydrobromic  acid,  or  in  a  mixture  of  bromine 
and  water.  The  solution  yields  by  evaporation  rhombic  tabular  crystals,  contain- 
ing FeBr2.6H20.  When  exposed  to  the  air  it  turns  brown,  and  deposits  ferric 
oxybromide. 

Ferric  bromide,  Fe2Br6,  is  produced  by  heating  ferrous  bromide  with  bromine, 
or  by  evaporating  to  dryness  a  solution  of  iron  in  excess  of  bromine -water.  It  is  a 
brown-red  mass  which  deliquesces  in  the  air.  It  may  be  obtained  in  solution  by 
dissolving  ferric  oxide  in  hydrobromic  acid,  or  by  mixing  the  aqueous  solution  of  the 
ferrous  bromide  with  bromine. 

IRON,  CARBIDES  OR  CARBURETS  OF.     See  CAST  IRON  (p.  329)  and 

STEEL.  By  heating  alkaline  ferrocyanides  to  redness,  a  compound  of  carbon  and  iron  is 
obtained,  consisting  of  FeC2. 

Three  other  definite  compounds  of  iron  and  carbon  have  been  supposed  to  exist,  viz. 
FeC,  FeC3,  and  Fe4C,  according  to  Karsten  and  Berthier  (Ann.  des  Mines  [3]  iii.  229). 
More  recently  G-urlt  (Chern.  G-az.  xiv.  230)  has  endeavoured  to  show  that  there  is 
another  carbide,  represented  by  the  formula  Fe8C.  The  nearest  approach  to  a  definite 
compound  of  carbon  and  iron  is  specular  iron,  which  may  perhaps  consist  essentially 
of  a  tetracarburet ;  but  the  evidence  of  the  existence  of  these  compounds  is  exceedingly 
imperfect. 

IRON,  CARBONATE  OP.     See  CARBONATES,  i.  784. 

IRON,  CARBURETTED,  ANALYSIS  OP.  It  has  already  been  mentioned 
that  cast  iron  contains,  besides  carbon,  which  is  an  essential  constituent  of  it,  a  con- 
siderable number  of  other  elements,  both  metallic  and  non-metallic,  that  many  of  these 
elements  are  not  completely  removed  in  the  processes  to  which  the  iron  is  subjected  to 
convert  it  into  bar  iron  and  steel,  and  that  all  of  them  have  more  or  less  influence  on  the 
quality  of  the  iron.  It  becomes,  therefore,  an  important  problem  to  detect  these 
several  elements  in  iron,  and,  as  far  as  possible,  to  estimate  their  amount. 

The  iron  used  for  the  analysis  must  be  finely  divided,  as  in  the  form  of  filings, 
turnings,  or  borings  ;  very  hard  iron,  such  as  specular  iron,  or  hard  steel,  may  be  com- 
minuted in  a  steel  mortar,  and  sifted.  The  iron  must  of  course  be  free  from  dust,  rust, 
oil,  and  other  foreign  substances. 

1..  Estimation  of  the  entire  amount  of  Carbon. — To  estimate  the  whole  of  the 
carbon  in  iron,  both  free  and  combined,  the  iron  must  be  dissolved,  without  evolution 
of  hydrogen,  because  that  gas  would  carry  some  of  the  carbon  with  it ;  or  the  car- 
buretted  iron  must  be  completely  oxidised,  and  the  carbon  estimated  as  carbonic 
acid. 

When  carburetted  iron  is  brought  in  contact  with  chloride  of  silver,  cupric  chloride, 
or  ferric  chloride,  these  compounds  are  reduced  to  metallic  silver,  cuprous  chloride,  and 
ferrous  chloride  respectively,  while  the  metallic  iron  is  also  converted  into  ferrous 
chloride,  which  dissolves,  and  the  whole  of  the  carbon  remains  behind,  together  with 
silicon  and  various  metals.  The  action  of  chloride  of  silver  is  very  slow ;  the  most  con- 
venient reagent  for  this  purpose  is  cupric  chloride.  A  quantity  of  the  iron  (5  to  10  grms.) 
is  covered  with  a  moderately  concentrated  aqueous  solution  of  cupric  chloride,  free  from 
excess  of  acid,  whereupon  metallic  copper  is  precipitated,  and  ferrous  chloride  is  formed. 
As  soon  as  trituration  with  a  glass  rod  shows  that  the  deposit  is  free  from  hard  par- 
ticles of  iron,  the  solution  is  decanted  and  the  residue  is  drenched  with  a  concentrated 
solution  of  cupric  chloride  acidulated  with  hydrochloric  acid,  in  order  to  convert  the 
reduced  copper  into  cuprous  chloride,  and  dissolve  it.  The  solution  is  then  filtered 
through  a  glass  tube  drawn  out  at  the  lower  end  to  a  narrow  neck,  and  plugged  with 
asbestos  (or  platinum-sponge),  so  as  to  retain  all  undissolved  particles.  Impure  carbon 
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is  thus  obtained,  the  weight  of  which  may  be  determined  by  weighing  the  tube  dried 
at  124°-130°  C.,  both  before  and  after  the  experiment. 

Ferric  chloride  may  also  be  used  instead  of  cupric  chloride,  the  free  acid  contained 
in  the  solution  being  previously  neutralised  with  carbonate  of  sodium  or  carbonate  of 
calcium.  The  basic  ferric  salt  deposited  in  the  reaction  may  be  removed  by  dilute 
hydrochloric  acid  or  solution  of  ferric  chloride. 

The  iron  may  also  be  dissolved,  without  loss  of  carbon,  by  nitric  acid,  provided  it,  be 
first  drenched  with  water,  and  then  nitric  acid  free  from  chlorine  or  nitrous  acid  added. 
As  soon  as  the  solution  has  attained  a  sufficient  degree  of  concentration,  it  is  poured  off, 
the  residue  is  drenched  with  fresh  quantities  of  water  and  aqueous  acid,  and  the  turbid 
yellowish  solution,  which  contains  nitrate  of  ammonia  and  nitrate  of  iron,  is  left  to 
clarify,  and  finally  filtered  as  above. 

Another  method  is  to  heat  the  finely  divided  iron  in  a  stream  of  dry  chlorine  gas,  pre- 
viously freed  from  air  by  passing  through  a  red-hot  tube  containing  finely  divided  charcoal. 

Bromine  or  iodine  may  also  be  used  instead  of  chlorine,  and  in  the  wet  way, 
Morfitt  and  Booth  (Chem.  G-az.  1853,  p.  358)  drench  the  iron  (not  very  finely 
divided)  with  a  small  quantity  of  water,  add  iodine  (5  grms.  to  1  grm.  iron),  and  leave 
it  for  five  or  six  hours,  till  the  action  is  finished ;  then  pour  off  the  liquid,  add  more 
water  and  iodine,  if  any  iron  still  remains,  and  filter.  Care  must  be  taken  not  to  add 
too  much  water,  and  not  to  allow  the  action  to  go  on  too  long,  otherwise  a  portion  of 
the  carbon  will  be  lost.  The  charcoal  which  remains  after  the  solution  of  iodide  of 
iron  has  been  filtered  off,  is  washed  with  hot  water,  then  with  hydrochloric  acid,  and 
again  with  water,  and  the  residue  is  weighed. 

The  carbon  obtained  by  either  of  these  methods  is  not  pure,  but  is  mixed  with  a 
small  quantity  of  iron,  and  a  larger  quantity  of  silicic  anhydride  and  oxide  of  silicon. 
The  amount  of  pure  carbon  may  be  determined,  either  by  the  loss  which  the  residue 
sustains  when  ignited  in  contact  with  the  air,  or  by  burning  the  carbon  as  in  organic 
analysis,  with  oxide  of  copper,  or  better  with  chromate  of  lead,  or  with  a  mixture  of  that 
salt  and  chlorate  of  potassium,  or  in  a  stream  of  oxygen,  and  weighing  the  carbon  as 
carbonic  anhydride  by  absorption  in  caustic  potash. 

Deville  (Compt.  rend.  li.  938)  separates  the  pure  carbon  at  once  by  igniting  the 
finely  divided  iron  in  a  current  of  dry  hydrochloric  acid  gas,  quite  free  from  atmo- 
spheric air.  The  iron  and  all  the  foreign  constituents,  except  the  carbon,  are  then 
converted  into  volatile  chlorides,  and  pure  carbon  remains  behind. 

2.  Estimation  of  the  Graphite  or  mechanically  mixed  carbon. — This  is  the  portion 
which  remains  behind  mixed  with  silica,  and  sometimes  also  with  humus-like  carbon- 
compounds,  when  the  iron  is  dissolved  by  dilute  acids.  To  estimate  it,  the  iron  is  dissolved 
out  by  dilute  hydrochloric  acid  of  specific  gravity  1-1 ;  the  washed  residue  is  digested 
in  potash-ley  of  specific  gravity  !•!,  to  remove  silica  and  humus-compounds,  then  with 
water,  then  with  hot  hydrochloric  acid,  and  lastly,  with  hot  water,  after  which  it  is 
dried,  weighed  and  ignited  in  contact  with  the  air,  the  loss  of  weight  which  it  then 
sustains  being  reckoned  as  graphite  (Morfitt  and  Booth).     Buchner  (J.  pr.  Chem. 
Ixxii.  364)  washes  the  residue  with  boiling  water,  potash-ley,  alcohol,  and  finally  with 
ether;  then  dries,  weighs,  and  ignites  as  above.     Grurlt  (Polyt.  Centralblatt,  1856, 
p.  378)  treats  the  finely  divided  iron  with  recently  precipitated  chloride  of  silver  and 
solution  of  sal-ammoniac,  digests  the  residue  with  cyanide  of  potassium  to  remove 
chloride  of  silver,  with  potash  to  remove  silica  and  combined  carbon,  then  with  nitric 
acid  to  remove  metallic  silver :  the  residue  consists  of  graphite,  which  is  to  be  treated 
as  above. 

3.  Estimation  of  the  combined  Car  bo  n. — The  carbon  actually  in  combin  ation  with 
the  iron  is  for  the  most  part  converted,  during  the  solution  of  the  metal,  into  volatile 
hydrocarbons,  which  escape  with  the  hydrogen,  and  impart  to  it  a  well-known  offen- 
sive odour ;  part  of  this  carbon,  however,  always  remains  in  the  liquid  form  attached 
to  the  graphite.     When  carburetted  iron  is  digested  with  chloride  of  silver,  ferric 
chloride,  or  cupric  chloride,  as  already  described,  the  whole  of  the  carbon  remains 
behind,  and  on  treating  the  residue  with  potash-ley,  that  which  was  originally  com- 
bined with  the  iron  dissolves,  and  may  be  separated,  together  with  silica,  by  super- 
saturation  with  hydrochloric  acid,  evaporation  to  dryness,  and  washing.      The  amount 
of  carbon  in  the  residue  thus  obtained  may  then  be  determined,  either  by  the  loss  of 
weight  sustained  on  ignition,  or  by  combustion  with  chromate  of  lead.     The  combined 
carbon  is,  however,  more  generally  estimated  by  difference. 

4.  Estimation  of  Silicon. — The  amount  of  this  element  may  be  determined  by 
igniting  the  residue    obtained  in  the  preceding  operation;  the  carbon  then  burns 
away,  and  silica  remains  behind ;  as,  however,  a  small  portion  of  the  carbon  is  apt  to 
escape  combustion,  and  the  residue  likewise  contains  a  certain  portion  of  slag,  the  pure 
silica  must  be  dissolved  out  by  potash-ley  of  specific  gravity  M  (which  will  not  attack 
t;ie  slag),  and  then  precipitated  by  suporsaturation  with  hydrochloric  acid. 
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Car  on  ignites  the  pulverised  iron  in  a  mixture  of  hydrochloric  acid  and  air, 
whereby  the  carbon  is  converted  into  carbonic  anhydride,  and  the  iron  into  volatile 
chloride,  while  silica  remains,  sometimes  mixed  with  the  oxides  of  titanium,  aluminium, 
calcium,  &c. 

The  silicon  in  iron  also  remains  as  silica  in  the  residue  left  on  burning  the  iron  in 
a  stream  of  oxygen,  and  may  be  separated  by  moistening  this  residue  with  concentrated 
hydrochloric  acid,  evaporating  to  dryness,  then  digesting  in  dilute  hydrochloric  acid 
and  filtering. 

5.  Estimation  of  Nitrogen. — The  nitrogen  may  be  detected  in  cast  iron,  according 
to  Marchand,  by  igniting  the  finely  divided  iron  with  potassium,  perfectly  cleansed 
from  oil  and  well  dried,  in  an  atmosphere  of  hydrogen  quite  free  from  air.      The 
resulting  mass,  dissolved  in  water,  yields,  on  addition  of  a  ferroso-ferric  salt  and  super- 
saturation  with  hydrochloric  acid,  a  precipitate  of  prussian  blue.    According  to  Fremy, 
the  nitrogen  of  iron  may  be  converted  into  ammonia  by  ignition  in  pure  hydrogen. 

The  nitrogen  may  be  estimated  by  igniting  the  pulverised  iron  with  six  times  its 
weight  of  a  mixture  of  caustic  lime  and  baryta,  receiving  the  ammonia  thus  evolved  in 
hydrochloric  acid,  and  converting  it  into  platinum-salt.  Another  method  is  to  dissolve 
the  iron  in  acid,  whereupon  ammonia  remains  in  solution  ;  boil  the  liquid  with  excess 
of  slaked  lime,  and  receive  the  vapours  in  hydrochloric  acid.  A  portion  of  the  nitrogen 
may,  however,  remain  in  the  carbonaceous  residue,  and  may  be  determined  by  igniting 
that  residue  with  soda-lime  in  the  ordinary  way. 

6.  Estimation  of  Sulphur. — The  sulphur  in  pig  iron  may  be  converted  into  sul- 
phuric acid  by  oxidation  with  nitric  acid,  but  the  .quantity  is  generally  too  small  to  be 
estimated  in  this  way.     A  better  method  is  to  convert  it  into  sulphydric  acid,  by 
dissolving  the  iron  in  dilute  hydrochloric  acid  (which,  of  course,  must  not  contain 
sulphurous  acid,  or  free  chlorine),  and  pass  the  evolved  gas  through  a  Liebig's  bulb- 
apparatus  containing  an  ammoniacal  solution  of  nitrate  of  silvor,  or  through  a  series 
of  small  flasks  containing  chloride  of  copper,  or  acetate  of  lead  (the  latter  mixed  with 
acetic  acid),  and  weigh  the  precipitated  sulphide:  100  pts.  sulphide  of  silver  =  12'91 
sulphur;  100  pts.  sulphide  of  copper  =  13*45  sulphur.     As,  however,  the  precipitated 
sulphide  may  also  contain  phosphide  or  arsenide,  it  is  better  to  oxidise  the  sulphide 
with  nitric  acid,  and  precipitate  the  resulting  solution  with  chloride  of  barium. 

Another  mode  of  estimation  is  to  fuse  the  pulverised  iron  with  nitre  and  carbonate 
of  sodium,  dissolve  the  mass  in  dilute  hydrochloric  acid  (silica  then  remaining  undis- 
solved),  and  precipitate  the  sulphuric  acid  as  a  barium-salt.  If  the  fusion  is  conducted 
over  a  gas-flame,  care  must  be  taken  that  the  mass  does  not  pass  over  the  edge  of  the 
vessel,  because  in  that  case  the  sulphurous  acid  in  the  flame,  coming  in  contact  with 
the  fused  alkali,  will  be  oxidised,  and  form  an  alkaline  sulphate,  which  will  greatly 
increase  the  apparent  amount  of  sulphur  in  the  iron.  If  the  fusion  is  made  over  a 
spirit-lamp,  this  source  of  error  does  not  arise.  (D.  S.  Price,  Chem.  Soc.  J.  xvi.  51.) 

In  several  of  the  analyses  already  given  (pp.  332,  333),  the  estimation  of  sulphur 
is  probably  too  high.  The  results  that  are  questionable  are  marked  *. 

7.  Estimation  of  Phosphorus. — The  iron  (5  to  10  grms.)  is  dissolved  in  nitric  or 
nitromuriatic  acid ;  the  solution  evaporated  to  dryness ;  the  dry  residue  fused  with 
three  or  four  times  its  weight  of  alkaline  carbonate ;  the  fused  mass  disintegrated  by 
water ;  the  filtrate  supersaturated  with  hydrochloric  acid  and  evaporated  to  dryness 
to  separate  silica ;  the  residue  digested  in  water ;  and  from  the  filtrate  the  phosphoric 
acid  is  precipitated  as  ammonio-magnesian  phosphate.     The  acid  filtrate  may  also  be 
previously  used  for  the  estimation  of  sulphuric  acid,  the  excess  of  baryta  added  being 
then  removed,  previously  to  precipitating  the  phosphoric  acid  in  the  way  just  men- 
tioned.    If  the  solution  also  contains  alumina,  tartaric  acid  must  first  be  added,  to 
hold  that  base  in  solution. 

The  nitric  acid  solution  of  the  iron  may  also  be  precipitated  in  the  cold  with  car- 
bonate of  sodium ;  the  whole  of  the  phosphorus  is  then  thrown  down  as  ferric  phosphate, 
which,  after  washing,  may  be  fused  with  alkaline  carbonate  and  treated  as  above,  or 
decomposed  by  sulphide  of  ammonium. 

The  iron  filings  may  also  be  fused  at  once  with  a  mixture  of  alkaline  carbonate  and 
nitrate ;  the  fused  mass  treated  as  above  described  for  the  estimation  of  sulphuric 
acid ;  and  the  solution,  after  being  freed  from  silica,  may  be  used  either  immediately 
or  after  separation  of  the  sulphuric  acid,  for  the  estimation  of  phosphoric  acid. 

Eggertz  (J.  pr.  Chem.  Ixxix.  496),  evaporates  to  dryness  the  solution  of  1  grm. 
iron  in  15  grms.  nitric  acid  of  specific  gravity  T2,  moistens  the  mass  with  hydrq- 
chloric  acid,  and  dissolves  it  in  such  a  quantity  of  water,  that  the  filtrate  measures 
15  c.  c.,  then  adds  12'5  c.  c.  of  a  solution  of  molybdic  acid  (prepared  by  dissolving 
1  pt.  molybdic  acid  in  4  pts.  ammonia,  pouring  the  quickly  filtered  liquid  into  15  pts. 
nitric  acid,  and  leaving  it  to  settle).  On  leaving  the  mixture  to  itself  for  a  few  hours  at 
40°,  a  precipitate  forms,  which  must  be  collected  on  a  weighed  filter,  washed  with 
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•water  containing  1  per  cent,  of  nitric  acid,  and  dried  at  95°.     100  pts.  of  the  dried 
precipitate  correspond  to  1  pt.  phosphorus. 

8.  Estimation  of  Arsenic. — "When  arseniferous  iron  is  dissolved  in  dilute  hydro- 
chloric or  sulphuric  acid,  the  arsenic  is  not  given  off  as  arsenetted  hydrogen,  but  is 
converted  into  arsenic  acid  (H.  Rose),  which  remains  dissolved  if  the  solution  has 
been  made  in  the  cold,  but  is  precipitated  from  warm  solutions  not  containing  too 
great  an  excess  of  acid,  as  basic  ferric  arsenate,  and  is  therefore  often  found  in  the 
carbonaceous  residue. 

When  the  iron  is  dissolved  in  nitric  or  nitromuriatic  acid,  the  arsenic  is  converted 
into  arsenic  acid,  and  may  be  precipitated  as  basic  ferric  arsenate  (together  with  phos- 
phate) by  boiling  the  solution  with  acetate  of  sodium,  after  the  greater  part  of  the 
ferric  oxide  has  been  reduced  to  ferrous  oxide  by  heating  it  with  sulphite  of  sodium 
The  precipitate  is  then  decomposed  by  sulphide  of  ammonium,  and  the  filtrate,  acidu- 
lated, and  treated  with  sulphydric  acid,  yields  a  precipitate  of  sulphide  of  arsenic. 
Or  the  iron  may  be  dissolved  in  hydrochloric  acid,  with  addition  of  a  little  nitric  acid, 
to  dissolve  all  the  arsenic ;  the  filtrate  heated  with  sulphite  of  sodium,  to  reduce  all 
the  ferric  to  ferrous  chloride ;  and  the  solution,  freed  from  excess  of  sulphurous  acid, 
may  be  treated  with  sulphydric  acid,  with  the  usual  precautions ;  the  arsenic  is  then 
precipitated  as  trisulphide  (together  with  the  sulphides  of  copper  and  lead,  if  present). 

As  a  portion  of  the  arsenic  sometimes  remains  in  the  carbonaceous  residue,  this 
residue  must  be  examined,  either  by  treating  it  with  sulphide  of  ammonium,  and  pre- 
cipitating the  arsenic  from  the  filtrate  by  sulphydric  acid,  or  by  fusing  it  with  nitrate 
and  carbonate  of  sodium,  and  precipitating  the  arsenic  as  ammonio-magnesian  arsenate. 

The  pulverised  iron  may  also  be  fused  with  nitrate  and  carbonate  of  sodium,  the 
silicic  and  sulphuric  acids  separated  as  above,  and  the  arsenic  then  precipitated  by  sul- 
phydric acid,  or  if  no  phosphorus  is  present,  by  ammonia  and  sulphate  of  magnesium. 

9.  Estimation  of  Manganese,  Cobalt,  Nickel,  and  Zinc. — These  metals  may  all 
be  separated  from  iron,  by  precipitating  the  latter  from  a  neutral  solution  in  which  all 
the  iron  exists  as  ferric  salt,  with  benzoate  or  succinate  of  ammonium,  or  from  acid 
solution,  with  carbonate  of  barium. 

10.  Estimation  of  Copper  and  Lead. — The  precipitate,  thrown  down  as  above 
described  by  sulphydric  acid  from  the  reduced  iron  solution,  sometimes  contains  traces 
of  these  two  metals.     The  arsenic  may  be  extracted  from  it  by  monosulphide  of  potas- 
sium ;  and  the  residue,  oxidised  with  nitric  acid  and  treated  with  sulphuric  acid,  yields 
insoluble  sulphate  of  lead  and  a  soluble  copper  salt. 

11.  Estimation  of  Aluminium. — For  the  method  of  separating  this  metal  from 
iron,  see  i.  155. 

12.  Estimation  of  Magnesium,    Calcium,   and  the  Alkali-metals.  —  These 
metals  remain  in  solution  after  the  iron  has  been  precipitated  as  ferric  oxide  by  ben- 
zoate or  succinate  of  ammonium,  or  by  carbonate  of  barium,  and  may  be  separated  and 
estimated  by  the  usual  methods. 

13.  Estimation  of    Chromium,   Vanadium,  Titanium,   Molybdenum,  and 
Tungsten. — These  metals  occur  especially  in  the  black  residue  which  remains  when 
pig  iron  is  dissolved  in  dilute  acids,  and  may  be  sought  for  either  in  this  or  directly  in 
the  iron. 

To  detect  and  separate  chromium  and  vanadium,  a  large  quantity  of  the  pulve- 
rised iron  is  fused  with  12  pts.  nitrate  and  1  pt.  carbonate  of  sodium  ;  the  fused  mass 
(which  likewise  contains  silicic,  phosphoric,  and  arsenic  acids)  is  mixed  with  such  a 
quantity  of  nitric  acid  that  it  still  retains  a  slight  alkaline  reaction,  but  does  not  give 
off  any  nitrous  acid  (which  would  reduce  the  chromic  and  vanadic  acids) ;  the  solution 
is  mixed  with  chloride  of  barium ;  the  washed  precipitate  is  treated  with  sulphuric 
acid;  the  solution  is  saturated  with  ammonia  and  evaporated;  and  a  lump  of  sal-ammo- 
niac is  thrown  in,  whereby  vanadate  of  ammonium  is  thrown  down  as  a  yellow  or 
white  crystalline  powder,  while  the  chromate  remains  in  solution.  The  vanadate  of 
ammonium,  heated  in  contact  with  the  air,  yields  dark  red  vanadic  acid,  the  quantity 
of  which  can  then  be  determined. 

According  to  Sefstrom,  the  vanadic  (and  chromic)  acid  may  be  separated  from  the 
fused  mass,  after  neutralisation  with  nitric  acid,  by  the  addition  of  a  lead-salt ;  the 
washed  precipitate  is  then  boiled  with  strong  alcohol  and  hydrochloric  acid,  the  resulting 
blue  solution  of  vanadic  (and  chromic)  oxide,  after  being  evaporated,  is  oxidised 
by  nitric  acid  or  chlorine-gas,  then  mixed  with  potash-ley,  evaporated  down,  and 
fused ;  the  fused  mass  is  dissolved  in  water ;  and  the  vauadic  acid  is  precipitated,  as 
above,  by  sal-ammoniac.  The  liquid  filtered  therefrom  (after  separation  of  phos- 
phoric and  arsenic  acids  as  ammonio-magnesian  salts)  yields  with  sulphydric  acid  a 
precipitate  of  chromic  hydrate,  while  sulphide  of  molybdenum  remains  in  solution, 
whence  it  may  be  precipitated  by  acids,  and,  when  fused  in  a  narrow  tube,  yields  pure 
sulphide  of  molybdenum. 
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According  to  Miiller,  the  mass  obtained  by  fusing  the  iron  with  nitre  and  soda,  may 
be  dissolved  in  water,  the  filtrate  treated  with  chlorine-gas,  which  separates  phos- 
phate of  aluminium,  and  then  saturated  with  nitric  acid,  afterwards  with  ammonia, 
and  the  vanadium  precipitated  by  sal-ammoniac — or  the  fused  mass  is  boiled  with 
excess  of  sulpliide  of  ammonium,  or  saturated  with  sulphydric  acid  gas  (whereby 
chromic  oxide  and  alumina  are  separated),  and  sulphide  of  vanadium  precipitated 
from  the  solution  of  the  alkaline  sulphovanadate  by  an  acid. 

The  chromic  acid  may  be  separated  from  the  liquid  filtered  from  the  vanadate  of 
ammonium  by  the  ordinary  methods,  and  most  readily  detected,  after  addition  of 
pure  nitric  acid,  by  its  reaction  with  peroxide  of  hydrogen  (i.  953).  The  chromic  acid 
may  also  be  precipitated  from  the  alkaline  liquid,  after  neutralisation  with  nitric  acid, 
by  means  of  mercurous  nitrate,  the  phosphoric  and  arsenic  acids  having  first  been 
precipitated  by  ammonia  and  nitrate  of  magnesium  (the  addition  of  sal-ammoniac  and 
sulphuric  acid  must  be  avoided,  as  they  would  precipitate  the  mercurous  salt). 

Kiley  (Chem.  Soc.  J.xvii.  23)  separates  vanadium  from  pig-iron  by  dissolving  the 
borings  in  dilute  hydrochloric  acid,  and  after  the  iron  is  nearly  all  dissolved,  adding 
a  strong  acid,  and  boiling  well ;  the  chloride  of  iron  is  then  filtered  off  from  the 
graphite  and  silica ;  the  filter  well  washed  from  chloride  of  iron,  and  treated  with  a 
dilute  solution  of  potash  to  dissolve  the  silica ;  the  potash  thoroughly  washed  out ; 
and  the  filter  treated  with  hydrochloric  acid,  washed  until  all  the  acid  is  removed, 
then  dried,  ignited,  and  burnt  over  a  Bunsen's  burner,  or  better  in  a  muffle.  The 
residue  is  a  semi-fused  mass,  apparently  consisting  of  a  mixture  of  a  fusible  and  infu- 
sible oxide,  staining  a  porcelain  crucible  yellow,  and  adhering  strongly  to  it,  some 
portions  of  the  mass  being  of  a  purply  blue  colour,  similar  to  the  bloom  of  a  plum. 

The  semi-fused  residue,  treated  with  concentrated  hydrochloric  acid,  gives  off 
chlorine,  and  forms  a  yellowish-brown  solution,  which  on  boiling  soon  becomes  of  a 
beautiful  green  colour,  leaving  a  black,  finely  pulverulent,  insoluble  residue.  The 
solution,  freed  from  excess  of  acid  by  evaporation,  leaves  a  syrupy  dark  green  mass, 
which  when  heated  with  water,  yields  a  small  quantity  of  white  insoluble  flocculent 
matter,  and  a  solution  which  has  a  green  colour  when  acid,  but  blue  when  nearly 
neutral  or  largely  diluted,  and  gives  the  characteristic  reactions  of  vanadium-salts, 
especially  the  yellow  precipitate,  becoming  greenish  on  standing,  with  ferrocyanide  of 
potassium. 

The  black  insoluble  residue,  fused  with  acid  sulphate  of  potassium,  forms  a  mass 
which  dissolves  perfectly  in  cold  water,  and  yields  on  boiling  a  dense  yellowish-white 
pulverulent  precipitate,  exhibiting  the  reactions  of  vanadium-salts.  The  black  powder 
appears  to  be  van  a  do  us  oxide,  and  the  soluble  portion  of  the  original  residue 
consists  chiefly  of  vanadic  acid.  In  a  sample  of  grey  pig  iron  from  Westbury  in 
Wiltshire,  also  containing  a  considerable  quantity  of  phosphorus,  part  of  which  passed, 
as  phosphoric  acid,  into  the  residue  insoluble  in  dilute  acids,  Kiley  found. — by  sepa- 
rating the  phosphoric  acid  from  this  residue  as  magnesium-salt,  and  considering  the 
remaining  portion  soluble  in  concentrated  hydrochloric  acid,  as  vanadic  acid — that 
the  total  quantity  of  vanadic  acid  in  the  pig  was  0-686  per  cent. 

Molybdenum  sometimes  occurs  in  the  carbonaceous  residue  left  on  dissolving  pig 
iron  in  acids,  and  may  be  dissolved  out  together  with  arsenic,  by  sulphide  of  am- 
monium, and  precipitated  therefrom  by  acids :  on  heating  the  precipitate  in  a  glass 
tube,  sulphide  of  molybdenum  remains  behind. 

Iron  rich  in  molybdenum,  such  as  the  "bears"  from  copper  furnaces  (p.  367),  may 
be  dissolved  in  nitromuriatic  acid ;  the  solution  evaporated  to  dryness  after  addition 
of  hydrochloric  acid ;  then  redissolved  and  precipitated  by  sulphydric  acid,  with  ad- 
dition of  metallic  zinc.  The  whole  of  the  molybdenum  is  thus  precipitated,  and  may 
be  separated  from  other  metals  by  solution  in  sulphide  of  ammonium,  precipitation 
therefrom  by  acids,  and  heating. 

Titanium  is  obtained  as  titanic  acid  [anhydride]  when  pulverised  iron  is  heated 
in  a  current  of  hydrochloric  acid  gas  and  oxygen ;  it  then  remains,  together  with  silica, 
alumina,  lime,  &c.,  and  may  be  rendered  soluble  by  fusion  with  carbonate  of  sodium. 

When  iron  is  dissolved  in  nitric  acid,  at  last  with  aid  of  heat,  and  the  solution  is 
evaporated  to  dryness  and  redissolved  in  nitric  acid,  titanic  anhydride  remains,  to- 
gether with  carbon,  silica,  &c.,  and  may  be  rendered  soluble  as  above. 

The  iron  may  also  be  dissolved  in  cold  hydrochloric  acid,  the  solution  mixed  with 
tartaric  acid  to  prevent  the  precipitation  of  the  iron  by  ammonia,  and  the  whole  of 
the  iron  (together  with  cobalt,  nickel,  copper,  &c.)  precipitated  by  sulphide  of  ammo- 
nium ;  titanic  acid  then  remains  in  solution,  and  may  be  precipitated  and  estimated  by 
methods  which  will  be  described  under  TITANIUM. 

Kiley  (Chem.  Soc.  J.  xv.  391),  after  dissolving  the  iron  in  hydrochloric  acid,  col- 
lects the  residue  on  a  weighed  filter,  treats  the  residue  with  dilute  potash  to  dissolve 
out  the  silica,  and  after  washing  the  filter  with  hydrochloric  acid,  dries  it  at  250°,  and 
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weighs  it.  The  weight  of  the  residue,  consisting  of  graphite  mixed  with  titanic 
anhydride,  being  thus  determined,  the  graphite  is  burnt  off,  and  the  dirty  light  brown 
residue  is  fused  with  acid  sulphate  of  potassium ;  the  fused  mass  dissolved  in  cold 
water ;  and  the  solution  boiled,  whereupon  titanic  anhydride  is  precipitated  nearly 
pure.  Part  of  the  titanium  is,  however,  dissolved  by  the  acid  together  with  the  iron : 
hence,  to  obtain  the  entire  amount,  the  solution  obtained  by  fusing  the  residue  from 
the  silica  with  acid  sulphate  of  potassium  must  be  added  to  the  iron  solution,  after 
the  sulphur  contained  in  it  has  been  precipitated  as  a  barium-salt,  and  the  excess  of 
baryta  removed.  The  solution  in  which  the  titanium  and  phosphorus  are  to  be  de- 
termined, is  first  reduced  with  sulphite  of  sodium,  and  the  excess  of  sulphurous  acid 
driven  off.  It  is  then  nearly  neutralised  with  ammonia,  and  acetate  of  sodium  or 
ammonium  added.  If  there  is  only  a  small  quantity  of  phosphoric  acid  present,  there 
will  always  be  sufficient  ferric  oxide  to  precipitate  it ;  but  if  not,  a  few  drops  of  nitric 
acid  must  be  added,  and  the  solution  boiled  and  filtered  as  quickly  as  possible. 
This  precipitate  may  be  at  once  treated;  or  if  it  contains  much  ferric  oxide,  in 
excess  of  that  sufficient  to  form  phosphate  of  iron,  it  is  better  to  redissolve  it  in 
hydrochloric  acid,  reduce  it  again  with  sulphite  of  sodium,  and  repeat  the  operation 
above  described.  The  precipitate  is  then  dissolved  in  hydrochloric  acid,  and  chloride 
of  magnesium,  ammonia,  chloride  of  ammonium,  and  tartaric  acid  added,  the  precipi- 
tate produced  being  allowed  to  stand  two  nights;  then  the  ammonio-magnesiam- 
phosphate  is  filtered  off,  dried,  ignited,  and  weighed,  and  the  phosphoric  acid  calculated 
from  the  pyro-phosphate  of  magnesium.  The  filtrate  from  the  phosphoric  acid  is 
treated  with  sulphide  of  ammonium,  and  the  sulphide  of  iron  separated,  the  filtrate 
evaporated  to  dryness,  ignited,  and  burnt  in  a  muffle  ;  or  evaporated  nearly  to  dryness, 
transferred  to  a  flask,  and  treated  with  fuming  nitric  acid  until  all  the  tartaric  acid 
is  destroyed ;  in  either  case,  the  residue  is  fused  with  acid  sulphate  of  potassium.  The 
fused  mass  is  dissolved  in  cold  water,  boiled  for  some  hours,  and  allowed  to  stand  a 
night  in  a  warm  place,  when  the  titanic  acid  is  filtered  off  and  washed  with  dilute 
sulphuric  acid — dried,  ignited,  and  weighed.  If  the  determination  of  phosphoric  acid 
is  not  required,  then  the  precipitate  produced  (either  by  one  treatment  or  two)  by  the 
alkaline  acetate,  may  be  dried  (without  washing),  burnt,  and  fused  with  acid  sulphate 
of  potassium,  and  dissolved  in  cold  water,  whereby  a  little  phosphate  of  iron,  which 
remains  insoluble,  is  separated ;  and  the  solution  being  boiled,  the  titanic  acid  is  pre- 
cipitated, and  may  be  separated  as  before.  (For  further  details,  see  the  paper  above 
referred  to.) 

Tungsten,  which  sometimes  occurs  in  the  residue  of  the  solution  of  iron  in  hydro- 
chloric acid,  may  be  rendered  soluble  by  fusion  with  alkaline  carbonate,  and  separated 
by  precipitation  with  acids  or  with  mercurous  nitrate.  It  may  be  separated  from  the 
other  constituents  of  the  iron  by  the  solubility  of  tungstic  acid  in  ammonia,  or  of  the 
sulphide  in  sulphide  of  ammonium. 

14.  Estimation  of  the  Iron. — The  amount  of  pure  iron  in  carburetted  iron  is  generally 
determined  merely  by  difference,  after  all  the  other  constituents  have  been  estimated. 
It  may,  however,  be  estimated  directly  by  Fuchs'  method  with  metallic  copper  (p.  383), 
or  by  any  of  the  volumetric  methods  hereafter  to  be  described.  Mohr  recommends 
especially  the  use  of  two  titrated  solutions  of  chromate  of  potassium,  one  ten  times 
more  dilute  than  the  other  (p.  384). 

IRON,  CHXiORIDES  OP,  Iron  forms  with  chlorine  two  compounds,  analogous 
to  the  bromides. 

Ferrous  Chloride,  FeCl2,  is  obtained  in  the  anhydrous  state: — 1.  By  passing 
chlorine  or  hydrochloric  acid  gas  over  iron  filings  or  turnings  heated  to  redness  in  a 
gun-barrel  connected  with  a  receiver  into  which  the  product  may  sublime.— 2.  By 
heating  iron-filings  with  sal-ammoniac,  ferrous  chloride  then  remaining  behind. — 
3.  By  boiling  down  a  solution  of  iron  in  hydrochloric  acid  out  of  contact  with  the  air, 
and  heating  the  residue  till  the  water  is  expelled. 

Ferrous  chloride  crystallises  in  white  or  yellowish-white  shining  scales,  which, 
according  to  Senarmont,  are  six-sided,  and  optically  uniaxial ;  it  has  a  specific  gravity 
of  2'528,  melts  at  a  red  heat,  and  sublimes  when  more  strongly  heated  in  a  close  vessel. 
Heated  in  an  atmosphere  of  hydrogen,  it  is  reduced,  yielding  hydrochloric  acid  and 
pure  iron  crystallised  in  tubes.  Heated  in  dry  air  or  oxygen  gas,  it  is  resolved  into 
ferric  oxide  and  chloride,  the  latter  volatilising : 

3FeCl2  +  O3  =  Fe203  +  2FeCl». 

In  contact  with  aqueous  vapour  at  a  red  heat,  it  gives  off  hydrogen  and  hydrochloric 
acid,  and  is  converted  into  ferroso-ferric  oxide : 

3FeCl2  +  4H20  =  JVO4  +  6HC1  +  H2. 
It  absorbs  ammonia-gas  at  ordinary  temperatures,  swelling  up  and  crumbling  to  a 
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whito  powder,  which,  when  exposed  to  the  air,  quickly  takes  up  water  and  oxygen, 
and  is  converted  into  ferric  oxychloride  and  ferrico-ammonic  chloride.  Ferrous 
chloride,  heated  to  redness  in  dry  ammonia  gas,  is  converted  into  a  nitride  of  iron, 
Fe5N2,  containing  9'3  per  cent,  nitrogen  (Fremy,  Compt.  rend.  iii.  323).  When 
mixed  with  a  little  charcoal  powder,  it^is  reduced  by  zinc- vapour  at  a  red  heat,  yielding 
crystalline  metallic  iron,  sometimes  in  dendrites,  sometimes  in  tetrahedrons,  and  of 
specific  gravity  7'84.  (Ponmar&de,  Compt.  rend.  xxix.  520.) 

Ferrous  chloride  exposed  to  moist  air,  absorbs  water,  and  deliquesces.  It  dissolves 
easily  in  water  and  alcohol,  but  is  insoluble  in  ether.  It  dissolves  in  2  pts.  water  at 
81'7o°  (Abl,  Oesterreich.  Zeitschr.  f.  Pharm.  viii.  20) ;  in  1  pt.  of  strong  alcohol  at 
82-5°.  (Wenzel.) 

Hydratcd  Ferrous  chloride,  FeCl?.4lPO,  is  most  easily  obtained  by  dissolving  iron 
in  aqueous  hydrochloric  acid,  finally  heating  the  solution  with  excess  of  metal,  and 
filtering  it  at  the  boiling  heat  into  a  vessel  moistened  with  strong  hydrochloric  acid. 
The  bluish-green  liquid,  left  to  cool  in  well-closed  vessels,  deposits  the  hydrated 
chloride  in  crystals,  which  must  be  quickly  pressed  between  paper  and  dried  in  air  at 
about  30°.  The  bluish  crystals  are  monoclinic,  and  cleave  parallel  to  ooPoo  and  +  P. 
Specific  gravity,  1'937.  The  salt  may  be  obtained  as  a  crystalline  powder  by  concen- 
trating the  solution  in  a  flask  or  a  retort,  and  evaporating  the  concentrated  liquid  over 
the  water-bath  to  a  paste,  stirring  till  it  is  cold.  The  crystals  heated  in  a  close  vessel 
first  give  off  half  their  water,  and  the  remainder  at  a  higher  temperature;  when 
quickly  heated,  they  melt  in  their  water  of  crystallisation ;  they  effloresce  at  ordinary 
temperatures  when  kept  over  oil  of  vitriol.  They  dissolve  in  0-68  pts.  water,  easily  in 
alcohol  and,  according  to  most  authorities,  in  ether  ;  according  to  Jahn,  however,  they 
are  insoluble  in  ether.  The  solutions,  especially  the  alcoholic,  absorb  nitric  oxide  gas, 
and  assume  a  black-brown  colour.  The  aqueous  solution  yields  by  electrolysis,  iron  and 
hydrogen  at  the  negative,  chlorine  and  oxygen  at  the  positive  pole. 

Ferrous  chloride  forms  double  salts  with  the  chlorides  of  the  alkali-metals.  A 
mixture  of  the  concentrated  solutions  of  ferrous  chloride  and  chloride  of  potassium 
yields,  by  cooling  or  slow  evaporation,  the  salt,  K2Fe"Cl4.2H20  or  2KCl.FeCK2H-0,  in 
pale  blue-green  monoclinic  crystals.  A  similar  ammonium-salt  is  obtained  by  mixing 
the  corresponding  solutions,  or  by  boiling  iron  filings  with  sal-ammoniac,  hydrogen 
and  ammonia  being  then  set  free. 

Ferric  Chloride.  Trichloride  of  Iron,  Fe2Cl6,  also  called  Perchloride  of  Iron, 
Iron  sublimate. — This  compound  is  sometimes  found  in  the  craters  of  volcanos;  it 
may  be  obtained  artificially  by  the  following  processes: — 1.  A  piece  of  iron  wire 
or  a  watch-spring  introduced  red-hot,  or  with  a  piece  of  burning  tinder  at  tho 
end,  into  chlorine  gas,  burns  with  a  red  glow  and  forms  ferric  chloride,  which  then 
sublimes.  The  same  result  may  be  obtained  by  passing  chlorine  gas  over  gently 
heated  iron. — 2.  Ferrous  chloride  heated  in  chlorine  gas  is  converted  into  ferric 
chloride. — 3.  When  ferrous  chloride  is  heated  in  a  vessel  containing  air,  ferric  chloride 
sublimes,  and  ferric  oxide  remains  behind. — 4.  When  an  aqueous  solution  of  ferric 
chloride  is  evaporated,  the  dry  compound  remains  behind,  mixed  with  more  or  less  ferric 
oxychloride  ;  the  dry  residue,  gently  ignited  in  a  loosely  closed  flask,  yields  the  ferric 
chloride  sublimed  in  laminae.— 5.  A  mixture  of  1  pt.  calcined  ferrous  sulphate,  and 
1  pt.  chloride  of  calcium,  is  ignited  in  a  flask  till  the  ferric  chloride  sublimes.  (Baur, 
Repert.  Pharm.  xxv.  432.) 

Ferric  chloride  forms  iron -black,  iridescent  plates,  having  a  metallic  lustre,  and 
volatilising  and  subliming  somewhat  above  100°.  When  heated  in  contact  with  oxygen 
gas,  it  yields  ferric  oxide  and  chlorine  ;  heated  with  aqueous  vapour,  it  forms  ferric 
oxide  and  hydrochloric  acid  gas.  With  sulphuric  acid  and  with  sulphur,  it  behaves 
like  ferrous  chloride.  (A.  Vogel.) 

Hydratcd  Ferric  chloride.— Feme  chloride  dissolves  in  water^with  considerable 
evolution  of  heat,  and  likewise  deliquesces  in  the  air.  The  liquid  formed  by  deli- 
quescence is  called  Oleum  Martis.  The  same  solution  may  be  obtained  by  the 
following  methods :— 1.  By  dissolving  ferric  oxide  or  its  hydrate  in  boiling  hydrochloric 
acid.— 2.  By  dissolving  iron  to  saturation  in  a  definite  quantity  of  hydrochloric  acid; 
filtering  the  solution,  and  mixing  it  with  half  as  much  hydrochloric  acid  as  it  already 
contains ;  then  heating  the  liquid  to  ebullition  in  a  capacious  vessel,  and  adding  nitric 
acid  in  small  portions,  till  the  dark-brown  colour  first  produced  by  the  absorption  of 
nitrous  gas  has  given  place  to  a  yellowish -brown,  and  the  further  addition  of  nitric 
ncid  produces  no  evohition  of  nitrous  gas.  The  mixture  is  very  apt  to  froth  over, 
-  especially  towards  the  end  of  the  operation,  when  all  the  nitric  oxide  which  has  been 
absorbed  has  been  evolved.  Tho  same  result  may  also  be  obtained  by  dissolving  iron  in 
nitromuriatic  acid ;  but  it  is  not  easy  to  hit  the  right  proportion  of  the  acids.— 3.  By 
passing  washed  chlorine  gas  through  aqueous  hydrochloric  acid  saturated  with  iron, 
as  long  as  the  gas  is  absorbed.  The  dark  brown  liquid,  which  has  a  rough  taste  and 
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colours  the  skin  yellow,  yields,  on  evaporating  and  cooling,  crystals  containing  two,  or 
perhaps  three  different  proportions  of  water. 

o.  Dodeca-hydratcd,  Fe2Cl6.12lFO  (with  40  per  cent,  water). — Ferric  chloride  deli- 
quesces rapidly  in  the  air,  then  crystallises  in  the  form  of  this  hydrate,  and  afterwards 
deliquesces  much  less  quickly  (Kinast,  Kastn.  Arch.  xx.  281).  The  same  hydrate 
likewise  separates  slowly  from  an  aqueous  solution  of  the  chloride  not  too  much  con- 
centrated— fine  radii  stretching  out  in  all  directions  from  particular  points,  and  forming 
pale  orange-yellow,  opaque,  hemispheric  nodules,  into  which  the  whole  liquid  is 
ultimately  converted.  If  the  evaporation  has  been  carried  too  far,  the  syrup  will  not 
crystallise  unless  it  be  exposed  for  some  time  to  the  damp  air  of  a  cellar,  from  which 
it  can  absorb  water.  (Mohr.  Ann.  Ch.  Pharm.  xxix.  173.) 

)8.  A  penta-hydrate,  Fe2Cl6.5H20  (with  217  per  cent,  water)  is  obtained  by  evaporat- 
ing the  liquid  to  a  syrup,  mixing  it  with  a  small  quantity  of  strong  hydrochloric  acid 
to  re-dissolve  the  precipitated  ferric  oxychloride,  and  leaving  it  to  itself  in  the  cold 
(Stein,  Kepert.  Pharm.  xiii.  264). — 2.  By  fusing  the  crystals  o,  evaporating  till  the 
liquid  becomes  perfectly  solid  on  cooling,  replacing  the  lost  hydrochloric  acid,  and 
leaving  the  solution  to  cool  (Fritzsche). — 3.  The  crystals  a,  placed  beside  oil  of 
vitriol,  under  a  receiver  containing  air,  soon  deliquesce  and  form  a  thick  liquid,  in 
which  large  crystals  then  form,  till  the  whole  is  converted  into  a  mass  of  crystals 
(Fritzsche,  J.  pr.  Chem.  xviii.  479).  The  5-hydrate  forms  flat  roseate  or  deep 
reddish-yellow  crystals,  which  fuse  readily,  and  solidify  again  at  42° ;  they  absorb 
water  from  the  air  very  rapidly,  and  with  evolution  of  heat  (Fritzsche).  When  the 
crystals  o  and  |8  are  shaken  together,  a  slight  fall  of  temperature  takes  place,  and  a 
liquid  is  obtained — the  same  as  that  produced  by  imperfect  evaporation  of  the  crystals 
o — which  produces  great  heat  when  mixed  with  water  (Fritzsche).  1  at.  ferric 
chloride  dissolved  in  9  at.  water  yields  a  liquid,  which  is  identical  with  the  Oleum 
Martis  of  the  older  chemists  (as  obtained  by  deliquescence  of  the  solid  chloride  in  the 
air),  has  a  density  of  1-545,  and  refuses  to  crystallise.  Hence  there  are  two  solutions 
of  ferric  chloride  in  water  to  be  distinguished ;  one  containing  more  than  5  and  less  than 
12  at.,  the  other  containing  more  than  12  at.  water. 

Hex-hydrate,  Fe2Cl6.6HaO  (with  25  per  cent,  water)?— The  hydrate  is  obtained, 
according  to  Wittstein,  by  leaving  a  solution  of  ferric  chloride  concentrated  to  a  density 
of  1'50  in  a  covered  plate,  standing  in  a  cool  place,  till  it  solidifies  to  a  mass  of 
rhombic  plates  ;  also  by  evaporating  to  a  syrup  and  leaving  it  in  a  covered  vessel  in  a 
warm  place.  According  to  Gobley,  Mohr,  and  Fritzsche,  however,  highly  concentrated 
solutions  of  ferric  chloride  always  yield  the  |-hydrate. 

Hydrated  ferric  chloride  dissolves  easily  in  alcohol  and  ether,  forming  yellow  solu- 
tions, in  which,  however,  if  exposed  to  light  or  heat,  especially  in  the  ethereal  solution, 
it  is  easily  reduced  to  ferrous  chloride.  Ether  abstracts  it  from  the  aqueous 
solution. 

Ferric  chloride  is  also  easily  reduced  to  ferrous  chloride  by  zinc,  stannous  chloride, 
sulphurous  acid,  sulphydric  acid,  &c.  Hydriodic  acid  reduces  the  concentrated,  but 
not  very  dilute  solutions  of  ferric  chloride.  Silver  and  platinum,  immersed  in  the  solu- 
tion, are  converted  into  chlorides,  reducing  the  ferric  to  ferrous  chloride.  The  reduction 
is  likewise  effected  by  many  organic  bodies.  The  reducing  action  of  tartaric  acid  on 
ferric  chloride  has  been  applied  to  photographic  purposes  by  Poi  te  vin.  (Compt.  rend, 
lii.  94.) 

A  concentrated  acid  solution  of  ferric  chloride  yields  by  electrolysis,  ferrous  chloride 
at  the  negative  pole,  while  chlorine,  and  a  small  quantity  of  oxygen  are  evolved  at  the 
positive  pole.  Lie  big  has  suggested  the  use  of  this  solution,  instead  of  nitric  acid, 
in  the  zinc-carbon  battery;  the  zinc,  according  to  Buff,  should  then  be  immersed  in 
solution  of  common  salt.  Such  a  circuit  is,  however,  less  powerful  than  that  of 
Bunsen. 

Ferric  chloride  is  much  used  in  medicine ;  it  is  a  powerful  styptic,  and  is  employed 
in  the  treatment  of  aneurisms  and  varicose  veins.  A  few  drops  of  the  aqueous  solution 
quickly  coagulate  albumin.  (Handw.  d.  Chem.  ii.  [3]  607.) 

Basic  Ferric  Chloride,  or  Ferric  Oxychloride.—  When  a  solution  of  ferric  chloride  is 
evaporated,  hydrochloric  acid,  resulting  from  mutual  decomposition  of  the  ferric  chloride 
and  water,  is  always  given  off  at  a  certain  degree  of  concentration ;  at  the  same  time  a 
certain  quantity  of  undecomposed  ferric  chloride  volatilises,  and  a  basic  salt  is  left, 
consisting  of  ferric  chloride  with  more  or  less  ferric  hydrate.  The  stronger  the  con- 
centration, the  greater  is  the  quantity  of  basic  salt  in  the  residue.  The  evaporated 
mass  no  longer  dissolves  clearly  in  water,  unless  hydrochloric  acid  is  added  to  reconvert 
the  ferric  hydrate  into  chloride.  If  the  temperature  be  raised  very  high  during  the 
evaporation,  a  considerable  quantity  of  ferric  chloride  is  evolved,  and  a  highly  basic 
insoluble  salt  remains  behind.  A  solution  of  feme  chloride  heated  to  300°  in  a  sealed 
tube,  deposits  ferric  oxide.  (S  e  n  a  r  m  o  n  t.) 
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Insoluble  ferric  oxychlorides  of  variable  constitution  are  likewise  obtained  by  ex- 
posing a  solution  of  ferrous  chloride  to  the  air ;  by  precipitating  a  solution  of  ferric 
chloride  with  a  quantity  of  alkali  not  sufficient  to  take  up  the  whole  of  the  chlorine ; 
and  by  roasting  iron  in  contact  with  metallic  chlorides,  chloride  of  sodium  for  example, 
all  these  compounds  when  heated,  give  off  water,  and  afterwards  ferric  chloride,  leaving 
ferric  oxide. 

Soluble  ferric  oxychlorides,  or  basic  chlorides,  are  obtained  by  adding  recently  pre- 
cipitated ferric  hydrate  to  aqueous  ferric  chloride.  The  hydrate  dissolves  in  consider- 
able quantity,  and  a  deep  red  solution  is  formed,  containing  from  5  to  6  or  7  molecules 
of  ferric  oxide  to  1  molecule  of  the  chloride.  The  solutions  may  be  heated  or  diluted 
with  water  without  decomposing ;  those  which  contain  the  larger  quantities  of  oxide 
deposit  a  portion  of  it,  however,  on  the  addition  of  certain  salts,  and  when  evaporated, 
leave  residues  which  do  not  redissolvc  in  water.  Compounds  containing  not  more 
than  10  at.  Fe703  to  1  at.  Fe2Cl6  are,  on  the  contrary,  perfectly  soluble  in  water  after 
evaporation.  (Phillips,  Phil.  Mag.  [3]  viii.  406;  Ordway,  Sill.  Am.  J.  [2]  xxvi. 
197;  Bechamp,  Ann.  Ch.  Phys.  [3]  Ivi.  306;  Ivii.  296.) 

Ferric  chloride  forms  with  chloride  of  cyanogen,  the  compound  Fe2Cl6.2CyCl,  already 
described  (ii.  279).  It  unites  directly  with  pentachloride  of  phosphorus,  forming  the 
compound  Fe2Cl6.2PCP,  also  produced  by  the  action  of  pentachloride  of  phosphorus  or 
ferric  oxide.  It  is  a  brown  substance,  which  melts  easily,  but  is  difficult  to  volatilise. 
(Weber,  Pogg.  Ann.  cvii.  375.) 

Ferric  chloride  unites  with  the  chlorides  of  the  alkali-metals,  forming  double  chlorides : 
among  which  the  ammonium  salts  are  the  most  stable. 

Ferrico-ammonic  chloride,  4NH4Cl.Fe2Cl6.2H20. — A  solution  of  sal-ammoniac  in  a 
large  excess  of  ferric  chloride,  when  evaporated  over  oil  of  vitriol  within  a  receiver 
containing  air,  yields  garnet- coloured  monoclinic  crystals,  which  may  easily  be  mistaken 
for  regular  octahedrons ;  they  are  not  decomposed  by  water,  like  the  corresponding 
compound  of  chloride  of  potassium  (Fritzsche,  J.  pr.  Chem.  xviii.  484).  By  slowly 
evaporating  a  mixture  of  this  nature,  L.  Grmelin  obtained  very  deliquescent  rectan- 
gular octahedrons,  having  two  of  the  basal  edges  and  four  of  the  basal  summits 
truncated. 

A  solution  of  from  3  to  24  pts.  of  sal-ammoniac  and  1  pt.  of  ferric  chloride  in  water, 
yields,  on  evaporation,  roseate  transparent  crystals,  which,  according  to  G-eiger,  are 
acute  rhombohedrons  when  they  contain  a  medium  quantity  of  iron,  but  obtuse  when 
the  proportion  of  iron  is  either  very  small  or  very  large;  according  to  Marx  also 
(Schw.  J.  liv.  304)  they  appear  to  be  made  up  of  a  very  great  number  of  small  cubes 
not  quite  regularly  grouped  together,  whereby  the  cubical  shape  is  somewhat  altered. 
The  quantity  of  iron  is  small  and  variable.  If  24  pts.  of  sal-ammoniac  are  used  to  1 
pt.  of  the  ferric  chloride,  the  crystals  contain  0'85  per  cent,  of  ferric  chloride  ;  if  14  pts. 
of  sal-ammoniac  are  itsed,  they  contain  1'93;  and  with  3  sal-ammoniac,  they  contain 
5' 12  per  cent,  of  ferric  chloride.  The  mother-liquor  of  the  last-mentioned  crystals 
yields,  on  further  evaporation,  brown-red  crystalline  granules,  containing  575  per  cent, 
of  ferric  chloride  (G-eiger).  When  10  pts.  sal-ammoniac  have  been  used  with  1  pt. 
ferric  chloride,  the  crystals  contain  0'86  per  cent  of  the  latter  (Winckler,  Eepert. 
Pharm.  Ixvii.  155).  The  crystals,  when  heated,  become  yellow  and  opaque,  and  evolve, 
first  sal-ammoniac,  and  afterwards  ferric  chloride.  They  dissolve  in  3  pts.  of  cold 
water;  those  in  which  the  proportion  of  ferric  chloride  does  not  exceed  5-12  per  cent., 
become  moist  only  in  damp  air;  those  which  contain  575  per  cent.  Fe2CP,  become 
moist  even  in  dry  air  (Greiger,  Eepert.  xiii.  422).  When  their  aqueous  solution  is 
evoporated,  sal-ammoniac  crystallises  out,  nearly  pure  at  first,  but  afterwards  con- 
tinually richer  in  iron,  being  first  yellow  and  then  red,  and  there  remains  a  mother- 
liquid  richer  in  iron. 

To  these  mixtures  of  ferric  chloride  and  sal-ammoniac  belong  the  Fcrntffinoiis 
Flowers  of  Sal-ammoniac,  Florcs  Salis-ammoniaci  martiales.  These  are  obtained : — 
1.  By  subliming  16  pts.  sal-ammoniac  with  1  pt.  ferric  oxide,  whereupon  ammonia  is 
evolved :  or  with  1  pt.  iron  filings,  in  which  case  hydrogen  is  set  free  and  protochloride 
of  iron  and  ammonium  is  produced ;  the  latter,  however,  if  the  air  has  moderately 
free  access  to  it,  is  converted  into  ferrico-ammonic  chloride,  while  ferric  oxide  is  left 
behind. — 2.  By  subliming  a  mixture  (obtained  by  evaporation)  of  12  pts.  sal-ammoniac, 
and  ferric  chloride  prepared  from  1  pt.  of  iron  filings.— 3.  By  dissolving  16  pts.  sal- 
ammoniac  and  1  pt.  ferric  chloride  in  water,  and  evaporating  to  dryness.  Some  phar- 
macopoeias, however,  direct  the  preparation  of  the  crystals  above  described.  The 
product  is  a  yellow  saline  mass,  which  is  yellower  and  more  deliquescent  in  proportion 
as  it  is  richer  in  iron. 

Ammonia-trichloride  of  Iron,  2NH3.Fe2Cl8,  or  Chloride  of  Ferricum  and  Ferric- 
ammonium,  NH3feC1.2feCl. — Ferric  chloride  slowly  absorbs  ammonia  gas  at  common 
temperatures,  with  slight  evolution  of  heat,  but  without  alteration  of  external  appear- 
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ance.  Part  of  the  compound  volatilises  undecomposed  when  heated ;  the  rest  leaves 
ferrous  chloride.  It  deliquesces  in  the  air,  but  not  so  quickly  as  pure  ferric  chloride. 
When  thrown  into  water  in  considerable  quantities,  it  dissolves  with  a  hissing  noise, 
and  forms  a  dark  red  transparent  solution.  (H.  Roee,  Pogg.  -Ann.  xxiv.  302.) 

Ferrico-potassic  Chloride,  4KCl.Fe2Cls.2H20. — A  solution  of  chloride  of  potassium  in 
excess  of  ferric  hydrochlorate  evaporated  under  a  bell-jar  over  oil  of  vitriol,  yields  small 
yellowish-red  monoclinic  crystals.  A  small  quantity  of  water  extracts  chloride  of  iron 
from  them,  and  leaves  crystals  of  chloride  of  potassium  undissolved,  as  maybe  seen  by 
examination  with  the  microscope.  A  larger  quantity  of  water  dissolves  the  whole ; 
but,  on  evaporation,  colourless  crystals  of  chloride  of  potassium  separate  out  first,  and 
afterwards  coloured  crystals  of  the  ferrico-potassic  chloride;  and  at  this  degree  of 
concentration,  the  crystals  of  chloride  of  potassium  redissolvo  without  any  warming  or 
stirring,  and  are  reconverted  into  crystals  of  ferrico-potassic  chloride.  (Fritzsche, 
J.  pr.  Chem.  xviii.  483.) 

Ferrico-sodic  Chloride  melts  at  200°,  forming  a  very  mobile  liquid.  (Deville.) 
Ferrico-ammonio-potassio-sndic  Chloride — 4(NH4;  K;  Na)Cl.Fe-Cl6.2H20  (containing 
12-1  per  cent,  potassium  to  6'2  ammonium  and  0'16  sodium) — is  found,  together  with 
sublimed  ferric  chloride,  in  the  craters  of  volcanos,  and  remains,  after  the  removal  of 
the  ferric  chloride  by  deliquescence,  in  ruby-red  regular  octahedrons,  which  may  be 
dried  over  oil  of  vitriol.  It  is  very  deliquescent,  and  difficult  to  recrystallise  without 
decomposition.  (Kremers,  Pogg.  Ann.  Ixxxiv.  79.) 

IRON1,  CYANIDES  OP.     (See  CYANIDES,  ii.  221.) 

IROW,  DETECTION-  AWD  ESTIMATION  OF.— 1.  Slow-pipe  re- 
actions.— Iron-salts  fused  in  small  quantity,  with  borax  on  platinum  wire  in  the 
outer  flame,  colour  the  bead  yellow  while  hot,  the  colour  disappearing  on  cooling. 
With  a  larger  proportion  of  iron,  the  bead  is  red  while  hot,  and  yellow  after  cooling. 
In  the  inner  flame  a  bottle-green  glass  is  produced.  "With  phosphorus-salt,  when  a 
moderate  quantity  of  iron-salt  is  added,  the  bead  is  reddish-yellow  in  the  outer  flame 
•while  hot,  becoming  yellow  as  it  cools,  then  green,  and  finally  colourless.  With  a 
large  proportion  of  iron,  the  bead  is  deep  red  while  hot,  becoming  red-brown  and  dirty 
green  as  it  cools,  and  reddish-brown  when  quite  cold.  The  colours  change  by  cooling 
much  more  quickly  than  those  of  the  borax  bead.  These  reactions  are  common  to 
ferrous  and  ferric  compounds  (H.  Rose).  Ferrous  oxide  in  minerals  may  be  specially 
distinguished  by  heating  the  substance  for  a  very  short  time  in  the  inner  flame  with 
a  bead  of  borax  coloured  pale  blue  by  a  small  quantity  of  oxide  of  copper ;  the  ferrous 
oxide  then  reduces  the  cupric  oxide  to  cuprous  oxide  or  metallic  copper,  which  forms 
red  spots  on  the  bead.  The  heat  must  not  be  too  long  continued,  as  in  that  case 
ferric  oxide,  if  present,  would  be  reduced  to  ferrous  oxide,  which  would  then  produce  the 
reaction  just  mentioned.  To  check  this  result,  a  portion  of  the  substance  may  be  heated 
for  a  moment  in  the  oxidising  flame  with  a  new  borax  bead  containing  copper ;  the 
bead  will  then  assume  a  pale  green  colour  if  ferric  oxide  is  present,  whereas  ferrous 
oxide  would  produce  the  red  spots  in  this  case  also.  (Chapman.) 

2.  Reactions  in  Solution. 

Some  compounds  of  iron  are  soluble  in  water,  and  the  greater  number  are  soluble  in 
acids ;  many,  however,  especially  native  ferric  oxide,  and  the  artificially  prepared  oxide, 
after  strong  ignition,  require  prolonged  boiling  with  strong  hydrochloric  acid  to  dissolve 
them.  The  solution  of  many  iron  ores,  and  of  ferric  oxide  in  a  state  of  veiy  dense 
aggregation,  may  be  facilitated  by  addition  of  zinc  or  stannous  chloride,  which  reduces 
the  ferric  to  ferrous  oxide.  Many  iron  ores  can  be  rendered  soluble  only  by  fusing  them 
with  alkaline  carbonates ;  some  only  by  fusion  with  acid  sulphate  of  potassium  or  sodium. 

Iron  usually  exists  in  solution  as  a  ferric  or  ferrous  salt,  or  partly  in  one  state,  partly 
in  the  other ;  rarely  as  ferric  acid,  on  account  of  the  great  instability  of  the  salts  of 
that  acid. 

Ferric  salts  in  solution  are  mostly  yellow  or  reddish-yellow,  more  rarely  (as  in 
the  case  of  the  iron-alums)  colourless  or  pale  violet.  Sulphydric  acid  gas  passed  into 
the  neutral  or  acid  solution  of  a  ferric  salt  reduces  it  to  a  ferrous  salt,  with  precipitation 
of  sulphur,  thus : 

Fe'Cl6  +  H2S    =»    2HC1  +  2FeCl2  +  S. 

In  a  solution  of  neutral  or  basic  ferric  acetate,  however,  sulphydric  acid  forms  a  black 
precipitate  of  sulphide  of  iron ;  if,  on  the  other  hand,  the  liquid  contains  free  acetic 
acid,  nothing  but  a  milky  precipitate  of  sulphur  is  produced. 

Sulphydrate  of  ammonium  produces,  in  neutral  solutions  of  ferric  salts,  a  black 
precipitate  of  sulphide  of  iron  insoluble  in  excess  of  the  precipitant,  and  becoming 
red-brown  by  oxidation  in  contact  with  the  air.  If  the  quantity  of  iron  present  is  very 


IRON:  DETECTION.  381 

minute,  no  precipitate  is  formed  at  first,  but  the  liquid  acquires  a  green  colour,  and  if 
kept  for  some  time  in  a  closed  vessel,  deposits  sulphide  of  iron  in  black  flocks. 

Alkalis  and  alkaline  carbonates  produce  a  red-brown  precipitate  of  ferric  hydrate 
insoluble  in  excess  of  either  of  these  reagents. 

The  carbonates  of  barium,  strontium,  and  calcium,  shaken  up  with  a  ferric  solution, 
likewise  form  a  precipitate  of  ferric  hydrate. 

Phosphate  of  sodium  forms  a  white  precipitate  of  ferric  phosphate,  which  is  turned 
red-brown  by  alkalis,  dissolves  easily  in  nitric  or  hydrochloric  acid,  but  is  insoluble  in 
•acetic  acid. 

Ferrocyanide  of  potassium  forms  a  deep  blue  precipitate  of  Prussian  blue,  insoluble 
in  acids,  but  dissolving  in  alkalis,  with  separation  of  ferric  oxide.  If  the  quantity  of 
iron  present  is  very  small,  the  precipitate  appears  green,  or  the  liquid  merely  acquires 
a  green  colour,  and  deposits  blue  flocks  on  standing. 

Ferricyanidc  of  potassium  forms  no  precipitate,  but  changes  the  colour  of  the  liquid 
to  greenish-brown.  If  the  least  trace  of  a  ferrous  salt  is  present,  a  blue  precipitate  is 
produced. 

Sulphocyanate  of  potassium  changes  the  colour  of  ferric  salts  to  deep  blood-red,  the 
coloration  being  very  decided  even  in  extremely  dilute  solutions :  this  is,  in  fact,  the 
most  delicate  of  all  tests  for  the  presence  of  iron  in  the  ferric  state.  The  red  colour  is 
not  modified  by  addition  of  a  small  quantity  of  hydrochloric  acid ;  but  a  large  quantity 
nearly  destroys  it.  A  certain  quantity  of  nitric  acid  destroys  it  completely  after  a 
while,  and  it  is  not  restored  by  subsequent  addition  of  the  ferric  salt.  The  red  colour  is 
also  destroyed  by  oxalic,  iodic,  phosphoric,  and  arsenic  acids,  but  reappears  on  again 
adding  a  solution  of  a  ferric  salt.  Ammonia  instantly  decolorises  the  red  solution  and 
precipitates  ferric  hydrate.  Sulphide  of  ammonium  forms  a  black  precipitate  of  ferric 
sulphide. 

Infusion  of  galls  colours  ferric  solutions  deep  blue-black,  and  renders  them  turbid. 
The  precipitate  is  dissolved  and  the  colour  destroyed  by  free  acids. 

Ferric  salts  are  easily  reduced  to  ferrous  salts  by  various  de-oxidising  agents  ;  as  by 
sulphydric  acid,  as  already  mentioned;  by  sulphurous,  hyposulphurous,  and  phosphorous 
acids;  by  stannous  chloride;  by  metallic  iron,  and  even  by  silver  at  the  boiling 
heat. 

The  reactions 'with  sulphide  of  ammonium,  alkalis,  ferro-  or  ferri-cyanide  of  potas- 
sium, and  sulphocyanate  of  potassium,  serve  to  distinguish  ferric  salts  from  all  other 
metallic  salts. 

Solutions  of  ferrous  salts  have  a  bluish-green  or  bluish  colour,  and,  when 
exposed  to  the  air,  take  up  oxygen  and  are  converted  wholly  or  partially  into  ferric 
salts ;  and  unless  a  sufficient  excess  of  acid  is  present  to  form  a  neutral  ferric  salt  with 
the  quantity  of  iron  present,  part  of  the  iron  is  precipitated  in  the  form  of  a  yellow- 
brown  basic  salt.  They  are  likewise  converted  into  ferric  salts  by  aerated  water,  by 
hypochlorous  acid,  nitric  acid,  and  by  easily  reducible  metallic  oxides  and  salts,  such 
as  those  of  silver,  gold,  and  mercury.  When  nitric  acid  is  the  oxidising  agent,  the 
nitric  oxide  separated  from  it  does  not  escape  from  the  liquid  at  ordinary  temperatures, 
so  long  as  any  portion  of  ferrous  salt  remains  unoxidised,  but  remains  dissolved,  forming 
a  dark  greenish-brown  solution. 

A  concentrated  solution  of  ferrous  sulphate  or  chloride  placed  in  the  circuit  of  a 
powerful  voltaic  battery,  deposits  metallic  iron  in  small  granules  on  the  negative 
platinum  wire.  If  the  positive  wire  is  dipped  into  a  solution  of  common  salt  separated 
from  the  iron  solution  by  moist  clay,  the  iron  is  obtained  in  glittering  crystals  which 
exhibit  magn  etic  polarity  (Becquerel).  Zinc  immersed  in  a  perfectly  neutral  solution 
of  ferrous  sulphate  or  chloride  contained  in  a  stoppered  bottle,  throws  down  metallic 
iron  (together  with  oxide)  which  is  deposited  partly  on  the  zinc,  partly  on  the  con- 
tiguous side  of  the  glass.  (Fischer,  Pogg.  Ann.  ix.  266.) 

Sulphydric  acid  forms  no  precipitate  in  a  solution  of  ferrous  salt  containing  an  excess 
of  one  of  the  stronger  mineral  acids,  but  from  a  solution  containing  only  a  weaker  acid, 
such  as  carbonic,  oxalic,  tartaric,  or  acetic  acid,  it  precipitates  part  of  the  iron,  in  the 
form  of  a  black  hydrated  ferrous  sulphide,  the  precipitation  in  the  three  last-mentioned 
salts  going  on  only  till  a  moderate  portion  of  acid  is  set  free ;  the  same  reagent  pre- 
cipitates ferrous  benzoate,  and  even,  to  a  slight  extent,  the  sulphate  and  chloride,  if 
the  acids  are  completely  saturated  with  base.  From  the  sulphate  or  chloride  mixed 
with  acetate  of  potassium,  it  throws  down  a  considerable  portion  of  the  iron,  but  not 
the  whole,  even  when  the  acetate  is  in  excess.  The  black  precipitate  acquires  a  rusty 
brown  colour  by  exposure  to  the  air.  It  dissolves  readily  in  hydrochloric  or  sulphuric 
acid,  and  likewise  in  a  large  quantity  of  acetic  acid,  provided  it  does  not  contain  excess 
of  sulphur. — The  same  precipitate,  but  containing  the  whole  of  the  iron,  is  produced  in 
all  ferrous  salts,  on  the  addition  of  an  alkalino  sulphydrate,  and  it  is  not  soluble  in  an 
excess  of  the  reagent.  A  very  dilute  iron-solution  to  which  sulphydrato  of  ammonium 
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is  added,  assumes  a  green  colour,  from  the  presence  of  iron-sulphide  in  a  state  of 
suspension. 

Fixed  caustic  alkalis  completely  precipitate  the  iron  in  the  form  of  a  white  hydrate, 
which,  by  exposure  to  the  air,  acquires  a  dingy-green  and  afterwards  a  red-brown 
colour. — -Ammonia  throws  down  part  of  the  iron  in  the  form  of  hydrate,  the  rest 
remaining  dissolved  in  the  liquid,  which,  when  exposed  to  the  air,  becomes  covered, 
first  with  a  green  and  afterwards  with  a  brown  film.  If  the  ferrous  salt  is  previously 
mixed  with  sal-ammoniac,  ammonia  yields  no  precipitate,  but  forms  a  pale-green 
mixture  which  exhibits  similar  appearances  on  exposure  to  the  air. 

Monocarbonate  of  potassium  or  sodium,  and  sesquicarbonate  of  ammonium,  throw 
down  white  ferrous  carbonate,  which  soon  acquires  a  green  and  afterwards  a  brown 
colour  by  exposure  to  the  air,  and,  if  sal-ammoniac  be  added,  dissolves  in  the  liquid, 
which  then  exhibits  a  green,  and  subsequently  a  brown  turbidity  on  exposure  to  the 
air.  Acid  carbonate  of  potassium  or  sodium  forms  the  same  precipitate,  with  evolution 
of  carbonic  anhydride  ;  but,  if  the  solutions  are  dilute,  a  clear  mixture  is  formed,  which 
deposits  ferrous  carbonate  on  boiling,  and  on  exposure  to  the  air  yields  a  precipitate 
of  ferroso-ferric  hydrate. — The  carbonates  of  alkaline  earth-metals  do  not  precipitate 
ferrous  salts.  (Fuchs.) 

Phosphate  of  sodium  precipitates  white  ferrous  phosphate,  which  acquires  a  bluish- 
green  colour  by  exposure  to  the  air. — Arsenate  of  sodium  precipitates  white  ferrous 
arsenate,  which  becomes  dingy-green  on  exposure  to  the  air. 

Oxalic  acid  and  acid  oxalate  of  potassium  communicate  a  yellow  colour  to  ferrous 
salts,  and,  after  a  while,  throw  down  yellow  ferrous  oxalate,  the  precipitation  being 
immediate  when  an  alkaline  oxalate  is  used. 

Ferrocyanide  of  potassium  forms  a  precipitate  which  is  white,  if  the  solution  has 
been  perfectly  freed  from  air  by  boiling  and  the  iron-salt  is  absolutely  free  from  ferric 
oxide,  but  otherwise  bluish- white :  by  exposure  to  the  air,  this  precipitate  is  con- 
verted into  Prussian-blue.  Ferricyanide  of  potassium  gives  a  deep  blue  precipitate 
(ii.  244),  even  in  very  dilute  solutions. 

Sulphocyanate  of  potassium  neither  alters  the  colour  of  ferrous  solutions,  nor  forms 
any  precipitate  in  them. 

Tincture  of  galls  neither  colours  nor  precipitates  ferrous  salts  when  they  are  quite 
free  from  ferric  oxide ;  but  the  mixture  acquires  a  violet-black  colour  on  exposure  to 
the  air. 

The  preceding  reactions,  especially  those  with  the  alkalis,  and  with  ferrocyanide, 
ferricyanide,  and  sulphocyanate  of  potassium,  afford  marked  distinctions  between 
ferrous  and  ferric  salts ;  it  is  but  rarely,  however,  that  ferrous  solutions  can  be  obtained 
so  pure  as  to  give  the  reactions  exactly  as  they  are  above  described,  exposure  to  the 
air  for  a  very  short  time  being  sufficient  to  convert  a  portion  of  the  ferrous  into  ferric 
salt :  hence  the  precipitate  formed  by  ferrocyanide  of  potassium  is  generally  somewhat 
bluish,  and  those  formed  by  the  alkalis  have  more  or  less  of  a  dark-green  tinge. 
The  best  way  of  obtaining  a  solution  of  iron  quite  free  from  ferric  salt,  is  to  immerse 
a  few  pieces  of  bright  iron  wire  in  aqueous  sulphurous  acid :  a  mixture  of  ferrous 
sulphite  and  hyposulphite  is  then  formed,  which  gives  a  perfectly  white  precipitate 
with  ferrocyanide  of  potassium. 

Solutions  containing  both  ferrous  and  ferric  salts,  such  as  are  obtained  by  dissolving 
magnetic  oxide  of  iron  in  hydrochloric  acid,  of  course  give  reactions  intermediate 
between  those  of  pure  ferrous  and  pure  ferric  salts ;  in  particular,  they  give  blue  pre- 
cipitates both  with  ferrocyanide  and  with  ferricyanide  of  potassium ;  the  formation  of 
both  these  precipitates  in  a  solution  obtained  by  dissolving  a  mineral  in  hydrochloric 
or  sulphuric  acid,  without  the  addition  of  any  oxidising  agent,  such  as  nitric  acid, 
may  be  taken  as  an  indication  that  the  mineral  contains  a  mixture  or  compound  of 
ferrous  and  ferric  oxides.  From  such  mixed  solutions,  the  ferric  oxide  may  be  pre- 
cipitated by  means  of  carbonate  of  barium,  while  the  ferrous  oxide  will  remain  in 
solution. 

For  the  reactions  of  iron  in  the  state  of  ferric  acid,  see  ii.  637. 

3.  Quantitative  Estimation  of  Iron. 

Iron  is  always  estimated  by  weight  in  the  form  of  ferric  oxide.  If  the  solution  con- 
tains ferrous  oxide,  either  alone  or  mixed  with  ferric  oxide,  it  is  first  boiled  with  a 
sufficient  quantity  of  nitric  acid  to  convert  the  whole  of  the  ferrous  oxide  into  ferric 
oxide,  and  then  treated  with  ammonia  in  excess  to  precipitate  the  latter.  The  precipi- 
tate is  collected  on  a  filter,  washed,  dried,  and  ignited  at  a  moderate  red  heat ;  too 
high  a  temperature  expels  a  portion  of  the  oxygen.  Every  10  pts.  of  pure  ferric 
oxide  correspond  to  7  pts.  of  metallic  iron.  In  some  cases,  however,  it  is  necessary 
to  use  potash  as  the  precipitant.  In  that  case,  the  precipitated  ferric  oxide  is  very  apt 
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to  carry  down  with  it  a  portion  of  the  potash,  which  is  exceedingly  difficult  to  remove 
by  washing.  It  is  best  therefore,  after  having  washed  it  two  or  three  times  with  hot 
water,  to  redissolve  it  in  acid  and  precipitate  by  ammonia.  In  other  cases,  as  when  the 
solution  contains  organic  matter,  the  iron  must  bo  precipitated  by  sulphide  of  ammonium, 
because  such  substances  prevent  the  precipitation  of  the  oxide.  To  ensure  complete 
precipitation,  the  liquid,  after  being  mixed  with  excess  of  sulphide  of  ammonium,  should 
be  left  for  some  time  in  a  covered  vessel  standing  in  a  warm  place  till  it  becomes  quite 
colourless  or  yellow,  then  filtered  as  quickly  as  possible,  protecting  it  from  the  air,  and 
the  precipitate  washed  with  water  containing  sulphide  of  ammonium.  The  precipitated 
sulphide  is  then  dissolved  in  nitric  acid,  and  the  iron  precipitated  by  ammonia  as  before. 

If  the  iron  is  mixed  or  combined  merely  with  volatile  or  with  easily  combustible 
substances,  its  amount  may  be  determined  by  simple  ignition  in  contact  with  the  air ; 
all  the  volatile  and  combustible  matters  will  then  be  driven  off  or  burnt  away,  and  the 
iron  will  be  left  in  the  form  of  ferric  oxide :  to  ensure  its  complete  conversion  into 
this  oxide,  however,  the  residue  should  be  moistened  with  nitric  acid,  and  heated 
again. 

An  indirect  method  of  estimating  iron,  given  by  Fuchs  (J.  pr.  Chem.  xvii.  160), 
depends  upon  the  fact  that  metallic  copper  does  not  dissolve  (or  dissolves  but  very 
slowly,  and  only  when  finely  divided,  ii.  40)  in  hydrochloric  acid,  if  kept  from  contact 
with  the  air,  but  when  boiled  with  ferric  chloride,  it  dissolves,  with  formation  of 
ferrous  and  cuprous  chlorides : 

Fe2Cl6    +    Cu2    =    2FeCl2    +    Cu2Cl2. 

The  solution  of  ferric  chloride  mixed  with  excess  of  dilute  hydrochloric  acid  and 
diluted  with  water,  is  boiled  in  a  flask,  and  clean  copper-foil,  not  too  thin  (from  15  to 
20  pts.  copper  to  2  or  3  pts.  ferric  oxide),  is  completely  immersed  in  the  liquid;  the 
flask  is  closed  with  a  perforated  cork,  having  a  narrow  glass  tube  passing  through  it, 
and  the  liquid  is  boiled  till  it  becomes  permanently  bluish-green  or  colourless.  It  is 
then  left  to  cool  with  the  flask  closed ;  decanted  from  the  undissolved  copper ;  this 
copper  washed  by  repeated  affusion  with  hot  water,  and  decantation,  then  dried  between 
bibulous  paper,  and  finally  by  heat,  taking  care  not  to  rub  it,  and  weighed.  The  loss 
of  weight  multiplied  by  0-883  gives  the  quantity  of  iron  in  the  solution :  for  each  atom 

of  copper  (  =  63-4)  represents  1  at.  iron  (=  56)  in  the  solution,  and  — —  =  0'884.   Or 

80 

the  loss  of  weight  multiplied  by =  1-261  will  give  the  quantity  of  ferric  oxide 

63-4 

in  the  solution.  To  ensure  the  complete  reduction  of  the  ferric  to  ferrous  chloride, 
it  is  essential  that  the  air  be  entirely  excluded  from  the  vessel,  and  therefore  that  the 
boiling  be  kept  up  uninterruptedly  till  the  liquid  has  become  colourless. 

Silver  in  the  spongy  state  may  also  be  used  to  reduce  the  ferric  chloride.  The 
products  of  the  reaction  are  ferrous  chloride,  which  remains  in  solution,  and  chloride 
of  silver,  which  mixes  with  the  metallic  silver,  and  increases  its  weight.  As  in  this 
reaction,  each  atom  of  chlorine  that  enters  into  combination  with  the  silver  corresponds 
to  1  at.  iron  (Fe2ClG  +  Ag2  =  2FeCl2  +  2AgCl),  the  increase  of  weight  multiplied  by 

* — -=  1-5774  gives  the  quantity  of  iron  in  the  solution;  or——  =    2-2535  gives 
35*5  85"0 

the  quantity  of  ferric  oxide. 

The  method  of  reduction  by  copper  or  silver  may  be  applied  to  determine  the  quan- 
tities of  ferrous  and  ferric  oxides,  when  they  exist  together  in  solution.  The  quantity 
of  ferric  oxide,  or  of  iron  existing  as  ferric  salt,  is  first  determined  as  above,  the 
ferrous  salt  present  not  interfering  with  the  reaction.  It  is  necessary,  however,  to 
guard  against  the  conversion  of  the  ferrous  into  ferric  salt  by  atmospheric  oxidation  : 
for  which  purpose  it  is  best  to  perform  the  determination  in  an  atmosphere  of  nitrogen 
or  carbonic  anhydride.  Another  portion  of  the  solution  is  then  treated  with  chlorine 
to  convert  the  ferrous  salt  contained  in  it  into  ferric  salt,  and  in  this  solution  the  total 
quantity  of  iron  is  determined  by  the  same  method.  The  difference  of  the  two  deter- 
minations gives  the  quantity  of  iron  existing  as  ferrous  salt. 

Ferrous  and  ferric  oxides  may  likewise  be  separated  by  means  of  carbonate  of  barium 
or  carbonate  of  calcium,  which  precipitates  ferric  oxide  from  slightly  acid  solutions, 
but  not  ferrous  oxide.  It  is  necessary  to  have  the  solution  slightly  acid,  since  if  it  is 
perfectly  neutral,  a  small  quantity  of  ferrous  oxide  may  likewise  be  precipitated.  The 
solution,  which  should  be  slightly  warmed,  is  shaken  up  with  recently  precipitated 
carbonate  of  barium  (which  acts  more  quickly  than  carbonate  of  calcium),  in  a  corked 
flask  filled  with  carbonic  anhydride;  then  left  to  stand,  and  shaken  up  again  from 
time  to  time,  till  it  has  become  quite  colourless,  afterwards  filtered,  and  the  precipitate 
washed,  always  in  an  atmosphere  of  carbonic  anhydride.  The  precipitate,  consisting 
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of  carbonate  of  barium  mixed  with  ferric  hydrate,  is  dissolved  in  dilute  hydrochloric 
acid,  the  baryta  precipitated  by  sulphuric  acid,  and  the  ferric  oxide  from  the  filtrate 
by  ammonia.  This  determines  the  quantity  of  iron  existing  in  the  solution  as  ferri- 
cum.  To  find  the  quantity  existing  as  ferrosum,  the  liquid  filtered  from  the  precipi- 
tate of  carbonate  of  barium  and  ferric  oxide  is  boiled  with  nitric  acid,  to  convert  the 
ferrous  into  ferric  salts,  then  freed  from  baryta  by  sulphuric  acid,  and  the  iron  is  pre- 
cipitated as  ferric  oxide  by  treating  the  filtrate  with  ammonia.  Or  another  portion 
of  the  original  solution  may  be  treated  with  nitric  acid,  to  bring  all  the  iron  into  the 
ferric  state,  and  the  total  quantity  of  iron  determined  by  precipitation  with  ammonia. 
The  difference  of  the  two  determinations  will  then  give  the  quantity  of  iron  existing 
as  ferrosum. 

Anhydrous  ferroso-ferric  oxides  may  be  analysed  by  dissolving  them  in  nitric  or 
nitromuriatic  acid,  and  precipitating,  the  iron  as  ferric  oxide  by  ammonia.  The 
proportions  of  iron  and  oxygen  are  thus  determined,  whence  the  formula  may  be 
calculated. 

!      Volumetric  estimation  of  iron.  —  When  iron  is  contained  in  a  solution  asferrous 

,  oxide  or  ferrous  salt,  it  may  be  estimated  by  determining  the  quantity  of  an  oxidising 

agent  required  to  convert  it  into  ferric  oxide  ;  if,  on  the  other  hand,  it  is  present  as 

ferric  oxide,  the  estimation  may  be  made  by  measuring  the  quantity  of  a  reducing 

agent  required  to  bring  it  to  the  state  of  ferrous  oxide. 

;  1.  Methods  depending  on  oxidation.—  The  reagent  most  generally  employed  for 
converting  ferrous  into  ferric  oxide  in  volumetric  analysis  is  permanganate  of  potassium. 
The  method  of  applying  it  is  fully  described  in  the  article  ANALYSIS,  VOLUMETKIC 
(i.  263).  —  If  the  iron  in  the  solution  under  examination  is  present  wholly  as  ferrosum, 
the  method  is  directly  applicable  ;  if,  on  the  contrary,  the  iron  is  present  wholly  or 
partly  as  ferricum.  it  must  first  be  brought  to  the  ferrous  state  by  heating  it  with 
sulphurous  acid  or  sulphite  of  sodium,  or  better  with  a  few  grains  of  xpure  zinc.  In  a 
mixture  of  ferrous  and  ferric  salts,  the  ferrosum  may  be  determined  by  treating  one 
portion  with  the  permanganate  directly,  and  another  after  reduction  of  the  ferric  salt 
in  the  manner  just  described. 

Acid  chromate  of  potassium  may  also  be  used  for  the  volumetric  estimation  of  iron, 
and  has  the  advantage  of  not  varying  in  strength  when  its  solution  is  kept  in  well 
closed  vessels.  The  reaction  between  ferrous  oxide  and  chromic  acid  may  be  repre- 
sented by  the  equation  : 

2Cr03    +     6FeO    =    3Fe2Os    +    Cr'O3 
Chromic  Chromic 

anhydride.  oxide. 

whence  we  find  that  1  grm.  of  iron  requires  0'8849  grms.  of  acid  chromate  of  potassium, 
K20.2CrOs,  to  convert  it  from  ferrous  into  ferric  oxide.  If,  then,  8*849  grms.  of 
the  pure  acid  chromate  are  made  into  a  litre  (1000  cub.  cent.)  of  solution,  100  cub. 
cent,  of  this  solution  will  correspond  to  exactly  1  grin,  of  iron.  The  solution  of  the 
acid  chromate  is  slowly  added  to  the  acid  ferrous  solution  till  a  drop  of  the  liquid  no 
longer  forms  a  blue  precipitate  with  red  prussiate.  (Penny,  Chem.  Gaz.  1850, 
p.  599.) 

Bun  sen  (Ann.  Ch.  Pharm.  Ixxxvi.  288)  adds  to  the  ferrous  solution  mixed  with 
hydrochloric  acid,  a  weighed  quantity  of  acid  chromate,  more  than  sufficient  for  the 
complete  oxidation  of  the  ferrous  salt,  passes  the  chlorine  evolved  on  heating,  into  a 
solution  of  iodide  of  potassium,  and  estimates  the  quantity  of  iodine  thus  liberated  by 
the  method  described  under  ANALYSIS,  VOLUMETRIC  (i.  265).  If  no  ferrous  oxide 
were  present,  1  at.  K20.2CrOs  would  give  3  at.  chlorine,  and  therefore  3  at.  iodine  ; 
but  as  a  portion  of  the  chlorine  is  used  up  in  converting  the  ferrous  into  a  ferric  salt, 
there  will  be  1  at.  less  of  iodine  set  free  for  every  1  at.  iron  present  as  ferrous  salt, 
The  quantity  of  iron  x  will  therefore  be  given  by  the  formula  : 


where  p  denotes  the  weight  of  acid  chromate  used,  and  a,  n,  t,  t'  have  the  same  signifi- 
cations as  in  the  article  just  cited. 

For  the  exact  estimation  of  iron  in  cast  iron^  iron  ores,  &c.,  Mohr  uses  two  titrated 
solutions,  one  containing  8'785  grms.  of  the  acid  chromate  in  a  litre,  therefore  1  cub. 
cent.  =  0*01  grm.  iron  ;  the  second  diluted  ten  times  as  much,  therefore  1  cub.  cent. 
=  0*001  grm.  iron.  A  quantity  of  the  substance,  containing  about  1  grm.  of  pure  iron 
(that  is  to  say  1'05  grm.  pig  iron,  or  2'00  grms.  iron  ore,  supposing  the  latter  to  con- 
tain about  50  per  cent,  iron)  is  then  weighed  out,  and  dissolved  in  hydrochloric  acid  ; 
the  whole  of  the  iron  in  solution  is  brought  to  the  ferrous  state  by  reduction  with  zinc, 
&c.  ;  the  solution  is  then  mixed  with  100  cub.  cent,  of  the  stronger  solution  of  chromate 
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and  the  more  dilute  solution  is  afterwards  added  from  a  burette,  till  the  liquid  no 
longer  gives  a  blue  colour  with  ferricyanide  of  potassium. 

Or  1  grm.  of  the  carburetted  iron  is  dissolved  in  acid,  &c. ;  the  solution  is  mixed 
with  100  cub.  cent,  of  the  stronger  chromate-solution ;  and  as  an  excess  of  the  latter  is 
then  present,  it  is  titrated  backwards  with  a  graduated  acid  solution  of  ferroso-ammonic 
sulphate  (1  litre  of  this  solution  containing  7000  grms.  of  the  crystallised  salt 
(NH4)2Fe"(S04)2.6H20,  together  with  a  small  quantity  of  free  sulphuric  acid,  so>  that 
1  cub.  cent.  =  O'OOl  grm.  iron),  till  a  blue  colour  is  produced  on  addition  of  ferricyanide 
of  potassium.  The  number  of  cubic  centimetres  of  this  iron-solution  used  must  of  course 
be  deducted,  as  so  many  milligrammes  of  iron.  (Mohr,  Dingl.  pol.  J.  clix.  124.) 

2.  Methods  depending  on  Seduction. — Streng  (Pogg.  Ann.  xciv.  493)  dissolves  the 
metal  or  ore  to  be  valued  in  boiling  hydrochloric  acid ;  oxidises,  if  necessary,  with 
chlorate  of  potassium ;  dilutes  with  cold  water,  after  expelling  the  free  chlorine,  and 
mixes  the  solution  with  excess  of  iodide  of  potassium,  whereby  iodine  is  set  free : 

Fe2Cl6  +  6KI     =     2FeI2  +  6KC1  +  I2, 

A  dilute  titrated  solution  of  stannous  chloride  is  then  added — whereby  the  brown  colour 
of  the  solution  is  rendered  lighter — and  when  only  a  small  quantity  of  iodine  remains 
in  the  free  state,  some  clear  starch-solution  ;  then  more  stannous  chloride,  by  drops, 
till  the  blue  colour  disappears.  If  the  tin-solution  has  been  titrated  with  aqid  chro- 
mate  of  potassium,  the  percentage  of  metallic  iron  is  given  by  the  formula : 

100  .  6Fe  .  G       CG- 
Z(K20.2Cr03)  "  ~g~' 

•where  c  denotes  the  quantity  of  acid  chromate  in  1  c.  c.  of  the  standard  solution  of  that 
salt,  6r  the  number  of  cubic  centimetres  of  tin-solution  added  to  produce  decoloration, 
g  the  number  of  cubic  centimetres  of  the  same  tin-solution  used  in  determining  its 
strength,  G  the  number  of  cubic  centimetres  of  the  chrome-solution  used  to  oxidise  the 
g  cub.  cent,  of  tin-solution,  and  A  the  quantity  of  iron  or  ore  dissolved. 

Mohr  (Ann.  Ch.  Pharm.  cxiii.  257)  after  bringing  the  whole  of  the  iron  to  the  state 
of  ferric  chloride  (by  treating  the  solution  of  ferrous  chloride  with  artificially  prepared 
peroxide  of  manganese,  and  boiling  to  expel  free  chlorine),  adds  a  small  quantity  of 
sulphocyanate  of  potassium,  and  then  a  standard  solution  of  stannous  chloride,  till  the 
red  colour  disappears,  the  tin-solution  having  been  previously  titrated  with  a  solution 
of  pure;  fc^lc  chloride.  Or  the  solution  of  ferric  chloride  under  examination  is  mixed 
with  starch  and  iodide  of  potassium  heated  to  50°  or  60°,  and  the  standard  tin-solution 
added  till  the  colour  disappears.  Fresenius  uses  a  solution  of  stannous  chloride  of 
such  a  strength,  that  from  50  to  100  c.c.  are  required  to  reduce  1  grm.  of  pure  iron 
(T003  grm.  harpsichord- wire)  from  ferric  to  ferrous  chloride.  He  dissolves  the  iron  or 
iron-compound  in  hydrochloric  acid,  oxidises  with  chlorate  of  potassium,  and  adds  to  the 
slowly  but  continuously  boiling  liquid,  after  all  the  free  chlorine  has  been  expelled,  a 
quantity  of  standard  tin-solution  rather  more  than  sufficient  to  decolorise  it.  The 
cooled  liquid  is  then  mixed  with  starch-solution  ;  and  a  solution  of  iodine  and  iodide 
of  potassium  (containing  about  0'005  grm.  iodine  in  a  litre),  previously  titrated 
against  the  tin-solution,  is  added  till  a  permanent  blue  colour  is  produced.  The  quantity 
of  this  iodine-solution  required  for  the  purpose  gives  the  excess  of  tin-solution  pre- 
viously added. 

In  using  a  solution  of  stannous  chloride  for  the  estimation  of  iron,  it  is  essential 
that  the  water  with  which  the  iron-solution  is  diluted  be  free  from  air ;  otherwise  a 
portion  of  the  stannous  salt  will  be  oxidised  thereby. 

When  ferric  chloride  is  brought  in  contact  with  hyposulphite  of  sodium,  tetrathionate 
of  sodium  is  formed,  together  with  chloride  of  sodium  and  ferrous  chloride,  but  no 
sulphuric  acid : 

Fe2Cl6    +     2Na2S203    =    2FeCl*    +     2NaCl    +     Na2S408. 

Hyposulphite  Tetrathionate 

of  sodium.  of  sodium. 

According  to  this  equation,  248  parts  crystallised  hyposulphite  of  sodium 
(Na2S'-03.5H20)  correspond  with  162'5  pts.  ferric  chloride;  or  100  pts.  iron,  present  as 
ferricum,  require  for  reduction  to  ferrosum,  442'9  pts.  of  the  crystallised  hyposulphite. 

Mohr  (loc.  cit.)  uses  hyposulphite  of  sodium  in  the  same  way  as  stannous  chloride, 
mixing  the  solution  of  ferric  chloride  with  iodide  of  potassium,  a  little  hydrochloric 
acid  and  starch-paste,  heating  it  to  50°-60°,  and  adding  the  standard  solution  of 
hyposulphite  till  the  blue  colour  disappears. 

These  reduction-processes  may  also  be  used  for  determining  the  proportions  of  ferric 
and  ferrous  salt  existing  in  the  same  solution,  one  portion  of  the  solution  being  titrated 
in  its  original  state,  another  after  all  the  iron  has  been  converted  into  ferric  salt ;  the 
difference  gives  the  amount  of  iron  existing  as  ferrous  salt, 
VOL.  III.  C  C 
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4.  Separation  of  iron  from  other  elements. 

From  all  metals  of  the  first  group  (i.  217),  iron  is  easily  separated  by  sulphydrio 
acid,  which  throws  downfall  those  metals,  leaving  the  iron  in  solution.  The  filtrate, 
which  contains  the  iron  in  the  form  of  ferrous  salt,  must  then  be  heated  with  nitric 
acid  to  oxidise  the  iron,  which  may  afterwards  be  precipitated  by  ammonia. 

The  separation  of  iron  from  the  metals  of  the  second  group,  which  are  not  precipitated 
by  sulphydric  acid  from  acid  solutions,  but  are  precipitated,  together  with  iron,  by 
sulphide  of  ammonium  from  neutral  or  alkaline  solutions,  is  more  difficult. 

From  manganese  (present  as  manganous  salt)  and  from  zinc,  iron  is  most 
effectually  separated  by  succinate  or  benzoate  of  ammonium.  The  solution,  after  all 
the  iron  has  been  brought  to  the  state  of  ferric  salt,  is  mixed  with  a  sufficient  quantity 
of  sal-ammoniac  to  hold  the  manganese  or  zinc  in  solution,  and  very  carefully  neutralised 
with  ammonia;  it  is  then  treated  with  benzoate  or  succinate  of  ammonium,  which  throws 
down  the  iron  as  ferric  benzoate  or  succinate,  leaving  the  manganese  or  zinc  in  solu- 
tion. The  precipitate  is  washed,  dried,  and  ignited  in  an  open  platinum  crucible,  so 
that  the  air  may  have  sufficient  access  to  it,  to  prevent  any  reduction  of  the  iron  by 
the  carbon  of  the  organic  acid.  Should  such  reduction  take  place,  the  iron  must  be 
reoxidised  by  nitric  acid.  The  success  of  this  mode  of  separation  depends  entirely  on 
the  care  with  which  the  acid  in  the  solution  is  neutralised  with  ammonia  before  adding 
the  benzoate  or  succinate.  If  too  much  ammonia  has  been  added,  manganese  or  zinc 
goes  down  with  the  iron ;  if  too  little,  a  portion  of  iron  remains  in  solution.  The 
addition  of  ammonia  should  be  continued  till  a  small  quantity  of  ferric  oxide  is  pre- 
cipitated, and  does  not  redissolve  on  agitation.  The  supernatant  liquid  has  then  a 
deep  brown  colour,  the  greater  part  of  the  iron  being  still  in  the  solution. 

The  separation  of  iron  (as  ferricum)  from  manganese  and  zinc  may  also  be  effected 
by  agitating  the  solution  with  carbonate  of  barium  (as  in  the  separation  of  ferric  from 
ferrous  oxide,  p.  383),  which  precipitates  the  iron  as  ferric  oxide,  leaving  the  other 
metals  in  solution. 

According  to  J.  Schiel  (Sill.  Am.  J.  [2]  xv.  275)  manganese  may  be  separated 
from  iron  by  mixing  the  solution  with  acetate  of  sodium,  and  passing  chlorine  through 
it,  which  throws  down  the  manganese  as  peroxide. 

Zinc  may  be  separated  from  iron  (ferricum)  when  both  are  present  as  acetates  in  a 
solution  containing  a  sufficient  quantity  of  free  acetic,  but  no  inorganic  acid,  by  passing 
sulphydric  acid  gas  through  the  solution,  the  zinc  being  then  precipitated  while  tho 
iron  remains  in  solution.  If  the  two  metals  are  combined  with  any  other  acid,  they 
must  be  precipitated  by  carbonate  of  potassium,  and  redissolved  in  acetic  acid ;  or  if 
they  are  present  as  sulphates,  they  may  be  converted  into  acetates  by  decomposition 
with  acetate  of  barium. 

For  the  methods  of  separating  iron  from  cobalt,  see  vol.  i.  p.  1046.  "When  the  two 
metals  are  precipitated  together  by  sulphide  of  ammonium,  the  separation  may  be 
effected  by  digesting  _  the  sulphides  with  acetic,  as  well  as  with  dilute  hydrochloric 
acid ;  the  iron  then  dissolves  as  acetate,  while  the  cobalt  remains  behind. 

Iron  may  be  separated  from  nickel  by  the  same  methods  as  from  cobalt  (excepting 
that  with  nitrite  of  potassium).  Nickel  may  also  be  separated  from  iron  (ferricum) 
by  mixing  the  solution  with  a  large  quantity  of  sal-ammoniac  (20  pts.  of  that  salt  to 
1  pt.  of  nickel),  precipitating  the  iron  with  carbonate  of  ammonium,  then  heating  the 
liquid  slowly  to  the  boiling  point,  keeping  it  at  that  temperature  for  some  time,  adding 
a  small  quantity  of  ammonia  and  filtering:  ferric  oxide  then  remains  on  the  filter, 
while  all  the  nickel  passes  through  in  solution  (Schwarzenberg,  Ann.  Ch.  Pharm. 
xcvii.  216).  Iron  and  nickel  may  also  be  separated  by  precipitating  the  iron  as  ferric 
oxide  with  carbonate  of  barium.  For  the  separation  of  iron  from  cobalt,  this  method 
is  not  so  well  adapted,  because  a  small  portion  of  the  cobalt  is  apt  to  be  precipitated 
at  the  same  time. 

Uranium  may  be  separated  from  iron,  both  being  in  the  state  of  sesquioxides,  by 
treating  the  solution  with  excess  of  carbonate  of  ammonium,  which  precipitates  the 
ferric  oxide,  and  retains  the  uranium  in  solution.  The  carbonate  of  ammonium  must, 
however,  be  quite  neutral,  as  if  it  contains  any  excess  of  carbonic  acid,  part  of  the  iron 
may  be  redissolved.  To  ensure  this  condition,  the  carbonate  of  ammonium  should  be 
previously  boiled,  and  the  solution  of  the  metals,  if  acid,  must  be  neutralised  with 
ammonia  till  a  slight  permanent  precipitate  begins  to  form ;  the  solution  is  then 
to  be  diluted  with  water,  the  carbonate  of  ammonium  added,  and  the  precipitate 
digested  with  it  for  some  time  before  filtering. 

For  the  separation  of  iron  from  cerium,  chromium,  didymium,  lanthanum, 
molybdenum,  niobium,  platinum  and  its  congeners,  tantalum,  titanium, 
tungsten,  and  vanadium,  see  those  metals;  also  pp.  374,  375. 
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From  aluminium,  iron  in  the  form  of  ferric  salt  maybe  separated  by  caustic 
potash,  which  when  added  in  excess,  and  boiled  with  the  concentrated  solution  of  the 
two  salts,  precipitates  the  iron  as  ferric  oxide,  and  retains  the  alumina  in  solution. 
If  the  proportion  of  iron  is  small  (not  exceeding  1  pt.  ferric  oxide  to  100  alumina), 
this  method  of  separation  is  sufficiently  exact ;  but  when  it  is  larger,  a  portion  of  the 
alumina  always  remains  with  the  ferric  oxide,  and  must  be  separated  by  redissolving 
the  precipitate  in  a  small  quantity  of  hydrochloric  acid,  and  repeating  the  treatment 
with  potash.  With  very  largo  quantities  of  iron,  this  treatment  must  sometimes  be 
repeated  three  or  four  times  before  complete  separation  is  effected.  The  process  may 
be  modified  by  first  reducing  the  ferric  solution  with  sulphurous  acid  or  an  alkaline 
sulphite,  and  then  boiling  with  potash  till  the  iron  is  precipitated  as  dark  green 
ferroso-ferric  oxide ;  but  in  this  way  also  the  separation  is  not  quite  complete  ;  if  too 
much  sulphurous  acid  is  added,  a  small  quantity  of  sulphite  of  aluminium,  is  sometimes 
precipitated  on  boiling. 

Iron  and  aluminium  may,  however,  be  much  more  easily  separated  by  means  of 
hyposulphite  of  sodium,  which  precipitates  alumina  together  with  sulphur,  leaving  the 
iron  in  solution  (i.  155). 

Another  very  good  method  of  separating  iron  and  aluminium  is  to  mix  the  solution 
with  a  quantity  of  tartario  acid,  sufficient  to  prevent  the  precipitation  of  the  oxides 
when  the  liquid  is  rendered  alkaline,  then  add  excess  of  ammonia,  and  precipitate  the 
iron  as  sulphide  by  sulphide  of  ammonium.  The  same  method  serves  to  separate  iron 
from  various  other  metals,  e.g.  cerium,  glucinum,  magnesium,  thorinum,  yttrium,  and 
zirconium. 

Aluminium  (or  glucinum)  may  also  be  separated  from  iron  by  precipitating  the 
alumina  and  ferric  oxide  together  with  ammonia,  and  igniting  a  weighed  quantity  of 
the  washed  and  calcined  precipitate  in  a  stream  of  hydrogen.  The  iron  is  then 
reduced  to  the  metallic  state,  while  the  alumina  remains  unaltered.  The  loss  of  weight 
gives  the  quantity  of  oxygen  which  was  combined  with  the  iron,  whence  the  quantity 
of  ferric  oxide  may  be  calculated,  and  the  alumina  determined  by  difference.  As  a 
check  on  the  result,  which  is  especially  necessary  when  the  quantity  of  iron  is  small, 
the  residue  may  be  digested  for  24  hours,  without  heating,  in  very  dilute  nitric  acid 
(1  pt.  acid  of  specific  gravity  1-2  diluted  with  more  than  30  pts.  water),  which  dis- 
solves the  iron  without  attacking  the  ignited  alumina.  A  slight  loss  may  arise  in  this 
process,  in  consequence  of  particles  of  the  alumina  (or  glucina)  being  carried  over  by 
the  stream  of  hydrogen  (Eivot).  Deville  modifies  this  process  by  exposing  the 
mixture  of  metallic  iron  and  alumina,  obtained  as  above,  to  a  very  strong  red  heat,  in 
a  stream  of  hydrochloric  acid  gas,  whereby  the  iron  is  volatilised  as  chloride,,  while 
the  alumina  remains  unaltered,  and  may  afterwards  be  weighed ;  the  iron  is  then 
determined  by  difference.  Or  the  iron  may  also  be  directly  determined  by  passing 
the  vapour  of  boiling  hydrochloric  acid  into  the  tube  and  attached  receiver,  in  which 
the  chloride  of  iron  is  condensed,  oxidising  the  solution  of  ferrous  chloride  thus  ob- 
tained with  nitric  acid,  and  precipitating  by  ammonia. 

From  glucina,  and  from  most  other  protoxides,  iron  in  the  form  of  sesquioxide 
may  be  separated  by  precipitation  with  carbonate  of  barium  (p.  383). 

From  magnesia,  ferric  oxide  maybe  separated  by  precipitation  with  ammonia  after 
addition  of  sal-ammoniac — better  with  succinate  or  benzoate  of  ammonium,  as  already 
described  for  manganese  (p.  386),  or  with  carbonate  of  barium. 

From  the  alkalis  and  alkaline  earths,  ferric  oxide  may  be  separated  by  am- 
monia; in  the  case  of  the  alkaline  earths,  however,  care  must  be  taken  not  to  add 
more  than  a  slight  excess  of  ammonia,  and  to  protect  the  precipitate  from  the  air 
during  filtration  and  washing ;  otherwise  carbonic  acid  will  be  absorbed,  and  earthy 
carbonates  will  be  precipitated,  together  with  the  ferric  oxide,  and  the  precipitate, 
after  washing,  will  appear  light-coloured ;  it  must  then  be  redissolved  in  acid,  and 
reprecipitated  by  ammonia.  If  the  solution  contains  any  organic  substance,  the  iron 
must  be  precipitated  by  sulphide  of  ammonium  (p.  383). 

Precipitation  by  ammonia  serves  to  separate  iron  in  the  ferric  state  from  most  of  its 
inorganic  salts,  e.g.  the  nitrate,  sulphate,  &c.  From  phosphoric  or  boric  acid  it 
may  be  separated  by  dissolving  the  salt  in  hydrochloric  acid,  adding  tartaric  acid  in 
sufficient  quantity  to  prevent  precipitation  by  alkalis,  then  adding  excess  of  ammonia, 
and  precipitating  the  iron  by  sulphide  of  ammonium. — For  other  methods  of  analysing 
phosphates  of  iron,  see  PHOSPHORIC-  ACID. 

From  arsenic,  iron  maybe  separated  by  precipitation  with  sulphydric  acid,  the 
arsenite  or  arsenate  of  iron  being  dissolved  in  hydrochloric  acid.  These  salts  may  also 
be  decomposed  in  the  dry  way,  by  ignition  in  a  stream  of  sulphydric  acid  gas,  sulphide 
of  arsenic  then  volatilising,  and  sulphide  of  iron  remaining.  (See  also  p.  374.) 
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5.  Assay  of  Iron  ores. 

1.  In  the  wet  way. — From  most  ferruginous  minerals  that  are  actually  used  for  tiie 
extraction  of  iron,  viz.  the  oxides  and  carbonates,  the  iron  may  be  dissolved  out  by 
boiling  with  hydrochloric  acid,  the  insoluble  residue  consisting  of  quartz,  clay,  &c., 
which  may  be  further  analysed  by  fusion  with  an  alkaline  carbonate. 

The  acid  solution  generally  contains — besides  iron — manganese,  aluminium,  calcium, 
magnesium,  the  alkali-metals,  and  small  quantities  of  sulphur,  phosphorus,  arsenic, 
silicium,  and  titanium,  and  less  frequently  copper,  zinc,  lead,  vanadium,  chromium, 
molybdenum,  and  tungsten.  These  elements  may  be  detected  and  separated  by  methods 
already  described,  or  to  be  described,  under  their  respective  heads  (see  also  pp.  374— 
376).  The  last  four,  together  with  titanium,  may  be  separated  by  fusing  the  pulverised 
ore  with  a  mixture  of  alkaline  carbonate  and  nitrate,  and  treating  the  fused  mass  with 
water,  whereby  a  solution  is  formed,  which  may  contain  titanate,  vanadate,  chromate, 
molybdate,  and  tungstate  of  alkali-metal,  together  with  silicate,  arsenate,  and  phosphate. 

If  the  whole  of  the  iron  cannot  be  extracted  from  an  ore  by  boiling  with  hydro- 
chloric acid,  it  must  be  pulverised  and  fused  with  carbonate  or  acid  sulphate  of  alkali- 
metal  (bisulphate  of  potash),  and  the  fused  mass  then  dissolved  in  water  or  aqueous 
acid,  freed  from  silica  by  evaporation,  and  further  examined  for  the  above-mentioned 
constituents. 

In  the  complete  quantitative  analysis  of  iron  ores,  it  is  necessary  to  determine  the 
water  and  carbonic  acid.  The  water  may  be  estimated  by  igniting  the  ore  in  a  glass 
tube,  and  condensing  the  aqueous  vapour  by  means  of  chloride  of  calcium ;  the  carbonic 
acid  by  the  method  described  under  ALKALIMETRY  (i.  119).  When  either  water  or 
carbonic  acid  is  present  alone,  its  amount  may  be  determined  by  the  loss  of  weight 
sustained  on  ignition. 

If  the  percentage  of  iron  in  the  ore  is  the  only  point  to  be  determined,  the  iron,  after 
being  brought  into  the  ferric  state  by  oxidation  with  nitric  acid,  may  be  precipitated 
by  ammonia,  or,  if  phosphoric  and  arsenic  acids  are  present,  by  sulphide  of  ammonium 
after  addition  of  tartaric  acid  (p.  387).  Alumina,  if  present,  must  be  separated  by  one 
of  the  methods  already  described.  All  the  trouble  of  these  separations  may,  however, 
be  avoided  by  adopting  Fuchs'  method  of  estimation  with  metallic  copper,  which  gives 
correct  results,  provided  all  necessary  precautions  are  taken  to  exclude  the  air,  or  by 
one  of  the  volumetric  methods  already  described. 

2.  In  the  dry  way. — The  object  of  this  mode  of  assaying,  which  is  an  imitation,  on 
the  small  scale,  of  the  process  which  goes  on  in  the  blast  furnace,  is  to  determine,  not 
only  the  quantity  of  iron  contained  in  an  ore,  or  rather  the  quantity  that  can  be 
extracted  by  smelting,  but  likewise  the  quality  of  the  pig  iron  obtainable,  and  generally 
also  that  of  the  slag. 

10  grms.  of  the  finely-pounded  ore  are  mixed  with  3  to  10  grms.  of  anhydrous  borax 
(according  to  the  proportion  of  the  gangue) ;  and  the  mixture  is  placed  in  a  crucible 
lined  with  charcoal  (creuset  brasque\*  and  exposed  in  a  powerful  air-furnace  or  a 
portable  blast-furnace — Griffin's  blast  gas-furnace  (ii.  787),  for  example— to  a  gradually 
increasing  heat,  raised  at  last  to  whiteness.  After  cooling,  there  is  found  in  the 
crucible,  if  the  operation  is  successful,  a  well-fused  regulus  of  cast  iron,  and  above  it  a 
slag  composed  of  borax  and  the  materials  of  the  gangue.  The  regulus  must  be  care- 
fully freed  from  slag  and  weighed.  It  should  have  a  grey  colour  without  much 
appearance  of  separated  graphite.  A  large  separation  of  graphite  shows  that  the  heat 
has  been  too  great.  If  the  metal  is  white,  it  is  very  fusible  and  probably  contains 
manganese ;  it  is  then  imperfectly  carbonised,  or  it  contains  phosphorus,  arsenic,  or 
sulphur.  The  slag  should  not  contain  either  globules  of  iron  mechanically  mixed 
(these,  if  present,  must  be  separated  from  the  pulverised  slag  by  levigation,  or  by  the 
magnet),  or  iron  chemically  combined,  which  latter  condition  will  be  indicated  by  a 
green  colour  in  the  slag.  The  weight  of  the  regulus  is  increased  by  the  carbon  which 
it  contains,  but,  on  the  other  hand,  a  small  quantity  of  iron  always  remains  in  the  slag, 
and  the  two  errors  thus  produced  may,  for  the  most  part,  be  regarded  as  compensating 
one  another. 

Sometimes  powdered  glass  free  from  metal  is  used  instead  of  borax,  to  increase  the 
fusibility  of  the  gangue  ;  or  the  ore  to  be  assayed  is  mixed  with  the  same  kind  of  flux 
that  is  to  be  used  in  the  actual  smelting  process — that  is  to  say,  with  chalk,  if  the 

*  To  prepare  these  crucibles,  a  Hessian  or  Cornish  crucible  is  lined  with  successive  layers  of  a  paste 
composed  of  fine  charcoal-powder  mixed  with  water,  the  whole  being  well  stamped  with  a  wooden 
pestle.  As  soon  as  a  layer  has  been  well  pressed,  its  surface  must  be  roughened  with  a  knife,  so  that 
the  next  layer  may  adhere  to  it  well ;  otherwise  the  layers  will  separate  when  heated.  The  crucible 
having  been  thus  filled  with  stamped  charcoal,  the  portion  which  projects  over  the  edfje  is  removed, 
a  cavity  with  rounded  bottom  is  made  in  the  middle,  and  the  sides  and  bottom  of  this  cavity  are  polished 
with  a  rounded  glass  rod 
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gangue  consists  of  quartz  or  clay,  or  with  clay  if  the  gangue  is  chiefly  limestone.  To 
ascertain  approximately  the  quantity  of  flux  required,  a  preliminary  analysis  may  be 
made : — 1.  By  gently  igniting  10  grms.  of  the  ore,  to  determine  the  amount  of  water  and 
carbonic  acid. — 2.  By  exhausting  another  sample  with  very  dilute  nitric  acid,  to 
determine,  by  the  loss  of  weight  after  washing  and  heating,  the  amount  of  water, 
carbonic  acid,  and  lime,  taken  together. — 3.  By  boiling  with  hydrochloric  acid  till  all 
the  iron  is  dissolved  out,  and  weighing  the  residue,  which,  consists  of  quartz  and  clay : 
the  loss  of  weight  in  this  experiment,  compared  with  that  in  the  second,  gives  the 
amount  of  ferric  oxide. 

These  points  being  determined,  10  grms.  of  the  ore  are  mixed  with  such  a  quantity  of 
clay  or  chalk  that  the  assay  may  contain  3  pts.  chalk  to  2  pts.  clay  (Regnault).  A 
certain  quantity  of  fluorspar  or  borax  may  likewise  be  added.  For  rich  ores,  Karsten 
takes  1  grm.  fluorspar  and  1  grm.  calcined  borax  to  10  grms.  of  ore ;  for  the  poorer 
ores  2'5  grms.  fluor  and  an  equal  quantity  of  chalk ;  and  for  very  poor  ores,  the  same, 
with  1  grm.  borax. 

For  ores  not  containing  silica,  a  certain  quantity  of  clay  or  quartz  is  added  with  the 
fluorspar.  Or  10  grms.  of  ore  are  mixed  with  the  following  proportions  of  flux : 

Magnetic  iron  ore 
Specular  iron  ore 
Eed  haematite 
Brown  haematite 
Clay  iron  ore 
Sparry  iron  ore 

If  the  right  proportion  of  flux  has  been  added,  and  the  proper  temperature  attained, 
a  well-constituted  regulus  is  produced  (p.  388),  together  with  a  good  slag,  having  a 
grey-yellowish  or  sometimes  violet  colour,  an  enamel-like  or  sometimes  glassy  aspect, 
and  a  conchoidal  fracture.  If  the  slag  is  stony  or  earthy,  yellow,  grey,  or  brown,  with 
rough  fracture,  it  is  too  rich  in  bases ;  too  great  an  excess  of  lime  causes  it  to  crumble 
easily  when  touched.  If,  on  the  other  hand,  there  is  an  excess  of  silica,  the  slag  is 
glassy,  more  or  less  transparent,  of  green  colour  (arising  from  ferrous  oxide),  and  very 
brittle.  The  results  of  a  successful  assay  yield  the  requisite  data  for  smelting  on  tha 
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6.  Atomic  Weight  of  Iron. 

The  atomic  weight  of  iron  has  been  determined  in  several  ways : — 1.  From  the 
weight  of  ferric  oxide  obtained  by  dissolving  a  known  quantity  of  pure  iron  (harpsi- 
chord wire)  in  nitric  acid,  precipitating  with  ammonia,  &c.,  the  small  quantity  of 
carbon  contained  in  the  iron  being  estimated  and  allowed  for. — 2.  From  the  quantity 
of  iron  obtained  by  reducing  a  known  weight  of  ferric  oxide  with  hydrogen. — 3.  By 
measuring  the  volume  of  hydrogen  evolved  in  the  solution  of  iron  in  hydrochloric  acid. 
— 4.  From  the  quantity  of  chloride  of  silver  obtained  by  precipitating  a  known  quan- 
tity of  pure  ferrous  or  ferric  chloride  with  nitrate  of  silver.  The  following  liable  exhibits 
the  results  obtained  by  various  chemists ;  the  determinations  are  arranged  in  chronolo- 
gical order,  and  the  bracketed  numbers  indicate  the  method  employed : 


Berzelius*  (1)     . 
Gay-Lussacf  (1). 

(3).        • 

H.  Davy  I  (4)      .  >      . 
Svanberg  and  Norlin§  (1) 
(2) 


Fe 
Fe 
Fe 
Fe 


27-12 
28-36 
28-27 
27-98 


Fe  =  27-94 
Fe  =  27-99 


Berzelius  §  (1)    .        .         .  Fe  =    28'03 
Erdmann  &  Marchand  [|  (2)   Fe  =    28-01 

Fe  _J27'98 
•  -be  -    28-02 


Dumas**  (4) 


Fe  = 


(28-10 
)  27-99 


The  number  27-12,  deduced  from  the  first  experiments  of  Berzelius,  was  for  many 
years  received  as  the  true  atomic  weight  of  iron,  although  Bucholz,  some  years 
before,  had  made  a  determination  of  the  composition  of  ferric  oxide,  which  now  appears 
to  have  been  nearer  the  truth.  Berzelius  was  afterwards  led  to  conclude  that  his  first 
experiments  were  affected  with  an  error,  arising  from  the  action  of  the  nitric  acid  on 
the  glass  vessel  used,  and  from  subsequent  experiments,  in  which  platinum  vessels 
were  employed,  he  obtained  the  higher  number  28*03.  The  whole  number  28,  which 
is  the  mean  of  all  the  most  trustworthy  determinations,  is  now  universally  adopted  aa 
the  true  atomic  weight  of  iron,  on  the  supposition  that  the  metal  is  univalent  in  the 
ferrous,  and  sesqui-valent  in  the  ferric  salts,  e.g.  ferrous  chloride  =  ^(3?;  ferric 


*  Gilb.  Ann.Tii.  313. 

§  Ann.  Cli.Pharm.  1.432. 

««  Ann.  Ch.  Pharm.  cxiii.  26. 


f  Ann.  Chim.  Ixxx.  163. 
H  Ibid.  Hi.  212. 


t  Phil.  Trans,  cli.  181. 

\  Ann.  Ch.  Phy«.  [3]  xxx.  380. 
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chloride  =  Fe*Cl3.    If,  however,  iron  is  supposed  to  be  bivalent  in  the  ferrous,  and 
trivalent  in  the  ferric  compounds — which  is  the  view  now  generally  adopted,  e.g. 


Ferrous  chloride         .         .  FeCl2 
Ferrous  oxide     .        .         .     FeO 


Ferric  chloride   .        .         .  FeCl3 
Ferric  oxide        .         .         .  Fc203, 


then  the  atomic  weight  is  Fe  =  56.  (See  METALS,  ATOMIC  WEIGHTS  OF  ;  also  i.  470 ; 
ii.  30.) 

The  equivalent  of  iron,  that  is  to  say,  the  quantity  of  the  metal  which  replaces 
1  at.  of  hydrogen,  is,  in  the  ferrous  compounds,  e.g.  Fed2,  equal  to  28,  and  in  the  ferric 
compounds,  e.g.  Fe2Cl8,  or  FeCl3,  it  is  f  of  28,  or  18f,  which  number  is  denoted  by  fe. 
(See  EQUIVALENTS,  ii.  403.) 

IRON1,  FLUORIDES  OP.  Ferrous  fluoride,  FeF2,  is  obtained  by  dissolving 
iron  in  aqueous  hydrofluoric  acid,  and  crystallises  by  evaporation,  or  as  the  solution 
approaches  saturation,  in  small,  colourless,  rectangular  plates  containing  water,  which 
they  give  off  without  decomposition  when  moderately  heated.  The  anhydrous  fluoride 
is  not  altered  by  ignition,  even  in  contact  with  the  air,  but  the  hydrated  salt  soon 
turns  yellow  on  exposure  to  the  air,  and  if  quickly  heated,  oxidises  partially,  giving 
off  hydrofluoric  acid.  The  hydrated  crystals  dissolve  slowly  in  pure  water,  more 
easily  in  acids.  Ferrous  fluoride  forms  with  'fluoride  of  potassitim  a  soluble  double 
salt,  2KF.FeF2,  which  separates  in  granular  crystals.  (Berzelius.) 

Ferric  fluoride,  Fe2F6,  is  obtained  by  dissolving  ferric  oxide  or  hydrate  in  aqueous 
hydrofluoric  acid,  and  separates  on  evaporation  in  pale  flesh-coloured  crystals.  When 
heated  in  a  platinum  crucible,  over  a  lamp  urged  by  a  blast,  it  melts,  sometimes 
exhibiting  on  the  surface  small  cubic  crystals  of  the  fluoride,  while  the  fused  mass  has 
a  rose-red  colour,  perhaps  due  to  the  formation  of  a  small  qiiantity  of  ferric  oxide. 
Ferric  fluoride  is  isomorphous  with  fluoride  of  aluminium,  somewhat  more  fusible  than 
that  compound,  and  equally  volatile.  (Devi lie,  Compt.  rend,  xliii.  970.) 

Ferric  fluoride  dissolves  slowly  but  completely  in  water,  forming  a  colourless, 
sweetish,  astringent  liquid.  Its  solution  mixed  with  ammonia  deposits  a  basic  salt,  or 
oxyfluoride,  which,  when  dry,  forms  a  rust-yellow  powder. 

Mixtures  of  the  solutions  of  ferric  fluoride  and  fluoride  of  potassium  deposit,  on  slow 
cooling,  colourless,  crystalline,  sparingly  soluble  double  salts.  If  the  solution  of  the 
ferric  fluoride  is  added  by  drops  to  that  of  the  potassic  fluoride,  the  salt  formed  is 
2KF.Fe2F6,  in  the  contrary  case,  4KF.Fe2F6.  (B  e r z  e  1  i u  a.) 

IRON-G-IiANCE.  Specular  Iron  ore.  See  IKON,  OXIDES  OF  (p.  385) ;  also  IRON 
(p.  338). 

IRON-,  HYDRATES  OP.     See  IKON,  OXIDES  OF  (pp.  393—399). 

IRON,  HYDRIDE  OP.  The  flame  of  hydrogen  evolved  by  dissolving  iron  in 
dilute  acids  sometimes  yields  black  spots  when  a  cold  piece  of  porcelain  is  held  in  it, 
and  has  hence  been  supposed  to  contain  a  gaseous  compound  of  iron  and  hydrogen ;  but 
Fresenius  and  Schlossberger  (Ann.  Ch.  Pharm.  xliv.  264),  and  other  chemists, 
have  shown  that  these  spots  are  produced  by  phosphorus,  and  that  the  gas,  when 
perfectly  freed  from  mechanical  impurities,  does  not  produce  them.  Cameron  (Cliem. 
News,  ii.  181)  has  shown  that  no  ferruretted  hydrogen  is  formed  by  dissolving  the 
alloy  of  iron  and  sodium  in  acids. 

When  ferrous  iodide  is  treated  with  zinc-ethyl  and  ether,  gas  is  evolved  (consisting 
of  hydride  of  ethyl  and  hydrogen),  and  the  residue,  after  washing  with  ether,  yields  a 
hydride  of  iron,  mixed  with  metallic  iron,  in  the  form  of  a  black  powder,  re- 
sembling metallic  iron,  and  decomposing  with  evolution  of  hydrogen,  in  contact  with 
water,  or  when  heated.  (Wanklyn  and  Carius,  Ann.  Ch.  Pharm.  cxx.  74.) 

IKON,  IODIDES  OP.  Ferrous  Iodide,  Fel2,  obtained  by  heating  or  triturating 
iodine  with  a  slight  excess  of  iron  filings,  is  a  brown  compound,  which  melts  at  a  red. 
heat,  forms  a  grey  laminar  mass  on  cooling,  and  volatilises  at  a  stronger  heat.  It 
dissolves  readily  in  water,  and  the  pale  green  solution,  which  may  also  be  formed 
directly  by  digesting  1  pt.  iron  and  from  2  to  4  pts.  iodine  in  water,  yields,  when 
evaporated  in  contact  with  iron,  and  protected  from  the  air,  green  deliquescent  crystals, 
containing  FeI2.5H20.  Both  crystals  and  solution,  when  exposed  to  the  air,  very 
quickly  turn  brown,  from  formation  of  oxyiodide,  and  separation  of  ferric  hydrate  and 
iodine.  Ferrous  iodide  cannot,  therefore,  be  easily  kept  unaltered,  either  in  the  solid 
state  or  in  solution ;  it  keeps  best  when  mixed  with  a  sufficient  quantity  of  common 
sugar  or  milk-sugar.  For  preparing  the  compound  for  medical  use,  Mohr  recommends 
that  1  pt.  iodine  be  converted  into  ferrous  iodide  by  trituration  with  iron  and  water, 
the  filtered  liquid  mixed  with  25  pts.  rf  simple  syrup,  and  the  whole  quickly  evaporated 
down  to  25  pts. ;  20  pts.  of  this  syrup  contain  1  at.  of  ferrous  iodide.  It  is  best, 
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however,  to  prepare  the  compound  fresh  every  time  it  is  wanted,  which  is  not  difficult, 
as  the  action  is  very  quick. 

The  solution  of  ferrous  iodide  treated  with  alkaline  carbonates,  yields  iodides  of  the 
alkali-metals,  and  may  be  used  for  the  preparation  of  those  compounds. 

Ferrous  iodide  easily  dissolves  an  excess  of  iodine :  on  adding  1  at.  iodine  to  3  at. 
ferrous  iodide,  a  brown  solution  is  formed  (containing  Fe3!8),  which,  when  mixed  with 
carbonate  of  potassium,  yields  iodide  of  potassium  and  black  ferroso-ferric  hydrate  ; 
it  is  doubtful  whether  the  brown  solution  contains  iodated  ferrous  iodide,  or  a  ferroso- 
ferric  iodide,  analogous  to  the  magnetic  oxide. 

Ferric  iodide,  Fe-I6,  is  not  known  with  certainty,  but  appears  to  be  formed  when 
iron  is  heated  in  excess  of  iodine-vapour.  The  resulting  compound  dissolved  in 
water,  yields  a  brown-red  solution,  which  reacts  like  that  which  is  obtained  by  dissolv- 
ing iodine  in  ferrous  iodide,  as  above,  or  by  dissolving  ferrous  hydrate  in  hydriodic  acid. 
All  these  solutions,  when  exposed  to  the  air,  give  off  iodine  and  deposit  ferric  hydrate. 

IRON,  METEORIC.     See  p.  336. 
IRON,  NATIVE.     See  p.  335. 

IRON    WATROZ.ITS.      See  NATHOLITE. 

IRON*,  NITRIDE  OP.  Iron  heated  to  dull  redness  in  a  porcelain  tube,  and 
subjected  to  the  action  of  ammonia  gas,  becomes  white,  brittle,  and  increases  in  weight 
by  about  12  per  cent.  The  compound  thus  formed  is  supposed  by  Despretz  (Ann. 
Chim.  Phys.  [2]  xlii.  122)  to  be  a  nitride  of  iron  ;  but  it  has  not  been  analysed,  and  is 
supposed  by  some  chemists  to  contain  hydrogen.  It  dissolves  in  weak  acids,  with 
evolution  of  hydrogen  and  nitrogen,  and  formation  of  ammoniacal  salts.  At  a  white 
heat  it  decomposed,  giving  off  its  nitrogen.  Hydrogen,  at  a  red  heat,  withdraws  the 
nitrogen,  forming  ammonia. 

Sometimes  the  iron,  after  ignition  in  ammonia-gas,  is  found  to  be  altered  in  physical 
properties,  and  yet  not  to  have  increased  in  weight ;  in  such  a  case,  the  combination  of 
the  nitrogen  with  the  iron  is  but  transient,  but  nevertheless  appears  to  alter  its  mo- 
lecular structure. 

Nitride  of  iron  is  also  produced  when  oxide  of  iron  is  ignited  in  ammonia  gas ;  also 
in  minute  quantity  when  nitrogen  gas  is  passed  over  red-hot  iron.  (Pelouze  et 
Fremy.  Traite,  ii.  452.) 

Eespecting  the  controversy  about  the  existence  of  nitrogen  in  steel,  see  STEEL. 

IRON,  NITRO  SULPHIDES  OP.  Nitrosulfures  de  fir.  (Rons sin,  Ann. 
Ch.  Phys.  [3]  lii.  285.) — Compounds  produced  by  the  simultaneous  action  of  nitrites 
and  alkaline  sulphides  on  iron-salts.  They  contain  nitric  oxide,  together  with  sulphide 
of  iron  and  sulphide  of  hydrogen  or  an  alkali-metal,  and  may  therefore  perhaps  be 
regarded  as  analogous  in  composition  to  the  nitroferricyanides  (ii.  250),  that  is  to  say, 
as  sulphides  of  iron  in  which  1  at.  sulphur  is  replaced  by  2  at.  nitrosyl,  NO.  They 
contain  in  fact  a  disulphide  of  iron,  FeS2,  in  which  the  fourth,  or, sometimes -the -half, 
of  the  sulphur  may  be  supposed  to  be  replaced  by  an  equivalent  quantity  of  nitrosyl. 
The  analogy  of  the  nitrosulphides  to  the  nitroferricyanides  is  shown  by  the  fact,  that 
when  a  solution  of  nitroferri cyanide  of  sodium  is  completely  decomposed  by  sulphydric 
acid,  and  the  solution  boiled  and  evaporated,  the  residue  contains  dinitrosulphide  of 
iron,  which  may  be  reconverted  into  a  nitroferricyanide  by  treating  it  with  cyanide  of 
potassium.  A  mixture  of  iron-salt  and  nitrite  of  potassium  yields  a  nitroferricyanide 
when  treated  with  cyanide  of  potassium,  and  nitrdsulphide  of  iron  when  treated  with 
sulphide  of  potassium.  In  neither  of  these  classes  of  compounds  can  the  iron  be 
detected  by  ordinary  reagents. 

Dinitrosulphide  of  Iron,  Fe3S5H2(NO)4  =  Fe2S8(NO)2.FeS.(NO)2.H2S,  or  Fe'S4 
(NO)4.H2S. — This  compound  is  prepared  by  dropping  a  solution  of  ferric  chloride  or  sul- 
phate, with  constant  stirring,  into  a  mixture  of  the  solutions  of  nitrite  of  potassium  and 
sulphide  of  ammonium,  heating  the  liquid  to  boiling,  keeping  it  at  the  boiling  heat  for  a 
few  minutes,  and  filtering  to  separate  sulphur ;  the  deep-coloured  liquid  deposits  crystals 
of  the  compound  on  cooling. — Or  35  grms.  ferrous  sulphate  dissolved  in  0'2  litre  of  de- 
aerated  water  is  added  to  a  solution  of  21  grms.  dry  nitrite  of  potassium,  and  15  grms. 
crystallised  sulphide  of  sodium  also  in  0'2  litre  of  water,  and  the  solution  is  boiled  and 
filtered.  When  a  ferrous  salt  is  used  in  the  preparation,  no  separation  of  sulphur 
takes  place.  The  crystals  are  purified  by  recrystallisation. 

Dinitrosulphide  of  iron  forms  black,  needle-shaped,  oblique  rhombic  prisms,  2  mm. 
long,  more  soluble  in  hot  (about  2  pts.)  than  in  cold  water,  easily  soluble  in  alcohol, 
wood-spirit,  amylic  alcohol,  and  glacial  acetic  acid ;  they^dissolve  in  all  proportions  in 
ether,  and  deliquesce  even  in  ether-vapour.  The  solutions  are  very  deep-coloured, 
taste  styptic  at  first,  then  persistently  bitter ;  they  remain  unaltered  in  air  containing 
ammonia,  and  may  be  recrystallised  from  alkaline  solutions.  When  heated  to  115° — 
140°,  they  give  off  reddish  vapours,  together  with  sulphur,  sulphite  of  ammonium,  and 
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nitrite  of  ammonium,  and  leave  iron  in  the  residue ;  when  quickly  heated,  they  burn 
away.  The  compound  is  easily  decomposed  by  mineral  acids,  with  evolution  of  reddish 
vapours,  not  by  organic  acids.  Chlorine  and  iodine  decompose  it,  with  evolution  of 
nitric  oxide  and  separation  of  sulphur.  It  is  precipitated  from  solution  by  potash  and 
ammonia,  much  more  slowly  by  soda.  The  crystals  are  decomposed  by  permanganate 
of  potassium,  peroxide  of  lead,  and  mercuric  oxide.  Many  metallic  salts  precipitate 
the  solution,  with  elimination  of  nitric  oxide.  Cyanide  of  potassium  and  cyanide  of 
mercury  convert  the  crystals  into  nitroferricyanides. 

The  crystals  are  not  decomposed  by  sulphide  of  ammonium,  sulphydric  acid,  ferro- 
or  ferri-cyanide  of  potassium,  or  tannic  acid,  neither  of  these  reagents  giving  any 
indication  of  the  presence  of  iron  in  them.  Neither  are  they  decomposed  by  caustic 
potash  or  soda  in  the  cold,  but  when  heated  therewith,  they  give  off  ammonia  gas  and 
yield  ferric  hydrate,  together  with  a  filtrate  which  deposits  the  following  compound. 

Sulphuretted  Nitrosulphide  of  Iron  and  Sodium,  Fe2Na6N2S602  or  Fe2S3(NO)2.3Na2S. 
• — This  compound  forms  large  black  crystals  having  a  very  bitter  taste,  easily  soluble  in 
water  and  in  alcohol,  but  insoluble  in  ether.  The  crystals  decompose  at  120° ;  their 
solution  is  decomposed,  with  evolution  of  nitric  oxide,  by  chlorine,  iodine,  or  mercuric 
oxide.  It  forms  precipitates  with  metallic  salts,  the  reaction  being  in  some  cases 
attended  with  evolution  of  nitric  oxide.  The  solution  yields  crystalline  compounds  on 
addition  of  potash  or  ammonia,  but  is  not  altered  by  caustic  soda ;  the  crystals  are 
not  altered  by  sulphide  of  ammonium  or  ferrocyanide  of  potassium,  but  with  ferricyanide 
of  potassium  they  yield  nitric  oxide  gas  and  prussian-blue. 

Sulphuretted  Nitrosulphide  of  Iron  and  Hydrogen,  Fe2H8N2S702  =  Fe2S3(N  0)2.4H2S(?), 
separates  in  reddish  flocks,  when  the  preceding  compound  is  decomposed  by  acids,  but 
gives  off  sulphydric  acid  and  suffers  further  decomposition,  even  during  washing. 

Nitrosulphide  of  Iron,  Fe2S3N-02  or  Fe2S3(NO)2,  separates,  with  evolution  of  .sul- 
phydric acid,  when  sulphuretted  nitrosulphide  of  iron  and  sodium  is  decomposed  by  an 
acid  at  the  boiling  heat.  It  is  a  black  substance,  which  when  freshly  prepared  and 
dried,  burns  away  like  tinder,  when  set  on  fire.  It  decomposes  spontaneously,  leaving 
sulphide  of  iron.  It  is  insoluble  in  water,  alcohol,  and  ether,  but  dissolves  in  caustic 
potash,  with  partial  decomposition  and  separation  of  ferric  hydrate. 

Nitrosulphide  of  Iron  and  Sodium,  Fe2Na2N2S402.H20  -  Fe2S3(NO)2.Na2S.H20.— 
Formed  by  evaporating  a  solution  of  nitrosulphide  of  iron  in  sulphide  of  sodium  at 
100°,  and  treating  the  residue  with  alcohol  and  ether.  Crystallises  in  red  prisms, 
black  by  reflected  light ;  dissolves  with  deep  red  colour  in  water,  alcohol,  and  ether,  but 
is  insoluble  in  chloroform  and  in  sulphide  of  carbon.  The  solution  is  precipitated  by 
metallic  salts,  forming  insoluble  compounds  in  which  the  sodium  is  replaced  by  the 
other  metal.  Some  of  these  precipitates  are  tolerably  permanent,  whereas  others,  the 
silver  precipitate  for  example,  decompose  quickly,  with  evolution  of  nitric  oxide. 

IRON  ORES.  The  ferruginous  minerals  containing  sufficient  quantities  of  iron 
to  be  available  for  the  extraction  of  the  metal,  have  already  been  described  (pp.  337 — 
343).  For  the  methods  of  assaying  them,  see  p.  388. 

The  following  mineralogical  terms  must  here  be  noticed. 

Argillaceous  or  Clay  Iron  Ore. — This  term  is  applied  to  several  ores  consisting  of 
oxide  or  carbonate  of  iron  mixed  with  clay.  The  argillaceous  carbonate  is  called  sim- 
ply "clay  iron-stone ;"  anhydrous  and  hydrated  ferric  oxides  with  a  similar  admixture, 
are  called  "red  clay  iron-stone,"  and  "brown  or  yellow  clay  iron-stone,"  respectively. 

Azotomous  Iron  Ore,  or  Kibdelophane.  A  variety  of  ilmenite  or  titaniferous  iron 
ore.  (See  TITANATES.) 

Bog  Iron  Ore. — A  brittle  or  loosely  aggregated  variety  of  brown  haematite,  occurring 
in  low  marshy  grounds.  It  proceeds  from  the  decomposition  of  other  species  and  often 
takes  the  form  of  leaves,  nuts,  or  stems,  found  in  the  marshy  soil. 

Brown  Iron  Ore. — Hydrated  ferric  oxide  (p.  338). 

Columnar  Iron  Ore. — Bed  clay  iron  stone,  having  a  columnar  structure. 

Green  Iron  Ore. — Hydrated  ferric  phosphate.     (See  DUFKENITE,  ii.  347.) 

Jaspery  Iron  Ore. — A  variety  of  red  clay  iron  ore,  having  a  large,  flat  conchoi'dal  fracture. 

Lenticular  Iron  Ore. — A  variety  of  red  clay  iron-stone  having  a  flat  granular  structure. 

Magnetic  Iron  Ore. — Ferroso-ferric  oxide  (pp.  337,  397). 

Micaceous  Iron  Ore. — Specular  iron  ore  with  a  micaceous  structure. 

Ochreous  Iron  Ore. — Ked  haematite,  having  a  soft  earthy  consistence. 

Octahedral  Iron  Ore. — Syn.  with  magnetic  iron  ore. 

Pitchy  Iron  Ore. — A  variety  of  red  haematite. 

Bed  Iron  Ore.— Native  ferric  oxide  (p.  337). 

Sparry  or  Spathic  Iron  Ore. — Crystallised  ferrous  carbonate  (i.  785). 

Specular  Iron  Ore. — Eed  haematite  having  a  perfect  metallic  lustre  (pp.  338,  394). 

Titaniferoite  Iron  Ore, — Ferric  titanate.    (See  TITANATES.) 
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IRON,  OXIDES  OP.  Iron  forms  two  oxides  corresponding  'with  the  chlorides, 
viz.  the  protoxide  or  ferrous  oxide,  FeO,  tho  scsquioxide  or  ferric  oxide,  Fe203,  and 
several  oxides  of  intermediate  composition,  called  ferroso-ferric  oxides,  which  may  be 
regarded  as  compounds  of  the  two  just  mentioned:  tho  most  important  of  these  is 
the  magnetic  oxide,  Fe30'  =  FeO.Fe203.  A  trioxide,  FeO3,  may  be  supposed  to  exist 
in  the  ferrates  (ii.  636);  e.g.  ferrate  of  potassium,  K2Fe04  =  K2O.FeOs,  but  it  has  not 
been  isolated. 

Ferrous  oxide,  FeO,  is  never  found  in  nature  in  the  free  state,  but  may  be 
supposed  to  exist,  in  combination  with  carbonic  anhydride,  as  ferrous  carbonate 
(FeCO3  =  FeO.CO2)  in  spathic  iron_ore,  and  in  solution  in  chalybeate  waters;  also 
combined  with  ferric  oxide  in  magnetic  iron  ore.  It  is  not  easily  obtained  in  the  pure 
state,  on  account  of  the  avidity  with  which  it  absorbs  oxygen.  According  to  D  e  b  r  a  y, 
it  is  obtained  by  passing  a  mixture  of  equal  volumes  of  carbonic  anhydride  and  carbo- 
nic oxide  over  red-hot  ferric  oxide.  According  to  Lie  big,  it  is  obtained,  mixed  with  a 
little  metallic  iron,  by  igniting  ferrous  oxalate  in  a  close  vessel.  The  impure  ferrous 
oxide  thus  obtained  is  a  black  pyrophoric  powder,  which  in  contact  with  the  air 
quickly  takes  fire,  and  is  converted  into  ferric  oxide. 

Hydrated  Ferrous  Oxide,  or  Ferrous  hydrate,  is  obtained  by  precipitating 
the  solution  of  a  pure  ferrous  salt,  perfectly  free  from  air,  with  potash-ley,  also  free  from 
air,  in  a  vessel  filled  with  de-aerated  water.  The  hydrate  is  then  precipitated  in  white 
flocks,  which  must  be  washed  by  decantation  with  recently  boiled  water,  then  dried  and 
preserved  in  an  atmosphere  perfectly  free  from  oxygen.  Schmidt  (Ann.  Ch.  Pharm. 
xxxvi.  101),  by  a  very  careful  preparation  thus  conducted,  obtained  the  hydrate  as  a 
non-magnetic,  very  friable  mass,  having  a  pale  greenish  colour,  probably  arising  from 
partial  oxidation.  When  exposed  to  the  air,  even  in  the  dry  state,  it  quickly  absorbs 
oxygen,  becoming  strongly  heated,  even  to  ignition,  and  is  converted  into  ferric  oxide. 
In  the  moist  state  it  is  converted  by  oxidation,  first  into  greenish  ferroso-ferric,  then 
quickly  into  brown  ferric  hydrate.  It  reduces  iodic  acid,  also  platinum-  and  mercury- 
salts.  It  dissolves,  according  to  Bineau,  in  150,000  pts.  of  water,  forming  an  alkaline 
liquid.  It  dissolves  easily  in  acids,  forming  ferrous  salts,  and  absorbs  carbonic 
anhydride  quickly,  even  in  the  dry  state,  so  that  it  cannot  be  dried  in  an  atmosphere  of 
that  gas. 

Ferrous  salts.  —  Ferrous  oxide  and  hydrate  dissolve  in  acids,  forming  salts  in 
which  the  iron  is  mono-  or  di-atomic,  according  as  its  atomic  weight  is  28  or  56  :  e.g. 

FeO    +     2HC1       =      H20     +    FeCl3 
FeO    +    H2S04      =      H20    +    FeSO4. 

The  soluble  ferrous  salts  are  likewise  produced  by  dissolving  iron  in  dilute  acids.  The 
insoluble  salts,  e.g.  the  carbonate  and  phosphate,  are  obtained  by  precipitation.  The 
carbonate  is  of  frequent  occurrence  as  a  natural  mineral  (p.  339). 

Most  ferrous  salts  are  soluble  and  crystallisable,  white  in  the  anhydrous,  pale 
greenish-blue  in  the  hydrated  state.  Tho  solutions  are  green  or  greenish-blue,  have  a 
sweetish  taste,  with  inky  after-taste,  and  quickly  absorb  oxygen  from  the  air,  yielding 
a  yellow-brown  deposit  of  basic  ferae  salt,  because  the  quantity  of  acid  in  the  solution 
is  not  sufficient  to  form  a  normal  ferric  salt,  inasmuch  as  iron  is  trivalent  in  the  ferric, 
and  only  bivalent  in  the  ferrous  salts  ;  thus  ferrous  sulphate  yields  by  oxidation  a  basic 
ferric  sulphate,  or  oxysulphate  containing  only  2  at.  SO4; 

2(FeO.S03)    +    0      =      Fe203.2SOs, 
or 

2FeS04    +     0      = 


whereas  the  soluble  normal  ferric  sulphate  has  the  composition  Fe203.3S03  or 
Fe2(S04)3. 

Those  ferrous  salts  which  contain  a  volatile  acid,  give  it  up  on  ignition,  leaving  a 
residue  of  ferric  oxide,  if  the  acid,  such  as  sulphuric  or  nitric  acid,  gives  up  its  oxygen 
readily  ;  of  ferroso-ferric  oxide,  if  the  acid,  such  as  carbonic  acid,  retains  its  oxygen 
more  forcibly  ;  and  of  metallic  iron,  either  pure  or  mixed  with  ferrous  oxide,  if  tho  acid 
is  organic. 

For  the  reactions  of  ferrous  salts  in  solution,  see  p.  381. 

Ferric  oxide.  Fe203.  Sesquioxide  or  peroxide  of  iron.  This  oxide  occurs  in 
nature  very  abundantly  and  widely  distributed,  viz.  1.  As  specular  iron  ore 
in  rhombohedral  forms,  K  .  oE,  also  R  .  |P2  .  £R  (ratio  of  principal  to  secondary 
axes  =  l'3668  :  1).—  2.  As  martite,  in  regular  octahedrons.  —  3.  As  red  haematite, 
in  columnar,  granular,  botryoidal,  and  stalactitic  shapes,  also  lamellar  and  granular, 
either  alone  or  associated  with  clay,  forming  the  several  varieties  of  red  clay  iron-stone 
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(p.  340).     It  is  formed  by  heating  iron  or  its  lower  oxides  and  hydrates  in  contact  with 
the  air. 

Ferric  oxide  may  be  obtained  in  small  crystals  by  decomposing  ferric  chloride  with 
lime  at  a  red  heat  (Daubre",  Compt.  rend.  xlix.  143);  in  micaceous  lamina  by  heating 
the  amorphous  oxide  with  borax,  and  treating  the  resulting  mass  with  hydrochloric 
acid  (Hauer,  Wien.  Akad.  Ber.  xiii.  456),  or  by  melting  the  amorphous  oxide  with 
chloride  of  calcium  (Kuhlmann,  Compt.  rend.  Hi.  1283).  Khombohedral  or  laminar 
crystals  of  ferric  oxide  are  likewise  obtained  by  igniting  the  amorphous  oxide  in  a  slow 
current  of  hydrochloric  acid  gas.  (Deville,  Compt.  rend.  Hi.  1264.) 

When  equal  parts  of  ferrous  sulphate  (green  vitriol)  and  common  salt  are  heated  to 
redness,  and  the  product  exhausted  by  washing,  ferric  oxide  remains  in  red-brown 
shining  scales.  When  pulverulent  ferric  oxide  is  ignited  with  sal-ammoniac,  part  of  it 
becomes  crystalline,  while  another  portion  volatilises  as  ferric  chloride. 

Ferric  oxide  is  obtained  in  the  amorphous  state  by  igniting  ferrous  sulphate  with  -~ 
pt.  of  saltpetre,  and  lixiviating  the  product ;  by  dissolving  iron  in  nitric  acid,  evapo- 
rating, and  heating  the  resulting  nitrate  to  redness  ;  also  by  deflagrating  iron  filings 
with  saltpetre.  In  the  distillation  of  fuming  sulphuric  acid  from  green  vitriol,  a  residue 
of  impure  ferric  oxide  is  obtained,  formerly  known  as  Caput  mortuum  vitrioli.  Amor- 
phous ferric  oxide  is  usually  prepared  for  pharmaceutical  use  by  igniting  ferric  hydrate 
or  ferrous  carbonate  in  contact  with  the  air ;  the  preparation  thus  obtained  is  called 
Crocus  Martis  adstringens  or  Fcrrum  oxydatum  rubrum.  Very  pure  ferric  oxide  may 
bo  prepared  by  heating  ferrous  oxalate  in  contact  with  the  air ;  the  salt  then  takes  fire 
and  is  completely  converted,  without  further  heating,  into  ferric  oxide.  (A.  Vogel.) 

Ferric  oxide  prepared  by  either  of  the  latter  methods,  is  amorphous,  and  has  a  brown- 
red,  red,  or  nearly  black  colour,  according  to  the  particular  mode  of  preparation  adopted. 
It  is  very  hygroscopic,  not  magnetic,  very  hard,  and  is  therefore  used  as  a  grinding 
and  polishing  material.  The  specific  gravity  of  the  artificially  prepared  oxide  is  5-04 
to  5'17  (H.  Rose,  Pogg.  Ann.  Ixxiv.  440);  that  of  red  haematite  and  specular  iron  ore, 
from  4'5  to  5'3  ;  of  some  columnar  varieties  as  low  as  4'2  ;  that  of  martite  from  Peru, 
3'80  ;  from  Puy  de  Dome,  4-65 ;  from  Brazil,  4'SO  (Breithaupt) ;  from  Monroe,  New 
York,  5'33  (Hunt).  Hardness  of  haematite  and  specular  iron  ore  =  5'5  to  6'5 ;  of 
martite  =  6.  The  cubic  expansion  of  ferric  oxide  =  0*00004  for  1°  C.  (Kopp). 
Ferric  oxide  is  not  volatile,  but  at  a  full  white  heat  it  gives  off  oxygen,  and  is  partially 
converted  into  ferroso-ferric  oxide,  which  is  attracted  by  the  magnet. 

Ferric  oxide  is  reduced  to  the  metallic  state  by  hydrogen  gas,  at  a  heat  even  below 
redness,  and  completely  at  red  heat  by  charcoal  or  carbonic  oxide,  also  by  ammonia  gas. 
When  ignited  with  stdphicr,  it  yields  sulphurous  anhydride  and  a  sulphide  of  iron. 
It  easily  gives  up  its  oxygen  when  ignited  with  combustible  bodies,  but  takes  it  up 
again  when  heated  in  contact  with  the  air :  hence  it  facilitates  the  combustion  of 
organic  bodies,  and  may  be  used  for  incinerating  them  (Ofrager,  Ann.  Ch.  Pharm. 
cxi.  124).  Even  at  ordinary  temperatures,  it  frequently  acts  as  an  oxidising  agent  in 
contact  with  organic  matter,  and  is  thereby  reduced  to  magnetic  oxide,  or  even  to 
ferrous  oxide,  and  then,  by  taking  up  carbonic  acid,  converted  into  spathic  iron ;  the 
reduced  oxide,  if  in  contact  with  moisture,  is  frequently  also  reconverted  into  ferric 
hydrate  (Hmonite  or  brown  haematite)  by  atmospheric  oxidation.  The  oxide  is  also 
sometimes  further  reduced  by  the  action  of  sulphydric  acid,  and  converted  into  pyrites : 
hence  magnetite,  Hmonite,  and  pyrites  often  occur  as  pseudomorphs  after  red  haematite. 
According  to  Kuhlmann  (Compt.  rend.  Hi.  1169),  it  easily  converts  sulphide  of  cal- 
cium into  gypsum  at  the  expense  of  atmospheric  oxygen ;  the  oxysulphide  of  calcium 
of  the  soda-residues  mixed  with  an  equal  weight  of  ferric  oxide  (the  residue  of  the 
burning  of  pyrites),  forms  a  very  useful  cement,  which  hardens  quickly  in  contact  with 
the  air. 

Ferric  oxide  dissolves  in  acids,  but  less  easily  in  proportion  as  it  has  been  more 
strongly  ignited :  the  best  solvent  for  it  is  strong  boiling  hydrochloric  acid.  The  solu- 
tion is  facilitated  by  the  addition  of  zinc  or  stannous  chloride,  the  oxide  then  dissolv- 
ing as  ferrous  chloride. 

Ferric  oxide,  on  account  of  its  hardness,  is  much  used  as  a  grinding  and  polishing 
material.  A  very  hard  compact  kind  of  red  haematite,  called  bloodstone,  forms, 
when  well  polished,  the  best  material  for  producing  a  high  lustre  on  coat-buttons, 
and  on  the  gilding  of  porcelain.  Ferric  oxide  in  the  pulverulent  state  is  used  for 
polishing  gold,  silver,  and  other  metals,  for  polishing  and  sharpening  cutting  instru- 
ments, and  for  grinding  and  polishing  glass  for  mirrors  and  lenses.  According  to 
Vogel  (Dingl.  pol.  J.  cxxxii.  275),  the  oxide  obtained  by  the  combustion  of  ferrous 
oxalate  (p.  393)  is  peculiarly  adapted  for  these  purposes.  That  whicli  is  prepared 
by  igniting  green  vitriol  in  crucibles  is  also  much  used,  the  least  calcined  portions, 
which  are  of  a  scarlet  colour,  forming  jeweller's  rouge  for  polishing  gold  or  silver,  and 
the  more  calcined  portions,  which  are  bluish  or  purplish,  forming  the  crocus  which 
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is  used  for  polishing  brass  and  steel.  Lord  Rosse  prepares  ferric  oxide  for  polish- 
ing the  specula  of  his  telescopes,  by  precipitating  a  pure  dilute  solution  of  ferrous 
sulphate  with  ammonia,  pressing  the  washed  precipitate  in  a  screw-press  till  nearly 
dry,  and  exposing  it  to  a  heat  which  appears  dull  red  in  the  dark.  (See  Ure's  Dictionary 
of  Arts,  iii.  369.) 

Ferric  oxide  is  also  used  as  a  colouring  material  for  glass  and  porcelain,  especially 
the  latter ;  it  yields  a  fine  purple-red,  or  when  more  strongly  heated,  an  orange-yellow 
enamel  colour,  the  tint  produced  depending  essentially  on  the  mode  of  treatment ; 
according  to  Bontemps  ^Phil.  Mag.  [4]  xxxv.  439),  ferric  oxide  may  be  made  to 
colour  glass  with  all  the  tints  of  the  spectrum,  according  to  the  degree  of  heat  applied. 

Hy  d r  a  te d  fe r  r i c  o x id c,  or  Fe r  r i c  Jiy  d r  a  t c,  occurs  abundantly  in  nature,  either 
crystallised  as  gothite  or^needle  iron  ore  (ii.  940),  or  in  stellate  groups  of  needles 
or  fibres,  as  xanthosiderite,  or  more  frequently  in  stalactitic,  botryoidal  or  mammil- 
lary  forms,  having  a  fibrous  or  subfibrous  structure ;  also  massive  and  occasionally 
earthy,  as  brown  haematite  or  limonite;  also  mixed  with  clay,  as  brown  or 
yellow  clay  iron-stone  (pp.  338,  339).  It  is  the  colouring  principle  of  many 
minerals,  of  ochre,  of  the  deposit  of  mineral  waters,  of  yellow  sandstone,  Turkish 
umber,  &c.  It  is  formed  by  the  precipitation  of  ferric  salts  with  alkalis  or  alkaline 
carbonates ;  also  when  ferrous  salts  are  precipitated  in  like  manner,  and  the  precipitate 
is  exposed  to  the  air ;  and  by  the  rusting  of  iron,  which  takes  place  when  the  metal  is 
exposed  to  moist  air,  and  is  accelerated  by  contact  with  small  quantities  of  acids,  and 
of  various  saline  solutions,  especially  ammoniacal  salts  and  urine. 

Ferric  hydrate  is  most  easily  prepared  by  precipitating  a  moderately  dilute  solution 
of  ferric  chloride  with  excess  of  ammonia  (with  a  smaller  quantity,  a  basic  salt  would 
be  thrown  down) ;  it  is  apt,  however,  to  retain  small  quantities  of  ammonia,  to  remove 
which  it  must  be  washed  several  times  with  water,  then  dried,  and  washed  completely 
after  being  reduced  to  powder.  This  precipitate  formed  in  the  cold  (the  Ferrurn  oxi- 
datum  fuscum  of  the  pharinacopceias)  has  the  composition  Fe208.2H20,  according  to 
Gmelin  (Handbook,  v.  198)  and  Lefort  (J.  pr.  Chem.liv.  305) ;  Fe203.3H20,  accord- 
ing to  Wittstein  (Phaim.  Centr.  1853,  p.  367) ;  or  2Fe203.3lPO,  according  to  Pean 
de  Saint-Gilles  (Ann.  Ch.  Phys.  [3]  xlvi.  47),  the  proportion  of  water  doubtless 
varying  according  to  the  degree  of  dilution,  the  mode  of  precipitation,  and  the  tem- 

Eerature  to  which  the  hydrate  has  been  exposed  in  drying.     The  hydrate  precipitated 
com  hot  solutions  is.Fe203.2H20.     (Lefort ;  Schaffner,  Ann.  Ch.  Pharm.  li.  117.) 
Native  ferric  hydrates  are  also  of  various  composition.     Gothite  is  Fe203.H20  ; 
limonite,  2Fe203.3H20 ;  xanthosiderite,  Fe-03.2H20  ;  and  a  variety  of  bog  iron  ore 
(called  Qudlcrz)  from  Nischnei-Nowgorod  in  Russia,  consists,  according  to  Hermann 
(J.  pr.  Chem.  xxvii.  53),  mainly  of  Fe203.3H-0. 

Ferric  hydrate  has  a  light  yellow  to  dark  brown  colour,  and  is  sometimes  a  loose 
earthy  powder,  sometimes  a  heavy  friable  mass,  according  to  the  mode  of  preparation. 
When  recently  precipitated,  it  is  easily  soluble  in  acids,  but  its  power  of  uniting  with 
acids  is  diminished  by  drying,  and  frequently  even  by  prolonged  immersion  in  liquids*. 
A  remarkable  insoluble  modification  of  ferric  hydrate  is  produced  by  boiling  the 
ordinary  yellow  hydrate,  2Fe203.3H20  (precipitated  from  the  chloride  by  ammonia), 
in  water  for  seven  or  eight  hours.  The  colour  then  changes  from  ochre-yellow  to 
brick-red,  and  the  hydrate  thus  altered  is  scarcely  acted  upon  by  strong  boiling  nitric 
acid,  and  but  very  slowly  by  hydrochloric  acid.  In  acetic  acid,  or  dilute  nitric  or 
hydrochloric  acid,  it  dissolves,  forming  a  red  liquid,  which  is  clear  by  transmitted, 
but  turbid  by  reflected  light ;  is  precipitated  by  the  smallest  quantity  of  an  alkali- 
salt  or  a  sulphate ;  and  on  addition  of  strong  nitric  or  hydrochloric  acid,  yields  a  red 
granular  precipitate,  which  redissolves  on  diluting  the  liquid  with  water.  The  modi- 
fied hydrate  does  not  form  prussian  blue  with  ferrocyanide  of  potassium  and  acetic 
acid.  It  appears  to  consist  of  Fe'03.H20.  This  insoluble  hydrate  is  likewise  preci- 
pitated when  a  solution  of  the  ordinary  hydrate  in  acetic  acid  is  rapidly  boiled.  The 
same  solution,  if  kept  for  some  time  at  100°  C.  in  a  close  vessel,  becomes  light  in 
colour,  no  longer  forms  prussian  blue  with  ferrocyanide  of  potassium,  or  exhibits  any 
deepening  of  colour  on  addition  of  a  sulphocyauate ;  strong  hydrochloric  or  nitric  acid, 
or  a  trace  of  an  alkali-salt,  or  sulphuric  acid,  throws  down  all  the  ferric  oxide  in  the 
form  of  the  insoluble  hydrate.  (Pean  de  Saint-Gilles,  Ann.  Ch.  Phys.  [3]  xlvi.  47.) 
Ferric  hydrate  gives  off  part  of  its  water  between  80°  and  100°,  and  the  whole  at  a 
red  heat ;  it  is  also  completely  dehydrated  by  heating  it  to  160° — 200°,  with  a  satu- 
rated solution  of  chloride  of  calcium  or  chloride  of  sodium.  (S  e n ar  m o  n  t.) 

Ferric  hydrate  easily  gives  up  part  of  its  oxygen  to  oxidable  bodies,  and  is  easily 
reduced  by  sulphurous  acid,  stannous  chloride,  &c.  In  contact  with  putrefying 
organic  bodies,  out  of  contact  with  the  air,  it  forms  ferroso-ferric  compounds,  or 
ferrous  carbonate ;  but  if  the  air  has  access  to  it,  it  quickly  recovers  the  oxygen  which 
it  has  given  up  to  the  putrefying  substance,  and  can  then  again  exert  an  oxidising 
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action,  thus  acting  as  a  carrier  of  oxygen  from  the  air  to  the  organic  body:  hence  it 
accelerates  the  oxidation  of  woody  fibre  in  the  soil.  (Kuhlmann,  J.  pr.  Chem. 
Ixxxi.  110.) 

Ferric  hydrate  is  rarely  used  alone  in  medicine  ;  but  in  the  recently  precipitated 
state,  it  acts  as  an  antidote  to  arsenic,  as,  when  given  in  sufficient  quantity,  it  forms  a 
highly  basic  ferric  arsenite,  very  difficultly  decomposible  by  water. 

Ferric  hydrate  unites  with  colouring  matters,  and  easily  fixes  itself  on  many  organic 
bodies,  especially  on  tissues  :  hence  its  use  as  a  mordant,  and  the  formation  of  iron- 
mould  on  linen,  cotton,  &c.  Such  spots  may  be  removed  by  oxalic  acid,  or  acid  oxalato 
of  potassium,  the  action  being  greatly  accelerated  by  contact  with  metallic  tin. 

Ferric  salts. — In  these  salts,  the  iron  may  be  regarded  as  trivalent,  or  the  group 
Fe2  as  sexvalent,  e.g.  the  chloride,  Fe2Cla;  the  nitrate,  Fe2(N03)6;  the  sulphate, 
Fe2(S04)3.  (The  oxygen-salts  may,  of  course,  be  regarded  as  compounds  of  ferric 
oxide  with  anhydrous  acids,  e.g.  the  nitrate,  Fe203.3N205,  the  sulphate,  Fe203.3S03.) 
Accordingly,  it  requires  three  molecules  of  a  monobasic  acid,  such  as  nitric  acid,  to 
form  a  normal  salt  with  one  molecule  of  ferric  oxide. 

The  normal  ferric  salts  are  for  the  most  part  soluble  in  water,  and  difficult  to  crys- 
tallise ;  some  of  them  are  deliquescent.  They  are  mostly  analogous  in  composition  to 
the  salts  of  aluminium,  and  frequently  isomorphous  with  them  ;  this  correspondence  of 
form  and  composition  is  most  conspicuous  in  the  alums  ;  thus  ferrico-potassic  sulphate, 
FeK(S04)U2H20,  is  isomorphous  with  common  alum,  A1K(S04)2.12H20. 

Soluble  ferric  salts  are  obtained  by  dissolving  ferric  oxide  or  its  hydrates  in  aqueous 
acids,  or  by  oxidising  ferrous  salts  with  nitric  acid,  adding  the  quantity  of  acid  required 
to  form  a  normal  ferric  salt ;  e.g. : 

2FeSO*  +  0  +  H2S04    =    Fe2(S04)3  +  H20. 

The  insoluble  salts  are  obtained  by  double  decomposition. 

Ferric  salts  are  white  in  the  anhydrous,  yellow  or  yellowish-red  in  the  hydrated 
state.  The  solutions  have  also,  for  the  most  part,  a  yellowish-red  colour,  especially 
when  heated ;  the  solutions  of  the  nitrate  and  fluoride,  however,  are  colourless5 ;  that  of 
the  chloride  is  brown-red,  and  those  of  the  acetate,  meconate,  and  sulphocyanate  are 
blood-red. 

The  presence  of  free  hydrochloric  acid  in  a  solution  of  ferric  chloride  changes  the 
colour  of  the  solution  to  orange  yellow ;  this  coloration,  like  that  of  other  acid  solu- 
tions of  ferric  salts  (e.g.  ferric  sulphocyanate),  is  completely  destroyed  by  addition  of 
a  sufficient  quantity  of  phosphate  of  sodium  ;  on  the  other  hand,  the  colouring  power 
of  ferric  chloride,  in  presence  of  an  excess  of  strong  hydrochloric  acid,  is  very  great, 
the  bright  yellow  colour  of  commercial  hydrochloric  acid,  for  instance,  being  caused 
by  a  quantity  of  ferric  chloride  too  small  to  impart  a  perceptible  colour  to  the  liquid 
when  somewhat  diluted  with  water. 

Ferric  oxide  has  a  great  tendency  to  form  basic  salts,  which  may  be  regarded  as  com- 
pounds of  the  normal  salts  with  excess  of  ferric  oxide  :  thus,  besides  the  triacid  or 
normal  sulphate,  (SO2)3) 

Fe503.3S04  =  !Fe2(S04)3  =    ^  2    J  O8,  there  are  several  basic  sulphates,  viz. 


Sexbasic,        6Fe203.S03  =  I  O19  or  17Fe203.Fe2(S04)3 

Fe12} 

Quadribasic,   4Fe203.S03  =      S°2  )  O13  or  HFe203.Fe2(S04)3 
Fe8  J 

Tribasic,         3Fe203.S02  =      S°2  )  O10  or  8Fe203.Fe2(S04)3 

]£«J 

CJ02   ^ 

Dibasic,  2Fe209.S03  =  107  or  5Fe203.Fe2(S04)3 

fe4] 

Monobasic,       Fe2Os.S03  =      S°2 1 04  or  2Fe203.Fe2(S04)3 
Fe2 


Sesquiacid,  2Fe203.3S03 


Diacid,  Fe'03.2S03 


(SO 


or  2Fe203.2[Fe2(S04)3] 


O5  or  Fe203.2[Fe2(S04)3J 
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Most  of  these  basic  salts  are  insoluble  in  water,  and  arc  precipitated  on  heating  a 
moderately  dilute  and  nearly  neutral  solution  of  the  corresponding  normal  salt  {e.g. 
ferric  acetate),  or  on  adding  to  the  solution  of  a  normal  ferric  salt,  a  quantity  of  alkali 
not  sufficient  to  precipitate  the  whole. 

Ferric  salts  containing  volatile  acids  are  decomposed  by  ignition,  leaving  a  residue 
of  ferric  oxide,  ferrous  oxide,  or  metallic  iron,  according  to  the  nature  of  the  acid 
present.  For  their  reactions  before  the  blowpipe  and  in  solution,  see  page  380. 

Ferroso-ferric  Oxides  and  Hydrates.  —  The  term  ferroso-ferric  is  applied  to 
oxides  of  iron  which  are  intermediate  in  composition  between  ferrous  and  ferric  oxide, 
and  may  be  regarded  as  compounds  of  the  two.  The  principal  of  these  intermediate 
oxides  are  the  scale-oxide  and  the  magnetic  oxide. 

a.  Scale  oxide,  Fe809  =  6FeO.Fe203.  —  When  iron  is  heated  to  redness  in  the  air, 
two  layers  of  scale  oxide  are  formed,  which  may  easily  be  separated.  The  inner  layer, 
6FeO.Fe203,  is  blackish-grey,  porous,  brittle,  and  attracted  by  the  magnet.  The  outer 
layer  contains  a  larger  quantity  of  ferric  oxide,  but  in  variable  proportion  ;  it  is  of  a 
reddish  iron-black  colour,  dense,  brittle,  yields  a  black  powder,  and  is  more  strongly 
attracted  by  the  magnet  than  the  inner  layer.  The  amount  of  ferric  oxide  in  the 
outer  layer  is  between  32  and  37  per  cent.,  and  on  the  very  surface  it  is  as  much  as 
52-8  per  cent.  (Mosander,  Pogg.  Ann.  vi.  35  ;  also  Schw.  xlvii.  81).  The  specific 
gravity  of  the  scale-oxide  is  5'48  (P.  Boullay).  Berthier  (Ann.  Ch.Phys.  [2]  xxvii. 
19  ;  also  Schw.  xliii.  319)  regards  the  scale-oxide  as  4FeO.Fe203  ;  Mosander  attributes 
the  greater  amount  of  ferric  oxide  found  by  Berthier  to  the  fact  of  Berthier  having 
analysed  the  inner  and  outer  layers  together. 

0.  Magnetic  oxide,  Fes04  =  /l^vijo4   =   FeO.Fe203.—  This  oxide  occurs  abun- 

dantly as  a  natural  mineral,  and  is  one  of  the  richest  and  most  valuable  ores  of  iron, 
containing,  when  pure,  nearly  72  percent,  of  the  metal  (p.  337).  It  occurs  in  mono- 
metric  crystals,  the  dominant  form  being  usually  the  octahedron,  sometimes  the  rhom- 
bic dodecahedron,  these  forms  being  modified  as  in  figures  194,  195,  196,  199, 
200,  &c.  (CRYSTALLOGRAPHY,  ii.  129,  130)  ;  twins  also  occur,  like  figure  319  (ii.  160). 

It  is  isomorphous  with  spinel  /Ajfwi  |  O4,  gahnite,  /Apxvl|o4,  zeilanite,  /^p 
frnnklinite,  vi   O4,  cnrome-iron  ore>  ^*'  anc*  ot^er  m^nera^s  in  vhich  the 


bivalent  radicles,  Mg,  Zn,  Fe,  and  likewise  the  sexvalent  radicles  Al2,  Fe2,  Cr2,  replace  one 
another  in  various  proportions,  or  into  which  other  diatomic  metals  enter  in  various 
proportions,  e.g.  calcium,  Ca,  with  magnesium  in  pleonast  and  chlorospinel.  Cleavage 
octahedral,  more  or  less  distinct.  The  dodecahedral  faces  are  commonly  striated, 
parallel  to  the  longer  diagonal.  Much  more  frequently,  however,  it  occurs  massive, 
with  granular  structure  (p.  336). 

Ferroso-ferric  oxide,  Fe304,  is  produced  when  iron  is  heated  to  redness  in  aqueous 
vapour  (Eegnault,  Gray-Lussac);  when  ferrous  chloride  is  heated  to  low  redness 
with  excess  of  carbonate  of  sodium  (Liebig  and  "Wohler,  Pogg.  Ann.  xxi.  582)  ;  also 
according  to  Mitscherlich  (Pogg.  Ann.  xv.  622),  when  iron  is  burned  in  oxygen-gas 
or  before  the  blowpipe.  It  is  obtained  crystallised  in  octahedrons,  by  igniting  ferroso- 
ammonic  chloride  in  contact  with  the  air  (Hauer,  Wien.  Akad.  Ber.  xiii.  456);  also, 
together  with  ferrous  chloride,  by  heating  ferrous  oxide  in  a  slow  stream  of  hydrochloric 
acid  gas  (Deville,  Compt.  rend.  liii.  199)  ;  by  fusing  ferric  phosphate  with  3  or  4  times 
its  weight  of  sulphate  of  sodium  (Debray,  ibid.  Hi.  985);  and  by  heating  ferrous  sul- 
phate with  chloride  of  calcium  in  covered  crucibles  (Kuhlmann,  ibid.  Hi.  1283). 
Deville  and  Car  on  (ibid.  xliv.  764),  by  heating  ferric  fluoride  with  boric  anhydride 
out  of  contact  with  the  air,  obtained  the  magnetic  oxide  in  long  needles,  made  up  of 
aggregates  of  regular  octahedrons.  Ebelmen  obtained  crystalline  magnetic  oxide  by 
the  action  of  heat  on  ferrous  silicate.  Artificially  prepared  ferroso-ferric  oxide  is, 
however,  most  frequently  a  black  mass,  which  yields  an  iron-black  powder,  and  is 
attracted  by  the  magnet. 

Many  metallurgic  products  also  contain  ferroso-ferric  oxide,  either  free  or  combined 
with  silica—  refinery-slags  for  example,  according  to  Plattner  (Ann.  Ch.  Pharm. 
xx.  233).  The  iron  plates  which  are  laid  beneath  the  hearths  of  iron-smelting  furnaces, 
and  are  exposed  to  a  red  heat,  are  sometimes,  in  the  course  of  6  or  10  years,  completely 
converted,  by  the  moisture  of  the  soil,  into  magnetic  oxide,  partly  crystalline,  partly 
compact,  and  attracted  by  the  magnet  (but  not  itself  magnetic).  The  same  compound 
is  formed  on  the  under  side  of  the  refining  hearths,  where  the  iron  comes  in  contact 
with  aqueous  vapour.  (Koch,  Ueber  Jery  stall.  Huttenproductet  p.  17.) 
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7.  Crystallised  ferrous  carbonate,  ignited  in  close  vessels,  yields  ferroso-ferric  oxide, 
consisting,    according    to    Kramer,    of    FeO.Fe*03 ;  .according    to    Dobereiner,   of 
3FeO.Fe2Os ;  according  to  GHasson,  of  4FeO.Fe203,  the  composition  of  the  product 
being  doubtless  influenced  by  the  rapidity  of  the  heating. 

8.  The  old  pharmaceutical  preparation  called  JEthiops  'martialis,  is  a  ferroso-ferric 
oxide,  or  mixture  of  ferrous  and  ferric  oxides  in  various  proportions,  obtained  by 
oxidising  iron  in  a  current  of  aqueous  vapour,  or  by  partially  reducing  ferric  oxide  by 
ignition  with  iron  filings,  or  with  a  quantity  of  oil  just  sufficient  to  make  it  into  a 
moist  powder ;  the  preparation  obtained  by  this  last  method  always  contains  carbon. 

Ferroso-ferric  oxide  is  easily  reduced  to  the  metallic  state  by  ignition  with  hydrogen, 
charcoal,  carbonic  oxide,  or  ammonia-gas.  When  ignited  in  the  air,  it  is  converted 
into  ferric  oxide. 

Ferroso-ferric  Hydrates. — These  are  compounds  of  various  composition, 
obtained  by  the  partial  oxidation  of  ferrous,  or  reduction  of  ferric  hydrate,  by  pre- 
cipitating mixtures  of  ferrous  and  ferric  salts  with  alkalis,  and  by  the  oxidation  of  iron 
in  contact  with  air  and  water. 

o.  Dingy-green  Hydrate. — By  exposing  white  ferrous  hydrate  to  the  air  for  a  short 
time — or  by  precipitating  a  mixture  of  a  ferrous  salt  and  a  small  quantity  of  ferric  salt, 
with  potash  or  ammonia — a  dingy-green  hydrate  of  ferroso-ferric  oxide  is  obtained, 
which,  on  further  exposure  to  the  air,  is  quickly  converted  into  rusty-brown  ferric 
hydrate. 

ft.  Black  Hydrate. — 1.  This  hydrate,  which  has  nearly  the  composition  FeO.Fe2Os 
+  a:H20,  is  precipitated  from  a  solution  of  magnetic  oxide  in  hydrochloric  acid,  or 
from  a  mixture  of  equivalent  proportions  of  ferrous  and  ferric  salts,  on  the  addition 
of  potash  or  ammonia.  The  yellow  solution  of  magnetic  oxide  in  hydrochloric  acid 
yields,  with  ammonia,  a  brownish-black  precipitate,  which  is  magnetic  even  while  in 
the  liquid,  so  that  it  collects  round  a  magnet  dipped  into  that  liquid.  It  may  bo 
washed  on  the  filter  without  becoming  more  highly  oxidised  (Li ebig  and  Wohler, 
Pogg.  Ann.  xxi.  583). — 2.  The  same  precipitate  is  obtained  by  mixing  ferrico-animonic 
sulphate  with  ferrous  sulphate,  in  such  proportion  that  the  ferric  oxide  present  in  the 
mixture  may  contain  three  times  as  much  oxygen  as  the  ferrous  oxide,  and  precipi- 
tating with  ammonia  (Abich,  Pogg.  Ann.  xxiii.  354). — 3.  Two  equal  portions  of 
ferrous  sulphate  are  taken ;  the  first  is  dissolved  in  water  acidulated  with  sulphuric 
acid,  and  oxidated  at  a  boiling  heat  by  the  addition  of  nitric  acid  in  small  portions  at 
a  time.  The  other  portion  is  dissolved  in  water  freed  from  air  by  boiling.  The  two 
solutions  are  then  mixed ;  the  mixture,  while  still  hot.  precipitated  by  ammonia  added 
at  once  in  excess ;  and  the  liquid,  together  with  the  brown-black  precipitate,  heated  for 
some  minutes  to  the  boiling  point.  The  precipitated  ferroso-ferric  oxide  is  then  col- 
lected on  a  filter  and  washed — during  which  process  it  undergoes  further  oxidation — 
and  then  dried  at  a  gentle  heat  (Wohler,  Ann.  Ch.  Pharm.  xxii.  56).  This  process 
should  yield  2FeO.Fe203 ;  but  even  if  a  greater  quantity  of  ferric  oxide  is  not  pro- 
duced by  the  nitric  acid  still  remaining,  or  by  contact  with  the  air,  the  proportion  of 
that  oxide  is  sure  to  be  increased  by  decomposition  of  water. — 4.  Bpttger  (Bcitrdge, 
ii.  12)  precipitates  ferrous  sulphate  free  from  ferric  oxide  by  the  addition  of  carbonate  of 
sodium ;  washes  the  precipitate  several  times  by  decantation ;  and  then  boils  it  with 
tolerably  concentrated  caustic  potash.  This  process  yields  a  velvet-black  powder, 
much  less  liable  to  absorb  an  additional  quantity  of  oxygen  than  that  which  has  been 
precipitated  by  ammonia. — 5.  Noel  (J.  Pharm.  [3]  i.  62)  precipitates  ferrous  sulphate 
with  carbonate  of  sodium,  washes  the  ferrous  carbonate  by  decantation,  leaves  it  to 
drain  upon  linen,  and  then  heats  it  in  a  cast-iron  vessel,  with  constant  stirring,  till  it 
is  dry.  It  is  thereby  converted  into  a  velvet-black  powder.  Soubeiran  obtained  by 
this  process  a  precipitate  which  was  not  perfectly  black,  and  when  treated  with  hydro- 
chloric acid,  evolved  carbonic  anhydride. — 6.  Preuss  introduces  4  pts.  ofpulverised 
iron  and  5  pts.  of  ferric  oxide  into  a  flask,  together  with  a  two  or  threefold  quantity  of 
water,  and  boils  the  liquid  gently  for  some  time.  The  mixture  gives  off  fetid  hydrogen 
gas,  and  turns  dark  brown  at  first,  but  afterwards  black.  When  the  evolution  of  gas 
ceases,  and  the  resulting  black  powder  settles  down  readily,  it  is  separated  by  leviga- 
tion  from  the  excess  of  iron  ;  thrown  on  a  filter  of  grey  porous  paper ;  and  the  filter, 
after  the  water  has  drained  off,  is  wrapped  up  in  a  large  quantity  of  paper,  and  quickly 
dried  in  hot  air.  The  black,  very  loose  powder  dissolves  in  acids  without  evolution  of 
gas,  and  the  solution  yields  a  black  precipitate  on  the  addition  of  an  alkali.  The  pre- 
cipitate must  not  be  dried  by  heat,  because  in  that  case  it  would  turn  brown  from 
higher  oxidation.  (Wohler,  Ann.  Pharm.  xxviii.  92.) 

The  black  hydrate  of  ferroso-ferric  oxide  exhibits,  after  drying,  the  appearance  of 
brown  black,  brittle,  strongly  magnetic  lumps,  having  a  couchoidal  fracture,  and  yield- 
ing a  dark-brown  powder.  It  contains  about  7  per  cent,  of  water,  which  it  gives  off 
when  heated  in  a  retort,  leaving  black  anhydrous  ferroso-ferric  oxide.  When  heated 
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in  the  air,  it  is  converted  into  ferric  oxide.  From  its  yellow  solution  in  hydrochloric 
acid,  it  is  precipitated  unchanged  by  ammonia  (Wohler). 

Ferroso-ferric  hydrate  was  formerly  much  employed  in  medicine,  but  has  now  almost 
fallen  into  disuse.  In  preparing  iodide  of  potassium  from  iodide  of  iron,  it  is  advis- 
able to  take  the  iron  and  iodine  in  such  proportion  (Fe3!8)  that,  on  precipitating  with 
carbonate  of  potassium,  this  black  ferroso-ferric  hydrate  shall  be  formed,  because  it  is 
much  less  bulky  than  ferric  hydrate,  and  therefore  easier  to  wash. 

The  ferroso-ferric  oxides  and  hydrates  dissolve  in  acids,  forming  brownish  or  yellow 
solutions,  according  as  the  one  or  other  of  the  oxides  predominates.  These  solutions, 
commonly  said  to  contain  ferroso-ferric  salts,  are  mere  mixtures  of  ferrous  and 
ferric  salts,  and  give  reactions  intermediate  between  the  two.  They  give  black  precipi- 
tates with  alkalis;  blue,  both  with  ferro-  and  with  ferri-cyanido  of  potassium,  also 
with  cyanide  of  potassium  (ii.  219,  227),  a  reaction  not  produced  either  by  ferrous  or  by 
ferric  salts  when  pure. 

Trioxide  of  Iron,  or  Ferric  anhydride,  FeO3,  is  not  known  in  the  free  state,  but 
may  be  supposed  to  exist  in  the  ferrates  (salts  obtained  by  fusing  iron  or  its  oxides 
with  nitre,  (ii.  626)  e.g.  Ferrate  of  potassium,  FeK204  =  K2O.Ft03. 

IRON,  OXYBRORIIDE  OF.  Ferric  oxybromide  is  obtained  by  evaporating 
the  aqueous  solution  of  ferric  bromide,  or  by  treating  it  with  a  quantity  of  potash  not 
sufficient  for  complete  precipitation,  or  by  exposing  a  solution  of  ferrous  bromide  to  the 
air.  (Lowig.) 

IRON,  OXYCHX.ORIDE  OF.    See  page  378. 

IRON,  OXYFLUORIDE  OF.  A  ferric  oxyfluoride  is  precipitated  by  ammonia 
from  the  solution  of  ferric  fluoride.  (Berzelius.) 

XRON,  OXTTGEN-SAXsTS  OF.  The  general  properties  of  these  salts  have  been 
already  described  (pp.  380,  393,  396).  For  the  special  descriptions,  see  the  several 
ACIDS. 

IRON*,  OXYSULPHIDE  OF.     See  page  401. 

IRON,  PHOSPHIDES  OF.  Phosphorus  unites  readily  with  iron,  forming  a  grey, 
fusible,  very  hard  compound,  which  takes  a  high  polish.  This  compound,  which  has 
the  composition  Fe4P,  may  be  prepared  by  heating  a  mixture  of  phosphate  of  iron  and 
charcoal  in  a  crucible  lined  with  charcoal  and  placed  in  a  forge  fire. 

A  very  small  quantity  of  phosphorus  produces  a  great  alteration  in  the  properties  of 
iron,  rendering  it  brittle  in  the  cold  (pp.  329,  334). 

IRON,  PULVERISED.  Ferrum  pulveratum  ;  Limatura  ferri  s.  Martis  alco- 
holisata. — Finely  pulverised  iron  for  medical  use  may  be  prepared  by  mechanical 
trituration  of  filings  of  bar  iron,  and  subsequent  boiling  and  straining.  Iron-powder 
is  prepared  in  large  quantities  by  this  method  in  the  Tyrol.  The  iron  is,  however, 
obtained  in  a  much  finer  state  of  division,  by  reducing  an  oxide  of  iron  with  hydrogen. 
Wohler  (Ann.  Ch.  Pharm.  cix.  125 ;  cv.  192)  mixes  1  pt.  of  ferrous  sulphate  perfectly 
free  from  copper,  with  three  times  its  weight  of  chloride  of  sodium ;  heats  the  mixture 
till  it  becomes  red-hot  and  fuses ;  washes  the  residue  completely ;  heats  the  ferric 
oxide  thus  produced  to  dull  redness  in  a  glass  tube  or  gun-barrel ;  and  passes  over  it 
a  stream  of  dry  hydrogen,  perfectly  free  from  carbon,  sulphur,  phosphorus,  and 
arsenic,  as  these  substances,  if  present,  would  unite  with  the  iron.  It  is  difficult,  how- 
ever, when  ferrous  sulphate  is  used,  to  obtain  iron  quite  free  from  sulphur ;  hence, 
Luca  (Compt.  rend.  Ii.  333)  precipitates  ferrous  chloride  with  ammonia,  and  reduces 
the  washed  oxide  with  perfectly  washed  hydrogen-gas,  avoiding  the  use  of  vulcanised 
caoutchojic-tubes  (because  the  gas  might  take  up  sulphur  from  them).  It  is  doubtful, 
however,  whether  the  presence  of  minute  quantities  of  sulphur  and  carbon  in  the  pul- 
verised iron,  would  be  at  all  injurious  in  its  application.  To  preserve  the  iron  from 
rust,  it  is  kept  in  sealed  vessels  filled  with  hydrogen. 

Eeduced  iron  is  an  impalpable,  slate-grey  powder,  which  may  be  set  on  fire  by  a 
glowing  body,  and  then  burns  away  very  quickly  (mechanically  pulverised  iron  cannot 
be  set  on  fire  in  this  way) ;  it  should  be  heated  strongly  enough  in  the  hydrogen- 


atmosphere  to  prevent  it  from  becoming  actually  pyrophoric.     It  is  much  more  active 
than  mechanically  pulverised  iron,  on  account  of  its  finer  state  of  division. 

IRON,  SEX>ENXDES  OF.  Selenium  in  the  state  of  vapour,  pasjsed  over  iron- 
filings,  combines  with  the  metal,  producing  considerable  evolution  of  light  and  heat. 
The  product  is  a  yellowish-grey  substance,  with  metallic  lustre,  hard  and  brittle.  It 
melts  before  the  blowpipe,  giving  off  oxide  of  selenium,  and  forming  a  black  brittle 
globule,  apparently  consisting  of  ferrous  selenite.  (Berzelius.) 

G-.  Little  (Ann.  Ch.  Pharm.  cxii.  211),  by  passing  selenium-vapour  over  red-hot 
iron  wire,  and  melting  the  brittle  product  under  borax,  obtained  a  metallic-looking 
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greyish-yellow,  easily  pulverisable  compound,  having  a  specific  gravity  of  6'38,  and 
the  composition  of  ferric  selenide,  Fe2Se8. 

IRON1,  SULPHIDES  OP.  Iron  and  sulphur  unite  directly  with  one  another, 
under  various  circumstances,  and  in  several  different  proportions.  Besides  two  sub- 
sulphides  containing  less  than  1  at.  sulphur  to  1  at.  iron,  there  is  a  protosulphide  or 
ferrous  sulphide,  FeS  ;  a  sesguisulphide  or  ferric  sulphide,  Fe2S3 ;  a  disulphidc,  FeS2 ; 
and  a  com  pound  called  the  magnetic  sulphide,  intermediate  in  composition  between  the 
proto-  and  sesqui-sulphides.  Metallic  iron  heated  with  excess  of  sulphur,  yields  one 
or  other  of  the  four  last-mentioned  compounds,  according  to  the  heat  applied,  the 
degree  of  sulphuration  being  less  as  the  temperature  is  higher.  (Earn m el sb erg, 
Pogg.  Ann.  cxxi.  337.) 

An  octoferric  sulphide,  Fe8S,  is  formed  by  passing  hydrogen-gas  over  red-hot 
dibasic  ferric  sulphate  (p.  396).  It  is  a  blackish-grey  magnetic  powder,  which,  when 
treated  with  dilute  acids,  yields  a  mixture  of  7  vols.  hydrogen-gas  and  1  vol.  sul- 
phydric  acid. 

A  hemisulphide,  Fe2S,  is  produced  by  heating  anhydrous  ferrous  sulphate  in 
hydrogen  gas,  half  of  the  sulphur  being  then  given  off  as  sulphurous  anhydride.  It  is 
a  dark  grey,  coherent,  magnetic  powder,  which  dissolves  easily  in  dilute  acids,  giving 
off  equal  volumes  of  hydrogen  and  sulphydris  acid.  When  ignited  in  sulphydric  acid 
gas,  it  takes  up  sulphur  and  is  converted  into  the  protosulphide.  It  occurs,  combined 
with  other  metallic  sulphides,  in  many  furnace-products  obtained  in  the  smelting  of 
lead  and  copper  ores. 

Protosulphide,  or  Ferrous  sulphide,  FeS.  This  compound  occurs  in  many 
specimens  of  meteoric  iron,  sometimes  imbedded  in  small  yellow-brown  masses,  some- 
times as  a  grey  powder  possessing  metallic  lustre.  (Berzelius;  Bammelsberg, 
Pogg.  Ann.  cxxi.  363.) 

It  has  not  been  found  in  the  free  state  as  a  te-rrestrial  mineral,  but  exists  in  combi- 
nation with  sulphide  of  nickel,  and  mixed  with  copper-pyrites,  in  a  massive,  bronze- 
coloured  mineral,  with  octahedral  cleavage  and  specific  gravity  =  4- 60,  from  Lille- 
hammer,  in  Norway.  This  mineral,  after  deducting  5'14  per  cent,  of  copper  pyrites, 
contains  36'7  per  cent,  sulphur,  41*1  iron,  and  22'2  nickel,  agreeing  approximately 
with  the  formula  2FeS.Ni2S.  (Kammelsberg,  loc.  cit.) 

Ferrous  sulphide  is  produced :  1.  By  the  direct  combination  of  sulphur  and  iron, 
either  at  a  red  heat,  or  at  lower  temperatures  in  presence  of  water. — a.  Heated  iron 
wire  introduced  into  sulphur-vapour  burns  brightly,  and  forms  ferrous  sulphide. — 
0.  When  iron  filings  are  gradually  heated  in  a  covered  crucible  with  about  two-thirds 
their  -weight  of  sulphur,  the  mass,  when  heated  to  about  the  temperature  of  low-red- 
ness, begins  to  glow,  and  combination  rapidly  takes  place,  with  vivid  combustion 
throughout  the  entire  mass. — y.  Sulphur  pressed  against  a  red-hot  iron  bar,  perforates 
it,  and  forms  ferrous  sulphide,  which  runs  off  in  drops,  and  may  be  quenched  in  water. 
5.  Ferrous  sulphide  may  also  be  obtained  in  the  wet  way  by  moistening  a  mixture  of 
28  pts.  iron  filings  and  16  pts.  sulphur,  and  applying  a  gentle  heat ;  combination  then 
takes  place,  attended  with  considerable  rise  of  temperature.  When  a  considerable 
quantity  of  mixture  of  2  pts.  sulphur  and  3  pts.  iron-filings  is  made  into  a  paste  with 
water,  and  covered  with  earth,  the  mass  after  a  while  becomes  red-hot,  and  gives  off  a 
large  quantity  of  steam,  which  throws  up  the  earth  with  violence,  producing  the  effect 
of  an  artificial  volcano. 

2.  By  igniting  ferric  oxide  or  scale -oxide  of  iron  with  sulphur. — 3.  By  heating  iron 
pyrites,  ferric  sulphide,  or  magnetic  pyrites,  either  alone  to  a  bright  red  heat,  or  with 
iron  filings,  or  in  an  atmosphere  of  hydrogen. — 4.  By  reducing  ferrous  sulphate  at  a 
bright  red  heat  in  a  crucible  lined  with  charcoal.  Ferrous  sulphate  is  also  reduced  to 
sulphide  in  the  wet  way  by  contact  with  decomposing  organic  matter. — 5.  By  precipi- 
tating ferrous  salts  with  alkaline  sulphides. 

Ferrous  sulphide  prepared  in  the  dry  way  is  a  dense  yellow  mass  with  metallic 
lustre,  or  sometimes  a  black  porous  mass.  It  is  sometimes  magnetic,  but  according  to 
Berzelius,  only  when  it  contains  a  portion  of  one  of  the  higher  sulphides.  It  does  not 
alter  sensibly  by  exposure  to  the  air  'at  ordinary  temperatures,  and  is  not  decomposed 
by  ignition,  even  to  whiteness,  in  close  vessels ;  but  when  gently  heated  in  the  air,  it  is 
partly  converted  into  ferrous  sulphate  ;  while  at  a  stronger  heat,  sulphurous  anhydride  is 
evolved,  and  ferric  oxide  remains  behind.  With  nitric  acid  it  evolves  nitrous  gas, 
ferric  oxide  and  sulphuric  acid  being  formed,  and  sulphur  separated.  It  dissolves  in 
dilute  sulphuric  or  hydrochloric  acid,  with  evolution  of  pure  sulphydric  acid  gas.  If, 
however,  it  is  mixed  with  metallic  iron,  which  is  generally  the  case  with  the  protosul- 
phide obtained  by  igniting  iron  filings  with  sulphur,  it  gives  off  a  mixture  of  sulphydric 
acid  and  free  hydrogen.  Aqueous  vapour  passed  over  red-hot  proto-sulphide  of  iron 
converts  it,  with  evolution  of  much  hydrogen  and  sulphydric  acid  gas,  into  a  black  and 
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partly  magnetic  mass.  The  water  forms  with  the  sulphide  of  iron,  sulphydric  acid  and 
ferrous  oxide,  which,  by  further  decomposition  of  water,  yields  hydrogen  gas  and 
ferroso-ferric  oxide;  but  a  portion  of  the  sulphur  remains,  even  after  three  hours' 
ignition  (Regnault,  Ann.  Ch.  Phys.  [2]  Ixii.  379).  Chlorine  gas  does  not  decompose 
cold  sulphide  of  iron  ;  but  that  compound,  when  heated  in  the  gas,  yields  chloride  of 
sulphur  and  sublimed  ferric  chloride  (H.  Rose,  Pogg.  Ann.  xlii.  540).  Protosulphide 
of  iron,  heated  to  low  redness  with  once  or  twice  its  weight  of  carbonate  of  sodium  or 
potassium,  fuses  into  a  black,  crystalline,  highly  magnetic  mass,  from  which  water 
extracts  sulphide  of  sodium  or  potassium,  with  a  trace  of  sulphuric  acid.  Baryta  and 
lime  behave  in  the  same  manner,  only  that  the  viscidity  of  the  slag  prevents  the  iron 
from  fusing  into  a  mass  (Berthier,  Ann.  Ch.  Phys.  [2]  xxxi.  170).  When  proto- 
sulphide  of  iron  is  fused  with  30  times  its  weight  of  protoxide  of  lead,  the  whole  of 
the  sulphur  is  given  off  in  the  form  of  sulphurous  anhydride,  metallic  lead  is  separated, 
and  a  fused  mixture  of  protoxide  of  iron  and  protoxide  of  lead  is  produced. 

Ferrous  sulphide  prepared  in  the  wet  way  is  a  black  amorphous  substance,  perhaps 
containing  water ;  in  the  finely  divided  state,  it  has  a  dark  green  colour.  In  the  moist 
state,  it  oxidises  quickly  on  exposure  to  the  air,  being  converted,  first  into  ferrous 
sulphate,  then  quickly  into  yellow-brown  basic  ferric  sulphate.  It  exhibits  the  same 
reactions  as  the  protosulphide  prepared  in  the  dry  way,  but  is  much  more  easily 
decomposed,  and  dissolves  much  more  quickly  in  acids,  with  violent  evolution  of 
eulphydric  acid  gas. 

The  black  mud  at  the  bottom  of  drains,  cess- pools,  ponds  and  morasses,  owes  its 
colour  to  sulphide  of  iron,  probably  formed  by  the  putrefaction  of  organic  matters  in 
contact  with  ferric  oxide  contained  in  the  soil. 

Sesquisulphide  or  Ferric  Sulphide.  Fe2S3. — This  compound  is  probably 
a  constituent  of  copper  pyrites,  Cu2S.Fe2S3  (ii.  77),  and  of  magnetic  pyrites 
(see  below).  It  is  produced  by  heating  iron  to  moderate  redness,  or  ferric  oxide  to 
low  redness  with  excess  of  sulphur:  in  the  latter  case,  however,  the  product  is  mixed 
with  ferric  oxide,  unless  the  process  is  several  times  repeated  (Raminelsberg,Pogg. 
Ann.  cxxi.  339).  According  to  Berzelius,  it  may  also  be  obtained  by  the  action  of 
sulphydric  acid  on  ferric  oxide  at  100°,  or  on  ferric  hydrate  at  ordinary  temperatures, 
or  by  dropping  a  neutral  solution  of  ferric  sulphate  into  excess  of  sulphydrata  of  am- 
monium. According  to  Rammelsberg,  however,  the  product  obtained  by  heating  ferric 
oxide  in  sulphydric  acid  gas  to  a  temperature  short  of  redness,  is  an  oxysulphide  con- 
taining 1  at.  ferric  oxide  to  3  at.  ferric  sulphide ;  after  stronger  heating,  the  product  contains 
less  ferric  oxide,  but  in  place  of  it  a  certain  quantity  of  ferrous  sulphide  ;  and  if  tho 
heat  be  raised  to  bright  redness,  there  remains  at  last  a  sulphide  of  iron  free  from 
oxygen  and  having  the  composition  of  magnetic  pyrites. 

Ferric  sulphide  dried  out  of  contact  with  air,  is  a  yellow-grey,  non-magnetic  powder. 
When  heated  to  redness  in  close  vessels,  it  gives  off  sulphur  and  leaves  magnetic 
pyrites.  In  the  moist  state  it  oxidises  very  quickly  in  contact  with  the  air,  especially 
when  prepared  by  precipitation  of  ferric  salts.  Acids  decompose  it,  with  formation  of 
ferrous  salt,  evolution  of  sulphydric  acid,  and  precipitation  of  sulphur. 

Ferroso-ferric  or  Magnetic  Sulphide. — This  sulphide  occurs  native  as  mag- 
netic pyrites,  and  is  formed  by  heating  iron  with  a  slight  excess  of  sulphur  till  the 
mass  fuses ;  also  by  heating  the  disulphide  to  redness  in  a  covered  crucible.  As  thus 
prepared,  it  has  a  brownish-yellow  to  speiss-yellow  colour;  is  attracted  by  the 
magnet,  and  sometimes  itself  magnetic.  It  does  not  lose  weight  when  simply  ignited 
in  close  vessels,  but  when  heated  in  hydrogen  gas,  it  yields  sulphydric  acid  and  the 
protosulphide.  Dilute  acids  dissolve  it,  with  separation  of  sulphur  and  evolution  of 
sulphydric  acid.  Boiling  potash-ley  is  said  to  remove  a  portion  of  the  sulphur,  leaving 
ferrous  sulphide. 

Magnetic  pyrites  or  Pyrrhotin  occurs  in  crystals  belonging  to  the  hexagonal 
system  and  generally  tabular,  exhibiting  the  combinations  oP .  P,  oP  .  ooP,  oP .  ooP  .  P, 
like  figures  239,  240(ii.  139)  and  others.  Ratio  of  principal  to  secondary  axes  =  1  :  1741. 
Angle  P  :  P  in  the  terminal  edges  of  the  pyramids  =  126°  49' ;  in  the  lateral  edges 
=  127°  6'.  Cleavage  tolerably  distinct  parallel  to  oP,  indistinct  parallel  to  ooP.  More 
commonly  massive  and  amorphous,  with  granular  structure.  Hardness  =  3'5  to  4'5. 
Specific  gravity,  4*51  to  4g64  (Rammelsberg).  Lustre  metallic.  Colour  between 
bronze-yellow  and  copper-red.  Streak  dark  greyish-black.  Fracture  small  subcon- 
choidal.  Brittle.  Slightly  attracted  by  the  magnet.  Tarnishes  quickly.  Before  the 
blowpipe  it  gives  off  sulphurous  anhydride,  and  on  charcoal  in  the  outer  flame,  is 
converted  into  ferric  oxide  ;  in  the  inner  flame  it  melts  and  continues  to  glow  after  the 
blowpipe  is  removed.  The  mass,  after  cooling,  is  magnetic  and  has  a  metallic  crystal- 
line structure,  with  a  yellowish  colour  on  the  fractured  surface. 
VOL.  III.  D  D 
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The   following   are  analyses  of  magnetic   pyrites   calculated   to  100   parts,    after 
deducting  quartz,  &c.     (Rammmelsberg,  loc.  tit.) 


H.  Rose. 

Fe    6l"-56 
S      38-44 

Schaffgotsch. 
b 

61-17 
38-83 

Rammels- 
berg. 

60-66 
39-34 
Rammel 

Plattner. 

d                       f 
60-20             60-29 
39-80             39-71 
gberg. 

Stromeyer. 

59-29 
40-71 

r 

Fe    59-21 
S      40-79 

h 
60-00 
40-00 

60-83 
39-17 

J                       * 

61-03             61-30 
38-97            38-70 

r 

60-10 
39-90 

a.  From  Bodenmais  in  Bavaria  ;  b,  from  the  same  ;  c,  from  the  same  ;  d,  from 
Conghonas  da  Campo,  Brazil  ;  e,  from  Fahlun  in  Sweden  ;  /,  from  Treseburg  in  the 
Harz  ;  g,  h,  from  Harzburg  in  the  Harz  ;  i,  from  Trumbull  in  Connecticut  ;  j,  from 
Xalastoc  in  Mexico  ;  k,  I,  from  localities  unknown.  | 

These  results  may  be  included  under  the  general  formula,  FenSn  +  I,  in  which  n 
may  have  either  of  the  values  5,  6,  7,  8,  9,  10;  but  the  purest  specimens  agree  most 
nearly  with  the  formula,  Fe7S8  =  5FeS.Fe2S8,  given  by  Berzelius,  or  with  Fe8S9  = 


Nickeliferous  magnetic  pyrites  occurs  crystallised  or  massive  and  of  specific  gravity 
4-543  to  4-674,  in  several  localities.  The  following  are  analyses  : 

Rammelsberg. 
Berzelius.          Scheerer.  ,  --  •  -  *  ------  x 

Fe    58-73  5674  55-82  55-96  56'57  56-42 

Ni      3-17  2-82  5'59  3-86  3-16  3'33 

S      38-10  40-44  38-59  40-18  4Q-27  4Q-25 

100-00  100-00  100-00  100-00  100-00          100-00 

a.  Massive  from  Klefva  in  SmSland,  Sweden  ;  b.  Massive  from  Modum  in  Norway  ; 

c.  Laminar,  intergrown  with  quartz  and  mica,  from  the  Gap  mine,  Pennsylvania  ; 

d.  Massive,  intergrown  with  white  iron  pyrites,  also  containing  a  small  quantity  of 
copper  pyrites,  from  Horbach  in  Baden  ;  e.  Laminar,  from  Hilsen  in  Norway. 

These  analyses  may  be  represented  by  the  formula,  M5S6  =  3MS.M2S3,  and 
M6S7  =  4MS.M2S3,  where  M  stands  for  Fe  (56)  and  Ni  (58'9),  each  metal  being  present 
in  both  degrees  of  sulphuration.  (Rammelsberg.) 

Bisulphide  of  Iron.  FeS2.  —  This  compound  occurs  abundantly  in  nature 
in  two  distinct  forms,  viz.  as  Yellow  Iron  pyrites,  Cubic  pyrites  or  Mundic,  which 
crystallises  in  monometric  forms,  and  White  Iron  pyrites,  Marcasite,  Eadiated  pyrites, 
Spear  pyrites,  Hepatic  pyrites,  or  Cellular  pyrites,  which  crystallises  in  trimetric 
forms.  Cubic  pyrites  occurs  abundantly  in  rocks  of  all  ages,  from  the  oldest 
crystalline  to  the  most  recent  alluvial  deposits,  and  has  been  found  in  small  irregular 
crystals  in  the  Vesuvian  lavas.  Marcasite  occurs  also  in  rocks  of  various  ages,  being 
found  in  granite,  gneiss,  and  mica  slate,  and  abundantly  in  the  plastic  clay  of  the  brown 
coal  formation  near  Carlsbad  in  Bohemia.  The  peculiar  circumstances  which  deter- 
mine the  formation  of  one  or  other  of  these  varieties  are  not  known  ;  neither  has  it  been 
found  possible  to  convert  the  one  into  the  other.  Iron  pyrites  is  often  formed  from 
iron  salts,  in  presence  of  putrefying  organic  matters,  such  as  straw,  wood,  &c.,  the 
sulphide  of  iron  thus  produced  retaining  the  form  of  the  organic  substance. 

Yellow  iron  pyrites  occurs  in  a  great  variety  of  monometric  forms,  the  domi- 
nant forma  being  the  cube,  the  octahedron,  the  trapezohedron  202  (fig.  180,  ii.  125), 

the  pentagonal  dodecahedrons  -  (fig.  192),  and  1  -  jthehexakistetrahedrons  —  I 
22  2 

and  -  (hemihedral  forms  of  the  hexakis-octahedron,  ii.  127),  these  forms  occurring 

either  alone  or  in  combinations,  such  as  figs.  194,  195,  196,  211,  and  numerous  others. 
Twin-crystals  are  also  found  resulting  from  the  intersection  of  two  pentagonal  dodeca- 
hedrons. Cleavage  cubic  and  octahedral,  more  or  less  distinct  ;  the  cubic  and  octa- 
hedral faces  are  often  striated.  It  likewise  occurs  radiated,  subfibrous,  and  massive  ; 
often  reniform  or  globular,  with  a  crystalline  surface.  Hardness  =.  6  to  6  -5.  Specific 
gravity  4-083  to  5'031  (Dana);  5'0  to  5'2  (Rammelsberg).  Lustre  metallic, 
splendent  ;  colour,  bronze-yellow,  nearly  uniform.  Streak,  brownish  black,  opaque. 
Fracture  conchoidal,  uneven.  Brittle,  strikes  fire  with  steel.  [For  analyses,  see 
p.  343.] 

White  iro.n  pyrites  or  marcasite  forms  trimetric  crystals,  in  which  a  :  b  :  c  = 
0-7454  :  1  :  1-1548.  Angle  c»P  :  a>P  =  73°  24';  £  ao  :  Pa>  in  the  basal  principal 
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section  =  98°  13'.  The  crystals  are  pyramidal  and  prismatic  combinations,  the  faces 
f  co  being  frequently  predominant  in  the  latter.  Cleavage  tolerably  distinct,  parallel 
to  ooP.  It  occurs  also  in  globular,  reniform,  and  other  imitative  shapes  ;  often  massive, 
columnar,  or  granular.  Hardness  =  6  to  6-5.  Specific  gravity  =  4*678  to  4-847 
(Dana);  4'85  to  4*88  (Kammelsberg).  Lustre  metallic.  Colour,  pale  bronze- 
yellow,  sometimes  inclining  to  green  or  grey.  Streak,  greyish-black  or  brown-black. 
Fracture  uneven.  Brittle. 

Bisulphide  of  iron  is  produced  artificially:  1.  By  heating  iron  with  excess  of 
sulphur  to  a  temperature  below  redness  (Kammelsberg,  Pogg.  Ann.  cxxi.  339). — 
2.  By  exposing  ferric  oxide  or  hydrate,  ferroso -ferric  hydrate,  or  ferrous  carbonate,  at  a 
heat  above  100°,  but  not  amounting  to  redness,  to  a  stream  of  sulphydric  acid  gas, 
as  long  as  the  mass  continues  to  increase  in  weight;  At  first  the  action  is  so  strong, 
that  aqueous  vapour,  sulphurous  anhydride,  and  Irydrogen  are  evolved,  and  lower  sul- 
phides of  iron  are  formed ;  but  these  afterwards  take  up  more  sulphur,  and  liberate 
pure  hydrogen  gas.  The  sulphide  of  iron  thus  produced  retains  the  crystalline  form 
of  the  oxide  used  in  its  preparation,  with  the  same  lustre  on  the  faces,  and  the  same 
directions  of  cleavage  (B  erz  eliu  s). — 3.  The  lower  sulphides  of  iron  may  be  brought 
to  this,  the  highest  degree  of  sulphuration,  by  heating  them  in  like  manner  in  sul- 
phydric acid  gas  (Berzelius). — 4.  An  intimate  mixture  of  2  pts.  protosulphide  of 
iron  and  1  pt.  sulphur,  heated  in  a  retort  to  a  temperature  short  of  redness,  leaves 
disulphide  of  iron  as  a  bulky,  dark  yellow,  non-magnetic,  metallic  powder,  not  attacked 
by  hydrochloric  acid  (Berzelius). — 5.  When  an  intimate  mixture  of  ferric  oxide, 
sulphur,  and  sal-ammoniac  is  heated  to  a  temperature  a  little  above  that  at  which  the 
sal-ammoniac  sublimes,  the  residue  is  found  to  contain  small,  brass-yellow  octahedrons 
and  cubes,  which  may  be  separated  from  the  rest  of  the  powder  by  levigation  (Wohler, 
Pogg.  Ann.  xxxvii.  288). — 6.  When  sal-ammoniac  containing  sulphate  of  ammonium  is 
sublimed  at  a  dull  red  heat  in  iron  vessels  coated  with  clay,  the  clay  covering  becomes 
impregnated  with  chloride  of  iron,  and  cubes  and  octahedrons  of  iron  pyrites  form  upon 
its  surface  (Lowe,  •/.  pr.  Chem.  vi.  98). — 7.  The  compound  may  also  be  prepared  in 
the  wet  way  by  mixing  solutions  of  alkaline  persulphides  with  ferrous  chloride  at 
180°,  or  ferrous  sulphate  at  165°.  (Senarmont,  Ann.  Ch.  Phys.  [3]  xxx.  129.) 

Artificially  prepared  disulphide  of  iron  differs  in  character  according  to  the  mode  of 
preparation  adopted,  being  either  a  bulky  dark  yellow  powder  (Berzelius),  or  crys- 
tallising in  small  brass-yellow  cubes  and  octahedrons  (Wohler),  or  a  black  powder 
(Senarmont).  It  is  not  magnetic,  is  not  attacked  by  dilute  acids,  but  is  decomposed 
by  heating  with  strong  hydrochloric  acid,  with  evolution  of  sulphydric  acid,  and  sepa- 
ration of  sulphur,  and  is  oxidised  when  heated  with  strong  nitric  acid  or  with  nitro- 
muriatic  acid. 

Yellow  iron  pyrites  in  its  compact  forms,  and  the  denser  varieties  of  the  artificial 
disulphide,  do  not  alter  by  exposure  to  the  air,  and  even  that  which  is  prepared  in  the 
wet  way  oxidises  but  slowly  in  the  air,  and  only  when  moist ;  but  white  iron  pyrites 
weathers  very  rapidly,  and  the  yellow  variety  in  the  finely  divided  state  oxidises  even 
at  ordinary  temperatures,  with  sensible  evolution  of  heat,  as  in  the  roasting  of  alum- 
stone,  and  the  spontaneous  heating  of  coal  or  lignite  containing  pyrites,  which  some- 
times becomes  intense  enough  to  set  fire  to  inflammable  substances,  and  gives  rise  to 
the  spontaneous  combustion  of  coal-mines.  The  products  of  this  spontaneous  oxidation 
are,  so  long  as  the  temperature  remains  moderate,  sulphuric  acid  and  ferrous  sulphate, 
which  separates  partly  in  crystals,  partly  as  an  efflorescence  on  the  surface,  but  is  for 
the  most  part  dissolved  out  by  the  water  which  permeates  the  mass  (see  SULPHATES)  ; 
but  at  higher  temperatures,  sulphurous  anhydride  is  evolved,  and  ferric  oxide  is 
left,  with  only  a  small  quantity  of  sulphuric  acid.  This  reaction  renders  iron  pyrites 
available  for  the  manufacture  of  sulphuric  acid  (q.  #.).  When  ignited  with  charcoal, 
it  yields  sulphide  of  carbon.  Mixed  with  10  per  cent,  charcoal,  and  exposed  to  the 
action  of  a  mixture  of  superheated  steam  and  atmospheric  air,  it  is  completely  desul- 
phurised, giving  off  sulphur,  sulphydric  acid,  and  sulphurous  anhydride,  together  with 
carbonic  anhydride  and  carbonic  oxide,  while  the  iron  remains,  according  to  cir- 
cumstances, either  in  the  metallic  state  or  as  ferric  oxide.  (Brunfaut,  Journ.  des 
Mines,  1861,  No.  5.) 

IRON  TANTAtATE  OP.     See  TANTALITE. 

IRON,  TELLURIC.  A  term  applied  to  native  metallic  iron  found  on  the  earth's 
surface,  to  distinguish  it  from  meteoric  iron. 

IRON,  TELLURIDE  OP.     See  TELLURIDES. 

IRON,  T1TNGSTATE  OP.     See  TlJNGSTATES. 

IS  AM  1C  ACID.  C16H13N304.  Imasatic  acid,  Rubindenic  acid.  (Laurent, 
Ann.  Ch.  Phys.  [3]  iii.  490.) — This  acid  is  produced  by  the  action  of  warm  ammonia 
on  isatin  ;  but  the  best  mode  of  preparing  it  is  to  dissolve  isatin  to  saturation  in 
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aqueous  potash;  evaporate  the  solution  to  dryness;  dissolve  in  alcohol;  mix  the  solution 
with  a  very  concentrated  solution  of  sulphate  of  ammonium  (in  the  proportion  of 
rather  more  than  1  at.  of  that  salt  to  I  at.  isatin);  filter  to  separate  sulphate  of  potas- 
sium ;  evaporate  the  filtered  liquid  to  dryness,  whereby  the  isatate  of  ammonium  is 
converted  into  isamate;  then  boil  with  alcohol;  filter  to  separate  isamide  and  sulphate 
of  ammonium ;  and  neutralise  the  filtrate  with  hydrochloric  acid,  taking  care  to  avoid 
an  excess.  Isamic  acid  then  separates  in  crystals  on  cooling.  If  a  small  quantity  of 
isatin  should  likewise  separate,  in  consequence  of  too  much  hydrochloric  acid  having 
been  added,  or  of  too  great  a  heat  having  been  applied,  or  of  the  solution  of  isatate  of 
ammonium  not  having  been  sufficiently  evaporated,  the  crystals  must  be  treated  with 
weak  ammonia,  which  dissolves  the  isamic  acid  and  leaves  the  isatin. 

Isamic  acid  crystallises  in  splendid,  shining,  rhombic  laminae,  of  the  colour  of  red 
iodide  of  mercury.  By  spontaneous  evaporation  of  the  solution,  ruby-coloured  hex- 
agonal tables  are  formed,  with  angles  of  about  110°.  It  dissolves  sparingly  in  boiling 
water,  forming  a  yellow  solution,  easily  soluble  in  hot  alcohol,  somewhat  less  in  ether. 

Isamic  acid  dissolves  with  fine  violet  colour  in  hydrochloric  acid.  By  boiling  with 
dilute  acids,  it  is  converted  into  ammonia  and  isatin.  Bromine  attacks  it  violently, 
forming  inddibrome,  Cl6H8Br4N3Os,  a  yellow  substance  insoluble  in  water. 

Isamate  of  ammonium,  C16H12(NH4)N804,  crystallises  in  small  needles  or  very  acute 
microscopic  rhombs.  When  somewhat  strongly  heated,  it  gives  off  water,  and  is  con- 
verted into  isamide.  Its  solution  does  not  precipitate  the  salts  of  barium,  calcium,  or 
magnesium.  It  forms  a  yellow  precipitate  with  acetate  of  lead,  red  with  mercuric 
chloride,  yellow  with  nitrate  of  silver. 

Isamate  of  potassium  may  be  boiled  without  decomposing. 

Dichlorisamic  acid,  C16HnCl2N304.— Produced  by  adding  hydrochloric  acid  to  a 
solution  of  dichlorisamide  in  dilute  potash,  and  crystallising  the  brick-red  floccnlent 
precipitate  from  alcohol.  It  forms  bright  red  elongated  hexagonal  laminae,  derived 
from  a  rhombus  of  about  110°.  It  is  more  soluble  than  isamic  acid  in  alcohol  and 
ether,  and  forms  yellow  solutions.  It  is  decomposed  by  distillation.  Strong  acids 
dissolve  it,  with  violet  colour,  at  ordinary  temperatures ;  but  at  the  boiling  heat,  they 
convert  it  into  ammonia  and  chlorisatin. 

Tetrachlorisamic  acz'd,C16H9Cl4N304. — Tetrachlorisamide  is  converted  by  boiling 
alcohol  into  tetrachlorisamate  of  ammonium  ;  and  on  adding  nitrate  of  silver  to  this 
salt,  a  flocculent  precipitate  is  formed  containing  CI6H8AgCl4N304. 

ISAMIDE.  C!6H14N408.  Amasatin.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  488.) 
Produced  by  heating  isamate  of  ammonium  till  water  is  given  off,  and*  washing  the 
residue  with  water.  It  is  pulverulent,  of  a  fine  yellow  colour,  tasteless,  inodorous, 
insoluble  in  water,  nearly  insoluble  in  ether,  very  sparingly  soluble  in  alcohol,  mode- 
rately soluble  in  boiling  alcohol  containing  ammonia.  Potash  dissolves  it  with  yellow 
colour,  with  elimination  of  ammonia ;  the  solution  contains  isatin. 

ISATAW.  C16H12N-03 ?  (Laurent,  J.  pr.  Chem.  xxviii.  346.)— This  body  is 
sometimes  produced  when  disulphisatyde  is  boiled  with  acid  sulphite  of  ammonium,  as 
a  white  precipitate,  which  dissolves  when  boiled  with  a  large  quantity  of  alcohol,  and 
is  deposited  on  cooling  in  crystals,  which  appear  under  the  microscope,  either  as  well- 
defined  rectangles,  or  as  pointed  ovals,  according  to  the  side  on  which  they  are 
viewed.  The  compound,  heated  till  it  melts,  turns  brownish  red,  and  yields  a  mixture 
of  isatin  and  indin  : 

3C"H12N20S     =     2C9HSN02  +   2C16H12N202   +  H20. 

Isatan.  Isatin.  Indin. 

It  is  decomposed  by  boiling  nitric  acid,  with  formation  of  a  violet  powder,  similar  to 
nitrindin.  With  alcoholic  potash  it  forms  a  yellow  solution,  from  which  water  preci- 
pitates hydrindin,  and  hydrochloric  acid  throws  down  isatin  mixed  with  a  resinous 
substance. 

The  composition  of  isatan  is  equal  to  that  of  2  at.  indigo-blue  +  1  at.  water 
(2C8H5NO  +  H20),  and  to  that  of  isatyde  minus  1  at.  oxygen  (C16H12N-0«  -  0). 

ISATIC  ACID.  C8H7N08.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  371.)-Tlie 
potassium-salt  of  this  acid  is  produced  by  the  action  of  caustic  potash  upon  isatin. 
The  acid  itself  is  not  easily  obtained  in  the  free  state. 

The  solution  of  the  potassium-salt  mixed  with  hydrochloric  acid,  deposits,  after  a 
while,  crystals  of  isatin,  which  in  fact  differs  from  isatic  acid,  only  by  the  elements  of 
water: 

C9H7N03     =     C8H5N02  +   H20. 

Isatic  acid.  Isatin 

The  composition  of  the  isatates  is  represent* d  by  the  formula  OTP'MNO3.  The 
ammonium-salt  appears  to  be  capable  of  existing  only  in  solutu  n  ;  for  on  evaporation  to 
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dryness,  it  gives  off  water,  and  is  converted  into  isamate  of  ammonium  (p.  404).  The 
barium-salt,  Cu'H1'JBa"N-O(i,  produced  by  the  action  of  baryta-water  on  isatin,  crystal- 
lises in  scales.  The  potassium-salt  contains  C81I6KNOS.  Isatin  dissolves  in  a  cold  strong 
solution  of  potash,  forming  a  deep  violet-red  liquid,  which  changes  to  pale-yellow  when 
diluted  with  water  and  boiled.  On  evaporating  the  solution,  the  salt  is  obtained  in 
crystals  of  a  faint  yellow  colour.  It  precipitates  chloride  of  barium  if  the  solutions  are 
concentrated,  and  forms  with  acetate  of  lead,  a  yellow  flocculent  precipitate,  which 
gradually  turns  red.  The  silver-salt,  C8H6AgNO',  is  soluble  in  water,  and  crystallises 
in  beautiful  yellow  prisms.  It  is  obtained  as  a  precipitate  on  mixing  the  boiling  and 
rather  concentrated  solutions  of  isatate  of  potassium  and  nitrate  of  silver. 

Bromisatic  acid,  C8H6BrN03,  is  obtained  as  a  potassium-salt  by  the  action  of 
cold  aqueous  potash  on  bromisatin. 

Dibramisatic  acid,  C8H5Br2N03.  (Erdmann,  3.  pr.  Chem.  xix.  360.) — This  acid 
is  obtained,  by  adding  hydrochloric  acid  to  a  concentrated  solution  of  its  potassium- 
ealt,  as  a  light  yellow  pulverulent  substance,  soluble  in  a  larger  quantity  of  water. 
By  desiccation,  even  in  vacuo,  at  mean  temperatures,  it  is  converted  into  dibromi- 
satin. 

Dibromisate  of  potassium,  C8H4KBr2N03.H20,  is  prepared  by  dissolving  dibromi- 
satin  in  cold  aqueous  potash,  and  leaving  the  solution  to  itself  for  a  while.  It  crystal- 
lises in  pale  yellow,  shining  needles,  less  soluble  in  water  and  in  alcohol  than  the 
dichlorisatate.  It  gives  with  metallic  salts  the  same  reactions  as  the  dichlorisatate 
Sulphurous  acid  converts  it  into  dibromisatosulphite  of  potassium,  C8H4KBr-'N03.2SO-. 

Chlorisatic  acid.  C8H6GW03.  (Erdmann,  Ann.  Ch.  Pharm.  xxxiii.  129.— 
Laurent,  Ann.  Ch.  Phys.  [3]  iii.  378.) — This  acid  is  not  known  in  the  free  state,  but 
several  of  its  salts  have  been  prepared. 

Chlorisatate  of  potassium,  C8H5KC1N03,  is  obtained  by  mixing  warm,  moderately 
concentrated  solutions  of  caustic  potash  and  clilorisatin.  The  salt  separates  on  cooling 
and  may  be  purified  by  repeated  crystallisation  from  alcohol.  It  crystallises  in  shining 
flattened  quadrilateral  needles  of  a  light  yellow  colour,  soluble  in  water  and  alcohol, 
and  decomposed  by  heat.  Hydrochloric  acid  added  to  its  solution  throws  down 
chlorisatin. 

The  other  salts  of  chlorisatic  acid  are  obtained  by  double  decomposition.  The  barium- 
salt  separates  on  cooling  from  a  mixture  of  the  hot  solutions  of  chlorisatate  of  potassium 
and  chloride  of  barium,  sometimes  in  pale  yellow  needles  containing  C16H'°Ba"Cl2N:208. 
H"0,  sometimes  in  deep  yellow,  very  brilliant  laminae  containing  C16H10Ba"Cl2N2Oe.3H20. 
Both  these  hydrates  give  off  their  water  between  150°  and  160°.  The  bismuth-salt 
has  a  deep  orange-yellow  colour.  The  calcium-salt  resembles  the  barium-salt.  The 
cadmium-salt  is  yellow.  The  cupric  salt,  when  first  precipitated,  is  bulky,  and  of 
the  colour  of  ferric  hydrate,  but  changes  after  a  while  to  a  heavy  granular  powder  of  a 
blood-red  colour.  The  ferric  salt  is  a  brown-red  precipitate  obtained  by  adding  ehlo- 
risatate  of  potassium  to  iron-alum.  The  lead-salt,  C16H)0Pb"Cl2N208.2H20,  is  produced 
as  a  brilliant  yellow  gelatinous  precipitate,  which,  in  a  few  minutes,  especially  if 
agitated,  becomes  flocculent,  and  of  a  splendid  scarlet  colour,  almost  as  bright  as  that 
of  mercuric  iodide.  Under  the  microscope,  the  yellow  precipitate  appears  pulverulent, 
without  any  trace  of  crystallisation,  but  the  red  flocks  present  the  appearance  of  den- 
dritic vegetation.  These  red  flocks  contain  1  at.  water,  which  they  give  off  at  160°. 
The  magnesium-  and  aluminium-salts  appear  to  be  soluble.  The  mercury-salts  are 
yellow  precipitates.  The  nickel-salt  is  a  yellowish  crystalline  powder.  The  silver-salt, 
C8H5AgClN03,  is  a  light  yellow  precipitate,  which  dissolves  in  boiling  water  and  crys- 
tallises on  cooling  in  needles  grouped  in  tufts,  or  in  dendritic  vegetations  of  yellowish 
colour.  The  zinc-salt  is  a  yellow  precipitate. 

Dicmorisatic  acid.  C8H5CPN03.  (Erdmann,  Laurent,  loc.  tit.}— This  acid 
separates  from  a  concentrated  solution  of  its  potassium-salt,  on  addition  of  a  mineral 
acid,  in  the  form  of  a  yellow  precipitate,  which,  however,  cannot  be  obtained  pure ; 
for  by  desiccation,  even  in  vacuo  at  mean  temperature,  it  separates  into  dichlorisatin 
and  water.  It  dissolves  in  water,  forming  a  light  yellow  solution,  which  becomes 
turbid  at  60°,  and  deposits  dichlorisatin. 

Dichlorisatate  of  potassium,  C8H4KC12N03.H20. — Dichlorisatin  dissolves  in  cold 
aqueous  potash,  forming  a  deep  red  solution  which  becomes  colourless  when  heated, 
and  on  cooling  deposits  the  potassium-salt  in  shining  yellow  laminae,  which  may  be 
purified  by  crystallisation  from  alcohol.  They  contain  1  at.  water  (  =  5  percent.), 
which  is  not  completely  expelled  below  130°.  When  crystallised  from  absolute 
alcohol,  the  salt  appears  to  contain  only  half  of  that  quantity  of  water.  It  is  decom- 
posed by  heat,  with  a  kind  of  explosion. 

The  barium-salt,  C16H8Ba"Cl4N"O6.2H20,  forms  shining  golden-yellow  needles. — 
The  cupric  salt  is  a  red-brown  precipitate,  which  soon  becomes  greenish  yellow  and  alter- 
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nately  crimson,  these  changes  of  colour  arising  from  the  crystallisation  of  the  salt 
within  the  liquid.  The  lead-salt  is  a  yellow  precipitate.  The  silver-salt  is  a  light 
yellow  precipitate,  which  dissolves  in  a  large  quantity  of  boiling  water,  and  crystallises 
on  cooling  in  transparent  yellowish  needles,  grouped  in  tufts.  When  heated  in  contact 
with  the  air,  it  melts  to  a  brown  mass,  and  yields  a  sublimate  of  dichlorisatin. 

ISATILIM.  C24HI6N405  =  3  at.  isatin  +  NH3  -  H'O.— A  substance  stated  by 
Laurent  (J.  pr.  Chem.  xxxv.  121)  to  be  sometimes  obtained  when  dry  ammonia-gas 
is  passed  over  isatin  moistened  with  alcohol.  Yellow  non -crystalline  flocks  easily  de- 
composed by  potash.  Its  composition  is  rather  doubtful. 

ISATI1VIIDE.  C24H17N304.  (Laurent,  loc.  cit.} — Obtained  by  passing  dry 
ammonia-gas  over  isatin  moistened  with  alcohol,  either  ordinary  or  absolute.  When 
absolute  alcohol  is  used,  imesatin  (p.  246)  first  crystallises  out  in  prisms  with  square 
or  rectangular  base ;  and  the  solution  decanted  therefrom  deposits  isatimide  in  the 
form  of  a  yellow,  shining,  crystalline  powder.  It  is  insoluble  in  water,  scarcelj 
soluble  in  boiling  alcohol  or  in  ether,  but  dissolves  easily  in  boiling  alcohol,  containing 
ammonia.  Potash  dissolves  it  with  yellow  colour  and  evolution  of  ammonia;  the  liquid 
contains  isatin. 

ZSATIir.  C8H5N02.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii.  371. — Erdmann,  J.  pr. 
Chem.  xxiv.  11.— A.  W.  Hof mann,  Ann.  Ch.  Pharm.  liii.  11.— Gm.  xii.  51.— G-erh.  iii. 
534.) — This  body,  which  was  discovered  simultaneously  by  Laurent  and  by  Erdmann, 
in  1841,  is  produced  by  the  action  of  nitric  or  chromic  acid  upon  indigo: 

C8H5NO   +   0     =     C8H5N02. 
Indigo.  Isatin. 

Preparation. — 1  kilogramme  of  finely  powdered,  good  commercial  indigo  is  stirred  up 
in  a  large  dish  to  a  thin  paste  with  water ;  it  is  then  placed  over  a  moderate  fire,  and 
commercial  nitric  acid  is  gradually  added  (which  causes  a  violent  effervescence,  without 
evolution  of  nitrous  acid),  until  the  blue  colour  has  disappeared,  for  which,  from  600 
to  700  grms.  of  nitric  acid  are  necessary.  The  solution  is  boiled  with  several  quarts  of 
water,  and  filtered  at  the  boiling  heat,  as  rapidly  as  possible ;  after  12  hours,  the  isatin 
separates  in  reddish  crystalline  nodules.  The  mother-liquor  is  boiled  with  the  undis- 
solved  residue  and  filtered,  the  operation  being  two  or  three  times  repeated :  the  last 
mother-liquor  still  yields  isatin  on  evaporation.  The  crystals  are  moistened  with 
water  containing  a  little  ammonia,  in  order  to  remove  a  resinous  matter ;  they  are 
then  washed  with  cold  water,  and  finally  recrystallised  several  times  from  boiling 
alcohol  (100  pts.  of  indigo  yield  18  pts.  of  isatin)  (Laurent).  When  an  excess  of 
nitric  acid  is  employed,  nitrosalicylic  acid  is  formed.  After  each  addition  of  nitric 
acid,  it  is  necessary  to  wait  until  the  effervescence  is  over.  If  no  effervescence  takes 
place,  in  consequence  of  the  indigo  being  -mixed  with  too  much  water,  and  if  the 
boiling  is  continued,  whilst  more  and  more  nitric  acid  is  added,  a  violent  reaction  sud- 
denly ensues  when  the  solution  has  reached  a  certain  concentration,  the  mass  over- 
flowing the  vessel  even  when  it  is  very  capacious :  the  residue  generally  contains 
nitrosalicylic  acid  (Hof mann).— 2.  Indigo  is  heated  with  chromic  acid,  properly 
diluted,  until  the  whole  nearly  boils,  when  it  is  filtered  hot ;  isatin  then  crystallises 
out  on  cooling,  and  is  purified  by  repeated  recrystallisation  from  water,  and  lastly  from 
alcohol.  If  the  chromic  acid  is  so  concentrated  that  it  causes  an  evolution  of  carbonic 
anhydride,  the  solution  deposits  little  or  no  isatin  on  cooling,  but  a  small  quantity  by 
spontaneous  evaporation  or  in  vacuo  ;  on  evaporating  the  solution  by  heat,  only  sesqui- 
oxide  of  chromium  and  a  brown  powder  separate  (Erdmann).  Laurent  drops  a 
dilute  aqueous  solution  of  chromic  acid  upon  powdered  indigo,  and  warms  the  mixture, 
the  addition  of  chromic  acid  being  discontinued  as  soon  as  the  blue  colour  has  disap- 
peared, and  the  process  continued  as  in  (1).  In  order  to  purify  crude  isatin,  which  still 
contains  resin,  Hofmann  dissolves  it  in  potash,  and  carefully  adds  hydrochloric  acid  to 
the  solution,  as  long  as  it  forms  a  black  or  brown  precipitate;  when  a  portion  on 
filtering  is  of  a  pure  yellow  colour,  and  gives  a  highly  red  precipitate  with  hydrochloric 
acid,  the  whole  solution  is  filtered  off,  decomposed  with  hydrochloric  acid,  and  the 
precipitate  washed  with  a  little  water. 

Properties. — Isatin  crystallises  in  large,  transparent,  brownish-red  prisms,  or  in 
smaller  yellowish-red  prisms,  belonging  to  the  trimetric  system ;  the  crystals  are  very 
brilliant,  especially  when  obtained  from  an  alcoholic  solution.  They  exhibit  the  com- 
bination ooP .  oof  oo .  £00 ;  the  faces  ooPoo  greatly  predominating.  Inclination  of  the 
faces  ooP  :  ooP  =  133°  50'  to  133°  55';  Poo:  Poo  =  127°  15'  to  127°  30'  (G.  Kose, 
J.  pr.  Chem.  xxiv.  11).  Isatin  is  inodorous,  and  has  a  bitter  taste.  It  melts  when 
heated,  and  solidifies  on  cooling  in  a  crystalline  mass  of  needles ;  when  heated  above 
its  melting  point  in  contact  with  the  air,  the  greater  part  volatilises,  without  decome 
position,  in  yellow  and  very  irritating  vapours.  It  dissolves  sparingly  in  cold,  mor- 
freely  in  boiling  water,  forming  a  solution  of  a  dark-reddish  yellow  colour.  Nitnc 
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acid  dissolves  it  with  the  aid  of  a  gentle  heat,  and  deposits  it  unchanged  on  cooling. 
It  dissolves  readily  in  alcohol,  less  easily  in  ether. 

Decompositions. — Isatin  distilled  in  a  retort  leaves  a  large  residue  of  charcoal 
(Erdmann,  Laurent).  When  thrown  upon  glowing  charcoal,  it  diffuses  the  same 
odour  as  indigo.  Heated  in  the  air  upon  platinum-foil,  it  burns  with  a  brilliant  flame, 
and  leaves  a  fused  residue  of  difficultly  combustible  charcoal. — 2.  When  isatin  is  sus- 
pended in  hot  water,  and  a  current  of  chlorine  is  passed  through  the  solution,  it  is 
converted  into  chlorisatin  ;  no  dichlorisatin  is  formed,  even  if  the  solution  is  exposed 
to  sunshine. — 3.  Isatin  heated  to  180°  with  chloride  ofbenzoyl,  yields  a  brown  substance 
having  the  composition  of  benzoyl-isatin,  C8H4(CVH50)N02. — 4.  Moderately  warm 
nitric  acid  dissolves  isatin  without  decomposition,  but  on  boiling,  a  violent  action  takes 
place,  attended  with  evolution  of  nitrous  fumes,  oxalic  acid  being  formed  together  with 
a  reddish-brown  nitro-resin,  soluble  in  ammonia ;  no  picric  acid  is  formed. — 5.  Isatin 
heated  with  fuming  sulphuric  acid,  dissolves  with  brownish-red  colour;  a  strong 
effervescence  then  takes  place,  and  on  treating  the  solution  with  water  and  alcohol,  a 
yellow  substance  is  obtained,  which  has  not  been  further  investigated. — 6.  Isatin 
dissolves  in  cold  potash  without  undergoing  decomposition,  and  imparts  to  it  a 
brownish  red  colour :  after  a  time,  or  immediately  on  boiling,  the  solution  becomes 
yellow  and  is  found  to  contain  isatate  of  potassium  : 

C8NH502  +   H20     =     C8NH703. 

If  this  solution  be  concentrated  by  distillation,  decomposition  suddenly  takes  place, 
colourless  drops  of  phenylamine  passing  over  with  the  steam,  and  hydrogen  being 
simultaneously  evolved  (Hofmann): 

C8H5N02  +  4KHO     =     C6H7N  +   2K2C09  +  H2. 

7.  Ammonia  forms  with  solutions  of  isatin,  various  products  of  decomposition,  which 
vary  according  to  the  concentration  of  the  ammonia  and  the  solvent  of  the  isatin ; 
mixtures  of  several  compounds  are  always  formed,  each  containing  1,  2,  or  3  at.  isatin, 
plus  1  or  2  at.  ammonia  minus  water. — 8.  Phenylamine  behaves  with  isatin  in  a 
similar  mannner. — 9.  With  sulphurous  acid  in  presence  of  alkalis,  isatin  forms  salts  of 
isatosulphurous  acid.  — It  dissolves  in  sulphite  of  ammonium,  with  formation  of  isatyde. 
— 10.  When  sulphydric  acid  gas  is  passed  through  an  alcoholic  solution  of  isatin,  di- 
sulphisatyde  (p.  412)  is  formed. 

Isatites. — Isatin  does  not  unite  with  acids,  but  rather  itself  plays  the  part  of 
an  acid,  exchanging  1  at.  of  its  hydrogen  for  an  equivalent  quantity  of  metal.  Isatin 
dissolves  in  cold  strong  aqueous  potash,  forming  a  very  dark  violet-red  liquid,  probably 
containing  isatite  of  potassium,  C8H4KN02.  On  diluting  with  water  and  boiling,  the 
colour  changes  to  pale  yellow,  and  the  solution  is  then  found  to  contain  isatate  of 
potassium.  Isatite  of  cuprammonium,  C16H8(N2H6Cu)"N204,  is  obtained  as  a  light  blue 
precipitate  on  pouring  an  ammoniacal  solution  of  isatin  into  an  ammoniacal  solution  of 
acetate  of  copper.  Isatite  of  silver,  C8H4AgN02,  is  a  wine-red  crystalline  precipitate, 
obtained  by  mixing  nitrate  of  silver  with  an  alcoholic  solution  of  isatin.  It  gave  by 
analysis  42'5  and  42-2  per  cent,  silver  (calculated  quantity  42'52).  On  adding  nitrate  of 
silver  to  an  alcoholic  solution  of  iodine  containing  a  considerable  quantity  of  ammonia, 
a  red  crystalline  precipitate  is  formed,  consisting  of  isatite  of  argentammonium, 
C8H4(NH3Ag)N02.  It  gave  by  analysis  35'23  per  cent,  carbon,  2'66  hydrogen,  and 
3975  silver  (by  calculation,  35*42  carbon,  2-58  hydrogen,  and  39-85  silver). 

Brominated  and  Chlorinated  Derivatives  of  Isatin. 

These  compounds,  which  were  discovered  by  Erdmann,  have  the  composition  of  isatin, 
in  which  1  or  2  at.  hydrogen  are  replaced  by  an  equivalent  quantity  of  bromine  or 
chlorine.  They  closely  resemble  isatin  in  form  and  properties,  and  when  treated  with 
caustic  potash,  ammonia,  sulphydric  acid,  or  alkaline  sulphites,  yield  the  chlori- 
nated and  brominated  derivatives  of  the  bodies  which  are  produced  by  the  action  of 
the  same  reagents  upon  isatin. 

Bromisatin.  C8H4BrN02.  (Erdma  nn,  J.  pr.  Chem. xix.  358. — Hofmann,  Ann. 
Ch.  Pharm.  liii.  40.) — This  compound  is  produced,  together  with  dibromisatin,  by  the 
action  of  bromine  upon  indigo.  The  product  is  exhausted  with  boiling  water,  and  the 
crystals  which  separate  on  cooling,  are  purified  by  recrystallisation  from  alcohol,  the 
first  portions  which  separate  consisting  principally  of  bromisatin  (Erdmann). 
Another  mode  of  preparation  is  to  suspend  isatin  in  water,  and  shake  it  up  in  sunshine 
with  bromine,  which  is  to  be  gradually  added  till  the  liquid  no  longer  becomes  colour- 
less on  agitation.  The  compound  is  then  boiled  with  weak  alcohol,  freed  from  hydro- 
bromic  acid  by  washing  with  water,  and  recrystallised  from  boiling  alcohol. 
(Hofmann.) 

Bromisatin  crystallises   by  cooling   in  shining   orange-coloured  prisms.      Caustic 
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potash  converts  it,  at  mean  temperatures,  into  bromisatate  of  potassium.  Distilled 
with  hydrate  of  potassium,  it  yields  bromophenylumine. 

Dibromisatin.  C8H3Br-N02.  (Erdmann,  foe.  tit.— Hofmann,  loc.cit. — Laurent, 
Ann.  Ch.  Phys.  [3]  iii.  380.) — This  body  remains  in  the  alcoholic  mother-liquors 
obtained  in  preparing  bromisatin,  by  the  first  of  the  methods  above  described,  and  may 
be  separated  by  crystallisation ;  but  a  better  way  of  preparing  it  is  to  digest  isatin  or 
bromisatin  with  bromine  in  sunshine,  as  long  as  hydrobromic  acid  continues  to  escape. 
It  is  purified  by  crystallisation  from  alcohol,  from  which  it  separates  in  shining 
orange-coloured  trimetric  prisms.  When  distilled  with  hydrate  of  potassium,  it  yields 
dibromophenylamine. 

Dibromisatite  of  potassium,  C8H2KBr*N02,  is  obtained  by  gently  heating  a  solution 
of  dibromisatin  in  absolute  alcohol,  and  pouring  into  it  a  hot  solution  of  alcoholic 
potash.  It  crystallises  in  black  scales,  blue  by  transmitted  light. 

Chlorisatin.  C8H4C1N02.  (Erdmann,  Ann.  Ch.  Pharm.  xxiii.  129.— Laurent, 
Ann.  Ch.  Phys.  [3]  iii.  478.— Hofmann,  Ann.  Ch.  Pharm.  liii.  12.)— -Produced : 
1.  By  passing  chlorine  into  tepid  water,  in  which  isatin  is  suspended.  -2.  By  the  action 
of  chlorine  on  pulverised  indigo  suspended  in  water.  A  large  quantity  of  a  reddish 
yellow  substance  is  thereby  produced,  consisting  of  a  mixture  of  chlorisatin  and 
dichlorisatin,  which  may  be  separated  by  solution  in  boiling  alcohol,  the  chlorisatin 
separating  out  first.  It  is  purified  by  repeated  crystallisation  from  alcohol. 

Chlorisatin  crystallises  in  orange-coloured  prisms,  isomorphous  with  isatin.  Ob- 
served combination,  ooP  .  oofoo  .  P*w.  Inclination  of  the  faces,  ooP:  ooP  —  131°; 
Pas:  £00  =  134°  12'  (GK  Rose).  It  is  inodorous,  but  has  a  bitter  taste.  Its  dust 
irritates  the  organs  of  respiration  and  provokes  sneezing.  It  is  insoluble  in  cold  water, 
but  dissolves  readily  in  boiling  water  and  in  alcohol.  The  solutions  impart  a  dis- 
agreeable odour  to  the  skin.  Heated  in  contact  with  the  air,  it  melts  to  a  brown 
liquid,  and  gives  off  yellow  vapours  having  the  odour  of  burning  indigo.  At  a  high 
temperature,  it  partly  sublimes  and  is  partly  carbonised. 

Chlorisatin  behaves  with  reagents  like  isatin.  It  dissolves  in  strong  sulphuric  acid, 
and  separates  on  addition  of  water.  With  nitric  acid  it  yields  a  resinous  substance, 
oxalic  acid,  and  a  small  quantity  of  an  azotised  body,  which  crystallises  in  yellow 
grains.  Sulphydric  acid  gas  passed  into  an  alcoholic  solution  of  chlorisatin,  forms  a 
white  precipitate  which  increases  on  addition  of  water.  Erdmann  calls  this  precipi- 
tate sulphochlorisatin ;  according  to  Grerhardt,  it  is  perhaps  chlorinated 
tetrasulphisatyde,  C16H'°C12N2S4  (analysis,  417  C,  2'37  H,  and  31-09  S;  calcula- 
tion, 44-7  C,  2-33  H,  29  83  S). 

Caustic  potash  corfhnunicates  a  deeper  colour  to  chlorisatin,  converting  it  into  chlo- 
risatite  of  potassium ;  on  heating  the  liquid,  the  colour  disappears,  and  the  liquid  con- 
tains chlorisatate  of  potassium. 

Chlorisatite  of  argentammonium,  C8H3(NH3Ag)ClN03,  is  a  crystalline  precipitate,  of 
the  colour  of  wine-lees,  obtained  by  pouring  an  ammoniacal  solution  of  nitrate  of 
silver  into  an  alcoholic  solution  of  chlorisatin  mixed  with  ammonia. 

Dichlorisatin,  C8H3C12N02,  is  obtained  from  the  alcoholic  mother- liquors,  which 
have  yielded  chlorisatin,  and  is  purified  by  recrystallisation  from  alcohol.  It  crys- 
tallises in  small  shining  reddish-yellow  needles,  or  shortened  laminae,  fusible,  partly 
volatile  when  heated  in  a  close  vessel,  soluble  in  water  and  in  alcohol. 

Aqueous  potash  acts  upon  it  in  the  same  manner  as  upon  chlorisatin.  When 
dichlorisatin  is  thrown  upon  solid  potash  moistened  with  absolute  alcohol,  a  red  solu- 
tion is  formed,  which  after  a  short  time,  solidifies  in  a  violet-black  magma  composed 
ofdichlorisatite  ofpotassium,  the  solution  of  which  forms  with  nitrate  of  silver 
a  precipitate  having  the  colour  of  wine-lees. 

Chlorine  does  not  act  upon  chlorisatin  or  dichlorisatin  in  presence  of  water,  but 
when  either  of  these  bodies  is  dissolved  in  hot  alcohol  of  80  per  cent.,  and  chlorine  gas 
ie  passed  through  the  liquid  until  nothing  is  formed  but  products  of  the  decomposi- 
tion of  alcohol,  a  brownish  yellow  viscid  mass  is  deposited  at  the  bottom  of  the  vessel, 
containing  shining  laminae  of  perchloroquinone  (chloranil).  Water  extracts  sal- 
ammoniac  from  this  mass,  and  alcohol  dissolves  chloride  of  ethyl,  pentachloropicric 
acid,  and  a  resinous  mass  which  forms  the  largest  portion  of  the  product.  The  super- 
natant yellow  solution  contains  products  of  the  action  of  chlorine  upon  alcohol,  and 
yields  by  distillation,  a  residue  corresponding  to  the  resinous  substance,  but  not  con- 
taining perchloroquinone.  (Erdmann,  H  o  f  m  a  n  n. ) 

ISATOSUI.PHTJBIC  ACIDS.  (GK  and  A.  Schlieper,  Ann.  Ch.Pharm.  cxxi.  l.)~ 
Sulphindigotic  acid,  treated  with  oxidising  agents,  such  as  nitric  acid  or  chromic  acid, 
yields  a  monobasic  acid  containing  the  elements  of  isatin  and  sulphuric  anhydride,  viz. 
C8H5N02.SOS ;  and  the  salts  of  this  acid,  treated  with  alkalis,  yield  a  dibasic  acid, 
containing  the  elements  of  isatin  and  sulphuric  acid,  viz,  C8H5N02.S04H2. 
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'o  prepare  the  monobasic  acid,  a  superior  sort  of  commercial  indigo-carmine  (p.  261) 
tirred  up  to  a  thin  paste  with  an  equal  quantity  of  water ;  1  or  2  pts.  of  sulphuric 
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acid  are  added ;  the  mass  is  heated  to  boiling ;  and  1  pt.  of  pulverised  acid  chromate  of 
potassium  is  added  by  small  portions  as  long  as  decoloration  ensues.  The  solution  is 
then  quickly  filtered  while  hot,  and  mixed  with  nitrate  of  potassium  (to  facilitate  the 
solution  of  the  isatosulphate) ;  the  crystalline  paste  which  separates  is  collected  on  a 
filter ;  and  the  thick,  dark-coloured  mother-liquor  is  separated  by  displacement  with 
a  small  quantity  of  water.  This  liquid,  evaporated  and  cooled,  yields  a  small  additional 
quantity  of  the  potassium- salt.  The  isatosulphate  of  potassium  thus  obtained,  in 
the  form  of  a  brownish  yellow,  heavy,  sandy  powder,  is  contaminated  with  a  resinous 
body,  which  adheres  to  it  obstinately,  and  cannot  be  separated.  The  acid  and  its  salts 
may,  however,  be  obtained  pure  by  converting  them  into  dibasic  isatosulphates  by  the 
action  of  alkalis,  and  reconverting  these  into  the  monobasic  isatosulphates  with  acids. 
The  impure  potassium-salt  obtained  as  above  is  dissolved  in  hot  baryta-water,  which 
is  added  till  the  solution  is  completely  decolorised,  and  the  excess  of  baryta  is  precipi- 
tated by  carbonic  acid,  the  precipitate  carrying  down  all  the  resinous  impurities  with 
it.  The  resulting  pale  straw-yellow  solution  contains  a  mixture  of  dibasic  isatosul- 
phate of  potassium  and  dibasic  isatosulphate  of  barium ;  and  on  precipitating  the 
baryta  as  exactly  as  possible  with  sulphuric  acid,  an  orange-yellow  solution  of  the 
monobasic  salt  is  obtained,  whence  the  salt  may  be  separated  by  evaporation  and  crys- 
tallisation. If  on  the  other  hand,  the  solution  be  saturated  while  hot,  with  a  quan- 
tity of  hydrochloric  acid  just  sufficient  to  neutralise  the  potash,  the  liquid,  which  has 
now  acquired  a  dark  orange  colour,  deposits  bulky,  bright  red,  shining  crystalline 
scales  of  monobasic  isatosulphate  of  barium. 

Monobasic  Isatosulphuric  acid,  C8H5NS05.2H20  =  CSH5N02.S03.2H20,  may 
be  obtained  in  the  free  state  by  decomposing  the  solution  of  the  barium-salt  with  an 
equivalent  quantity  of  sulphuric  acid. 

The  resulting  orange-red,  strongly  acid  solution,  solidifies,  when  evaporated  to  a 
syrup,  into  a  somewhat  sticky,  radio-crystalline  mass,  drying  up  in  vacuo  over  sul- 
phuric acid  to  a  yellow,  silky  crystalline  mass,  which  does  not  alter  on  exposure  to  the 
air  at  common  temperatures,  but  easily  gives  up  its  water  of  crystallisation  at  100°. 
It  dissolves  in  alcohol  less  easily  than  in  water,  and  is  insoluble  in  ether  and  in  benzene. 

Isatosulphuric  acid  is  a  strong  acid,  separating  even  the  stronger  mineral  acids  from 
their  salts.  It  is  not  decomposed  by  strong  sulphuric  or  nitric  acid,  even  with  the  aid 
of  heat ;  but  nitromuriatit  acid,  or  a  mixture  of  hydrochloric  acid  and  chlorate  of 
potassium  slowly  decomposes  it,  with  formation  of  chloranil.  The  aqueous  solution 
appears  to  be  scarcely  altered  by  chlorine.  The  alcoholic  solution  treated  with  am- 
monia gas  yields  viscid,  dark  brown-red  bodies,  probably  amidated  compounds.  The 
acid  is  not  reduced  by  hydriodic  acid,  but  the  reduction  is  effected  by  zinc  and  hydro- 
chloric or  sulphuric  acid,  the  solution  being  thereby  completely  decolorised.  Sulphy- 
dric  acid,  and  especially  sulphide  of  ammonium,  likewise  reduce  the  acid,  yielding  the 
ammonium-salt  of  hydrindin-sulphuric  acid  (p.  266). 

Salts  of  Monobasic  Isatosulphuric  acid. — Mono-ammonic  isatosulphate, 
C8H4(NH4)NS05.H20,  is  obtained  by  decomposing  any  other  salt  of  the  acid  with  an 
excess  of  an  ammonium-salt  in  which  the  resulting  salt  is  sparingly  soluble ;  or  by 
mixing  a  solution  of  the  free  acid  with  excess  of  sal-ammoniac.  The  salt  crystallises 
in  shining,  deep  yellow  needles,  easily  soluble  in  water. 

The  monobarytic  salt,  C16H8Ba"N2S2010.3H20,  is  formed  by  precipitating  a  solution 
of  chloride  or  nitrate  of  barium  with  the  free  acid.  It  is  insoluble  in  alcohol,  sparingly 
soluble  in  cold,  somewhat  more  in  hot  water,  forming  alight  yellow  solution. 

The  monocalcic  salt,  C1«H8Ca'/N-'S3010.2H20,  is  obtained  by  precipitation,  and 
crystallises  in  small,  shining,  gold-yellow  needles  which  dissolve  somewhat  slowly  in 
water,  but  more  easily  than  the  barium-salt. 

The  monopotassic  salt,  C8H4KNS05.H20,  crystallises  in  small  gold-yellow  needles 
which  yield  a  sandy  powder.  It  is  insoluble  in  alcohol,  dissolves  in  about  20  pts.  of 
cold,  and  somewhat  less  of  hot  water,  whence  it  crystallises  slowly.  It  is  not  altered 
by  boiling  with  strong  hydrochloric  acid.  It  gives  off  all  its  water  of  crystallisation  at 
a  rather  high  temperature;  indeed  all  the  salts  of  monobasic  Isatosulphuric  acid 
retain  their  water  till  heated  above  100°. 

The  mono-argentic  salt,  C8H4AgNS05.H20,  separates  slowly  on  mixing  a  solution  of 
the  sodium-salt  with  nitrate  of  silver,  in  hard,  needle-shaped,  honey-yellow  crystals, 
sparingly  soluble  in  water. 

The  monosodic  salt,  C8H4NaNS05.2H20,  is  obtained  by  mixing  a  hot-saturated 
solution  of  the  potassium-salt  with  two  or  three  times  its  volume  of  a  concentrated 
solution  of  chloride  of  sodium,  and  crystallises,  on  leaving  the  liquid  at  rest,  in  deep  red 
tabular  crystals. 

Salts  of   Dibasic  Isatosulphuric  acid,   C8H5M2NSO«   =   C8H5N04.SO«M2. 
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These  salts  are  formed,  as  already  observed,  by  the  action  of  alkalis  on  the  monobasic 
isatosulphates.  All  alkalis  produce  the  change  provided  they  are  added  in  excess  ;  if 
an  insufficient  quantity  of  alkali  be  added,  a  deep  red,  or  sometimes  dirty  violet 
colouring  is  produced,  which,  though  transient,  is  sufficient  to  indicate  the  formation 
of  an  intermediate  compound.  The  transformation  is  likewise  effected  by  alkaline 
carbonates. 

Dibasic  isatosulphuric  acid  has  not  been  isolated ;  when  separated  from  the  solution 
of  either  of  its  salts,  it  is  converted  in  a  short  time  at  ordinary  temperatures, 
immediately  when  heated,  into  the  monobasic  acid. 

The  diammonic  salt  is  produced  by  boiling  isatosulphuric  acid  for  some  time  with 
excess  of  ammonia,  or  by  decomposing  the  dibarytic  salt  with  sulphate  of  ammonium. 
The«  solution  dries  up,  in  vacuo  over  oil  of  vitriol,  to  a  yellow  gummy  mass  exhibiting 
but  slight  traces  of  crystallisation. 

The  dibarytic  salt,  C8H5Ba"NS06 .  3H20,  is  obtained  by  dissolving  the  monobarytic 
salt  in  boiling  baryta- water,  and  removing  the  excess  of  baryta  with  carbonic  acid. 
The  slightly  coloured  solution  yields,  by  evaporation  or  cooling,  shining,  lemon-yellow 
silky  needles,  more  soluble  than  the  monobasic  salt  in  water,  but  insoluble  in  alcohol. 

The  diplumbic  salt.  C8H5Pb"NS06 .  f  IPO,  is  obtained  by  mixing  a  concentrated  solu- 
tion of  the  yellow  potassium-salt  with  an  excess  of  a  concentrated  solution  of  acetate 
of  lead ;  it  crystallises  in  slender,  shining,  dark  yellow  needles,  which  dissolve  readily  in 
water. 

The  dipotassic  salt,  C8H5K2N2S06 .  H20,  obtained  by  decomposing  the  barium-salt 
with  neutral  sulphate  of  potassium,  crystallises  slowly,  by  spontaneous  evaporation,  in 
hard,  shining,  transparent,  wax-yellow  prisms,  which  dissolve  readily  in  water,  and  give 
off  their  water  of  crystallisation  between  140°  and  150°. 

The  diargentic  acid,  C8H5Ag2NS06 .  f  H20,  separates  on  mixing  a  solution  of  the  po- 
tassium-salt with  excess  of  nitrate  of  silver,  in  concentric  groups  of  bulky  needles, 
which,  after  drying,  form  a  light  spongy  pale  yellow  mass.  It  is  sparingly  soluble  in 
water,  and  does  not  give  off  its  water  of  crystallisation  till  heated  above  100°. 

XSATOSTTXjPHXTES.  (Laurent,  Kev.  scient.  x.  289.— G-m.  xiii.  56.— Gerh.  iii. 
544.) — Sulphurous  anhydride  does  not  act  upon  isatin  alone ;  but  in  presence  of  potash 
or  ammonia,  peculiar  salts  are  produced,  containing  the  elements  of  isatate  of  ammonium 
or  potassium,  together  with  sulphurous  anhydride.  The  acid  corresponding  to  these 
salts  has  not  been  isolated,  being  decomposed  when  the  salts  are  treated  with  a  stronger 
acid.  The  chlorinated  and  brominated  isatins  yield  correiponding  compounds  under 
the  influence  of  alkalis  and  sulphurous  acid. 

Jsatosulphite  of  Ammonium,  C8H6(NH4)N03.2S02,  is  obtained  by  boiling  isatin  with 
acid  sulphite  of  ammonium,  and  concentrating  the  liquid  by  evaporation.  It  then 
separates  in  small  rhomboi'dal  tables  of  a  pale  yellow  colour,  sparingly  soluble  in  cold, 
but  very  soluble  in  boiling  water. 

Isatosulphite  of  Potassium,  C8H6KNOS.2S02,  is  produced  by  passing  sulphurous  an- 
hydride to  saturation  into  a  solution  of  isatin  in  potash,  or  into  a  solution  of  isatate  of 
potassium,  or  by  boiling  powdered  isatin  with  acid  sulphite  of  potassium,  till  it  is 
completely  dissolved. 

The  salt  is  neutral,  has  a  faint  yellow  colour,  is  moderately  soluble  in  water,  and 
crystallises  therefrom  in  elongated  laminae  possessing  considerable  lustre.  It  is 
moderately  soluble  in  boiling  alcohol,  very  little  in  cold  alcohol.  Its  solutions  are 
yellow.  When  heated  it  aquires  an  orange-red  colour,  swells  up  and  gives  off  water, 
and  at  a  higher  temperature  blackens,  and  gives  off  a  red  thick  matter,  which  solidifies 
without  crystallising. — Iodine  decomposes  it  at  the  boiling  heat,  isatin  being  precipi- 
tated and  sulphuric  acid  remaining  in  the  liquid.  Chlorine  also  forms  sulphuric  acid, 
but  at  the  same  time  throws  down  chlorisatin  or  dichlorisatin,  according  to  the  duration 
of  the  action.  Hydrochloric  acid  poured  into  a  boiling  solution  of  the  salt  eliminates 
sulphurous  anhydride,  with  effervescence,  and  precipitates  isatin. 

The  solution  of  the  potassium-salt  does  not  form  any  precipitate  with  chloride  of 
barium,  strontium,  or  calcium,  or  with  acetate  of  copper;  but  with  nitrate  of  silver  and 
acetate  of  lead,  it  forms  precipitates  consisting  of  a  metallic  sulphite,  together  with 
isatin. 

DibromisatosulpMte  of  Potassium,  C8H4Br2KN03.2S02,  is  a  yellow  precipitate, 
sparingly  soluble  in  water. 

CJdorisatosulphite  of  Potassium,  C8H5C1KN08.2S02,  is  obtained  by  passing  sulphu- 
rous anhydride  into  a  solution  of  chlorisatate  of  potassium.  The  liquid  yields  by 
evaporation  a  straw-yellow,  fibro-lamellar  salt,  sparingly  soluble  in  cold  water.  Acids 
decompose  it,  with  precipitation  of  chlorisatin  and  evolution  of  sulphurous  anhydride. 

Dichlorisatosulphite  of  Potassium,  C8H4C12KN03.2S02.  Yellow  needles  obtained  by 
boiling  dichlorisatin  with  acid  sulphite  of  potassium. 
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ISATYDE.  C16H12N204  -  (C8H5N02)2.H8.  (Laurent,  Ann.  Ch.  Phys.  [3]  iii. 
382.— Grm.  xiii.  98.— Gerh.  iii.  551.) — A  substance  produced  by  the  action  of  reducing 
agents,  such  as  nascent  hydrogen,  sulphydric  acid,  sulphide  of  ammonium,  &c.  on 
i satin ;  e.g.  : 

2C8H5N02  +   H2S     ==1     (C8H5N02)2.H2  +   S. 

Isatin.  Isatyde. 

It  bears  to  isatin  the  same  relation  that  indigo-white  bears  to  indigo-blue. 

The  best  mode  of  preparing  it  is  to  mix  powdered  isatin  in  a  flask  with  a  large 
quantity  of  water  and  a  little  sulphuric  acid,  then  add  a  piece  of  pure  zinc-foil,  and 
heat  the  liquid.  As  the  isatin  dissolves,  it  takes  up  the  nascent  hydrogen,  and  is  con- 
verted into  pulverulent  isatyde,  which  may  be  washed  with  water,  and  then  boiled  with 
alcohol  to  remove  undecomposed  isatin.  Isatyde  may  likewise  be  obtained  by  dissolv- 
ing isatin  in  hot  alcohol,  and  adding  a  small  quantity  of  sulphide  of  ammonium.  The 
mixture  left  to  itself  for  a  week  deposits  laminated  and  prismatic  crystals  of  isatyde, 
mixed  with  octahedral  crystals  of  sulphur,  which  must  be  removed  by  digestion  with 
disulphide  of  carbon. 

Isatyde  is  white,  with  a  slight  greyish  tint,  tasteless,  and  inodorous,  and  appears  to 
be  insoluble  in  water.  It  dissolves  in  very  small  quantity,  in  alcohol  and  ether,  at  the 
boiling  heat,  and  separates  on  cooling  in  microscopic  scales,  having  the  form  of  oblique 
prisms  with  rectangular  base. 

Isatyde  softens  when  heated,  and  then  turns  violet-brown  (being  perhaps  converted 
into  a  mixture  of  indin  and  isatin) ;  if  the  heat  be  increased  till  the  body  is  half 
melted,  it  suffers  further  decomposition,  yielding  a  substance  which  dissolves  in  alcohol 
and  crystallises  in  brown-red  needles  by  evaporation. 

Boiling  nitric  acid  decomposes  isatyde,  producing  a  violet  powder  which  ultimately 
dissolves.  Potash  likewise  decomposes  it,  forming  isatate  of  potassium  and  indin  - 
potassium,  which  ultimately  changes  to  hydrindin-potassium  and  other  products  of 
unknown  constitution  (see  p.  264). 

Erdmann  (J.  pr.  Chem.  xxiv.  15)  gives  the  name  of  isatyde  to  a  substance  which 
he  obtained  by  dissolving  isatin  in  hot  sulphide  of  ammonium.  This  substance  gave 
by  analysis  numbers  agreeing  approximately  with  the  formula  C1GHI2N203.  It  was 
white,  very  slightly  crystalline,  scarcely  soluble  in  water,  but  soluble  in  ammonia,  with 
red  colour  gradually  changing  to  yellow.  Potash  dissolved  it  with  deep-red  colour,  dis- 
appearing when  the  liquid  was  heated ;  the  solution,  on  cooling,  deposited  a  crystalline 
salt,  and  yielded  yellow  flocks  with  hydrochloric  acid. 

Chlorisatydes  and  Bromisatydes.  (Erdmann,  Ann.  Ch.  Pharm.  xxxiii.  129. 
— Laurent,  Ann.  Ch.  Phys.  [3]  iii.  382.)— Dichlorisatyde,  C16H10CPN204,  is  pro- 
duced by  the  action  of  sulphide  of  ammonium  on  chlorisatin.  It  is  white,  crystallis- 
able.  insoluble  in  cold  water,  sparingly  soluble  in  hot  water;  moderately  soluble  in 
boiling  alcohol,  soluble  also,  apparently  without  alteration,  in  a  hot  solution  of  sulphide 
cf  potassium.  Heated  to  180°,  it  is  resolved  into  chlorisatin  and  chlorindin : 

2C16H10C12N204     =     CI6H8C1*N208  +   2C8H4C1N02  +   2H20 

Chlorisatyde.  Chlorindin.  Chlorisatin. 

Chlorisatyde  is  coloured  red  by  ammonia,  and  partially  dissolved.  It  dissolves  in 
boiling  aqueous  potash,  being  converted  into  chlorisatate  of  potassium,  which 
crystallises  on  cooling.  The  mother-liquor,  treated  with  hydrochloric  acid,  yields  a 
copious  light-yellow  precipitate,  which  is  partially  dissolved  by  boiling  water,  the  inso- 
luble part  consisting  of  chlorindin,  and  the  dissolved  portion  of  chlorisatydic  acid, 
probably  a  product  of  the  decomposition  of  chlorindin.  This  acid  is  deposited  from 
the  aqueous  solution  in  the  form  of  a  lemon -yellow  substance,  which  forms,  with 
potash,  a  soluble  salt  having  little  tendency  to  crystallise.  The  solution  gives,  with 
salts  of  lead,  copper  and  barium,  yellow  precipitates  which  redissolve  in  the  liquid 
when  heated. 

Tetrachlorisatyde,  C16H8C14N202.— Produced  by  the  action  of  sulphide  of 
ammonium  on  tetrachlorisatin.  It  resembles  the  preceding  compound,  and  is  decom- 
posed in  like  manner  by  heat  into  tetrachlorisatin  and  tetrachlorindin.  It  likewise 
behaves  in  a  similar  manner  when  boiled  with  potash,  yielding,  among  other  products, 
probably  by  a  secondary  decomposition  of  dichlorindin,  the  potassium-salt  of  a  peculiar 
acid  (dichlorisatydic  acid)  which,  as  the  liquid  cools,  is  deposited  in  yellow,  shining 
laminae. 

Tetrabromisatyde,  C16H8Br4N202,  resembles  tetrachlorisatyde,  and  is  prepared 
in  a  similar  manner.  It  turns  brown  when  heated,  and  is  resolved  into  dibromisatin 
and  dibromindin. 

Sulpbisatyde,   C!GHI2N20»S.     Su?pkasathr/de.     (Laurent,  Ann.  Ch.  Phys.   [3] 
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iii.  463).— Obtained  by  adding  alcoholic  potash  drop  by  drop  to  an  alcoholic  solution 
of  disulphisatyde : 

C18H12N202S2  +  KHO     =     C16H12N20'S  +   KHS. 

Disulphisatyde.  Sulphisatyde. 

The  liquid  turns  red,  and  after  a  few  seconds  deposits  a  white  crystalline  precipitate 
of  sulphisatyde,  which  must  be  washed  with  boiling  alcohol  and  dried.  It  generally 
has  a  faint  rose  tint,  due  to  the  presence  of  a  small  quantity  of  iodine. 

Sulphisatyde  when  pure  is  a  white,  crystalline,  inodorous,  and  tasteless  powder ;  it 
crystallises  from  hot  alcohol  in  microscopic  rectangular  scales.  It  is  insoluble  in  water. 
Boiling  alcohol  dissolves  only  traces,  which  separate  out  on  cooling  hi  small  crystalline 
scales.  It  is  not  more  soluble  in  ether  than  in  alcohol. 

Sulphisatyde,  when  heated,  melts,  turns  red,  swells  up,  and  decomposes,  while  sul- 
phuretted hydrogen  is  evolved,  and  a  rose-coloured  oil  distils  over,  together  with  the 
vapour  of  a  substance  which  crystallises  in  needles ;  finally,  there  remains  a  bulky 
residue  of  charcoal.  It  is  converted  by  nitric  add  into  a  violet  powder,  which, 
in  all  probability,  is  nitrindin ;  the  solution  contains  sulphuric  acid.  It  is  decomposed 
by  cold  potash  with  formation  of  various  products,  among  which  is  indin  ;  the  solution 
evolves  sulphuretted  hydrogen  on  the  addition  of  hydrochloric  acid,  and  gives  a  pre- 
cipitate consisting  of  sulphur  and  a  little  reddish  matter.  On  treating  sulphisatyde 
with  warm  potash,  hydrindin  is  formed. 

Disulphisatyde.  C16H12N202S2.  Sulphesathyde.  (Erdmann,  J.  p.  Chem.  xxiv. 
16.— Laurent,  Ann.  Chim.  Phys.  [3]  iii.  463.)— Produced  by  the  action  of  sulphydric 
acid  upon  isatin. 

The  decomposition  takes  place  in  two  stages,  sulphur  being  first  deposited,  and 
isatyde  produced,  and  this  compound  being  afterwards  converted  into  disulphatyde, 
with  formation  of  water : 

2C8H5N02  +   H2S     =     C'6H'2N20«   +   S. 

Isatin.  Isatyde. 

and 

CI6H12N»04  +   2H2S     =     C16HI2N202S2  +   2H20. 

Isatyde.  Disulphisatyde. 

Preparation. — When  sulphydric  acid  gas  is  passed  through  a  boiling  concentrated 
alcoholic  solution  of  isatin,  the  liquid  becomes  pale  yellow,  and  forms  a  crystalline 
deposit,  which  increases  on  cooling,  and  consists  of  microscopic  sulphur-crystals  and 
scales  (isatyde).  The  solution  is  left  to  itself  for  a  week,  that  the  greater  part  of  the 
sulphur  may  crystallise  out ;  it  is  then  poured  off  and  mixed  with  a  little  water,  and 
the  resulting  precipitate  is  removed,  as  it  contains  sulphur ;  it  is  then  shaken  up  with 
more  water,  which  precipitates  the  disulphisatyde  as  a  brownish  grey  resinous  sub- 
stance. (Laurent.) 

Disulphisatyde,  when  dried,  is  a  yellowish  grey,  inodorous,  and  tasteless  powder. 
It  does  not  crystallise  from  its  alcoholic  or  ethereal  solution,  either  on  cooling  or  by 
spontaneous  evaporation  (Laurent).  On  drying  at  110°  it  always  becomes  bluish  or 
brick-red ;  if  the  solution  is  exposed  to  the  air  for  some  time  before  the  addition  of 
water,  the  precipitate  is  brownish-red.  (Erdmann.) 

Disulphisatyde  swells  up  strongly  when  heated  in  a  glass  tube,  and  melts,  with  evolu- 
tion of  sulphydric  acid ;  at  the  same  time  a  brown  oil  and  a  needle-shaped  sublimate 
are  formed,  and  there  remains  a  bulky  residue  of  charcoal.  When  boiled  with  strong 
nitric  acid,  it  puffs  up,  evolves  pernitric  oxide,  and  dissolves;  water  precipitates  yellow 
flakes  from  the  solution.  In  boiling  nitric  acid  diluted  with  its  own  bulk  of  water,  it 
pufis  up  and  gives  of£  nitrous  fumes.  If  the  reddish-brown  swollen  mass  is  treated, 
after  a  few  minutes,  with  alcohol,  the  latter  takes  up  a  reddish  substance,  which  is 
insoluble  in  water,  but  soluble  in  potash,  from  which  it  is  precipitated  by  acids.  The 
portion  insoluble  in  alcohol  dissolves  in  potash,  and  on  neutralising  the  solution  with 
an  acid,  a  white  precipitate,  insoluble  in  water,  is  formed,  consisting  of  microscopic 
needles.  The  liquid  obtained  by  the  action  of  nitric  acid  contains  sulphuric  acid,  but 
no  oxalic  acid.  Bromine  acts  violently  upon  disulphisatyde,  with  evolution  of  bromide 
of  sulphur  and  hydrobromic  acid,  and  forms  a  yellow  mass  containing  bromindin,  an 
orange-yellow  crystalline  mass,  and  a  little  resin.  Disulphisatyde  dissolves  in  strong 
sulphuric  add,  with  the  aid  of  a  gentle  heat ;  the  red  solution  is  not-  precipitated  by 
water ;  potash  colours  it  green,  but  does  not  precipitate  it.  On  treating  disulphisatyde 
with  potash,  sulphisatyde  and  various  other  products  (amongst  others,  indin)  are 
formed,  which,  however,  cannot  be  produced  at  will  (According  to  Erdmann,  the 
solution  deposits  a  crystalline  salt.)  Ammonia  behaves  in  a  similar  manner.  With 
acid  sulphite  of  ammonium,  at  mean  temperature,  disulphisatyde  produces  various 
compounds,  among  which  is  found  the  ammonium-salt  of  a  peculiar  acid,  called 
eulphisatanous  acid.  This  salt  is  crystallisable,  soluble  in  water  and  alcohol,  and 
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its  alcoholic  solution  forms,  with  dichloride  of  platinum,  a  yellow  precipitate,  which, 
when  decomposed  by  sulphydric  acid,  yields  the  free  acid. 

When,  on  the  other  hand,  disulphisatyde  is  treated  with  acid  sulphite  of  ammonium 
at  the  boiling  heat,  there  is  generally  deposited  a  mixture  of  indin  with  a  white  sub- 
stance which  has  not  been  examined  ;  sometimes,  however,  a  different  reaction  takes 
place,  resulting  in  the  production  of  isatan  (p.  404). 

ISERIKT.     Titaniferous  iron.     See  TITANATES. 

ISETHIONIC  ACID.  C2H6S04  =  C-H4.S04H2.  (Gm.  viii.  428.—  Gerh.  ii.  234.) 
—  This  acid,  which  is  isomeric  with  ethyl-sulphuric  (sulphovinic)  acid,  and  may  be  re- 


<)") 
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garded  as  ethylene-sulphurous  acid,    (SO)"  j-03,  was  discovered  by  Magnus  in  1833 

(Pogg.  Ann.  xxvii.  378),  and  has  been  further  examined  by  Liebig,  Eegnault, 
Woskresensky,  Berzelius,  Kolbe  (Ann.  Ch.  Pharm.  cxii.  241),  and  Carius(e'6tY£. 
cxxiv.  257).  It  is  produced:  —  1.  By  the  ebullition  of  ethionic  acid  (ii.  523).  —  2.  By 
the  prolonged  action  of  strong  sulphuric  acid,  or  of  sulphuric  anhydride,  on  alcohol  or 
ether,  and  is  found  among  the  residues  of  the  preparation  of  ether.  —  3.  By  the  action 
of  nitrous  acid  upon  taurine,  C2H7NS03,  which  may  be  regarded  as  the  amic  acid  of 
isethionic  acid.  A  solution  of  taurine  in  dilute  nitric  acid,  treated  with  nitrite  of  potas- 
sium, is  converted  into  isethionate  of  potassium.  (W.  Gibbs,  Sill.  Am.  J.  [2]  xxv.  30.) 

Preparation.  —  1.  Vapour  of  sulphuric  anhydride  is  passed  into  absolute  alcohol 
cooled  by  a  mixture  of  ice  and  salt  ;  and  the  resulting  yellowish  oily  liquid  is  mixed 
with  water,  boiled  for  some  time,  and  then  saturated  with  carbonate  of  barium.  The 
product  thus  obtained  is  isethionate  of  barium  ;  if  the  water  were  added  gradually,  and 
the  liquid  were  not  boiled,  ethionate  of  barium  would  be  produced,  but  no  isethionate.  — 
2.  Vapour  of  sulphuric  anhydride  is  passed  for  some  time  into  anhydrous  ether  ;  water- 
is  then  added,  which  separates  the  excess  of  ether  containing  heavy  oil  of  wine  ;  and 
the  solution  is  heated  to  ebullition  ;  it  then  gives  off,  first  ether,  then  alcohol,  and 
ultimately  contains  nothing  but  sulphuric  and  isethionic  acids,  which  may  be  separated 
by  saturation  with  carbonate  of  barium. 

To  obtain  the  free  acid,  the  barium-salt  is  cautiously  decomposed  with  the  exact 
quantity  of  sulphuric  acid  required,  and  the  filtrate  is  evaporated,  first  by  gentle 
heating,  then  in  a  vacuum  over  oil  of  vitriol. 

Isethionic  acid  is  a  viscid,  strongly  acid  liquid,  which  decomposes  acetates  and  common 
salt.  It  bears  without  decomposition  a  heat  of  150°,  but  blackens  at  higher  tempera- 
tures. 

The  isethionates,  C2H5MS04,  are  obtained  by  decomposing  the  barium-salt  with 
solutions  of  the  corresponding  sulphates.  They  are  soluble  and  crystallisable,  and  are 
distinguished  from  the  ethyl-sulphates,  with  which  they  are  isomeric,  by  their  much 
greater  stability,  most  of  them  sustaining,  without  alteration,  a  temperature  of  200°. 
When  an  isethionate  is  heated  with  caustic  potash,  hydrogen  is  evolved,  and  there 
remains  a  mixture  of  carbonate,  oxalate,  sulphate,  and  sulphite,  the  proportion  of  these 
products  varying  with  the  degree  of  heat  which  has  been  applied.  Isethionate  of  potas- 

sium, distilled  with  pentachloride  of  phosphorus,  yields  C2H4S02CP,  or  >  » 


which,  when  heated  in  sealed  tubes  with  ammonia,  yields  taurine.  (Kolbe)  : 
C2H'S02C12  +  NH3  +   H2O     =     C2H7NSOS  +   2HC1. 

Isethionate  of  ammonium,  C2H5(NH4)S04,  forms  well-defined  octahedrons,  which 
preserve  their  transparency  in  a  vacuum,  and  do  not  lose  weight  at  120°. 

The  barium-salt,  C4H10Ba"S"08,  crystallises  in  transparent  six-sided  plates,  which 
may  be  heated  to  300°  without  loss  of  weight.  They  melt  at  320°,  and  decompose  at 
a  stronger  heat,  the  salt  blackening,  swelling  up  to  more  than  100  times  its  original 
volume,  and  giving  off  a  liquid  of  very  pungent  odour. 

The  copper-salt,  C4Hi0Cu"S208.2H20,  forms  pale-green  right  prisms  with  rhombic 
base,  and  bevelled  with  two  faces  resting  upon  the  acute  edges.  At-  140°  it  turns 
white,  and  gives  off  197  per  cent,  water  of  crystallisation. 

The  potassium-salt,  C-H6KS04,  forms  rhomboidal  prisms  which  are  unalterable  in 
the  air,  and  bear  without  decomposition  a  heat  of  300°.  It  melts  between  300°  and 
350°,  forming  a  liquid  which,  on  cooling,  solidifies  into  a  fibrous  mass  having  the 
appearance  of  porcelain,  and  undiminished  in  weight  The  salt  crystallises  readily 
from  boiling  alcohol. 

ISOBITJRET.  C2H5N302.—  A  compound  isomeric  with  biuret  (i.  600),  produced 
by  the  action  of  ammonia  on  tribrom-acetyl-carbamide: 

CH«(C2Br30)N20   +   NH3     =     C2H5N302  +    CHBr8 

Tribrotn-awtyl-  Isobiuret.  Bromo- 

carbamide.  form. 
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It  dissolves  sparingly  in  cold,  easily  in  hot  water,  and  crystallises  from  the  solution  in 
long  needles  containing  C2H5NS02.2H2O,  and  melting  at  185°,  whereas  biuret  forms 
indistinct  crystalline  aggregations,  and  melts  at  177°.  In  all  other  respects,  the  two 
substances  resemble  each  other  exactly.  (A.  Baeyer,  Ann.  Ch.  Pharm.  cxxx.  154.) 

XSOBROlKOMAXiEXC  ACID.     See  MALEIC  ACID. 

ISOCAJPUTEHIE.     See  CAJPUTENE  (i.  311). 

ISOCETAMIDE.     See  the  next  article. 

ISOCETIC  ACID.  CI5HS002.— An  acid  discovered  in  1854  by  Bou is  (Compt. 
rend,  xxxix.  923).  It  is  produced  by  saponifying  the  oil  of  Jatropha  Curcas  (huile  do 
medicinier),  the  quantity  obtained  being  18  or  20  per  cent,  of  the  weight  of  the  oil. 
After  separation  by  pressure  from  oleic  acid,  and  crystallisation  from  alcohol,  it  forms 
shining  scales  which  melt  at  55°,  and  solidify  again  at  53 '5°.  Its  silver-salt  is  soluble 
in  water,  very  soluble  in  alcohol,  melts  when  heated,  and  burns  easily  without  odour, 
leaving  a  residue  of  metallic  silver. 

Isocetate  of  Ethyl,  C^H^C^H^O2,  prepared  by  the  usual  methods,  is  odourless,  melts 
at  the  heat  of  the  hand,  and  solidifies  at  21°,  remaining  perfectly  transparent,  and 
assuming  a  crystalline  structure. 

Isocetamide,  CI5H3INO,  is  obtained  by  heating  the  oil  above  mentioned  with  ammonia 
in  a  sealed  tube.  It  is  white,  nacreous,  melts  at  67°,  and  is  not  attacked  by  strong  potash. 

ISOCYAN'ITlllC  ACID.     Syn.  with  FULMINUBIC  ACID. 

XSODXBROXVXOSUCCXltiTXC  ACXD.     See  SUCCINIC  ACID. 

iSODiGLYCOi-ETHYLENlC  ACID.  C6H'°06.  (BarthandHlasiwetz, 
Ann.  Ch.  Pharm.  cxxii.  96). — An  acid  isomeric  with  diglycol-ethylenic  acid  (ii.  914), 
produced  by  treating  milk-sugar  with  bromine  and  the  product  with  oxide  of  silver. 
A  bromine-compound  of  milk-sugar,  C6H1005Br2,  (not  isolated)  appears  to  be  first 
formed ;  and  this  when  treated  with  moist  oxide  of  silver  yields  bromide  of  silver, 
and  the  acid,  C6H1006. 

The  acid  is  prepared  by  heating  30  grms.  milk-sugar  (1  at.  =  C8H1005)  with  60  grms. 
bromine  and  half  a  litre  of  water,  to  100°  in  strong  well-closed  bottles.  The  somewhat 
dilute  yellowish  solution  is  neutralised  with  moist  oxide  of  silver  (or  oxide  of  lead) ;  and 
the  filtered  solution  is  decomposed  by  sulphydric  acid,  evaporated  at  a  gentle  heat,  mixed 
with  alcohol  to  remove  a  little  lime,  freed  from  alcohol  by  distillation,  and  saturated, 
while  still  hot,  with  carbonate  of  cadmium.  The  slightly  acid  solution,  decolorised 
with  animal  charcoal,  yields  the  cadmium-salt  in  groups  of  granular  crystals.  To 
obtain  the  free  acid,  the  cadmium-salt  is  rubbed  up  to  a  thin  paste  with  water,  and  de- 
composed while  hot  by  sulphydric  acid,  and  the  filtrate  is  evaporated  to  a  syrup,  which 
gradually  dries  up  to  a  soft,  hygroscopic,  crystalline  mass. — This  acid  may  also  be 
obtained,  without  the  formation  of  the  intermediate  bromine-compound,  by  treating 
milk-sugar  with  half  the  preceding  quantity  of  bromine,  neutralising  the  solution  with 
carbonate  of  sodium,  and  boiling. 

An  acid,  agreeing  with  the  preceding  in  every  respect  excepting  the  amount  of  its 
rotatory  power,  is  obtained  in  like  manner  from  gum-arabic.  With  starch  only,  a 
small  quantity  of  an  uncrystallisable  acid  mass  is  obtained.  Mannite,  cane-sugar  and 
glucose,  treated  with  bromine  and  water,  form  hydrobromic  acid,  which  then  gives  rise 
to  the  formation  of  humus-like  products. 

Isodiglycol-ethylenic  acid  dried  over  oil  of  vitriol  contains  13-9  per  cent,  water, 
agreeing  nearly  with  the  formula,  2C8HI006.3H20.  It  has  a  strong  acid  reaction,  melts 
below  100°,  and  burns  on  platinum-foil,  giving  off  the  odour  of  burnt  sugar.  It 
dissolves  in  alcohol  and  is  precipitated  from  the  solution  in  flocks  by  ether.  The 
aqueous  solution  is  not  precipitated  by  neutral  or  basic  acetate  of  lead,  mercuric  nitrate, 
caustic  baryta,  or  lime-water,  but  forms  a  white  precipitate  with  ammoniacal  sugar  of 
lead.  The  ammonium-salt  reduces  an  alkaline  cupric  solution,  and  forms  a  speculum 
when  heated  with  nitrate  of  silver.  The  acid  possesses  optical  rotatory  power. 

.Isodiglycol-ethylenate  of  ammonium^  C6H9(NH4)06.H20,  crystallises  in  large,  trans- 
parent, glassy  crystals  of  the  monoclinic  system.  It  dissolves  in  water,  is  nearly 
insoluble  in  alcohol,  and  gives  off  all  its  water  at  120°. 

The  cadmium-salt  crystallises  from  a  hot-saturated  solution  in  granular  aggregates 
of  monoclinic  needles  containing  Cl2H'8Cd"0I2.3H20;  from  dilute  solutions,  or  from 
the  mother-liquor  by  slow  evaporation,  in  well-developed  monoclinic  crystals,  mostly 
united  in  tufts.  Both  these  hydrates,  especially  the  former,  are  sparingly  soluble  in 
water,  and  both  retain  all  their  water  of  crystallisation  till  heated  to  150°. 

The  calcium-salt,  C12H18Ca"012.7H20,  crystallises  in  crusts,  or  from  more  dilute 
solutions  in  large  shining  plates  ;  it  gives  off  4  at.  water  at  100°,  and  the  rest  at  140°. 
There  is  also  a  calcium-salt  containing  only  half  as  much  water  as  the  preceding. 

The  barium-  and  strontium-salts  are  gummy. 
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The  copper-salt  is  soluble  and  amorphous. 

A  lead-salt  having  approximately  the  composition,  C12H18Pb"012.4Pb"O.H20,  is  ob- 
tained as  a  white  precipitate  on  treating  the  solution  of  the  acid  with  neutral  acetate 
of  lead  and  ammonia. 

The  potassium-salt  forms  a  viscid  uncrystallisable  mass,  easily  soluble  in  water,  and 
precipitated  by  alcohol. 

The  silver-salt  is  a  gelajtinous,  easily  decomposible  precipitate,  formed  only  in  concen- 
trated solutions. 

The  sodium-salt  forms  tufts  of  prisms,  which  in  the  air-dried  state  contain 
C6H9Na06.2H20,  and  give  off  half  their  water  at  100°. 

ISOZVIEKISIVI.  This  term  is  derived  from  1<ros  equal,  and  /j.epos  part,  and  its  employ- 
ment by  chemists  is  an  expression  of  the  fact  that  very  different  chemical  compounds 
have  sometimes  identically  the  same  ultimate  composition. 

Two  or  more  different  bodies  which  are  composed  of  the  same  elements,  and  of  the 
same  proportions  of  those  elements  (i.e.  which  have  the  same  percentage  composition) 
are  said  to  be  is  om  eric. 

Isomerism  is  sometimes  used  in  a  narrower  sense,  being  made  to  signify  equality  of 
molecular  weight,  as  well  as  identity  in  percentage  composition.  When  the  compounds 
have  the  same  percentage  composition  but  different  molecular  weights,  the  term  poly- 
meric is  employed.  Thus  there  are  the  terms  Isomeric  (in  its  wide  sense),  signifying 
that  the  different  bodies  have  the  same  percentage  composition  ;  Polymeric,  signifying 
that  these  different  bodies  have  the  same  percentage  composition,  but  different  mole- 
cular weights  ;  Isomeric  (in  its  restricted  sense),  sometimes  called  Metameric,  that  the 
bodies  have  the  same  percentage  composition  and  likewise  the  same  molecular  weight. 

As  might  naturally  be  expected,  cases  of  isomerism  abound  in  organic  chemistry, 
where  an  enormous  number  of  compounds  result  from  the  combination  of  very  few 
elements.  The  following  organic  substances  may  be  cited  by  way  of  illustrating  the 
employment  of  the  term  isomeric  and  its  congeners. 

Butyric  acid    .......    (    Hg|o   =  C4H802 

p2TT3f)  ) 

Acetic  ether    .......     C'-'H5      ° 


Aldehyde         ....... 

Oxide  of  ethylene    ......     (C2H4)"0   =  C2H4O 

These  four  bodies  are  quite  different,  and  have  the  same  percentage  composition,  viz.  : 
Carbon      ...........     54-55 

Hydrogen          ....        ......       9'09 

Oxygen     ...........     36-36 

100-00 

They  are  Isomeric,  or  Isomers,  using  the  term  in  its  widest  sense. 
Again,  butyric  acid  and  aldehyde  have  different  molecular  weights  :  — 

Butyric  acid         ........     C4H802  =  88 

Aldehyde    .........     C2H40     =  44 

Butyric  acid  and  aldehyde  are  therefore  Polymeric. 

Similarly  acetic  ether  and  aldehyde  are  Polymeric,  or  acetic  ether  and  oxide  of  ethylene 
are  Polymeric,  or  butyric  acid  and  oxide  of  ethylene  are  Polymeric. 

Again,  butyric  acid  and  acetic  ether  have  the  same  molecular  weights,  viz.  : 
Butyric  acid         ........     C4H802  =  88 

Acetic  ether         ........     C4H802  =  88 

They  are  therefore  Isomeric  (in  the  restricted  sense)  or  Metameric.     Aldehyde  and 
oxide  of  ethylene  are  also  metameric  bodies. 

Closely  related  to  the  term  isomerism  is  the  term  allotropy.  Both  of  them  have 
reference  to  the  same  substantial  fact,  viz.  that  different  substances  have  sometimes  the 
same  ultimate  composition  ;  but  they  differ  in  their  manner  of  stating  it.  Isomeric  and 
allotropic  are  in  fact  complementary  terms,  "  isomeric  "  being  employed  to  predicate 
identity  of  composition  between  different  bodies,  whilst  "  allotropic  "  expresses  diffe- 
rence between  bodies  of  identical  composition. 

Such  being  the  force  of  these  words,  there  is  a  certain  propriety  in  their  usage;  thus 
whilst  it  is  correct  to  say,  "Butyric  acid  and  acetic  ether  are  isomeric,"  it  should  be 
"  There  are  allotropic  bodies  of  the  formula,  C6H7N."  The  same  reason  which  enjoins 
the  use  of  "  allotropic  "  in  this  case,  prescribes  it  in  the  instance  of  single  elements  ; 
thus,  for  example,  we  read  of  "allotropic  kinds  of  sulphur,"  but  never  of  isomeric  kinds. 
It  is  worthy  of  remark  that  cases  of  isomerism  occurring  in  inorganic  chemistry,  are 
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usually  described  by  employing  the  word  allotropy  or  allotroplc,  whilst  the  reverse 
obtains  in  organic  chemistry.  This  may  be  partly  ascribed  to  there  being  always  a 
very  wide  difference — or  else  no  difference  at  all — in  the  composition  of  any  definite 
inorganic  substances ;  and  hence  the  fact  of  identity  or  non-identity  of  composition 
being  so  easily  ascertainable,  it  is  implied  in  the  form  of  expression,  whilst  the  fact  of 
difference  of  properties  alone  needs  to  be  made  the  subject  of  formal  predication. 
Among  organic  bodies,  on  the  other  hand,  it  continually  happens  that  the  differences 
of  composition  are  quite  decided,  and  yet  so  very  minute  as  to  tax  the  utmost  powers 
of  chemical  analysis  for  their  recognition ;  and  hence  the  superior  dignity  which  the 
mere  affirmation  of  identity  of  ultimate  composition  acquires  in  the  organic  depart- 
ment of  the  science. 

The  principal  examples  of  allotropy  or  isomerism,  i.e.  of  the  coexistence  of  identical 
ultimate  composition  with  difference  of  properties,  will  now  be  considered. 

Hydrocarbons. — 1.  The  defines,  a  numerous  class  having  the  general  formula, 
OH2n,  form  a  very  remarkable  case  of  polymerism.  Methylene,  the  lowest  term,  where 
«  =  1,  is  wanting,  and  appears  to  be  an  impossible  body ;  for  many  reactions  in  which 
it  should  be  produced  yield  the  higher  terms  instead.  The  olefiues  at  present  known 

Vapour-  Boiling- 

density,  point. 

Ethylene C2H4  0'97  .     . 

Propylene C'H*  1-45  .    . 

Butylene C«H»  1-94  .     . 

Amylene C5H10  2'42               35° 

Hexylene C6H12  2'91               69° 

Heptylene C7H14  3 -39               95° 

Octylene C8H18  3'87  125° 

Decatylene  (paramylene)        .        .        .  C10H20  4-84  165° 

Cetylene C^H32  775  275°. 

By  the  destructive  distillation  of  wax,  Brodie  obtained  cerotene,  for  which  the  formula 
C27H54  has  been  given ;  but  there  is  in  reality  no  reason  whatever  why  C27H51,  rather 
than  any  other  out  of  a  considerable  number  of  formulae,  should  be  assigned  to  it. 

The  percentage  composition  of  the  defines  is 

Carbon      =   85*72 

Hydrogen  =  14-28 

100-00 

They  present  a  certain  general  chemical  character.  All  of  them  combine  with  chlo- 
rine and  bromine  with  great  readiness.  They  differ  in  vapour-density,  those  near  the 
beginning  of  the  list  increasing  regularly  in  vapour-density  by  0-4844.  The  first  two  are 
gaseous  at  ordinary  temperature  and  pressure ;  the  third  is  a  very  volatile  liquid  boiling 
at  about  0°  C. ;  the  others  on  the  list  are  liquids  of  which  the  boiling-point  rises  as  the 
formula  increases ;  and  the  very  complex  defines  which,  being  uncertain,  are  not  on  the 
list  are  usually  believed  to  be  solids.  It  will  be  observed  that  the  increment  in  boiling 
point  for  the  addition  of  CH2  to  the  formula  is  large  :  between  amylene  and  hexylene, 
for  instance,  it  is  34°.  As  the  series  is  ascended,  the  increment  becomes,  no  doubt, 
successively  smaller  and  smaller. 

The  specific  gravity  of  the  different  defines  in  the  liquid  state  seems  to  increase  as 
the  formula  increases. 

There  are  certain  well  ascertained  chemical  differences  between  the  olefines.  Thus 
the  amount  of  olefine  which  will  saturate  a  given  quantity  of  chlorine,  or  of  bromine, 
differs  according  to  the  olefine  taken,  being  proportional  to  the  vapour-density.  The 
molecular  weights  of  the  different  olefines  express  their  saturating  capacity :  because 
the  vapour-densities  are  proportional  to  the  molecular  weights. 

Each  olefine  may  be  prepared  from  a  peculiar  alcohol,  and  in  general  may  be  made 
to  yield  that  peculiar  alcohol  by  certain  simple  processes,  e.g. : 
Ethylic  alcohol.  Ethvlene. 

C2H60     -     H20         =        C2H4 

Amylic  alcohol.  Amyl^ne. 

C5H120    -     H20         =         C5H"> 
and  again : 

Ethylene.  Ethylic  alcohol. 

C2H*       +     H20         =         C2H«0 

Amylene.  Amylic  alcohol. 

C5Hio       +     jpo         =        C5H120. 

If  the  alcohol  and  the  olefine  standing  in  these  relations  to  it  be  compared,  it  will 
be  seen  that  they  resemble  one  another  in  the  number  of  carbon-atoms  contained  in  their 
molecules. 
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The  explanation  that  chemists  give  of  the  difference  between  the  olefines  is  that  their 
molecules  are  of  different  degrees  of  complexity,  and  that,  in  fact,  different  carbon- 
radicles  are  contained  in  them.  Thus  in  ethylene  we  have  the  carbon  radicle,  C2,  and 
accordingly,  ethylene  is  easily  obtained  from  certain  compounds  containing  the  radicle 
C-,  and  easily  yields  derivatives  containing  the  radicle  C2.  Again  in  amylene  there  is 
the  radicle  C5,  and  amylene  is  obtained  from  compounds  of  C5,  which  it  in  turn  may 
be  made  to  regenerate. 

The  olefines  present  a  very  curious  example  of  polymerism,  being  at  one  and  the 
same  time  polymeric  and  homologous.  Eecent  investigations  render  it  probable  that 
there  is  also  isomerism  in  its  restricted  sense  ^or  metamerism)  among  the  olefines.  It 
appears  that  there  is  more  than  one  body  having  the  formula,  C6H12,  the  hexylene  de- 
rived from  mannite  appearing  to  be  allotropic  with  that  got  from  other  sources  (p.  155). 

It  would  seem  also  that  there  are  distinct  varieties  of  amylene. 

(2)  Among  compounds  of  the  general  formula,  OH2n+2,  there  is  a  wide  field  for  me- 
tamerism, but  polymerism  is  obviously  an  impossibility. 

Two  classes  of  compounds  are  commonly  recognised  as  possessing  this  general 
formula.  These  are  the  alcohol-radicles  and  the  alcohol-hydrides. 

Methyl,  the  simplest  alcohol-radicle  is  metameric  with  ethyl-hydride. 

Methyl CH8 


Ethyl-hydride H  |    =  C2B[6 

And,  advancing  higher  in  the  series,  the  possibility  of  cases  of  metamerism  becomes 
much  greater.  Thus  putting  n  =  6  in  the  formula,  CnH2n+2,  we  have  the  following 
metameric  compounds,  all  included  by  the  expressions  hydride  and  alcohol-radicle  : 

Hexyl-hydride ^,1    =  C'H" 

Methyl-amyl ^,      =  C6H14 

Ethyl-tetiyl ™£  j    =  C6H'4 

f8TI7 

Trityl-trityl ~3H7 

There  is,  however,  no  reason  for  believing  that  alcohol-radicles  and  alcohol-hydrides 
form  the  only  classes  of  compounds  embraced  by  the  formula,  OH20"*"2.  Nothing  that 
we  know  would  lead  to  the  rejection  of,  for  instance,  the  following  additional  allotropio 
compounds  having  the  formula,  C6H14. 

(C2H5         f  C2H5        (CSHT         fC3H'         ( C4H9         (C5HU 
ck^;    C    SS:    cJ0^-   nJcH'.    J  CH'.    J     H 


CH8'        ]CH3'  H'          CH8'  H  '  H 

H          (  CH8         I    H          V    H          I     H          I     H 

Eespecting  the  actual  differences  between  isomers  having  the  general  formula 
OH2n+8,  very  little  is  positively  known.  A  difference  in  the  action  of  dry  chlorine 
upon  methyl  and  hydride  of  ethyl,  has  been  observed  byFrankland,  methyl  yielding 
C2H4C12  as  a  gaseous  compound,  whereas  ethyl-hydride  gives  C2H4CP  as  a  liquid. 

Schorlemmer,  on  the  other  hand,  who  has  experimented  under  different  conditions, 
obtains  from  methyl  a  body  which  has  the  composition,  vapour-density,  and  boiling  point 
of  chloride  of  ethyL  He  has  not,  however,  obtained  common  alcohol  from  it,  and  whether 
it  be  or  be  not  identical  with  chloride  of  ethyl  remains,  for  the  present,  undecided. 

The  hydride  of  tetryl,  which  occurs  in  petroleum,  is  a  very  volatile  liquid,  boiling 
at  about  0°  ;  ethyl  is  a  gas  which  does  not  condense  at  —18°,  under  the  ordinary 
atmospheric  pressure. 

Q4TT9 

Hydride  of  tetryl  and  ethyl  are  metameric. 


The  hexyl-hydride  derived  from  mannite  by  the  action,  first  of  hydriodic  acid,  and  then 
of  zinc  and  alcohol,  is  remarkably  insensible  to  the  action  of  chlorine,  even  in  the  pre- 
sence of  iodine  and  water.  The  hydride  of  hexyl  occurring  in  petroleum,  on  the  other 
hand,  seems  to  be  readily  attacked  by  that  agent. 

The  circumstance  that  those  /3  hexyl  compounds  from  which  the  hexyl-hydride  of 
mannite  is  more  immediately  derived,  tend  to  split  up  on  oxidation,  lends  some  kind 
of  support  to  the  notion  that  the  formula  for  the  mannite-hydride  is 


c    CH8 
L]CH* 
lCH» 
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but  much  remains  to  be  done  before  any  very  positive  opinion  can  be  formed  of  the 
nature  of  the  metamerism  subsisting  between  this  mannite-hydride  and  the  commoner 
hexyl-hydride. 

3.  Two  compounds  with  the  empirical  formula  CH,  viz.  benzene  and  acetylene,  pre- 
sent a  curious  case  of  polymerism. 

These  compounds  have  a  certain  likeness,  both  being  products  of  the  action  of  a 
very  elevated  temperature,  but  in  other  respects  they  are  very  unlike. 

Benzene,  C6H6,  is  a  liquid,  and  is  related  to  benzoic  acid  and  phenylamine.  Acetylene, 
C2HJ,  is  a  gas  possessing  the  peculiar  property  of  attacking  certain  metallic  solutions, 
such  88  ammoniacal  solution  of  cuprous  chloride,  and  is  related  to  common  alcohol. 

4.  A  large  number  of  volatile  oils  differing  much  in  smell,  taste,  boiling-point, 
action  with  reagents,  and  in  other  important  particulars,  have  had  the  formula  C'°H16 
assigned  to  them.     To  this  class  belong  the  different  kinds  of  oil  of  turpentine,  oil  of 
lemons,  neutral  oil  of  cloves,  oil  of  elemi-resin,  carvene,  and  some  others.     Eespecting 
these  bodies,  the  remark  may  be  made  that  we  are,  for  the  most  part,  quite   igno- 
rant of  their  true  formula  :  for,  in  the  almost  entire  absence  of  derivatives,  the  mere 
analysis  of  such  hydrocarbons  by  our  present  methods  is  totally  inadequate  to  distin- 
guish between  a  variety  of  non-isomeric  formulae,  all  equally  probable. 

Isomers  containing  Carbon,  Hydrogen,  and  Oxygen. 

Both  metamerism  and  polymerism  occur  very  abundantly  among  these  compounds. 
(1.)  The  ethers  of  the  organic  acids  afford  room  for  endless  metamerism,  as  will  be 
apparent  on  a  little  consideration. 

Acetate  of  methyl,    p™   *0,  is  metameric  with  formate  of  ethyl,   nqrsfo,  and  with 


Q3TT5Q 

propionic  acid,         fr[0.     I*  ig  obvious  that  if  we  subtract  ^CH2  from  the  acid-form- 

ing radicle  and  add  wCH2  to  the  alcohol-forming  radicle,  or  vice  versd,  we  must  get  a 
metamer.  Hence  it  follows  that  any  ether  of  an  organic  acid  must  have  many  metamers, 
if  its  molecular  weight  be  tolerably  high.  Here  is  an  example  :  — 


Valerate  of  amyl  .  .  .  £5g,,      0  =  C'°H2<>02 

Butyrate  of  hexyl  .  .  .  Q^I?  1 0  =  C'°H2002 

Propionate  of  heptyl  .  .  .  c^P  1 0  =  C10H2002 

Acetate  of  octyl.  .  .  .  ^H»?  !°  =  C10H20°2 

Formate  of  nonyl  .  .  .  f^®  \  0  =  C'°H2002 

Caproate  of  tetryl  . 

(Enanthateoftrityl  .  .  .  cS'^E0  =  C10H2002 

Caprylate  of  ethyl  .  .  .  Q^i^O  =  C10H2002 

Pelargonate  of  methyl  .  .  ^i^O  =  CIOH2002 

Ruticacid.        .        .        .'     .    C"|' 

Thus  there  are  no  fewer  than  nine  metamers  of  valerate  of  amyl.  The  difference 
between  metamers  of  this  kind  is  very  neatly  defined  by  reactions,  saponification 
with  potash  yielding  a  different  alcohol  and  a  potassium-salt  of  a  different  acid  in  each 
case.  For  example,  valerate  of  amyl  gives  amyl-alcohol  and  valerate  of  potassium, 
whilst  butyrate  of  hexyl  gives  hexyl-alcohol  and  butyrato  of  potassium. 

This  kind  of  metamerism  is,  of  course,  not  confined  to  the  fatty-acid  series  :  whenever 
there  are  homologues  of  the  acids — no  matter  what  the  series  to  which  the  acid  belongs 
— such  metamerism  is  possible.  And  of  course  the  same  remark  applies  to  the  alcohol, 
the  aromatic  and  the  allylic  series  admitting  of  just  the  same  kind  of  metamerism  as 
the  vinic  series. 

(2.)  Every  alcohol  in  a  series,  except  the  lowest  one,  is  metameric  with  one  or  more 
ethers,  thus : — 

Common  alcohol        .        .        .        .        .     |J  f  Q         —        C2H«0 
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or  higher  up  in  the  scale : — 


Methyl-ether CH'l0 


Amyl-alcohol    .        .        .        .     '  ,        «*  0         =         C5H"0 

Tetryl-inethyl  ether  .....  ^ 

Trityl-ethyl  ether      .....         *0         =         C5HI20. 


The  action  of  iodide  of  phosphorus  upon  these  different  compounds  enables  us  to  dis- 
tinguish them  immediately. 

(3.)  The  aldehydes  are  metameric  with  ketones,  with  alcohols  of  the  allylic  series, 
and  with  ethers  of  the  glycol  series,  thus  : 

Propylic  aldehyde      .....  C3^5°|  =         C3H60 

f  2TT'O  f 
Common  acetone        .....    ^-g-3    j  =         C3H  0 


Allylic  alcohol  ......  0         =         C3HS0 

Oxide  of  trifcylene      .....  (CSH6)"0          =         C3H60. 

These  four  compounds  are  very  easily  distinguished  from  one  another  :  the  first  is 
easily  oxidised  to  propionic  acid  ;  the  second  gives  no  propionic  acid  on  oxidation,  but 
lower  fatty  acids  instead  ;  the  third  gives  acrolein  and  acrylic  acid  ;  the  fourth  lactic 
acid. 

(4.)  Ketones  are  metameric  with  other  ketones  and  with  aldehydes  and  compounds 
metameric  therewith. 

The  metamerism  with  other  ketones  is  very  easy  to  understand.  The  rational  formula 
of  all  ketones  consisting  of  an  acid-forming  radicle  conjoined  with  an  alcohol-forming 
radicle,  it  follows  that  transference  of  wCH2,  from  one  radicle  to  the  other  will  yiel<f 
isomeric  bodies.  Thus,  for  instance,  we  have  isomers  in 


Methyl-valeryl        .        .         a        and  Ethyl-butyryl        . 

Our  knowledge  of  the  ketones  is  very  slight,  but  it  is  to  be  expected  that  these  two 
compounds  would  give  different  products  on  being  oxidised. 

Metameric  Alcohols.  —  It  has  recently  been  discovered  that  there  are  at  least  two 
series  of  alcohols,  the  corresponding  terms  of  which  are  metameric,  well-marked  differ- 
ences having  been  recognised  between  compounds  with  the  composition  of  hexylic 
alcohol,  and  also  between  compounds  with  the  composition  of  amylic  alcohol.  It  is  at 
present  uncertain  what  the  nature  of  this  metamerism  is  (see  HEXYL-ALCOHOLS,  p.  152), 
but  it  seems  to  affect  the  total  constitution  of  the  two  sets  of  compounds. 

A  more  superficial  kind  of  difference  was  noticed  by  Pasteur,  some  years  ago,  be- 
tween varieties  of  amylic  alcohol.  Ordinary  fusel-oil  was  found  by  Pasteur  to  be  made 
up  of  two  liquids  having  the  composition  of  amylic  alcohol,  but  slightly  different  in 
properties,  the  one  being  without  action  on  polarised  light,  whilst  the  other  turned  the 
plane  of  a  polarised  ray  to  the  left.  The  derivatives  of  each  of  these  varieties  of 
amylic  alcohol  possess  the  same  action  on  polarised  light  as  the  alcohols  themselves, 
and  present  some  differences  in  solubility,  &c.,  but  on  the  whole  they  are  marvellously 
similar.  Chemists  are  not  agreed  how  these  varieties  are  to  be  regarded,  it  being  still 
uncertain  whether  a  mere  difference  in  action  upon  polarised  light  points  to  any  but  the 
very  slightest  difference  in  constitution. 

Metameric  Acids.  —  There  is  some  reason  for  believing  that  the  fatty  acids,  when 
they  are  in  the  liquid  state,  have  twice  the  molecular  weight  which  their  vapours  have 
when  heated  up  to  300°  and  higher.  Their  great  tendency  to  form  double  salts,  and 
the  fact  that  their  vapours  at  low  temperature  —  whether  under  great  or  small  pressure  — 
have  a  double  density,  point  to  this  conclusion. 

Admitting  the  double  formula  for  the  fatty  acids,  some  very  interesting  cases  of 
metamerism  arise.  Thus,  propionic  acid  is  metameric  with  butyr-acetic  acid  :  — 

C3H50  ) 

Propionic  acid       .        .        .    C8HS0  [O2  =  C6H'204, 

H'j 

C'H'O  ) 
Butyr-acetic  acid  .        .        .    C2IPO  [O*  =  C6H'204, 

BE2 
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and,  in  like  manner,  each  term  of  the  series,  except  the  end  ones,  is  metameric  with  a 
compound  acid  formed  of  the  next  below  united  with  the  next  above.  It  is  worthy 
of  remark,  as  a  fact  in  the  history  of  organic  chemistry,  that  butyr-acetic  acid  was 
mistaken  for,  and  described  as,  propionic  acid. 

The  anhydrides  of  the  aromatic  and  fatty  acids  offer  a  systematic  metamerism,  e.g.; 


Aceto-valeryl  anhydride  .        .     c*H»o°   =  C7H'2°8» 
Propio-butyryl  anhydride        .  'O  =  C7H1208, 


are  metameric.  In  fact  there  is,  among  these  anhydrides,  just  a  repetition  of  the  case 
of  the  ethereal-salts  of  the  organic  acids  ;  by  making  wCH2  move  from  the  one  radicle 
to  the  other,  endless  metamerism  arises. 

No  case  of  metamerism  between  two  single  fatty  acids  has  yet  been  made  out  ;  but 
in  the  aromatic  series,  there  are  such  cases  :  thus  there  are  two  benzoic  acids. 

A  very  remarkable  example  of  metamerism  is  afforded  by  the  different  varieties  of 
tartaric  acid  and  racemic  acid.  There  is  a  tartaric  acid  which  polarises  to  the  right 
(the  commonest),  another  which  polarises  to  the  left  ;  racemic  acid,  from  which  both 
varieties  of  tartaric  acid  maybe  obtained;  and,  finally,  a  tartaric  acid  without  any 
action  upon  polarised  light.  All  these  substances  are  metameric,  having  the  formula 

C4H608. 

Polyatomic  Alcohols.  —  Mannite  and  melampyrin  are  metameric,  both  of  them  having 
the  formula  C6HI408 

The  most  striking  difference  between  these  bodies  is  to  be  found  in  their  degrees  of 
solubility  in  water  —  mannite  being  comparatively  soluble,  melampyrin  comparatively 
insoluble.  In  reactions  they  are,  so  far  as  is  known,  very  similar. 

There  seem  to  be  many  metamers  both  of  grape-sugar  and  of  cane-sugar,  but  little 
is  known  with  certainty  respecting  them. 

Examples  of  polymerism  are  not  by  any  means  so  numerous  among  the  compounds 
of  carbon,  hydrogen,  and  oxygen,  as  we  have  found  the  examples  of  metamerism  to  be. 

There  can  be  no  polymers  either  of  the  vinic  alcohols  or  vinic  ethers. 

The  fatty  acids,  and  the  ethers  of  the  fatty  acids,  are  polymeric  with  more  complex 
acids,  or  with  compounds  of  the  sugar-class  ;  but  even  among  them,  there  is  nothing 
approaching  to  the  endless  metamerism  which  has  been  referred  to. 

Acetic  acid  offers  one  of  the  best  examples  of  a  fatty  acid  polymeric  with  several 
substances  : 

2(CH20)  =  C2H402,  acetic  acid, 
3(CH20)  =  C3H603,  lactic  acid, 
6(CH20)  =  C^H^O6,  grape-sugar. 

By  doubling  the  formula  of  any  aldehyde,  we  get  the  formula  of  a  fatty  acid,  thus: 
C'-H40,    common  aldehyde, 
C4H802  butyric  acid. 

By  tripling  the  formula  of  an  aldehyde,  we  get  the  formula  of  an  acid  of  the  lactic 
series,  e.g.: 

C2H40,     common  aldehyde, 

C6HI208,  leucic  acid. 

Grape-sugar  is  polymeric  with  ethyl-carbonic  acid  :  Grape-sugar  =  C6HI20*;  2  mole- 

CO) 

cules  of  ethyl-carbonic  acid  =  2.C2H5  lO2  =  2C3H603  =  C6H'-0«. 

HJ 

Isomers  containing  Carbon,  Hydrogen,  and  Nitrogen, 

(1.)  Metamerism  among  the  compound  ammonias. 
The  following  compound  ammonias  have  the  formula  CGHI5N  :  — 

C6H") 
Hexylamine    .        .        .        .        H   fN  =  C6H"N 


CsHn) 

Amyl-methylamine          .  CHS  j-N  =  C«H15N 

H  j 

C4HM 
Tetryl-ethylamine  .        .        .    C2H»  fN  =  C8HISN 
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C'HM 

Tetryl-dimethylamine      . 

.     CH3  IN 

=  C6H18N 

CH8  ) 

C3HM 

Di-tritylamine 

.  C3H7  IN 

H  j 

=  C«H15N 

C3HM 

Trityl-ethyl-methylamine 

.  c2Hs  IN 

CH3) 

=  C8H15N 

C2H5  j 

Tri-ethylamine         .        . 

C2H5J 

=  C«H15N. 
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A  very  neat  reaction  distinguishes  the  different  compound  ammonias  from  one 
another:  on  treating  them  with  nitrous  acid,  they  give  up  their  different  alcohol- 
radicles  in  the  form  of  alcohols.  For  example,  the  first  base  on  our  list,  hexylamine, 
•when  so  treated,  would  yield  hexyl-alcohol  ;  the  second,  amyl-alcohol  and  methyl- 
alcohol  ;  the  third,  tetryl-alcohol  and  ethyl-alcohol,  &c. 

According  to  the  foregoing,  triethylamine  has  six  distinct  metamers  :  but  if,  as  is 
by  no  means  unlikely,  each  one  of  the  three  atoms  of  hydrogen  in  ammonia  has  a 
different  function,  then  the  metamers  of  triethylamine  will  become  very  numerous 
indeed. 

It  will  be  obvious  that  the  higher  we  go  —  the  higher  the  molecular  weight  of  a  base 


—  the  more  numerous  are  the  possible  metamers.     Thus  tricetylamine,  C16!!88^,  has 


upwards  of  300  metamers,  each  of  which  should  give  a  different  result  with  nitrous 
acid. 

In  addition  to  this  kind  of  metamerism,  due  to  the  presence  of  different  alcohol- 
radicles  in  the  bases,  there  are  other  kinds  of  metamerism  'among  the  compound 
ammonias. 

There  is,  for  instance,  the  well-known  case  of  the  bases  parallel  with  phenylamine, 
benzylamine,  &c. 

Phenylamine     =     C6H7N     =     Picoline 
Benzylamine      =     C7H9N     «=     Lutidine. 
&c.  &c.  &c. 

The  probable  explanation  of  the  metamerism  in  this  case  is  that  phenylamine  is  a  deri- 
vative of  benzene,  (C6H6),  whilst  picoline  is  derived  from  a  hydrocarbon  C6H10. 

Phenylamine  =     (C6H5)'NH» 
Picoline  =     (CftIF)"'N. 

But,  whatever  may  be  the  nature  of  the  difference  in  constitution  between  these  two 
bases,  the  difference  in  properties  is  very  striking  : 


Phenylamine  boils  at  185°: 
very  slight  smell: 
almost  insoluble  in  water : 
specific  gravity  at  0°  =  1/0361 ; 


Picoline  boils  at  135°: 

most  pungent  and  bad  smell: 

very  soluble  in  water : 

specific  gravity  at  0°  =  0-9613. 


gives  rosaniline  or  mauveine,  &c.  on 

treatment    with    various    oxidising 

agents, 
and  the  contrast  might  be  carried  much  further. 

A  third  series  of  bases,  metameric  with  the  foregoing  has  been  discovered.  The 
best  investigated  term  of  this  series  is  j8-lutidine,  which  is  obtained  by  the  destructive 
distillation  of  cinchonine.  It  is  less  soluble  in  water  than  common  lutidine,  boils 
rather  higher,  has  a  different  smell,  &c. 

It  is  possible  for  two  atoms  of  nitrogen  to  coalesce  and  form  a  group  requiring  either 
two  or  four  hydrogen  representatives  for  its  saturation.  Three  or  even  four  atoms  of 
nitrogen  also  coalesce.  Among  the  bases  so  resulting  there  must  be  almost  infinite 
metamerism. 

(2.)    Polymerism  among  the  Compounds  of  Carbon,  Hydrogen,  and  Nitrogen. 

Cyanide  of  ethyl  and  cyanethine  are  polymeric,  the  formula  ef  the  latter  being  three 
times  that  of  the  former. 

C8H5N       =     Cyanide  of  ethyl 
C9H15N3     -     Cyanethine. 
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The  former  is  a  liquid,  the  latter  a  solid  possessing  the  properties  of  a  weak  base, 
It  is  probable  that  the  rational  formula  of  the  latter  is  : 


lC8H5'" 

It  will  be  obvious  that  the  existence  of  compound  ammonias  containing  more  than  one 
atom  of  nitrogen  hi  the  molecule  opens  the  door  for  much  polymerism. 

Isomers  containing  Carbon,  Hydrogen,  Nitrogen,  and  Oxygen. 
The  metamerism  between  cyanate  of  ammonium  and  urea,  is  one  of  the  oldest  known  : 
Cyanate  of  ammonium  ......    q-  jp  0   =  CH4N20* 


Urea 


Although  cyanate  of  ammonium  is  transformed  spontaneously  into  urea,  yet  there  is  a  very 
great  difference  between  the  characters  of  the  two  compounds.  One  striking  difference 
between  a  solution  of  a  cyanate  and  a  solution  of  urea  is  the  comparative  stability  of 
the  latter. 

Grlycocine  and  nitrite  of  ethyl  are  metameric  : 

Glycocine     ......  C'H*NH20|0  =  ^^ 

Nitrite  of  Ethyl   ......  C2H 

but  are  utterly  different  in  properties.     Glycocine  (sugar  of  gelatin)  is  a  crystalline 

solid.    Nitrite  of  ethyl  is  a  liquid. 

Anthranilic  acid        .......     C7IFN02 

Benzamic  acid  ........     C7H5NH202 

Salicylamide     ........     C7H5NH200 

Nitrotoluene      ........     C'H'NO2 

are  metameric. 

Besides  these,  there  are  many  more  examples  of  metamerism  among  compounds  of 

carbon,  hydrogen,  nitrogen,  and  oxygen,  but  we  need  not  particularise  them. 

Polymerism  also  occurs  in  abundance.    A  very  frequently  cited  example  of  this  is 

afforded  by 

Cyanic  acid         ......        ...     CHNO 

Cyanuricacid     .........     C3H8N303 

Fulminic  acid,  C2H2N202,  is  also  polymeric  with  the  above,  but  it  is  only  known  in  the 

form  of  its  salts  —  not  in  the  free  state. 

Organic  Isomers  containing  various  elements  in  addition  to  the  so-called  Organic 

Elements. 

They  are  very  abundant.   A  good  example  of  metamerism  between  chlorinated  com- 
pounds is  afforded  by  dichloride  of  ethylene  and  chloride  of  monochlorethyl  : 


Bichloride  of  ethylene,  (C2H')"C12, 
boils  at  85° ; 

specific  gravity  at  18°  =  1-247; 
with  alcoholic  solution  of  potash, 
gives  C2H3C1  +  HC1; 
with  sodium  in  presence  of  ether 


Chloride  of  monochlorethyl,  C8H4C1C1 ; 
boils  at  64°; 

specific  gravity  at  17°  =  VI 74; 
with  alcoholic  solution  of  potash, 
hardly  any  reaction  ; 
with  potassium  gives  no  reaction. 


gives  C'H4  +  2NaCl ; 
A  very  interesting  case,  from  the  extreme  simplicity  of  the  compounds,  is  to  be  found 
between  the  chlorine-derivative  obtained  by  direct  action  of  chlorine  on  marsh  gas,  and 
common  chloride  of  methyl.  Both  of  these  compounds  have  the  empirical  molecular 
formula,  CIFC1,  and  both  are  gaseous  at  ordinary  temperatures  and  pressures,  but 
they  possess  some  unmistakable  differences  in  properties. 

There  are  corresponding  brominated  compounds — B  u  n  s  e  n  obtained  a  gas  from  brom- 
hydrate  of  cacodylac  acid.  The  composition  of  the  gas  is  the  same  as  that  of  bromide  of 
methyl,  viz.,  CH8Br;  but  whilst  bromide  of  methyl  is  a  liquid  boiling  at  13°,  Bunsen's 
brominated  gas  does  not  liquefy  below— 17°  C. 

Many  more  cases  of  isomerism  among  these  semi-organic  and  semi-inorganic  com- 
pounds might  be  cited. 
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Isomers  among  Inorganic  Substances. 

As  before  remarked,  the  instances  of  inorganic  isomerism  are  usually  called  instances 
of  allotropy — isomeric  substances  and  allotropic  substances  being  nearly  equivalent  ex- 
pressions. 

The  elementary  substances  themselves  offer  many  examples  of  isomerism.  Thus 
oxygen  appears  to  be  capable  of  existing  in  two  allotropic  states ;  in  one  condition  it  is 
known  as  ordinary  oxygen,  in  the  other  as  ozone.  Ozone  and  oxygen  are  isomeric 
bodies.  Formula  for  oxygen  =  0;;  formula  for  ozone  =  O4  (?)  Experiment  haa 
shown  that  the  molecular  formula  for  ozone  is  higher  than  that  for  oxygen ;  but  how 
much  higher  remains  an  open  question. 

Sulphur,  phosphorus,  carbon,  and  many  other  elements  present  somewhat  similar 
examples  of  allotropy  or  isomerism. 

Inorganic  compounds,  such  as  the  various  forms  of  silicic  acid,  of  sesquioxide  of  iron, 
of  sesquioxide  of  chromium,  of  alumina,  must  be  classed  among  substances  affording 
examples  of  isomerism. 

There  seem  to  be  two  allotropic  states  of  peroxide  of  nitrogen.  The  compound  NO2 
is  a  deeply-coloured  gas  at  100°.  The  compound  N204  is  a  liquid  boiling  a  little 
below  30°.  Its  vapour-density  is  double  that  of  the  former  body.  Altogether,  in- 
organic isomerism  is  a  very  wide,  but  as  yet  a  very  ill-explored  field. 

The  explanation  of  the  existence  of  isomerism  will  have  become  sufficiently  clear 
from  the  course  which  has  been  followed  in  describing  the  different  examples  of  it. 
"It  is  of  consequence  how  the  atoms  of  a  compound  are  arranged  as  well  as  what  kind 
of  atoms  they  are,"  and  hence  there  may  be  very  many  totally  different  substances 
composed  of  the  same  ultimate  atoms.  This  is  in  fact  the  whole  philosophy  of  iso- 
merism. J.  A.  W. 

ISOMORPHISM,  (fo-os,  equal,  and  j"op</>^,  form.)  Crystalline  form  affords,  as  is 
well  known,  one  of  the  most  valuable  physical  distinctions  between  different  substances, 
inasmuch  as  each  element,  and  each  compound,  crystallises  for  the  most  part  in  forms 
which  are  reducible  to  one  or  two  primary  forms.  Hauy,  who  first  directed  attention 
to  the  importance  of  this  character,  laid  it  down  as  a  general  law,  that  every  substance  has  a 
primary  crystalline  form  peculiar  to  itself,  and  therefore  that  a  difference  in  the  primary 
forms  of  two  crystals  may  always  be  taken  as  evidence  of  difference  of  composition. 
But  towards  the  end  of  the  last,  and  the  beginning  of  the  present  century,  various 
observations  were  made  tending  to  disprove  the  generality  of  this  law.  The  similarity 
of  form  between  phosphate  of  calcium  (apatite)  and  phosphate  of  lead  (pyromorphite) 
was  noticed  by  Werner.  Leblanc  in  1787,  showed  that  a  mixed  solution  of  ferrous 
and  cupric  sulphates  deposits  crystals  containing  both  copper  and  iron,  always  of  the 
same  form,  but  with  considerable  variations  in  the  proportions  of  the  two  metals ;  also 
that  alum  containing  a  considerable  quantity  of  ferric  oxide  crystallises  exactly  in  the 
same  form  ;is  pure  alumino-potassic  sulphate.  Vauquelin,  in  1797,  showed  that  the 
same  form  is  exhibited  by  alum,  when  it  contains  a  considerable  quantity  of  ammonia 
in  place  o£ potash.  Berthier,  in  1806,  pointed  out  the  great  similarity  in  the  form  of 
calc-spar,  bitter  spar,  and  spathic  iron —a  resemblance  confirmed  by  the  more  exact 
measurements  of  Wollaston;  and  Gay-Lussac,  in  1816,  showed  that  a  crystal  of 
potash-alum  immersed  in  a  solution  of  ammonia-alum  increases  in  bulk  without 
alteration  of  form.  These  and  other  isolated  observations  of  similar  import  may  be 
said  to  have  prepared  the  way  for  the  establishment,  by  M  itscherlich,  of  the  general 
law  of  isomorphism,  which  affirms  that  bodies  having  a  similar  chemical  constitution, 
have  also  the  same  crystalline  form,  as  determined  by  the  measurement  of  their  angles,  or, 
in  other  words,  that  analogous  elements  and  groups  of  elements  may  replace  one  another 
in  composition  without  essential  alteration  of  crystalline  form.  Mitscherlich's  first 
observations,  presented  to  the  Berlin  Academy  of  Sciences  in  1819,  related  to  the  iso- 
morphism of  the  phosphates  and  arsenates,  and  showed  that  the  corresponding  salts  of 
phosphoric  and  arsenic  acids  containing  equal  numbers  of  atoms  of  water,  crystallise  in 
the  same  forms.  Similar  observations  were  subsequently  made  upon  the  sulphates, 
selenates,  manganates,  and  chromates ;  the  protosalts  of  magnesium,  zinc,  cadmium, 
manganese,  iron,  nickel,  cobalt,  and  copper,  and  the  sesquisalts  of  iron,  aluminium, 
chromium,  and  manganese,  the  corresponding  salts  being  supposed  in  all  cases  to  contain 
equal  numbers  of  atoms  of  water. 

Bodies  having  apparently  an  exactly  similar  constitution  are  not  necessarily  iso- 
morphous,  but  are  rather  divisible  into  two  or  more  groups,  of  which  the  respective 
members  are  isomorphous;  on  the  other  hand,  the  possession  of  an  equal  number 
of  atoms  is  not  essential  to  isomorphism,  for  two  atoms  of  one  element  are  not  unfre- 
quently  isomorphous  with  one  atom  of  another  element ;  and  sometimes  a  molecular 
group  is  isomorphous  in  its  combinations  with  an  elementary  atom — NH4  with  K,  for 
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example.  There  are  also  numerous  examples  of  bodies  crystallising  in  the  same  forms, 
but  without  exhibiting  any  similarity  of  chemical  constitution. 

The  corresponding  angles  of  isomorphous  bodies  are  not  always  precisely  equal,  but 
may  differ  from  each  other  by  one  or  two  degrees.  This  discrepancy,  however,  ia 
rendered  unimportant  by  the  circumstance,  that  the  angles  of  different  crystals  of  one 
and  the  same  substance  can  present  similar  variations,  under  the  influence  of  certain 
modifying  causes. 

It  will  of  course  be  understood  that  the  similarity  of  form  in  isomorphous  bodies 
relates  to  the  primary  forms  to  which  they  are  reducible  ;  two  crystals  may  be  really 
isomorphous,  and  yet  very  different  in  external  form,  in  consequence  of  being  differently 
modified  ;  thus  calc-spar,  bitter  spar,  and  spathic  iron  have  the  same  primary  form  ;  but 
each  exhibits  numerous  modifications,  some  of  which  prevail  chiefly  in  one,  some  in 
another,  of  these  compounds. 

The  following  table  exhibits  the  most  important  and  best  established  examples  of 
isomorphism,  arranged  according  to  the  crystallographic  systems.  Bodies  crystallising 
in  the  same  forms  (i.  e.  reducible  to  the  same  primary  form)  are  arranged  in  groups, 
numbered  consecutively,  without  regard  to  the  system  to  which  the  several  forms 
belong  ;  the  subdivisions  a,  b,  c,  &c.,  include  those  also  which  correspond  in  atomic  con- 
stitution. 

TABLE  I. 
Monometric  or  Eegular  System. 

Group  1.     (Holohedral  forms.) 

a.  Diamond,  —  Phosphorus,—  Potassium,  —  Sodium,  —  Titanium,  —  Cadmium,  —  Lead, 

—  Copper,  —  Silver,  —  Gold,  —  Platinum,  —  Palladium,  —  Iridium,  —  Tin  (F  r  a  n  - 
kenheim),  —  Zinc  (Nickles). 

b.  ZnS,—  MnS,—  PbS,—  PbSe,—  Ag2S,—  NiS.2FeS  (Scheerer),—  MgO  (periclase, 
according  to  Scacchi),  —  NiO  (formed  in  a  metallurgic  process),  —  PbO,  —  CuO 
(tetrahedral),—  UO. 

c.  KC1,—  NaCl,—  LiCl,—  NH4C1,—  AgCl,—  CuCl,—  KI,—  Nal,—  KBr,—  NaBr,—KF, 

—  NaF,—  KCy.NaCy  —  NH4Cy  (Gay-Lussac). 

c'.  Znl2,—  CaF2,—  KAgCy4,—  NiAS2  (arsenical  nickel),—  (Co  ;   Ni)As2  (cobalt- 
speiss). 

d.  Co  As8  (tesseral  pyrites,  according  to  Wohler  and  Scheerer). 

e.  Cu20,  —  Cu2S  (red  copper  and  copper-glance). 
/.  As208,—  Sb208,—  Co2S8  (cobalt-pyrites). 

g  tfa  lo«  (spinel),—  (Mg;  Fe)"lo*  (pleonast),  —  ^g  I  O4  (chlorospinel,—  • 
Al2  J  Al2  J  Fe'2  J 

Znlo«  (gahnite),—  ^n}04  (franklinite),—    ^lo4  (magnetic    iron  ore),— 
Al2J  /e2)  tfe2J 


t 


o*  (chrome  iron  ore,  according  to  Abich). 


h.  BaN206,— SrN206,— PbN20«.    (Berzelius.) 

t.  K2Pt"Cl6,— K2IrCl6,— K2<5sCl6,— (NH4)2P"  tCl6,— (NH4)2f rCl6.    (Berzelius.) 

Ic.  Alums-.  (NH4)  A"i(S04)2.12H'0,—  (NH4)  dr (S04)2.12H20,—  (NH4)  Mn  (SO4)2. 
12H20,~  (NH4)Fe  (SO4)2. 12H20,  — KA1(S04)2. 12H20,  — KCr  (S04)2.12H20,  — 
KMn  (SO4)2.  1 2H80,  —  KFe  (SO4)2. 1 2H20, — Nail  (SO4)2. 1 2H20  (M  i  t  s  ch  e  r- 
lich),— LiAl'(S04)2.12H20  (Kralovansky),  — AgAl(S04)2.12H20  (Church), 
T1A1(S04)2.12H20  (Crookes). 

Si8]  ST8]  S>]  Si'8|  ^i8] 

/.  Garnets :     Ca  t  O10,  —  Mg  r  O10,  —  ^'e  h  O10,  —  Mn    O10,  —  Ca  [  O10,  — 
Al2)  Al2)  Al2'  Al2  Fe2) 
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Ca  f°10  chrome-garnet  (according  to  Komonen). 

Cr'j 

si2)  s>) 

m.  (leucite)K  lO8.—  ».  (analcime)  tta  1  06.H20. 
All  Al) 

Group  2.  (Hemihedral  forms.)  ' 

a.  CoAs'.CoS2  (cobalt-glance),—  NiAs2.NiS2  (nickel-glance),—  NiSb2.NiS2    (nickel- 

antimony-glance). 

b.  FeS2  (iron-pyrites). 

Dimetric  System. 
Group  3. 

CaW"04  (tungsten),  —  Pb".WTl04  (scheeletine),  —  Pb"MoTi04  (wulfenite  :  Le  vy),— 
Pb"Cr"04. 

Group  4. 
NiS04.7H*0,—  NiSe04.7H20—  ZnSe04.7H20.  (Mitscherlich.) 

Group  5. 
KH2P04,-KH2As04,—  (NH4)H2P04,—  (NH4)H2As04.  (Mitscherlich.) 

Group  6. 
2NH3.Ag2S04,—  2NH3.Ag2Se04,—  2NH3.Ag=CrO*.  (Mi  ts  c  h  erli  c  h.) 

Group  7. 
Cu"(U202)2P209.8H20  (copper-uranite),  —  Ca"(U202)2P208.8H20  (lime-Tiranite). 

Group  8. 

a.  Mn203  (braunite).     (v.  K  ob  ell.) 

b.  Cu2S.Fe2S3  (copper-pyrites). 

Group  9. 
TiO2  (rutile),—  SnO8  (tin-stone). 

Hexagonal  System.  ' 
Group  10. 

Arsenic,  —  Antimony,  —  Tellurium  (Br  e  i  th  an  p  t),  —  Osmium,  —  Iridium,  —  Palla- 
dium, —  Bismuth.    (G.  Bose.) 

Group  11. 

a.  CaCO3  (calcspar),—  MgCO3  (magnesite),  -|M  CO8  (dolomite),—  MnCO3  (dial- 

logite),—  ZnCO3  (calamine),—  FeCO3  (spathic  iron  ore). 

b.  NaNO3,—  KNO'.     (Frankenheim.) 

Group  12. 
A1203,—  Fe203,—  Cr208. 

Group  13. 
Hyposidphates  :  SrS206.4H20,—  CaS206.4H20,—  PbS206.4H*0.  (H  e  e  r  e  n.) 

Group  14. 

CaCl2.3Ca3P20»    (apatite),  —  PbCl2.3Pb3P208   (pyromorphite),  —  PbCl2.3PbsAs20« 
(mimetene). 

Trimetric  System. 

Group  15. 
Sulphur,  —  Iodine  (?). 

Group  16. 
As203,—  Sb208. 
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Group  17. 

a.  CaCOs  (arragonite),—  BaCO8  (witherite),— SrCO1  (strontianite),— PbCOs  (ceru- 
eite),— FeCO1  (junkerite;  Dufrenoy). 
b   KNOS. 
c.  (Cu*S.2PbS).Sb2Ss(bournonite;  Or.  Eose). 

Group  18. 

a.  BaSO4  (heavy  spar),— SrSO4  (ccelestin),— PbSO4  (anglesite;  Mitscherlich). 

b.  KC104,— KMnO4,— NH4C104,— (NH4)  MnO4.     (Mitscherlich.) 

Group  19. 

a.  Na2S04,— Na'SeO4,— Ag2S04,— Ag2Se04.     (Mitscherlich.) 

b.  BaMn208.     (Mitscherlich.) 

Group  20. 

a.  Z2S04,— K2Se04,— K2Cr04,— K2Mn04.    (Mitscherlich.) 

b.  (NH4)2S04.H20.    (Mitscherlich.) 

Group  21. 

a.  MgSO'.7H20,— ZnS04.7H20,—  NiS04.7H20,  —  MgSe04.7H20,  — ZnSe04.7H«0. 
(Mitscherlich.) 

b.  Sb2S8  (v.  Kobell),— As2Ss. 

Group  22. 
NaPOs.2H20,— NaAsO».2H20.    (M  itscherlich.) 

Monoclinic  System. 

Group  23. 
a.  Sulphur.— b.  KHSO',— KHSeO4.    (Mitscherlich.) 

Group  24. 
CaS04.2H20,— CaSe04.2H20  (Mitscherlich),— FeS04.2H20.     (Graham.) 

Group  25. 

MgSO4.  7H20,  —  ZnS04.7H20,  —  CoSO4.  7H20,  —  NiSO4.  7H20,  —  FeS04.7H20,— 
MgSe04.7H20,— CoSe04.7H20.     (Mitscherlich.) 

Group  26. 
FeS04.6H20,— CoS04.6H20,— MnS04.6H20,— CoSe04.6H20.    (M  i  t  s  ch  e  rl  i  cH.) 

Group  27. 

MgK2S208.6H20,— Mg(NH4)2S208.6H20,  — and  similar  double   salts  containing 
calcium,  nickel,  cobalt,  iron,  manganese,  zinc,  and  copper. 

Group  28. 
Na'SOUOH'O,— NazSe04.10H20,— Na2Cr04.10H20.     (Mitscherlich.) 

Group  29. 
(NH4)2HP04,— (NH4)2HAs04.     (Mit  scherlich.) 

Group  30. 
Na2HP04.12H20,— Na2HAs04.12H20.     (Mitscherlich.) 

Group  31. 
a.  Na2B4OMOH20  (borax).— b.  (Ca  ;  Mg)  SiO»  (augite). 

Triclinic  System. 

Group  32. 
MnS04.4H20,— MnSeOUH20,— ZnSeO*.4H20,— CoSe04.4H20.  (Mitscherlich.) 

Group  33. 
CuC04.5H20,~ CuSe04.5H20,— MnSe04.6H20.    (Mitscherlich.) 
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Bodies  occurring  more  than  once  in  this  table  are  dimorphous  or  trimorphous. 

To  each  group  of  isomorphous  bodies  in  the  dimetric,  trimetric,  monoclinic,  and 
triclinic  systems,  there  corresponds  a  particular  pyramid  with  its  prisms  and  domes, 
and  to  each  group  in  the  hexagonal  systerrv  a  particular  rhombohedron. 

A  perfectly  exact  accordance  of  the  crystalline  forms  of  two  chemically  different 
bodies,  occurs  perhaps  only  in  the  monometric  system.  Bodies  of  the  same  group 
which  crystallise  in  other  systems  generally  exhibit  small  differences  in  the  correspond- 
ing angles.  Thus,  the  angles  of  the  terminal  edges  of  the  rhombohedrons  of  calcspar, 
diallogite,  and  the  other  isomorphous  carbonates  of  group  11,  exhibit  the  following 

differences  :  — 

R:Rin 
terminal  edges 

Calcspar       ....  CaCO«     .        .        .     105°    5' 

Dolomite       .        .        .        .  00*      •        •        *     106°  15 


Diallogite      ....  MnCO8  .  .  .  106°  51' 

Spathic  iron.         .         .         .  FeCO8  .  .  .  107°    0' 

Magnesite      ....  MgCO»  .  .  .  107°  25' 

Calamine       .         .        .         .  ZnCO»  .  .  .  107°  40'. 

In  arragonite  and  the  carbonates  isomorphous  therewith  (group  17,  fl),  the  angles 
ooP  :  »P  in  the  macrodiagonal  principal  section,  and  Poo  :  Poo  in  the  basal  principal 
eection.  have  the  following  values  : 

»P  :  »P  foe  :  f  « 

Arragonite  .  .  .  CaCO8  63°  44'  .         71°  33' 

Witherite    .  .  .  BaCO8  61°  30'  73°    6' 

Strontianite  .  .  SrCO8  62°  44'  71°  48' 

Cerusite      .  .  .  PbCO8  62°  46'  71°  47'. 

Perfect  equality  in  the  corresponding  angles  of  crystals  is  not  always  found,  even  in 
the  monometric  system.  The  simpler  forms  of  that  system,  namely,  the  cube,  octa- 
hedron, and  rhombic  dodecahedron,  do  not,  of  course,  admit  of  any  variation  in  the 
angles  ;  but  the  remaining  forms,  which  are  expressed  by  formulae  containing  finite 
numerical  coefficients,  viz.  mOm,  mO,  wOoo  ,  and  mOn,  have  different  angles,  according 
to  the  numerical  values  of  those  coefficients;  and,  consequently,  crystals  of  two  dif- 
ferent substances  crystallising  in  one  of  these  forms  may  exhibit  slight  differences  in 
their  angles,  as  well  as  isomorphous  crystals  belonging  to  other  systems.  With  regard 
to  the  three  simpler  forms  of  the  monometric  system,  it  may  be  observed  that  all  bodies 
which  crystallise  in  them  may  be  regarded  as  isomorphous  in  a  certain  sense,  inasmuch 
as  all  these  forms  are  derivable  one  from  the  other  ;  nevertheless,  some  bodies  are 
more  disposed  to  crystallise  in  one  form  than  in  the  other,  and  a  further  distinction  is 
afforded  by  the  cleavage  ;  thus,  zinc-blende,  ZnS,  cleaves  parallel  to  the  faces  of  a 
rhombic  dodecahedron  ;  galena,  PbS,  parallel  to  the  faces  of  a  cube.  Such  bodies,  in 
spite  of  their  similarity  of  form  and  atomic  constitution,  cannot  be  regarded  as  strictly 
isomorphous,  at  least  in  the  same  degree  as  NaCl  and  KC1,  which  agree  in  the  direc- 
tion of  their  cleavage  as  well  as  in  their  form. 

From  the  similarity  of  form  of  two  compounds,  the  isomorphism  of  certain  of  their 
constituents  may  often  be  inferred.  If  a  compound,  a  +  b  +  c,  is  isomorphous  with 
another,  consisting  of  a  +  b  +  d,  it  may  be  concluded  that  c  is  isomorphous  with  d. 
For  example,  the  isomorphism  of  K2PtCl6  and  K2IrCl6  leads  to  the  conclusion  that 
platinum  and  iridium  are  isomorphous.  In  this  manner,  the  isomorphism  of  the  fol- 
lowing groups  of  elements  may  be  inferred  : 

1.  Monometric  Metals  and  Metalloids.     Carbon  (diamond),  phosphorus,  potassium, 
sodium,  titanium,  cadmium,  lead,  iron,  copper,  silver,  gold,  platinum,  palladium,  iridium, 
tin,  zinc  (TABLE  I,  group  1,  a),  —  manganese,  calcium,  lithium,  ammonium,  nickel,  cobalt 
(1,  6,  and  1,  c),—  osmium  (1,  z). 

2.  Hexagonal  Metals.     Arsenic,  antimony,  tellurium,  osmium,  iridium,  palladium, 
bismuth. 

3.  Sulphur,  selenium  (1,  6),—  chlorine,  iodine,  bromine,  fluorine,  cyanogen,  arsenic  (?) 
(1,  c),  —  oxygen  (1,  «). 

In  like  manner,  the  isomorphism  of  certain  groups  of  elements  may  be  inferred  from 
that  of  compounds  in  which  they  may  be  supposed  to  exist;  thus,  from  the  isomorphism 
of  the  corresponding  phosphates  and  arsenates,  regarded  as  compounds  of  metallic  oxides, 
with  P205  and  As205,  e.g.  2Na2O.H2O.P205  +  24H20  and  2Na2O.H2O.As205+24H20, 
the  isomorphism  of  phosphoric  and  arsenic  anhydrides  may  be  inferred. 

The  isomorphism  of  different  elements  and  groups  of  elements  is,  however,  most 
completely  shown  by  their  capability  of  replacing  one  another  in  composition  in  various 
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proportions,  and  without  any  alteration  of  crystalline  form.  Thus,  in  the  alums,  whose 
general  formula  is  M'R'"(S04)2.12H2O  the  monatomic  radicle,  M,  may  be  composed  of 
potassium,  sodium,  ammonium,  &c.,  and  the  triatomic  radicle,  R,  of  aluminium,  ferricum, 
manganicum,  chromicum,  &c.,  in  the  most  various  proportions,  the  form,  ail  the  while, 
remaining  the  same  as  that  of  common  potash-alum,  KA1(SO4)2.12H20.  Numberless 
examples  of  this  isomorphous  replacement  are  found  among  natural  minerals ;  indeed, 
it  is  but  rarely  that  any  mineral  is  found  in  which  the  principal  constituents  are  not 
more  or  less  replaced  by  isomorphous  substances.  Striking  examples  of  it  are  afforded 
by  the  spinels  (p.  397,  and  group  1,  g,  Table  I,  p.  424),  and  by  the  garnets  (1, 1,  p.  424).* 
Relations  between  Crystalline  Form  and  Atomic  Volume. — Complete  isomorphism 
between  two  compounds  implies  the  fulfilment  of  three  conditions,  viz. : 

1.  Similar  atomic  constitution. 

2.  Similar  crystalline  form. 

3.  Equal  atomic  volumes  of  the  several  constituent  elements. 

By  the  volume  of  an  atom,  we  understand,  as  explained  in  the  article  ATOMIC 
VOLUME  (i.  440),  the  space  occupied  by  the  solid  atom  itself,  together  with  a  portion 
of  the  space  which  separates  it  from  the  intervening  atoms :  that  is  to  say,  the  size,  or 
rather  the  radius,  of  the  atom  (regarded  as  spherical)  is  supposed  to  include  half  the 
distance  which  separates  it  from  the  contiguous  atoms.  The  atomic  volume  of  a  sub- 
stance, according  to  this  definition,  is  proportional  to  its  atomic  weight  divided  by 

its  specific  gravity  -.     It  is  clear  that  equal  numbers  of  atoms  similarly  disposed  will 
s 

not  necessarily  produce  the  same  external  form,  unless  the  corresponding  atoms  in  the 
two  bodies  are  equal  or  at  least  proportional  in  volume. 

Two  or  more  bodies  in  which  all  three  of  the  above  conditions  of  equality  are  ful- 
filled, are  isomorphous  in  the  stricter  sense.  The  fulfilment  or  non-fulfilment  of  all  or 
some  of  these  conditions  gives  rise  to  eight  different  cases  of  similarity  or  dissimilarity 
of  constitution,  which  may  be  enumerated  as  follows : 

Atomic  con-          Atomic 
stitution.  volume. 

equal  equal  Isomorphous 

in  the  narrower 


Crystalline 

form. 
a.  equal 


b.  equal 
c.  equal 
d.  equal 
e.  unequal 
/.  unequal 
g.  unequal 
h.  unequal 

equal 
unequal 
unequal 
equal 
equal 
unequal 
unequal 

unequal 
equal 
unequal 
equal 
unequal 
equal 
unequal 

sense 
Isotomous 

Homceo- 
morphous 


Isomorphous 
in  the  wider  sense 


I  Anisomorphous 
f  in  the  wider  sense 


Hetero- 
morphous 

Anisomor- 
phous in  the 
narrower  sense ; 
Anisotomous 

The  following  table  exhibits  the  atomic  volumes  of  a  number  of  bodies  arranged 
according  to  similarity  of  crystalline  form  and  atomic  constitution.  The  first  column 

of  figures  headed  -,  gives  the  quotient  of  the  atomic  weight  divided  by  the  specific 

gravity  (the  atomic  weights  being  those  of  the  oxygen  scale,  0  =  200) ;  the  second 
gives  the  atomic  volumes  referred  to  that  of  carbon  44,  as  unity ;  the  third,  headed 

"  theoretical,"  shows  what  the  value  of  -  would  be  in  each  case  if  it  were  an  exact 
multiple  of  44. 

*  Compounds  containing  indefinite  proportions  of  isomorphous  elements  are  represented  in  this  work 
by  formulae  in  which  the  isomorphous  elements  are  separated  bv  semicolons  :  e.g.  alum,  in  which  the 
potassium  is  partly  replaced  by  ammonium,  is  expressed  by  the  formula,  (K  ;  NH4)  Al(SO4}2.121i'2O. 

In  many  works  such  compounds  are  represented  by  formulae  like  N^j4  j  Al(SO»)a.12H2O  ;  but  this 
is  objectionable,  since,  according  to  ordinary  usage,  it  would  imply  that  the  molecule  contains  an  atom 
of  potassium  as  well  as  an  atom  of  ammonium,  whereas  the  real  meaning  is  that  the  potassium  and 
ammonium  are  present  in  such  quantities  as  together  to  make  up  a  monatomic  atom  or  molecule. 
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TABLE  IL 
Atomic  Volumes  of  Isomorpkous  Bodie*. 


1 

2- 

3- 

4 

•1 

6 
7 
8 

9 
10 
11 

12- 

»j 

14 
15 
16 
17 
18 
19 

20! 

».: 

22 
23 
24 
25 
26 
27 
28 

I.  Elements. 
a.  Monometric. 

Atomic  volume. 

a 
7 

44  =  1. 

Theo- 
retical. 

44 
90 
88 
88 
88 
88 
114 
114 
114 
114 
114 
112 
116 
228 
128 
130 
222 
292 
583 

160 

240 
270 

326 
320 
320 
315 

320 
325 
367 
437 
481 
522 
608 
667 

156 
156 
188 
180 
230 
306 
330 
402 
352 
278 
446 

1 

2 
2 
2 
2 

2 

H 

o_^ 

52 
3 
3 
5 

6| 
13j 

3| 
6f 

7£ 

H 

7§ 

n 

7i 

7I 
8? 

10 

11 

12 
14 
15 

3i 
3| 
4 
4 
5 
7 

? 

8 
6 
10 

44 
88 
88 
88 
88 
88 
110 
110 
110 
110 
110 
110 
110 
220 
132 
132 
220 
297 
594 

165 
242 
275 

330 
330 
330 
330 

330 
330 
363 
440 
484 
528 
616 
660 

154 
154 
176 
176 
220 
308 
330 
396 
352 
264 
440 

Cobalt           Co 

Lead             Pb 

IGold                                                                                An 

Silver    Ag 

Phosphorus  .......                p 

b.  Hexagonal. 

c.  Bodies  probably  crystallising  in  similar  forms. 

Chlorine        Cl 

Iodine  I 

II.  Proto-chlorides,  bromides,  and  iodides. 
Monometric. 
Chloride  of  silver  AgCl 

Chloride  of  sodium         .         .         .         .         .           NaCl 

Chloride  of  ammonium  NH4C1 

Iodide  of  potassium       .....              KI 

III.  Protoxides,  MmO. 
Monometric. 

Manganous  oxide  MnO 

Cadmium-oxide     ......            CdO 

Lead-oxide   PbO 

Soda     .         .        .         .        ,        ,        .         .           Na20 
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TABLE  II. 
Atomic  Volumes  of  Isomorphous  Bodies — continued. 


IV.  Proto-sulphides  and  Selenides. 
Monometric. 


29  Manganese-blende MnS  272 

30  Zinc-blende ZnS  296 

(Selenideof  lead PbSe  406 

6L\  Galena Pb3  386        9 

32   Silver-glance Ag2S  432      10 

V.  Dioxides. 
Dimetric. 

,„(  Titanic  anhydride TiO2  260        6 

66 1  Stannic  anhydride SnO8  270       6 

VI.  Sesquioxides. 

a.  Monometric. 

^{Antimonic  oxide    ....        .        .  Sb208  662     15 

j  Arsenious  oxide As203  664      15 

b.  Hexagonal. 

osj  Alumina        .                A1203  362 

60  I  Ferric  oxide Fe203  372 

36  Chromic  oxide Cr20s  384 

VII.  Carbonates, 
a.  Trimetric. 

37  Arragonite    .        .         .         .        .        .        .  CaCO3  426      10 

oft(Strontianite SrCO3  512      Hi 

d8jCerusite PbCO3  516      11, 

39   Witherite BaCO3  576      13 

b.  Hexagonal. 

.n  (Zinc-spar ZnCO»  352       8 

*UJMagnesite MgCO8  356 

41    Spathic  iron  ore FeCO3  378 

(Diallogite MnCO8  400       9 

42 1  Dolomite fW  CO3  402       9 

43  Calcspar CaCO8  460 

VIII.  Nitrates. 
a.  Hexagonal. 

44  Nitrate  of  potassium ZNO3  602 

45  Nitrate  of  sodium NaNO3  484      11 

b.  Monometric. 

AR  (Nitrate  of  strontium 8rN206  916     21 

40 1  Nitrate  of  lead PbN208  942 

47  Nitrate  of  barium.        .        .        .        .        .  BaN206  1024     23" 

IX.  Magnesian  Sulphates,  M"S04.7H20. 
Trimetric. 

(Sulphate  of  nickel        ....        NiS04.7H20  1724     39 

48  j  Sulphate  of  zinc ZnS04.7H20  1760     40 

I  Sulphate  of  magnesium        .        ,        .       MgS04.7H20  1786 


Atomic  volume. 


44  =  1. 
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TABLE  II. 
Atomic  Volumes  of  Isomorphous  Bodies — continued. 


49- 

50  1 

XII 

51    ] 

«i! 

53    ' 

«{; 

55    ] 
56    , 

57    r 

58    1 

X.   Double  Magnesian  Sulphates, 
M2E(SO')2.6H20. 
Monoclinic. 
r(NH4)2Mn(S04)2.6H-0         

Atomic  volume. 

a 
s 

44  =  1. 

Theo- 
retical. 

2526 
2678 

2558 

57£ 
58* 
58| 
58^ 
60~ 
69 
64* 

77 
79 
79 
79 

6£ 
9* 

4 

12 
15 
15 

7 
16 

4 

** 

2530 
2574 
2574 
2574 
2640 
2596 
2838 

3388 
3476 
3476 
3476 

286 
418 
418 
528 
660 
660 

308 
704 

198 
198 

K2Zn(S04)2.6H-0         
(NH4)2Ni(S04)2.6H-O        

K2Ni  (S04)2.6H20         
(NH4)2Mg(S04)2.6H2O        

2578 
2632 
2604 
2840 

3380 
3472 
3472 
3472 

292 
424 
414 
530 
658 
660 

306 
692 

195 
201-8 

K2Cu(S04)2  6H20         

(NH4)2Cu(S04)2.6H20        

XI.   Alums,  M(S04)U2H20. 
Monometric. 
KCr(S04)2  12H20  

KA1(S04)2.12H20  

[NH4)A1(S04)2.12H20  

NH4Fe(S04)2.12H20  

Various  Metallic  Sulphides  and  Arsenides, 
a.  Monometric. 

Cobalt  pyrites         Co2S8 

Friarsenide  of  cobalt      Co  As3 
Nickel-glance          NiAs2S2 

^obaltine       CoAsS2 

b.  Trimetric. 

VIonoclinic  (fused)  sulphur    

A  comparison  of  the  numbers  in  this  table  leads  to  the  following  general  conclusions. 

1.  Only  those  bodies  which  are  bracketed  together  in  the  table  can  be  regarded  as 
strictly  isomorphous,  or  isotomous;    and  even  among  these,  there  are  some  whose 
isotomy  is  doubtful,  e.g.  nitrate  of  strontium  and  nitrate  of  lead  (44);  magnesio- 
ammonic  sulphate  and  cuprico-ammonic  sulphate  (49). 

2.  Many  substances  commonly  regarded  as  isomorphous  are  in  reality  only  homceo- 
morphous,  inasmuch  as  their  atomic  volumes  differ  considerably.     Such  is  the  case 
with  phosphorus  and  arsenic ;  magnesia  and  manganous  oxide ;  soda  and  silver-oxide  ; 
lead-oxide,  baryta,  and  strontia ;  manganese-blende  and  zinc-blende ;  nitrate  of  potas- 
sium and  nitrate  of  sodium.     The  atomic  volumes  of  these  homoeomorphous  bodies  are, 
however,  related  to  one  another  by  simple  proportions,  as  in  the  following  examples : — 


( Sodium  . 
( Potassium 
(Arsenic  . 
\  Antimony 


J  Arsenic  .        . 
}  Phosphorus 
(Soda  (anhydrous) 
1  Silver-oxide     . 


3.  Bodies  which  are  isomorphous  in  the  free  state,  are  not  always  so  in  combination., 
Copper  is  isomorphous  with  iron,  manganese,  nickel,  &c. ;  but  many  copper-salts  are 
not  isomorphous  with  the  corresponding  salts  of  the  other  metals  just  mentioned. 
Zinc,  titanium,  and  platinum  are  isomorphous  in  the  free  state,  but  by  no  means  in 
their  salts.  On  the  other  hand,  many  bodies  are  isomorphous  in  their  compounds,  but 
homceomorphous,  or  even  heteromorphous,  in  the  free  state:  thus  phosphorus  and 
arsenic  are  heteromorphous  in  the  free  state,  but  isomorphous  in  their  compounds ; 
and  manganese  and  zinc,  arsenic  and  antimony,  magnesia  and  manganous  oxide,  potas- 
sium and  sodium,  soda  and  silver-oxide,  are  homceomorphous  in  the  separate  state^ 
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but  isomorphous  in  some  of  their  compounds.  This  apparently  paradoxical  relation 
may  arise  either  from  dimorphism — the  substances  in  question  crystallising  in  the 
free  state  in  a  form  different  from  that  which  they  assume  in  combination — or  from 
variation  of  atomic  volume.  In  fact,  the  atomic  volume  of  a  compound  is,  in  nearly 
all  cases,  less  than  the  sum  of  the  atomic  volumes  of  its  elements  in  the  free  state,  the 
condensation  being  greater  as  the  affinity  is  stronger.  Hence  it  may  happen  that 
elements  whose  atomic  volumes  in  the  free  state  are  unequal,  may  assume  equal 
volumes  in  combination,  and  therefore  yield  isomorphous  compounds. 

4.  Bodies  of  different  atomic  volume  often  crystallise  in  the  same  form,  and  are 
capable  of  crystallising  together.     Gold  and  silver,  whose  atomic  volumes  are  nearly 
as  1  :  2,  crystallise  together  in  very  variable  proportions ;  so  likewise  do  chloride  of 
sodium,  chloride  of  ammonium,  and  iodide  of  potassium,  whose  atomic  volumes  are  to 
one  another  as  3  :  4  :  6.     It  is  only,  however,  in  the  monometric  system  that  perfect 
similarity  of  crystalline  form  is  exhibited  by  substances  of  different  atomic  volume ;  in 
crystals  belonging  to  other  systems,  difference  of  atomic  volume  in  bodies  of  similar 
atomic  constitution,  is  always  accompanied  by  a  slight  difference  in  the  magnitude  of 
certain  angles,  as  may  be  seen  by  comparing  the  angles  and  atomic  volumes  of  the 
several  members  of  the  calcspar  and  arragonite  groups  (pp.  427,  430),  the  obtuse  ter- 
minal angles  in  the  former,  and  the  angles  Poo  :  £00  in  the  latter  diminishing  as  the 
atomic  volume  increases.     This  relation  between  atomic  volume  and  crystalline  form 
is  further  shown  by  the  observation  of  Mitscherlich,  that  the  angle  of  a  rhombohedron 
of  calc-spar  diminishes  when  the  crystal  is  heated  :  for  the  specific  gravity  is  thereby 
diminished,  and  consequently  the  atomic  volume  increased. 

5.  An  interesting  example  of  homoeomorphism  is  afforded  by  nitrate  of  potassium, 
which  is  dimorphous,  having  a  rhombohedral  form   similar  to  that  of  calcspar,  and  a 
trimetric  form  like  that  of  arragonite.    Its  angles  in  these  two  forms  are  as  follows : 

Terminal  angle 
Atomic  of  rhomb, 

volume.  (nearly). 

Hexagonal  Nitre  KNO3        ....    27  106°  30' 

ooP      Poo 
Trimetric  Nitre  KNO8 27          61-0'  70°  4' 

In  its  rhombohedral  form,  this  substance  agrees  very  nearly  with  dolomite  and  dial- 
logite,  the  terminal  angles  of  which  are  106°  15'  and  106°  51'  respectively,  and  whose 
atomic  volumes  are  equal  to  9 :  hence  it  appears  that  two  substances  whose  atomic 
volumes  are  as  1  :  3  may  crystallise  nearly  in  the  same  form.  Similar  relations, 
though  not  quite  so  close,  may  be  traced  between  the  atomic  volumes  and  crystalline 
forms  of  rhombic  nitre  and  arragonite. 

The  relations  between  the  atomic  volumes  and  crystalline  forms  of  different  sub- 
etances  are,  however,  far  from  being  established  on  a  perfectly  satisfactory  basis ; 
indeed  the  general  conclusions  of  different  observers  relating  to  this  subject  are  in 
Borne  instances  directly  contradictory  to  each  other:  the  discrepancies  doubtless  arise 
in  ma.ny  instances  from  the  want  of  exact  determinations  of  crystalline  form,  and  more 
especially  of  specific  gravity. 

Schroder,  to  whose  observations,  together  with  those  of  Kopp,  the  results  detailed 
in  the  preceding  pages  are  mainly  due,  has  recently  made  further  experiments  on  the 
relations  between  chemical  constitution  and  specific  gravity,  and  has  arrived  at  the 
following  conclusions  respecting  the  atomic  volumes  of  isomorphous  bodies.  When 
two  different  elements  or  groups  of  elements,  A  and  B,  unite  with  other  elements  or 
groups  of  elements,  C,  D,  E,  &c.,  forming  the  compounds  -4C'and  BC,  AD  and  BD, 
AE  and  BE,  &c.,  belonging  to  the  same  type  and  isomorphous  by  pairs,  the  differences 
of  the  atomic  volumes  of  AC  and  BC,  AD  and  BD,  AE  and  BE,  &c.,  are  always  equal ; 
but  if  the  pairs  of  compounds  thus  formed  are  not  isomorphous,  or  if  they  are  isomor- 
phous, but  belong  to  different  types,  then  the  differences  of  atomic  volume  are  unequal, 
and  different  from  what  they  would  be  if  the  pairs  were  isomorphous  or  belonged  to 
*he  same  type.  If  bodies  of  equal  atomic  volume  be  denominated  isosteric,  and 
analogous  pairs  of  compounds  exhibiting  equal  differences  of  atomic  volume,  paral- 
le  lost  eric,  the  preceding  law  may  be  more  shortly  stated  as  follows: — Pairs  of 
compounds  which  are  isomorphous  and  analogous  are  likewise  parallelosteric.  This  law 
has  been  confirmed  by  Tschermak.  (Wien.  Akad.  Ber.  xlv.  [2]  603.) 

Schroder  further  concludes  that  the  volume  of  any  element,  which,  in  the  isomor- 
phous nitrates,  chlorides,  bromides,  iodides  or  sulphides,  is  the  greater  of  the  two  con- 
stituting a  pair,  is  condensed  in  the  isomorphous  sulphates,  carbonates,  silicates,  and 
aluminates,  to  a  comparatively  greater  amount,  so  as  often  to  become  the  lesser  of  the 
two.  Thus  the  atomic  volumes  of  chloride,  bromide,  and  nitrate  of  potassium  (calcu- 
lated on  the  hydrogen-scale)  of  atomic  weights,  are  greater  by  2'7  to  2-5  than  those  of 
the  corresponding  ammonium  salts,  whereas  that  of  sulphate  of  ammonium  is  greater 
by  2*5  than  that  of  sulphate  of  potassium. 
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With  regard  to  the  elements,  Schroder  finds  that  isosterism  is  accompanied  quite  as 
frequently,  if  not  more  so,  by  heteromorphism  as  by  isomorphism  ;  but  that  elements 
whose  atomic  volumes  are  to  one  another  as  1  :  2  (like  silver  and  gold)  are  often 
isomorphous.  In  oxides  and  salts  also,  Schroder  finds  that  isosterism  is  associated  with 
isomorphism  less  frequently  than  with  heteromorphism. 

The  relations  between  the  atomic  volumes  and  the  proportions  of  the  axes  (which 
determine  the  angles)  in  series  of  homccomorphous  bodies,  are  also,  according  to 
Schroder's  recent  observations,  less  constant  than  was  formerly  supposed.  It  is  true 
that  the  limiting  members  of  each  series  -\vdth  regard  to  the  proportions  between  the 
axes,  are  also  the  limiting  members  with  regard  to  the  atomic  volumes ;  but  the 
intermediate  terms  do  not  generally  exhibit  the  regular  relation  between  axial  propor- 
tions and  the  atomic  volumes  which  has  been  noticed  in  the  calcspar  and  arragonite 
groups.  According  to  Tschermak,  on  the  contrary  (Wien.  Akad.  Ber.  xlv.  [2],  603  ; 
Jahresber.  1862,  p.  9),  homoaomorphous  bodies  of  analogous  composition  form  the 
same  series  with  regard  to  their  axial  relations,  as  with  respect  to  their  atomic  volumes. 
(Compare  i.  449-452.) 

Polymeric  Isomorphism.  This  term  is  applied  by  Scheerer  to  express  the  fact 
that  1  at.  of  an  element  may  in  some  cases  be  replaced  by  two  or  more  atoms  of 
another,  or,  generally,  m  atoms  of  one  element  by  n  atoms  of  another,  or  by  a  group 
of  atoms  of  other  elements,  without  essential  alteration  of  crystalline  form.  Instances 
of  this  kind  of  isomorphism  are  afforded  by  the  sulphides  of  lead  and  silver  (PpbS 
and  Ag-S),  by  the  sulphide  and  chloride  of  silver  (Ag2S  and  Ag2Cl2),  by  numerous 
isomorphous  chlorides  and  cyanides,  in  which  the  single  atom  Cl  and  the  group  CN 
discharge  equivalent  functions ;  and  by  the  isomorphous  salts  of  potassium  and  ammo- 
nium, in  which  NH4  is  equivalent  to  K.  Numerous  other  examples  may  be  found 
amongst  organic  compounds :  thus  the  acetate  and  butyrate  of  copper,  C2H802Cu,  and 
C4H702Cu,  are  isomorphous,  and  the  sulphates  of  many  organic  bases,  e.  g.  ethylamine, 
methylamine,  conine,  unite  with  sulphate  of  aluminium,  forming  alums  isomorphous 
with  common  potash-alum. 

Natural  minerals  likewise  afford  examples  of  this  kind  of  isomorphism,  to  which 
attention  has  been  particularly  directed  by  Scheerer.  Thus,  certain  varieties  of 
augite  and  hornblende  contain  alumina,  while  others,  which  are  free  from  alumina, 
contain  a  larger  proportion  of  silica,  the  substitution  taking  place,  according  to  Scheerer, 
in  the  proportion  1  at.  A1*OS  to  1  at.  SiO2  (or  3AP03  to  2j£i0s),  but,  according  to 
Rammelsberg,  in  the  ratio  of  2A1203  to  3Si02  (p.  169).  Another  instance  is  afforded 
by  the  minerals  cordierite  (dichroite),  and  aspasiolite,  which  are  isomorphous  and 
agree  in  composition,  excepting  that,  according  to  Scheerer,  1  at.  magnesia  in  the 
former  is  replaced  by  3  at.  water  in  the  latter.  According  to  the  formulae  given  by 
Kammelsberg,  however  (Mineralchemie,  pp.  768,  834),  viz., 
Cordierite,  6Mg0.6(Al ;  Fe)2OM5Si02. 
Aspasiolite,  4Mg0.6(Al;  Fe)2Os.15Si02.8H20, 

it  appears  that  4  at.  water  in  the  latter  take  the  place  of  1  at.  magnesia  in  the  former. 

For  a  full  development  of  the  theory  of  polymeric  isomorphism  as  applied  to  minerals, 
see  Scheerer(Handw.  d.  Chem.  iv.  170). — On  isomorphism  in  general,  seeMitscher- 
lich  (Ann.  Ch.  Phys.  [2],  xiv.  172 ;  xix.  350  ;  xxiv.  264 and  355).— Breithaupt.  J.  pp. 
Chem.  iv.  249).— Persoz,  Ann.  Ch.  Phys.  [2],-lx.  119).— Brooke  (Phil.  Mag.  [3],xii. 
406).— Johnston  (ibid.  xii.  325  and  480;  xiii.  405).— Schaffgotsch  (Pogg.  Ann.  . 
xlviii.  335).— H.  Kopp  (ibid.  liii.  446).— Hankel  (ibid.  Iv.  479).— Frankenheim 
(J.  pr.  Chem.  xxvi.  257  and  263). — Wallmark  (ibid.  xxxi.  169\ — Nickles  (Compt. 
rend,  xxvii.  611).— Pasteur  (ibid,  xxviii.  477). — G-.  Kose  (Pogg.  Ann.  btxvi.  75; 
Ixvii.  143). 

ISONITROPHENIC  ACID.     See  PHENIC  ACID. 

ISOPHANE.     Syn.  with  FRA.NXIJNITE  (ii.  707). 

ISOPRENE.  C5H8. — A  very  volatile  hydrocarbon,  polymeric  with  caoutchin 
(i.  757),  obtained,  together  with  the  latter  and  other  less  volatile  products,  by  the  dry 
distillation  of  caoutchouc  and  gutta  percha.  After  repeated  rectification  over  sodium, 
it  boils  between  37°  and  38°,  has  a  specific  gravity  of  0-6823  at  20°,  and  vapour- 
density  =  2-40  obs. ;  2'36  calc.  After  keeping  for  a  month,  it  became  thickened,  and 
acquired  a  bleaching  action,  in  consequence  of  the  absorption  of  ozone:  on  subse- 
quently distilling  it,  the  ozone  acted  violently  on  the  hydrocarbon,  and  the  residue 
suddenly  solidified  to  a  white  amorphous  mass  having  the  composition  C'°HlfiO. 
(Gr.  Williams,  Proc.  Roy.  Soc.,  x.  516.) 

ISOP1TRPURIC  ACID.  Picrocyamic  acid.  C8H5N50«.  (Hlasiwetz,  Ann.  Ch. 
Pharm.  ex.  289  ;  Jahresber.  1860,  p.  455.  Bayer,  Bull.  Acad.  roy.  Belgique,  [2]  vii. 
No.  8.) — An  acid,  isomeric  withpurpuric  acid,  but,  like  the  latter,  not  known  in  the  fre* 
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state.     The  potassium-salt  is  obtained  by  the  action  of  cyanide  of  potassium  on  picric 
acid: 

C6H3N307   +   3CNK   +    3H20     =     C"H4KN508  +   CO2   +   NH3   +   2KHO. 

When  a  solution  of  2  pts.  cyanide  of  potassium  (prepared  by  Liebig's  process,  ii. 
215),  in  4  pts.  water,  warmed  to  about  60°,  is  mixed  with  a  solution  of  1  pt.  picric 
acid  in  9  pts.  water,  the  mixture  being  constantly  stirred,  a  strong  odour  of  ammonia 
and  hydrocyanic  acid  is  given  off,  and  the  liquid  solidifies  on  cooling  to  a  soft  crystal- 
line pulp ;  and  on  straining  this  mass  upon  linen,  pressing  it  between  bibulous  paper, 
heating  and  triturating  the  red-brown  crystalline  residue  with  a  small  quantity  of 
water,  then  throwing  it  on  a  filter,  washing  it  with  cold  water,  again  pressing,  dis- 
solving it  in  a  large  quantity  of  boiling  water,  and  leaving  the  hot-filtered  solution  to 
crystallise,  isopurpurate  of  potassium  separates,  as  a  metal-green  film,  and  in  brown-red 
crystalline  scales,  exhibiting  a  green  colour  by  reflected  light.  It  dissolves  sparingly 
in  cold,  more  easily  in  boiling  water,  imparting  a  very  deep  purple  colour,  and  is 
precipitated  from  a  concentrated  solution  by  carbonate  of  potassium, — which  circum- 
stance may  be  taken  advantage  of  in  the  preparation  of  the  salt,  if,  in  consequence  of 
the  presence  of  impurities,  it  does  not  separate  spontaneously  as  above  described.  The 
salt  dissolves  also  in  dilute  alcohol.  When  heated  to  about  215°,  it  decomposes,  with 
somewhat  strong  detonation,  slight  appearance  of  fire,  and  formation  of  a  grey  cloud : 
it  may  also  be  exploded  by  contact  with  sulphuric  acid.  Its  solution  is  precipitated 
by  salts  of  barium,  lead,  mercury,  and  silver ;  not  by  those  of  calcium,  strontium, 
copper,  or  zinc.  The  solution  does  not  give  the  ordinary  reactions  of  cyanogen. — The 
salt  dried  at  100°  contains  C8H4KN506. 

The  ammonium-salt,  C8H4(NH4)N506  (at  100°),  separates  in  metallic-shining,  dark- 
green  crystals,  on  adding  a  solution  of  chloride  of  ammonium  to  a  very  concentrated 
solution  of  the  potassium-salt.  It  is  easily  recrystallised,  and  then  forms  small  wedge- 
shaped  crystals,  brown-red  by  transmitted  and  green  by  reflected  light.  It  is  very 
slightly  soluble  in  cold  water,  more  easily  in  boiling  water,  forming  a  deep-purple 
solution.  When  heated  on  platinum -foil,  it  deflagrates  like  gunpowder. 

The  barium-salt,  C16H8Ba"N10012  (at  100°),  separates  on  adding  chloride  of  barium 
to  a  solution  of  the  potassium-salt,  as  a  nearly  cinnabar-coloured  precipitate,  sparingly 
soluble  in  cold  water,  perfectly  soluble,  with  purple  colour,  in  hot  water.  In  the  dry 
state  it  has  a  light-green  metallic  lustre,  but  when  triturated  becomes  red  again,  and 
deflagrates  with  a  dazzling  green  light. 

On  mixing  the  hot  concentrated  solutions  of  cyanide  of  barium  and  picric  acid,  the 
liquid  acquires  a  blood-red  colour,  and  deposits  a  dark-coloured  precipitate  which  is 
resolved  by  hot  water  into  a  red-brown  powder  with  green  lustre,  soluble  in  water,  and 
a  substance  containing  a  large  quantity  of  carbonate  of  barium,  insoluble  therein. 

The  calcium-salt,  C16H8Ca"N10012.3H20,  separates,  after  24  hours,  from  a  mixture  of 
a  hot-saturated  solution  of  the  ammonium-salt  with  chloride  of  calcium,  in  green 
metallic-shining  needles,  which  give  off  their  water  at  140°. 

Lead-salt,  Cl6H8Pb"N'°012.— -  The  solution  of  the  potassium-salt  is  completely  precipi- 
tated by  neutral  acetate  of  lead ;  the  precipitate,  which  is  at  first  brown  red  and  very 
bulky,  soon  becomes  dark  violet-brown  and  pulverulent;  it  dissolves  with  purple 
colour  in  boiling  water,  and  the  solution  deposits  slender  microscopic  needles,  which, 
after  drying,  are  light  brown-red  with  greenish  iridescence,  and  detonate  very  sharply 
when  heated.  It  is  not  completely  decomposed  by  sulphydric  acid,  and  on  boiling  the 
remaining  mass  with  water,  a  yellowish-red  solution  is  obtained,  which  deposits  shining 
brown  crystalline  tufts  having  the  composition  of  the  original  salt. 

The  potassium-salt,  C8H4KN506(C8H2KN50S,  according  to  Bayer),  has  been  already 
described. 

The  silver-salt,  C8H4AgNs06  (at  100°),  separates  from  a  solution  of  the  potassium- 
salt,  on  addition  of  nitrate  of  silver,  as  a  brown  precipitate,  which  dries  up  to  a  dark- 
green  mass  possessing  metallic  lustre.  It  detonates  when  heated,  and  dissolves  with 
purple  colour  in  a  large  quantity  of  boiling  water. 

The  sodium-salt,  C8H4NaN508,  is  obtained,  like  the  potassium-salt,  by  the  action  of 
cyanide  of  sodium  on  picric  acid.  It  is  dark-green  with  metallic  lustre,  dissolves  in 
water  much  more  easily  than  the  potassium-salt,  and  is  more  difficult  to  crystallise : 
the  solution  is  red. 

The  strontium-salt  is  obtained  by  adding  nitrate  of  strontium  to  a  solution  of  the 
potassium-salt,  as  a  green,  pulverulent,  indistinctly  crystalline  precipitate,  which 
deflagrates  with  a  red  flame  when  heated. 

Hlasiwetz  regards  isopurpuric  acid  as  dibasic,  and  the  monometallic  salts  above 
described  as  acid  salts.  The  neutral  salts  have  not  been  obtained  in  definite  form  ; 
but  the  solution  of  the  monopotassic  salt,  mixed  with  caustic  potash,  acquires  a  dark- 
violet  colour,  and  yields  a  precipitate  which  soon  decomposes  and  turns  brown.  A 
similar  change  of  colour,  followed  by  rapid  decomposition,  is  produced  on  triturating 
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the  barium-salt  with  baryta-water.  All  the  salts  are  very  much  like  the  corresponding 
purpurates;  the  ammonium-salt,  according  to  Grailich's  determinations,  exactly  re- 
sembles purpurate  of  ammonium  (murcxid),  in  its  crystalline  form  and  optical 
properties. 

ISOPYRE  (from  foot,  equal,  and  irvp,  fire,  because  its  appearance  when  fused  is 
the  same  as  in  the  natural  state).  A  silicate  of  calcium,  aluminium,  and  iron,  found 
at  St.  Just,  near  Penzance,  in  Cornwall,  in  a  quartzose  granite,  with  tourmalin  and  tin 
ore;  also  in  breccia,  on  the  Calton  Hill,  Edinburgh.  It  bears  considerable  resemblance 
to  obsidian,  having  a  conchoi'dal  fracture,  no  cleavage,  a  greyish-black  to  velvet-black 
colour,  and  vitreous  lustre.  Specific  gravity,  2-912;  hardness  6  to  6'5,  nearly  equal  to 
that  of  orthoclase.  Melts  before  the  blowpipe  to  a  black  magnetic  globule.  Contains, 
according  to  Turner's  analysis  (Ed.  N.  Phil.  J.  iii.  263),  47 '69  silica,  13 "91  per  cent', 
alumina,  1543  lime,  20-07  ferric  oxide,  and  1  •  94  cupric  oxide  (loss  1*56  percent.), 
agreeing  nearly  with  the  formula  Ca20.  Al403.3Si02,  which  is  essentially  the  same  as 
that  of  labradorite ;  but  part  of  the  iron  in  the  mineral  appears  to  be  in  the  state  of 
protoxide,  and  as  long  as  this  amount  remains  undetermined,  the  formula  cannot  be 
fixed  with  certainty. 

ISOTARTARIC   ACID   and   ISOTARTRIDXC   ACIDS.     See   TABTABIC 

ACID,  DEEIVATIVES  OF. 

ISOTRIBROMHlfDRrNr.     Syn.  with  tribromide  of  allyl  (i.  141). 

ISOTEREUUM'THEWE.     See  TURPENTINE. 

ITACOIiUBTITE.  A  laminated  granular  quartz-rock,  in  which  diamonds  are 
generally  found :  it  probably  owes  its  lamination  to  talc  or  mica.  It  occurs  in  the 
mines  of  Brazil  and  the  Ural;  also  in  Georgia  and  North  Carolina,  where  a  few 
diamonds  have  been  found.  (Dana,  ii.  24.) 

XTACONTC  ACID.  C5H604. — An  acid  obtained,  together  with  citraconic  acid 
(i.  992),  by  the  dry  distillation  of  citric  acid.  It  bears  a  close  resemblance  to  citraconic 
acid,  but  differs  from  it  in  solubility  and  in  its  reactions  with  nitric  acid  and  with 
bromine.  It  is  prepared  by  heating  citric  acid  in  a  retort  by  a  spirit-lamp,  care  being 
taken  that  the  heat  is  applied  at  the  bottom,  and  not  on  the  sides,  as  in  the  latter  case 
a  portion  would  be  converted  into  citraconic  acid.  The  distillation  is  continued  until 
empyreumatic  vapours  appear.  The  oily  distillate  is  then  dissolved  in  six  parts  of 
boiling  water,  and  evaporated  to  crystallisation :  the  crystals  which  are  first  formed 
consist  of  itaconic  acid ;  citraconic  acid,  which  is  always  formed  at  the  same  time, 
remains  dissolved  in  the  mother  liquor.  Frequently  the  distillate  solidifies  on  cooling. 
In  this  case  the  crystals  are  pressed  between  bibulous  paper  on  a  plate  at  100°,  and  then 
between  paper  moistened  with  absolute  alcohol,  and  lastly  recrystallised  from  water. 

Itaconic  acid  is  inodorous,  and  has  a  strongly  acid  taste :  when  crystallised  from 
water,  it  has  the  form  of  a  rhombic  octahedron.  It  dissolves  in  17  pts.  of  water  at  20°, 
and  is  much  more  soluble  at  a  higher  temperature.  It  is  soluble  in  alcohol  and  in  ether. 
It  melts  at  161°  to  a  colourless  liquid  which  crystallises  on  cooling;  when  further 
heated,  it  decomposes  into  citraconic  anhydride  and  water.  Unlike  citraconic  acid, 
it  does  not  yield  mesaconic  acid  when  treated  with  nitric  acid.  When  treated  with 
bromine  and  water,  it  takes  up  2  at.  bromine  without  evolution  of  hydrobromic  acid, 
and  forms  an  acid  having  the  composition  of  dibromo-pyrotartaric  acid,  C5H6Br204, 
(Kekule,  Ann.  Ch.  Pharm.  Supp.  i.  338  ;  ii.  Ill;  Cahours,  Ann.  Ch.  Phys.  [3], 
Ixvii.  129),  and  called  itadibromosuccinic  acid  by  Kekule,  dibromitaconic 
acid  by  Cahours  (see  PYBOTARTABIC  ACID,  DERIVATIVES  OF).  Citraconic  acid  yields 
the  same  or  an  isomeric  acid  (Cahours).  Itaconic  acid  treated  with  sodium-amalgam 
takes  up  2  at.  hydrogen  and  forms  pyrotartaric  acid,  C5H804  (Kekul6). 

Itaconates.  Itaconic  acid  is  dibasic,  forming  acid  salts,  C5H5M04,  and  neutral 
salts,  C5H4M204.  The  neutral  itaconates  of  the  alkali-metals  do  not  crystallise.  The 
acid  potassium-salt  is  very  soluble  in  water,  and  crystallises  in  lustrous  laminae.  It  is 
obtained  by  neutralising  the  acid  with  potash,  adding  a  quantity  of  acid  equal  to  that 
already  taken,  and  evaporating  to  crystallisation.  The  alkaline  salts  are  soluble,  and 
give  white  precipitates  with  the  soluble  salts  of  lead,  mercury,  and  silver. 

Amides  of  Itaconic  acid.  The  amides  of  itaconic  acid  are  not  known,  excepting 
perhaps  itaconamic  acid,  which  appears  to  be  formed  by  heating  itaconate  of  ammonium 
to  190°,  whereby  a  brownish  acid  mass  is  obtained  which  forms  a  very  soluble  salt 
with  ammonium.  But  some  of  the  corresponding  phenylamine-compounds  have  been 
investigated  by  G-ottlieb  (Ann.  Ch.  Pharm.  Ixxvii.  215),  to  whose  researches  the 
reader  is  referred  for  further  details. 

Phenylitaconamide,G"W*WQ\\s  derived  from  neutral  citraconate  of  phenylamine  by 
the  loss  of  two  atoms  of  water : 

C17H20N204   =  2H20     =     C17H16N202. 
FF  2 
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It  is  obtained  by  heating  itaconic  acid  with  excess  of  phenylamine  in  a  retort  at  a 
temperature  a  little  above  180°.  It  crystallises  in  large  thin  plates  with  a  pearly 
lustre. 

Phenylitaconamic  acid,  CnHnN03,  is  derived  from  the  acid  itaconate  of  phenylamine 
by  loss  of  water: 

C"H1SN04  -  H20     =     CnHuN03. 

It  is  obtained  by  evaporating  phenylamine  to  dry  ness  with  an  excess  of  itaconic  acid, 
and  heating  the  residue  a  little  above  100°.  It  forms  large  colourless  needles,  more 
soluble  in  alcohol  than  in  water.  Heated  to  160°  it  is  decomposed. 

Itaconic  Ether.  C9HI404  =  C5H4(C2H5)204.  Itaconic  acid  is  mixed  with  alcohol 
and  hydrochloric  acid,  and  the  mixture  distilled  until  about  a  third  of  the  alcohol  has 
passed  over :  water  is  then  added  to  the  residue,  which  separates  the  ether.  It  is  a 
colourless,  inodorous  oil  with  a  slight  aromatic  odour  and  bitter  taste.  It  boils  at  225°, 
but  begins  to  decompose  at  this  point.  E.  A. 

ITTUERITE.  A  silicate  occurring  in  monometric  crystals,  with  dodecahedral 
cleavage,  also  granularly  massive,  in  the  dolerite  of  the  Kaiserstuhl,  near  Freiberg ;  in 
basaltic  dolerite  at  Sasbach ;  in  phonolitic  dolerite,  with  pyrites,  titanic  iron,  and  apa- 
tite, at  Endingen.  Hardness  =  5'5.  Specific  gravity  =  2*37  to  2'40.  Colour  dark- 
bluish  or  ash  grey,  or  smoky  grey.  Lustre  resinous.  Translucent.  Fracture  imperfectly 
conchoi'dal.  When  heated  in  a  tube,  it  gives  off  a  large  quantity  of  water,  and  before 
the  blowpipe  melts  easily,  with  strong  intumescence  and  evolution  of  sulphurous  an- 
hydride, forming  a  blebby  opaque  glass.  Forms  a  clear  glass  with  borax.  Gelatinises 
easily  with  acids. 

The  composition  of  the  mineral  is  shown  by  the  following  analyses :  a.  byC.  Gmelin 
(Schw.  J.  xxxvi.  74),  b.  by  Whitney  (Pogg.  Ann.  Ixx.  442). 

Water 
SiQ2        SQ3        Cl         A12O3      FeW     CaO       Na2Q       K'O   and  loss.* 

a.  34-02     2-86     073     28-40     0-61     7'26     12-15     1-56     1076   =     98-35 

b.  35-69     4-62     1'25     29-14      .     .     5-64     12-57     1-20       9'83   =     99-94 

*  Including  sulphur  undetermined. 

According  to  the  latter  analysis,  ittnerite  may  be  regarded  as  a  mixture  of  hydrated 
sodalite  and  hauyne  (p.  15).  (Dana,  ii.  319 ;  Rammelsberg,  Miner  alchemic, 
p.  712.) 

IWAARXTE.  A  black  mineral  from  Iwaara  in  Finland,  which  crystallises  in 
monometric  forms,  melts  before  the  blowpipe  to  a  black  glass,  and,  according  to 
Thoreld,  consists  of  silica,  titanic  acid,  lime,  and  ferric  oxide:  perhaps  identical  with 
schorlamite.  (Rammelsberg,  Mineralchcmie,  p.  887.) 

iXiOlilTE.  A  variety  of  tantalite  from  Kimito  in  Finland,  containing  consider- 
able quantities  of  manganese  and  tin. 

ZXOIiZTE.  A  fossil  resin  found  in  a  bed  of  bituminous  coal  at  Oberhart,  near 
Glogynitz.  It  is  amorphous,  with  a  fatty  lustre  and  hyacinth-red  colour,  becoming 
yellowish  when  pulverised.  It  is  subtranslucent  in  thin  fragments.  Fracture  im- 
perfectly conchoi'dal  in  the  purer  varieties.  Specific  gravity  =  1-008.  Hardness  =  1. 
Softens  at  76°,  but  is  still  tenacious  at  100°.  (Haidinger,  Pogg.  Ann.  Ivi.  345.) 


JADE.     See  NEPHRITE  and  SAUSSTJRITE. 

J  AX*  AP.  This  name  is  applied  to  the  roots  and  tubers  of  certain  plants  of  the 
convolvulaceous  order,  which  yield  purgative  resins.  The  true  or  officinal  jalap 
consists  of  the  tubers  of  Convolvulus  Schiedanus  (or  Exogonia  purga,  according  to 
Pereira),  which  contain  a  strongly  purgative  resin  called  convolvulin,  C"H5B018 
(ii.  15),  Kayser's  rhodeoretin. 

Spurious,  woody  or  fusiform  jalap,  jalap-wood,  or  jalap-stalks  (Stipites 
Jalapa),  the  root  of  Convolvulus  orizabensis,  is  sometimes  mixed  with  genuine  jalap. 
Its  characteristic  principle  is  jalapin,  C^H^O"  (Kayser's  pararhodeoretin,  p.  438),  a 
resin  homologous  with  convolvulin,  and  identical,  or  nearly  so,  with  scammonin,  the 
active  principle  of  Convolvulus  Scammonia  (p.  438).  The  experiments  of  W.  Mayer 
(Ann.  Ch.  Pharm.  xcv.  161)  seem  to  show  that  both  convolvulin  and  jalapin  exist  in 
both  kinds  of  jalap. 

JAX.APXC  ACID.  C^H^O18?  Scammonic  or  Scammoninic  acid.  (W.Mayer, 
Ann.  Ch.  Pharm.  xcii.  115;  xcv.  129.  Spirgatis,  ibid.  cxvi.  289.) — An  acid  produced, 
with  assimilation  of  water  by  dissolving  jalapin  in  aqueous  solutions  of  the  alkalis  or 
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alkaline  earths.  Jalapin  is  heated  with  baryta-water  to  the  boiling  point,  until  the 
whole  is  dissolved,  and  acids  no  longer  form  a  precipitate  in  the  solution  ;  the  baryta 
is  then  removed  by  sulphuric  acid ;  the  excess  of  this  acid  by  hydrate  of  lead  ;  and  the 
dissolved  lead,  by  sulphydric  acid.  The  filtrate  boiled  to  remove  the  sulphydric  acid, 
and  evaporated,  deposits  jalapic  acid,  which,  in  case  it  has  become  coloured,  may  be  de- 
colorised by  treatment  with  animal  charcoal,  or  by  boiling  it  with  a  little  hydrate  of 
lead,  and  subsequently  passing  sulphydric  acid  through  the  liquid. 

Jalapic  acid  is  a  translucent,  amorphous,  shining,  yellowish,  brittle  mass,  which 
does  not  soften  below  100°,  and  at  about  120°  melts  to  a  turbid,  very  hygroscopic  syrup. 
It  has  no  smell,  but  an  irritating  sweetish  taste  (Mayer),  or  a  sourish  irritating  taste, 
with  bitter  after-taste  (Spirgatis).  It  has  a  strong  acid  reaction;  dissolves  very 
easily  in  water,  easily  also  in  alcohol,  less  easily  in  ether.  It  contains,  according  to 
the  mean  of  Mayer's  analyses,  54'4  per  cent,  carbon  and  8'3  hydrogen ;  according  to 
Spirgatis,  54*6  carbon  and  8'2  hydrogen:  hence  Mayer  deduces  the  formula 
C^H^O3*,  requiring  54'6  carbon  and  7'9  hydrogen;  the  formula  above  given,  which 
requires  54'0  carbon  and  8'0  hydrogen,  is  perhaps  more  probable. 

Jalapic  acid  decomposes  at  about  130° ;  when  heated  on  platinum  foil,  it  burns  with 
a  bright  sooty  flame.  When  a  concentrated  aqueous  solution  is  stirred  for  a  long  time 
with  fuming  hydrochloric  acid,  it  splits  up  into  jalapinol  and  glucose  (Mayer)  : 

2CS4H60018     +     7H20  =  C^H^O7     +     6C8HI20». 

The  jalapic  acid  obtained  from  scammony  forms  jalapinolic  acid,  instead  of  jalapinol 
(Spirgatis  ;  see  p.  440).  The  same  decomposition  appears  to  be  caused  by  emulsin 
(Mayer).  Mayer  obtained  alphajalapic  acid  by  boiling  jalapic  acid  with  dilute  acids 
By  nitric  acid  jalapic  acid  is  converted  into  ipomaeic  and  oxalic  acids.  When  melted 
with  hydrate  of  sodium,  it  gives  off  hydrogen,  and  forms  jalapinolic  and  oxalic  acids. 

Jalapates.  Jalapic  acid  unites  with  bases,  forming  salts  in  which  1,  2,  and  3  at. 
hydrogen  are  replaced  by  the  same  number  of  atoms  of  metal :  mixtures  of  these 
different  salts  are,  however,  very  apt  to  form.  It  displaces  carbonic  acid  from  the  car- 
bonates of  the  alkalis  and  alkaline  earths.  Even  when  neutralised  with  an  alkali,  it 
gives  no  precipitate  with  any  metallic  salt,  except  basic  acetate  of  lead.  The  jalapates 
are  amorphous. 

Barium-salts.  The  monobarytic  salt,  C88HI18Ba*0M,  is  obtained  by  mixing  aqueous 
jalapic  acid  with  a  slight  excess  of  baryta-water,  removing  the  excess  of  baryta  with 
carbonic  acid,  then  warming  and  evaporating  the  filtrate.  It  resembles  the  tribarytic 
salt,  and  contains,  according  to  Mayer's  analysis,  49'7  per  cent.  C,  7'6  H,  and8'6  Ba, 
the  above  formula  requiring  49'4  C,  7'1  H,  and  8'3  Ba. 

The  tribarytic  salt,  CH8H"4Bas036,  is  prepared  by  boiling  jalapin  for  4  to  6  hours, 
with  2  pts.  hydrate  of  barium  and  4  pts.  water  (or  mixing  it  with  an  equal  weight  of 
hydrate  of  barium,  melted  for  half  an  hour  in  an  air-bath,  and  then  heated  with  water), 
and  passing  carbonic  acid  through  the  boiling  solution,  which  is  then  filtered  and 
evaporated  down,  and  the  residue  dried  at  100°  in  a  current  of  air.  It  is  an  amorphous, 
neutral,  slightly-coloured  mass,  having  a  slightly  irritating,  bitter-sweet  taste.  It  melts 
at  100°,  and  decomposes  with  intumescence  when  strongly  heated.  It  is  soluble  in 
water  and  alcohol,  and  is  not  decomposed  by  carbonic  acid  (Mayer,  Spirgatis).  It 
contains,  according  to  Mayer,  42'1  per  cent.  C,  6-0  H,  and  2T6  Ba,  the  preceding 
formula  requiring  43-2  C,  6'0  H,  and  21'8  Ba.  [Mayer's  formula,  O^ff^S^C^ 
requires  42'4  C,  5'9  H,  and  21'3  Ba.] 

A  salt  of  intermediate  composition,  perhaps  the  dibarvtic  salt,  appears  also  to  be 
formed  under  certain  circumstances  (Mayer). 

Jalapate  of  lead. — Eecently  precipitated  hydrate  of  lead  dissolves  in  boiling  aqueous 
jalapic  acid,  forming  an  amorphous,  easily  soluble  salt.  When  the  aqueous  acid  is 
boiled  for  a  long  time  with  excess  of  hydrate  of  lead,  a  gummy,  tumefied,  basic  salt  is 
formed,  which  is  insoluble  in  water,  and  very  sparingly  soluble  in  alcohol.  The  aqueous 
acid  gives  no  precipitate  with  neutral  acetate  of  lead,  but  copious  white  flakes  with  the 
basic  acetate  (Mayer,  Spirgatis).  Ammoniacal  acetate  of  lead,  or  the  basic  acetate, 
throws  down,  from  the  aqueous  acid,  a  flocculent  precipitate,  which  may  be  purified  by 
repeated  solution  in  acetic  acid,  precipitation  with  ammonia,  and  washing.  After  being 
dried  over  oil  of  vitriol,  it  does  not  lose  weight  at  130°  (Keller).  It  contains,  ac- 
cording to  Keller's  analysis,  3T1  per  cent,  lead;  the  formula  C6!1HluPbsOS6  requires 
29 '1  per  cent.  Keller 's  salt  probably  contained  excess  of  base. 

Alpha-jalapic  acid.  C28HS001S.  (W.  Mayer,  Ann.  Ch.  Pharm.  xcv.  155.)— 
When  dilute  aqueous  jalapic  acid  is  boiled  for  not  too  long  a  time  with  hydrochloric 
or  dilute  sulphuric  acid,  one  part  of  the  jalapic  acid  is  completely  converted  into 
jalapinol  and  sugar,  another  smaller  part  into  alphajalapic  acid,  which,  on  coeling, 
separates  out,  with  the  jalapinol,  as  a  soft,  brown,  semi-crystalline  mass.  By  boiling 
this  mass  with  baryta-water,  removing  the  jalapinolate  of  barium  which  separates  on 
cooling,  and  concentrating  the  mother-liquor,  white  silky  needles  of  alphajalapic  acid 
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are  obtained,  while  jalapinate  of  barium  remains  in  solution.  The  needles  are  puri- 
fied by  recrystallisation  from  water ;  then  dissolved  in  boiling  water,  and  decomposed 
by  acetic  acid  ;  and  the  alphajalapic  acid,  which  crystallises  out  on  cooling,  is  collected 
and  purified  by  washing,  recrystallising  from  water,  acidulation  with  acetic  acid,  solu- 
tion in  alcohol,  and  precipitation  with  hot  water. 

Alphajalapic  acid  forms  white,  flexible  needles,  exhibiting  a  silky  lustre  under 
water,  melting  below  80°  to  a  pale  yellow  thin  oil,  and  forming  a  crystalline  solid  on 
cooling.  It  has  no  smell,  but  an  irritating  taste,  with  sweetish  after-taste,  and  is 
feebly  acid.  It  dissolves  sparingly  in  cold,  more  freely  in  boiling  water,  easily  in 
alcohol  and  in  ether. 

When  the  barium-salt  (or  the  acid  itself)  is  heated,  it  is  decomposed,  with  frothing, 
and  gives  off  a  brown  acid  oil,  which  solidifies  on  cooling,  partly  in  the  crystalline 
form.  When  treated  with  dilute  acids,  or  boiled  with  nitric  acid,  or  melted  with 
hydrate  of  potassium,  it  exhibits  the  same  reactions  as  jalapic  acid.  In  the  decompo- 
sition with  dilute  acids,  however,  only  4  at.  sugar  are  formed  to  1  at.  jalapinol,  whereas 
jalapic  acid  (p.  437)  yields  6  at.  sugar: 

2C28H50018  +   5H20     =     C32H6207  +   4C«H1209. 

Alphajalapate  of  barium,  prepared  as  above,  forms  white,  glittering,  brittle,  crystal- 
line needles,  having  a  sweetish  irritating  taste,  and  melting  easily,  without  loss  of 
water,  to  a  thin  oil,  soluble  in  water  and  in  alcohol.  It  contains  10*5  per  cent,  barium, 
corresponding  with  the  formula  C56H98Ba"026,  which  requires  10'4  per  cent,  barium. 

JAX.APX1T.  C84H56016.  (J.Johnston,  Phil.  Trans.  1840,  p.  342;  Phil.  Mag. 
[3],  xvii.  183,.— A.  Kayser,  Ann.  Ch.  Pharm.  li.  101.— W.  Mayer,  ibid.  xcv.  129.— 
On  Jalapin  frbmscammony-resin:  Johnston,  Phil.  Trans.  1840,  p.  340. — Fr.  Keller, 
Ann.  Ch.  Pharm.  civ.  63  ;  further,  with  altered  data,  ibid.  cix.  209.— Spirgatis,  z'foW. 
cxvi.  289.) 

This  substance  (Kayser's  Pararhodeoretin)  occurs  in  the  root-stalk  of  Convolvulus 
(or  Ipomcea)  orizabensis,  the  jalap-stalks  or  jalap-wood  of  commerce,  and  forms  the 
principal  portion  (soluble  in  ether)  of  the  jalap-resin  prepared  therefrom.  [On  the 
resin  of  tuberose  jalap-root,  see  ii.  15.] 

The  resin  of  jalap-stalks  has  been  examined  also  by  Hanle  (Kepert.  xlviii.  365), 
and  Plane  he  (J.  Pharm.  xxiv.  169).  According  to  Weppen  (N.  Br.  Arch.  Ixxxvii. 
153),  it  resembles  the  resin  of  Convolvulus  arvensis,  which,  like  jalapin,  assumes  a  fine 
purple-red  colour  with  sulphuric  acid,  and  is  soluble  in  ether  (contrary  to  the  state- 
ment of  Planche,  J.  Pharm.  xiii.  165,  who  found  it  insoluble  in  ether).  The  same 
resin  has  been  examined  by  Chevallier  (J.  Pharm.  ix.  306).  The  resin  of  Convolvulus 
Soldanella  appears,  according  to  Planche,  to  be  freely  soluble  in  ether  and  alcohol,  as 
also  the  portion  of  the  tuberose  jalap-root  which  is  soluble  in  ether :  both  these 
resins  are  therefore,  perhaps,  jalapin. 

Commercial  scammony  resin,  from  Convolvulus  Scammonia,  was  described  some 
years  ago  by  Bouillon-Lagrang.e  andVogel;  also  by  Planche  (J.  Pharm.  xiii. 
165 ;  xviii.  183).  Cl.  Marquart  (N.  Br.  Arch.  vii.  248  ;  x.  139)  described  the  resin 
obtained  from  the  root,  and  believed  he  had  separated  from  it  a  vegetable  base  (convol- 
vuline).  Johnston  recognised  the  similarity  between  scammony-resin  and  the 
resin  of  the  jalap-stalks ;  Spirgatis  showed  that  scammonin,  the  chief  constituent  of 
the  former,  is  either  identical  with  jalapin,  or  differs  from  it  only  in  so  far  that,  when 
decomposed  by  acids,  it  at  once  yields  scammonolic(jalapinolic)  acid;  whereas  jalapin, 
according  to  Mayer,  when  treated  in  a  similar  manner,  yields  at  first  jalapinol  (p.  439). 
These  statements  are,  perhaps,  better  founded  than  the  contrary  statements  of  Keller 
andKo-smann  (p.  440.) 

According  to  Planche,  the  resin  of  Convolvulus  sepium,  and  according  to  Boutr  on 
and  Charlard,  that  of  Conv.  Turpethum  (J.  Pharm.  viii.  131),  are  not  soluble  in 
ether,  and  may  thus  be  distinguished  from  jalapin. 

In  what  follows,  the  statements  of  Kayser  and  Mayer  relate  to  jalapin  from 
jalap  stalks;  those  of  Keller  and  Spirgatis,  to  that  from  scammony. 

Preparation. — a.  From  commercial  JResina  Jalappce  ex  stipitibus.  To  a  solution  of 
the  resin  in  a  large  quantity  of  alcohol,  water  is  added,  until  it  becomes  slightly  turbid ; 
the  whole  is  repeatedly  boiled  with  animal  charcoal,  and  the  still-coloured  filtrate  is 
precipitated  by  neutral  acetate  of  lead  and  a  little  ammonia,  which  produces  a  small 
greenish-brown  precipitate.  The  liquid  is  filtered,  and  the  filtrate  freed  from  lead 
by  passing  sulphydric  acid  through  it,  then  heating  and  filtering ;  the  alcohol  is  again  dis- 
tilled off,  and  the  resinous  residue  repeatedly  kneaded  in  boiling  water;  then  dissolved 
in  ether,  from  which  it  may  be  recovered  by  evaporation  (Mayer).  Or  the  alcoholic 
resin,  after  treatment  with  animal  charcoal,  is  boiled  for  a  long  time  with  freshly-pre- 
cipitated hydrated  oxide  of  lead  ;  the  lead  is  separated  from  the  filtrate  by  sulphydric 
acid  ;  and  the  resin  is  three  times  separated  by  water  from  the  alcoholic  solution,  then 
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well  boiled  in  water  and  dissolved  in  ether  (Mayer).  K  a  y  s  e  r  exhausts  the  root  with 
alcohol  ;  evaporates  the  tincture  ;  washes  the  resinous  residue  with  hot  water,  dissolves 
it  in  alcohol,  and  treats  the  solution  with  animal  charcoal  ;  distils  off  the  alcohol  ; 
boils  the  residue  again  with  water  ;  and  dries  it  over  a  water-bath.  Johnston  ex- 
amined a  resin  that  was  obtained  either  by  dissolving  the  commercial  resin  in  ether 
and  evaporating  the  solution  ;  or  by  exhausting  the  ground  root  of  commerce  with  hot 
alcohol,  evaporating  the  brown  tincture,  and  extracting  the  residue  with  ether  ;  or  by 
extracting  chips  of  the  root  with  cold  alcohol,  evaporating,  boiling  the  residue  in 
water,  dissolving  the  resinous  residue  in  ether,  and  evaporating  the  solution. 

b.  From-  Scammony.  —  Coarsely-powdered  scammony  is  exhausted  with  cold  alcohol 
(boiling,  according  to  Keller)  ;  the  tincture  is  diluted  with  water  till  it  becomes  turbid, 
decolorised  by  animal  charcoal,  and  filtered  ;  the  greater  part  of  the  alcohol  is  dis- 
tilled off;  and  the  residue  mixed  with  water  is  heated  in  a  water-bath,  till  the  whole 
of  the  alcohol  is  driven  off,  after  which  the  resin  is  treated  for  a  long  time  in  a  water- 
bath,  with  frequently-renewed  hot  water,  and  at  last  dried  up.  The  residue  may  be 
dissolved  in  ether  and  recovered  by  evaporation.  (Spirgatis.) 

The  jalapin  (obtained  according  to  a  or  6)  still  contains  a  small  quantity  of  a  volatile 
acid  (valerianic  acid,  according  to  Keller),  which  cannot  be  completely  removed  even 
by  very  long  washing.  It  betrays  itself  by  the  smell  which  the  jalapin  emits  when  it 
is  converted  by  bases  into  jalapic  acid,  and  the  resulting  solution  supersaturated  with 
a  mineral  acid.  Keller  regards  this  acid,  the  bulk  of  which  passes  off  in  the  water 
used  in  washing  the  jalapin,  as  an  essential  product  of  the  decomposition  of  scammony  ; 
whereas  Mayer  and  Spirgatis  regard  it  as  a  mere  contamination. 

Properties.  —  Jalapin  is  a  colourless,  amorphous  resin,  translucent  when  in  thin 
plates  ;  at  100°  it  becomes  brittle,  and  may  be  rubbed  down  to  a  white  powder.  It 
soften  at  123°,  and  melts  at  150°  to  a  transparent,  colourless,  or  pale-yellow  syrup.  Ifc 
is  tasteless  and  inodorous  ;  in  alcoholic  solution  it  gives  a  scarcely  perceptible  acid  re 
action  (Mayer,  Spirgatis).  It  is  but  slightly  soluble  in  water,  but  dissolves  very 
easily  and  without  decomposition  in  alcohol,  wood-spirit,  ether,  and  chloroform.  It 
dissolves  also  in  benzene,  oil  of  turpentine,  and  petroleum. 

The  composition  of  jalapin  dried  at  100°,  or  in  a  vacuum  at  common  temperatures, 
is  shown  by  the  following  analyses. 

Analyses. 

Calculation.  Kayser.  Mayer.  Keller.  Spirgatis. 

34  C     .         .     408  56-66  58'13  56:52  56"65  56'47 

56  H    .         .56  7-77  8'07  8'18  8'39  7'93 

16  0    .         .     256  ?5-57  33-80  35-30  34'96  3,r60_ 

C"H"0"  720      100-00      100-00     Too:oo      To(Too~      io'JMio" 

Johnston  found  in  the  resin  obtained  from  jalap-stalks,  55*76  to  56'65  per  cent.,  in 
scammony-resin  54  06  to  55'32  per  cent,  carbon.  Keller  gives  the  formula  C16H610*~a. 

Decompositions.  —  1.  Jalapin  heated  above  127°  gives  off  carbon  and  hydrogen  in 
the  form  of  a  volatile  compound,  which  contains  less  oxygen  than  the  residual  resin 
(Johnston).  Jalapin  which  melts  at  150°,  becomes  brown  when  further  heated,  and 
acquires  a  pungent  empyreumatic  odour  (Spirgatis).  —  2.  When  heated  on  platinum- 
foil,  it  takes  fire,  burns  with  a  bright  sooty  flame  and  empyreumatic  odour,  and  leaves 
charcoal.  —  3.  It  dissolves  slowly  in  cold  strong  sulphuric  acid,  the  solution,  in  five  or 
ten  minutes,  acquiring  a  beautiful  purple  or  maroon-red  colour,  then  becoming  brown, 
and  finally  black.  On  standing,  or  after  dilution,  a  brown  resin  or  a  brown  tallowy 
body  separates  from  the  liquid,  while  sugar  remains  dissolved  (Kayser,  Mayer, 
Spirgatis).  —  4.  By  heating  with  dilute  mineral  acids,  jalapin  (even  that  which  has 
been  dissolved  in  alkalis  and  thereby  converted  into  jalapic  acid)  is  decomposed  into 
jalapinol  and  sugar  (Mayer).  When  jalapin  from  scammony  is  treated  in  the  same 
way,  jalapinolic  acid  is  obtained  in  place  of  jalapinol  (Spirgatis).  Formation  of 
jalapinol  : 

2C34H56016  +    11H20     =     C^H^O7   +   6C6H1206    (Mayer). 


Of  jalapinolic  acid  : 

=     C16H3003   +    3C6H1208. 


If  pure  jalapin  (or  pure  jalapic  acid)  has  been  used,  no  other  bodies  are  produced  than 
those  just  mentioned  (Mayer,  Spirgatis).  According  to  Keller,  when  a  solution 
(alkaline  or  alcoholic?)  of  scammonin  is  treated  with  strong  sulphuric  acid  or  with 
hydrochloric  acid  gas,  and  then  left  to  itself,  three  decomposition-products  result,  and 
the  formation  of  a  fourth  (formic  acid  or  formic  aldehyde)  appears  probable  from  the 
formulae.  The  products  of  this  decomposition  are—  a.  A  neutral  body,  C^H^O4,  also 
separable  by  alkalis  into  ecammonolic  a-id  (jalapinolic  acid),  and  an  alcohol,  C^H^O*.  — 
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b.  Amylic  aldehyde,  which  passes  over  as  valerianic  acid  when  scammony-resin  is  boiled 
with  potash-ley,  and  then  with  dilute  sulphuric  acid.  —  c.  A  carbo-hydrate,  C^H^O", 
which,  however,  is  converted  into  sugar,  by  simple  boiling  with  dilute  sulphuric  acid. 
Keller  gives  the  equation  : 

*  +    CPH'O*. 


But,  according  to  Spirgatis,  the  neutral  body  a  must  be  regarded  as  ethyl-scammo 
nolic  ether  :  moreover,  the  valerianic  acid  is  obtained  only  from  impure  scammonin. 
Kosmann  (J.  Pharm.  [3],  xxxviii.  83),  by  boiling  scammony-resin  with  dilute  sul- 
phuric acid,  obtains  sugar  and  his  scammoneol,  as  a  soft,  yellowish-white  substance, 
having  a  silky  lustre  and  acid  reaction,  and  separating  from  the  hot  alkaline  solution 
on  cooling.  He  calculates,  according  to  Johnston's  analysis  of  scammony-resin,  the 
formula  C32H52016  for  scammonin,  and  so  arrives  at  the  equation  of  decomposition  : 

CS2H52016  +   5H20     =  3C6H1206  +   C'^^O8. 

—  5.  When  jalapin  is  dissolved  in  aqueous  solutions  of  caustic  alkalis,  ammonia,  or 
baryta-water,  or  in  boiling  alkaline  carbonates,  water  is  assimilated,  and  jalapic  acid, 
soluble  in  water,  is  formed  (Mayer.  Spirgatis),  probably  thus  : 

+      2H20         =        CS«H«>018. 


Even  the  purest  jalapin  yields  also  traces  of  jalapinolic  acid  and  a  volatile  acid,  but  no 
sugar  (Mayer).  When  jalapin  is  melted  with  hydrate  of  sodium,  hydrogen  is  given 
off,  and  jalapinolic  and  oxalic  acids  are  formed  (Mayer).  Keller,  by  boiling  scammonin 
with  alcoholic  potash,  obtained  dark  flakes  (on  account  of  impurities  in  the  scammonin, 
according  to  Spirgatis)  ;  and  on  subsequently  adding  water  to  the  solution,  the  com- 
pound, C26If28O2  or  C^H^O,  was  precipitated  in  white  flakes,  while  valerate  of  potassium 
remained  in  solution.  The  body,  C^H^O,  regarded  by  Keller  as  an  alcohol,  is  likewise 
formed,  on  boiling  commercial  jalapin  (obtained  from  the  resin  of  jalap-stalks)  or 
scammony  with  baryta-water,  or  solution  of  potash  ;  it  evaporates  with  the  water,  and 
separates  in  gelatinous  flakes  from  the  distillate.  At  40°  it  melts  to  an  oil,  crystallises 
on  cooling,  and  contains,  on  the  average,  78  per  cent.  C,  14'  12  H,  and  7  '88  0.  Keller 
regards  this  body  as  a  product  of  the  decomposition  of  scammonin  (or  more  exactly 
of  the  neutral  body,  ^H^O*  or  Gl*H?*O*  ;  Spirgatis  regards  it  as  a  mixture  of  resins, 
since  the  greater  portion  of  it  is  obtained  on  distilling  the  impure  resin  with  water. 

6.  By  nitric  acid,  jalapin  is  at  first  decomposed  into  jalapinol  and  sugar,  and  these 
products,  when  further  subjected  to  the  action  of  the  nitric  acid,  are  converted  into 
ipomaeic  and  oxalic  acids  (Mayer).  A  small  quantity  of  nitric  acid  does  not  colour 
jalapin  ;  but,  in  presence  of  guaiac-resin,  a  green  colour  is  produced  (Bull,  Spirgatis). 
—  7.  When  sulphurous  anhydride  is  passed  through  an  ammoniacal  alcoholic  solution 
of  scammony  resin,  silvery-shining  plates  are  separated,  containing  perhaps  an  aldehyde 
in  combination  with  acid  sulphite  of  ammonium.  (Keller.) 

JAX.APXN-OX..  C^H^O7.  (W.  Mayer,  Ann.  Ch.  Pharm.  xcv.  145.)—  Jalapin 
and  jalapic  acid  are  resolved,  by  contact  with  mineral  acids,  slowly  at  ordinary,  more 
quickly  at  elevated  temperatures,  into  jalapinol  and  sugar  (pp.  437,  439).  Jalapinol 
and  sugar  were  also  produced,  in  one  instance,  when  aqueous  jalapic  acid  was  left  for 
24  hours  in  contact  with  emulsion  of  almonds  at  36°  to  38°  ;  whereas,  in  a  second  expe- 
riment, pure  emulsin  did  not  effect  the  decomposition,  perhaps  because  the  solution  was 
too  strongly  heated. 

To  prepare  jalapinol,  a  moderately  concentrated  aqueous  solution  of  jalapic  acid  is 
mixed  with  half  its  bulk  of  fuming  hydrochloric  acid,  and  left  to  itself  for  days,  or  till 
the  clear  mixture  has  solidified  to  a  thick  crystalline  pulp  ;  and  the  product,  after 
being  washed  on  a  filter  with  cold  water,  is  repeatedly  melted  under  warm  water,  and 
purified  by  recrystallisation  from  alcohol,  with  help  of  animal  charcoal. 

Jalapinol  forms  white,  cauliflower-like  crystals,  which  melt  at  62°  or  62'5°,  and 
solidify  at  59*5°  to  a  hard,  brittle,  crystalline  mass.  It  makes  grease-spots  on  paper; 
is  inodorous  ;  has  an  irritating  taste,  and  weak  acid  reaction.  It  is  soluble  in  alcohol 
and  in  ether. 

In  contact  with  caustic  alkalis,  aqueous  ammonia,  or  baryta,  it  is  converted,  with 
elimination  of  water,  into  a  salt  of  jalapinolic  acid  : 

+   2BaHO     =     2C18H»Ba03    +    3H20. 


JAI.APINOI.IC  ACID.  CI8HS003.—  An  acid  produced—  1.  By  treating  jalapinol 
with  caustic  alkalis,  or  with  baryta  (Mayer).  —  2.  By  the  action  of  melting  hydrate  of 
potassium  on  jalapin  or  jalapic  acid  (Mayer).  Jalapin  and  jalapic  acid,  prepared 
from  scammony,  are  resolved  by  mineral  acids  into  jalapinolic  acid  and  sugar.  (Spir- 
gatis.) 

Preparation.  —  1.  Jalapin  is  added  gradually  and  by  small  portions  to  hydrate  of 
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eodium  melted  with  £th  pt.  of  water  (the  mass  then  frothing  up  violently,  giving  off 
hydrogen  and  turning  brown) ;  the  mixture  is  heated  and  stirred  as  long  as  hydrogen 
continues  to  escape;  the  crumbling  light-yellow  mass  is  dissolved  in  water  after  cool- 
ing ;  and  the  greater  part  of  the  alkali  is  neutralised  with  acid.  The  jalapinolate  of 
sodium,  which  separates  after  some  hours,  is  collected,  washed,  and  decomposed  by 
hot  acidulated  water;  the  separated  acid  is  again  repeatedly  melted  with  pure 
water,  then  dissolved  in  alcohol  and  treated  with  animal  charcoal ;  the  somewhat 
concentrated  filtrate  is  mixed  with  a  large  quantity  of  warm  water ;  and  the  solid  acid 
which  separates  on  cooling  is  collected  (Mayer).  From  the  mother-liquor  filtered 
from  the  jalapinolate  of  sodium,  excess  of  acid  still  separates  a  small  quantity  of  im- 
pure jalapinolic  acid  (Mayer). — 2.  The  hot  aqueous  solution  of  jalapic  acid  (from 
scammony)  is  digested  in  the  water-bath  for  a  fortnight  with  dilute  sulphuric  acid ; 
and  the  tallowy  mass  which  separates  on  cooling,  is  freed  from  sulphuric  acid  by 
washing  with  hot  water,  and  crystallised  from  ether  with  help  of  animal  charcoal 
(Spirgatis).— 3.  Jalapin  from  scammony  is  added  to  boiling  baryta- water ;  the 
liquid  is  heated  till  the  whole  is  dissolved,  and  a  sample  of  the  filtrate  is  not  rendered 
turbid,  either  by  water  or  by  hydrochloric  acid ;  and  the  solution,  after  filtration,  is 
mixed  with  one-third  of  its  volume  of  fuming  hydrochloric  acid.  The  liquid  becomes 
turbid  in  about  20  hours,  and  solidifies  in  the  course  of  10  days  to  a  thick  pulp,  which 
is  collected,  washed  with  cold  water,  remelted  with  hot  water,  and  recrystallised  foui 
or  five  times  from  aqueous  alcohol. 

Properties.  Jalapinolic  acid  forms  white  tufts  of  needles,  appearing  under  a  magni- 
fying power  of  300,  as  thin  4-sided  prisms.  It  melts  at  64°  or  64-5°  (60°  to  61°, 
according  to  Keller,)  and  solidifies  at  61'5°  or  62°  (Mayer),  at  60°  (Spirgatis), 
to  a  white  radio-crystalline,  hard  and  brittle  mass.  It  makes  grease-spots  on  paper ; 
is  lighter  than  water;  inodorous,  but  has  an  irritating  taste  and  acid  reaction  (Mayer, 
Spirgatis).  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  in  ether. 

When  heated  above  its  melting  point,  it  decomposes  with  intumescence,  emitting  a 
pungent  odour  which  attacks  the  eyes  and  throat. — Nitric  acid  oxidises  it  to  ipomseic 
acid  and  oxalic  acid  (Mayer,  Spirgatis). 

Jalapinolate s.  The  acid  is  monobasic,  the  general  formula  of  its  neutral  salts 
being  C16IT*M03. 

Jalapinolate  of  Ammonium,  CI6H29(NH4)03.CI6H3803.— By  dissolving  jalapinol  or 
jalapinolic  acid  in  aqueous  ammonia,  an  opalescent  liquid  is  obtained  which  gives  oft 
ammonia  when  evaporated,  solidifies  to  a  crystalline  mass  when  concentrated  to  a 
certain  point,  but  if  completely  evaporated,  leaves  an  amorphous  neutral  jelly  soluble 
in  water.  The  crystals  are  grouped  like  cauliflower-heads,  and  when  strongly  magni- 
fied, appear  as  long  colourless  needles.  (Mayer.) 

Jalapinolate  of  Barium,  C32H.asJBa"06,  is  obtained  by  precipitating  jalapinolate  of 
ammonium  with  chloride  of  barium,  or  by  boiling  jalapinol  or  alcoholic  jalapinolio 
acid  with  baryta,  and  crystallises  out  on  cooling,  in  microscopic,  thin,  white,  lustreless 
needles,  melting  to  a  colourless  liquid  when  heated.  It  is  nearly  insoluble  in  cold, 
sparingly  soluble  in  boiling  water,  more  easily  in  boiling  aqueous  alcohol.  (Mayer, 
Spirgatis.) 

Jalapinolate  of  ammonium  precipitates  aqueous  chloride  of  calcium. 

Jalapinolate  of  Copper,  a.  Basic. — When  a  slightly  alkaline  aqueous  solution  of 
the  ammonium-salt  is  precipitated  with  cupric  acetate,  and  the  precipitate  is  washed 
and  dried  at  100°,  a  dark  blue-green,  amorphous,  very  loose  mass  is  obtained,  which 
melts,  without  loss  of  water,  to  a  dark  green  liquid,  and  solidifies  to  a  translucent 
brittle  mass.  It  is  insoluble  in  water,  nearly  soluble  in  alcohol,  contains  at  100°, 
1875  per  cent,  cupric  oxide,  and  is  therefore  2C32H58Cu"06.Cu"H202  (calc.  18'24  per 
cent.  CuO).  (Mayer.) 

b.  Neutral. — C32HS8Cu"O6.  A  hot  aqueous  solution  of  jalapinolate  of  sodium  forms 
with  hot  aqueous  cupric  sulphate,  a  green-blue  precipitate,  which  dries  up  to  a  light 
blue-green  amorphous  powder,  melting  to  a  dark  green  liquid  when  heated.  (Spirgatis.) 
It  gave  by  analysis  13'24  per  cent.  CuO,  the  formula  requiring  13'28  per  cent. 

Jalapinolate  of  ammonium  precipitates  iron-salts. 

Jalapinolate  of  Lead,  CS2H58Pb"06,  is  obtained  by  precipitating  alcoholic  jalapinolic 
acid  mixed  with  a  little  ammonia,  with  neutral  acetate  of  lead,  and  washing  the  white 
amorphous  precipitate  with  dilute  alcohol  and  water.  It  sinters  together  to  an  opaque 
mass  at  120°.  It  is  sparingly  soluble  in  water  and  alcohol. 

Jalapinolate  of  Potassium  is  obtained  by  dissolving  jalapinol  in  boiling  aqueous 
potash.  The  solution  on  cooling  solidifies  to  a  crystalline  pulp,  which,  after  washing, 
and  recry stall isati on  from  water  or  alcohol,  forms  slender,  white,  silky  needles,  melting 
without  decomposition  when  heated.  It  is  neutral,  forms  an  opalescent  solution  with 
water,  even  when  free  alkali  is  present,  and  is  soluble  in  alcohol. 

Jalapinolate  of  Silver,  CI6H29AgOs. — The  alcoholic  solution  of  the  acid  neutralised 
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with  ammonia  is  precipitated  by  a  warm  solution  of  nitrate  of  silver,  in  flakes  which 
have  a  scarcely  perceptible  crystalline  character.  (Keller.) 

Jalapinolate  of  Sodium,  C^H^NaO8,  crystallises  in  slender  dazzling-  white  tufts 
of  needles,  which  form  a  turbid  solution  with  a  small  quantity  of  hot  water,  a  clear 
neutral  solution  with  a  larger  quantity,  and  are  likewise  soluble  in  alcohol.  (Spirgatis.) 

Jalapinolic  Ether,  C18HS403  =  C18H'-'9(C2H5)0S.  Scammonolic  ether.  —  When 
hydrochloric  acid  gas  is  passed  into  a  solution  of  Jalapinolic  acid  in  absolute  alcohol, 
and  the  resulting  liquid  is  mixed  with  water,  a  yellow  oil  separates,  which  must  be 
washed,  after  solidification,  with  cold  alcohol,  dissolved  in  boiling  alcohol,  mixed  with 
carbonate  of  sodium,  and  after  it  has  separated  out  on  cooling,  repeatedly  precipitated 
from  the  alcoholic  solution  by  water.  It  may  also  be  obtained  from  scammony  resin, 
by  passing  hydrochloric  acid  gas  into  the  alcoholic  solution.  (Spirgatis.) 

JAIiPAXTE.  A  cupriferous  silver-glance  from  Jalpa  in  Mexico.  It  has  a 
blackish  lead-grey  colour,  is  malleable  like  ordinary  silver-glance,  and  has  a  specific 
gravity  of  6*877  to  6-890.  According  to  an  analysis  by  R  Richter,  it  contains 
14-36  per  cent,  sulphur,  71'51  silver,  13-12  copper,  and  079  iron,  agreeing  nearly  with 

the  formula  *    S/.  2S.    (Br  eithaupt,  Jahresber.  1858,  p.  682.) 


JAMAXCINE.  An  alkaloid  said  to  be  contained  in  the  bark  of  Geoffroya  inermis, 
a  leguminous  tree  growing  in  Jamaica  and  in  Surinam.  (Hiittenschmidt,  Geiger's 
Mag.  Pharm.  Sept.  1824.—  Winckler,  Pharm.  Centr.  1840,  p.  120.) 

JAIVIESOOTITE.  A  sulphantimonite  of  lead  occurring  in  trimetric  crystals. 
ooP  :  ooP  =  101°  20'  and  78°  40'.  Observed  planes  ooP,  oofoo  .  Cleavage  basal, 
very  distinct  ;  parallel  to  ooP  and  ooPoo  less  distinct.  Sometimes  capillary  ;  also  massive 
with  columnar  structure  ;  particles  delicate,  straight  and  parallel  or  divergent.  Hard- 
ness =  2  to  2  5.  Specific  gravity  =  5'5  to  5-8  (Haidinger).  Lustre  metallic. 
Colour  and  streak  steel-grey.  Opaque.  Sectile. 

When  heated  in  an  open  tube,  it  gives  off  dense  white  fumes  of  antimonious  oxide  ; 
on  charcoal  before  the  blowpipe  it  decrepitates,  fuses  readily,  and  passes  off  almost 
wholly  in  fumes. 

Analyses.  —  a.  from  Cornwall,  mean  of  three  analyses  by  H.  Rose  (Pogg.  Ann.  viii. 
99).  —  b.  from  Estremadura,  by  Schaffgotsch  (ibid,  xxxviii.403).  —  c.  from  Tuscany, 
by  Bechi  (Sill.  Am.  J.  [2]  xiv.  60).  —  d.  from  Arany,  Idka,  by  Lowe  (Haidinger  's 
Berichte,  i.  62). 

S  Sb  Bi  Pb  Fe  Cu  Zn  Ag 

a.  22-34         3429          .     .       39-94         2'64       0-18        trace        .     .    =   99-39 

b.  21-78         32-62         1'05       39-97         3'63        .     .         0-42        .     .   =   99'47 

c.  20-53         32-16          .     .       43-38         0-94       1'25         174        .     .   =100'00 

d.  18-59         33-10         0-22       40-82         2'99       1-78         0'35       1-48   =   99-33 

These  analyses  lead  to  the  conclusion  that  Jamesonite  is  an  isomorphous  mixture  of 
sulphantimonite  of  lead  2PbS.Sb2S3,  with  the  corresponding  compounds  of  iron  (copper, 
zinc,  and  silver).  Such  a  mixture  of  one  molecule  of  the  iron-  salt  and  three  molecules 

of  the  lead-salt,  viz.  2FeS.Sb2S3.3(2PbS.Sb-S3)  or  (FePb3Sb4)xS10,  would  contain  21'64 
per  cent.  S,  32;55  Sb,  42-02  Pb,  and  379  Fe. 

Jamesonite  occurs  principally  in  Cornwall,  associated  with  quartz  and  minute  crystals 
of  bournonite  ;  occasionally  also  in  Siberia,  Hungary,  Spain,  and  Brazil.  (Dana,  ii.  75; 
Rammelsberg,  p.  68). 

JAPONIC  ACID.  C12HI005.  —  An  acid  produced  by  exposing  to  the  air  a  solu- 
tion of  catechin  in  caustic  potash.  The  liquid  slowly  blackens,  and  on  adding  hydro- 
chloric acid,  a  black  precipitate  of  japonic  acid  is  produced.  The  acid  is  soluble  in 
water,  but  insoluble  in  alcohol.  It  forms  with  potash,  a  black  salt  which  produces 
black  precipitates  with  metallic  solutions.  (Svanberg,  Ann.  Ch.  Pharm.  xxiv.  215.) 

JARGIONXTE.  A  variety  of  galena,  crystallised  in  octahedrons.  Specific  gravity 
6-932. 

JARGON.     Syn.  with  ZIRCON. 

JAROSITE.  A  native  ferroso-potassic  sulphate  from  Baranco  Jaroso  near  Sierra 
Amagrera  in  Spain.  Crystallises  in  yellowish  rhombohedrons  with  basal  cleavage. 
(Dana,  ii.  389.) 

JASPER.  A  sub-species  of  quartz  of  which  the  following  varieties  are  enume- 
rated by  Jameson. 

1.  Egyptian  jasper,  which  is  red  or  brown.  The  first  is  flesh-red,  blood-red,  yellow 
and  brown,  in  ring-shaped  delineations  ;  in  roundish  pieces,  dull,  with  conchoi'dal  frac- 
ture. Feebly  translucent  on  the  edges.  Hard  ;  easily  frangible.  Specific  gravity,  2P63. 
It  is  found  imbedded  in  red  clay-ironstone  at  Baden,  and  is  cut  into  ornaments. 
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The  brown  variety  has  its  various  shades  of  colour  disposed  in  concentric  stripes, 
alternating  with  black  stripes.  It  occurs  in  the  sands  of  Egypt,  in  spheroidal  masses, 
with  glimmering  lustre.  Fracture  conchoidal.  Feebly  translucent  on  the  edges.  As 
hard  as  horn-stone.  Specific  gravity  2'6.  Infusible.  It  is  cut  into  ornaments. 

2.  Striped  jasper.     Colours  grey,  green,  yellow,  red,  arranged  in  stripes,  in  flamed 
or  spotted  delineations.   Massive,  in  whole  beds.   Dull    Fracture  conchoidaL    Opaque. 
Less  hard  than  Egyptian  jasper;  rather  easily  frangible.     Specific  gravity  2'5.     It 
occurs  in  secondary  clay -porphyry  in  the  Pentland  hills,  and  near  Friburg  in  Saxony. 
It  receives  a  fine  polish. 

3.  Porcelain  jasper.     Colours  grey,  blue,  yellow,  generally  of  one  colour,  or  with 
clouded  delineations.    Massive,  and  cracked  in  all  directions.    Lustre  glistening.   Frac- 
ture conchoidal.    Opaque.    Easily  frangible,  and  not  very  hard.   Specific  gravity,  2-5, 
fuses  into  a  white  or  grey  glass.     It  is  always  found  along  with  burnt  clay  and  earth 
slags.     According  to  Werner,  it  is  slate-clay  converted  into  a  kind  of  porcelain,  by  the 
heat  of  a  pseudo- volcano  from  beds  of  burning  coal.     It  is  found  on  the  coast  of  Fife- 
shire,  in  Shropshire,  and  Warwickshire,  and  some  parts  of  Germany,  where  immense 
beds  of  coal  appear. 

4.  Common  jasper.    Colours  red  and  brown.    Massive.    Lustre,  from  shining  to  dull. 
Fracture  conchoidal.   Opaque.   Hard  in  a  low  degree ;  rather  easily  frangible.   Specific 
gravity  2'6.     Infusible  before  the  blowpipe,  becoming  at  last  white.     It  occurs  princi- 
pally in  veins  as  a  constituent  of  agate.     It  is  found  in  the  Pentland  hills,  and  in  trap 
and  transition  rocks  in  Ayrshire  and  Dumfriesshire. 

5.  Agate  jasper.     Colours  yellowish-  and  reddish- white.     Massive,  dull.     Fracture 
flat,  conchoidal.     Opaque.     Kather  hard.     It  occurs  in  layers  in  agate-balls  in  many 
places.  U. 

The  iaspis  of  the  ancients,  whence  our  word  jasper  is  derived,  appears  to  have  in- 
cluded the  green  or  blue  variety,  together  with  some  other  stones  not  of  the  jasper 
kind. 

JATROPHA.  A  genus  of  euphorbiaceous  plants,  some  of  which  contain  in- 
tensely poisonous  juices  :  the  seeds  of  several  species  yield  fixed  oil. 

The  kernels  of  the  seeds  of  Jatropha  Curcas  were  found  byArnaudon  and  Ub  al- 
dini  (Cimento,  vii.  431)  to  contain  7'2  per  cent,  water,  37*5  oil,  55*3  sugar,  starch, 
albumin,  casein  and  inorganic  matters.  The  kernels  yielded  4'8  per  cent,  ash,  and 
4'2  per  cent,  nitrogen  ;  the  kernels  and  husks  together,  6  per  cent,  ash  and  2-9  per  cent, 
nitrogen.  The  oil  yielded  by  saponification,  glycerin,  and  an  acid  which,  as  well  as 
the  unsaponified  oil,  produced  octylic  alcohol  by  distillation  with  hydrate  of  potas- 
sium. 

The  oil  of  the  fruit  of  Jatropha  glauca  and  of  J.  glandulosa  is  yellow,  has  a  specific 
gravity  of  0'963  and  solidifies  at  5°.  (J.  Lepine,  J.  Pharm.  [3]  xl.  16.) 

The  root  of  Jatropha  Manihot  contains  a  large  quantity  of  starch,  which  when  freed 
from  the  poisonous  juice  of  the  plant  by  washing  and  torrefaction,  constitutes  Brazilian 
arrow-root  (i.  359.) 

jaFFERSOKTXTH.  A  dark-green,  crystallised,  foliated  variety  of  augite,  con- 
taining zinc,  from  Mine  Hill,  Franklin,  New  Jersey.  Specific  gravity  3*6.  Formula 
((.'a  ;  Fe  ;  Mg  ;  Zn)"Si03. 

JEI.I.ETITE.  An  altered  form  of  garnet,  said  to  occur  in  rhombic  prisms  with 
angles  of  60°,  the  supplement  of  which,  120°,  is  the  angle  of  the  rhombic  dodecahedron. 
Specific  gravity  =  3741 .  Hardness  above  7.  Occurs  as  a  yellowish,  slightly  greenish 
incrustation,  and  is  compact  in  its  texture.  Composition,  according  to  Wright 
(J.  Geol.  Soc.  Dublin,  v.  119),  38*09  SiO2,  33'41  Fe203,  28'61  CaO  =  (100-11),  which 
if  a  small  part  of  the  iron  is  regarded  as  protoxide,  gives  the  formula  of  garnet. 
(Dana,  ii.  194.) 

JEFREXltiTOFFITE  or  JEWKEXBJOWITE.  A  variety  of  vesuvian  from 
Finland,  containing,  according  to  Ivauhoff,  37'41  SiO2,  34-20  CaO,  20-00  A1203,4'60 
FeO,  1-16  K'-'O,  and  1*70  Na20  (=  99*07).  It  is  usually  yellowish-brown,  but  some- 
times colourless.  (Dana,  ii.  506.) 

JENKXITSXTE.     Syn.  with  HYDEOPHITE  (p.  212). 

JESVIUE.  An  alkaloid  discovered  by  E.  Simon  (Pogg.  Ann.  xli.  569),  in  the 
root  of  white  hellebore  (  Veratrum  album),  in  which  it  exists,  together  with  veratrine. 
It  is  extracted  by  mixing  the  alcoholic  extract  of  the  root  with  dilute  hydrochloric 
acid  and  precipitating  with  carbonate  of  sodium.  The  precipitate  is  dissolved  in 
alcohol,  the  solution  decolorised  with  charcoal,  and  the  alcohol  removed  by  distillation. 
The  greater  part  of  the  residue  then  solidifies  in  a  crystalline  mass,  from  which  the 
veratrine,  being  uncry stall! sable,  may  be  almost  entirely  removed  by  submitting  it  to 
pressure,  moistening  the  resulting  cake  with  alcohol,  and  pressing  again.  In  this 
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manner  jervine  is  obtained  nearly  pure.  A  further  quantity  may  be  obtained,  in  the 
form  of  sulphate,  by  evaporating  to  dryness  the  expressed  liquid,  which  contains  both 
jervine  and  veratrine,  and  treating  the  residue  with  dilute  sulphuric  acid,  which  takes 
up  sulphate  of  veratrine,  and  leaves  sulphate  of  jervine. 

Jervine  is  colourless  and  crystalline;  gives  off  6'9  per  cent,  water  of  crystallisation 
(2  at.)  at  100°,  and  melts  at  a  higher  temperature  to  a  colourless  oil,  which  decom- 
poses when  heated  above  200°.  It  is  insoluble  in  water,  soluble  in  alcohol,  very 
sparingly  soluble  in  ammonia. 

According  to  Will's  analysis  (Ann.  Ch.  Pharm.  xxxv.  116),  it  contains  74*91 — 
74-55  per  cent,  carbon,  9'57 — 974  hydrogen,  and  5'38  nitrogen,  whence  Will  deduced 
the  formula  (PSPWO*  for  which  Gerhardt  substituted  C'WJV^O8  or  C30H^N-03 
(calculation  747  per  cent.  C,  9'5  H,  57  N,  and  lO'l  0). 

Jervine  gives  off  ammonia  when  fused  with  potash. 

Acetate  of  jervine  is  soluble  in  water.  The  sulphate,  nitrate,  and  hydrochlorate  are 
very  sparingly  soluble  in  water  and  in  mineral  acids.  The  chloroplatinate  forms  light 
yellow  flakes  which  give  by  analysis  14'55 — 14'33  per  cent,  platinum,  the  formula 
2(C80H46N2Os.HCl).PtCl4  requiring  14-3  per  cent. 

JET.  A  variety  of  bituminous  coal,  resembling  cannel  coal,  but  blacker,  and  with 
a  stronger  lustre.  Specific  gravity  1'3.  It  occurs,  together  with  lignite,  in  beds,  in 
floetz,  trap,  and  limestone  rocks,  and  in  bituminous  shale.  It  is  found  on  the  coast  of 
Whitby,  in  Yorkshire,  in  the  Isles  of  Skye  and  Faroe,  in  Hessia,  Bavaria,  Bohemia, 
and  Styria.  It  is  used  for  fuel  and  for  making  various  ornamental  articles. 

It  is  the  Gagates  of  Dioscorides  and  Pliny,  a  name  derived  from  the  river  Gagas,  in 
Syria,  near  the  mouth  of  which  it  was  found.  U. 

JEWREINOWITE.     Syn.  with  JEFREINOFFITE. 

JOHANNTTE.     Native  uranous  sulphate.     See  URANIUM. 

JOHTtflTE.     Syn.  with  TUBQUOIS. 

JUGIiAWDIN.  A  substance  contained  in  the  juice  expressed  from  the  green  shell 
of  the  walnut  (Juglans  regia).  The  fresh  juice  is  nearly  limpid,  has  a  rough  bitter 
taste,  turns  brown  rapidly  in  contact  with  the  air,  and  then  loses  its  strong  taste.  By 
prolonged  contact  with  the  air,  it  deposits  brown  tasteless  flocks,  insoluble  in  water 
and  alcohol,  the  juice  at  the  same  time  losing  its  bitterness.  The  fresh  juice  reduces 
iron-salts ;  the  browned  juice,  when  mixed  with  potash,  precipitates  ferrous  sulphate, 
losing  its  colour  at  the  same  time.  With  nitrate  of  silver  it  forms  a  precipitate 
which  blackens  rapidly,  and  contains  metallic  silver. 

The  extract  of  green  walnut-shells  consists  of  impure  juglandin.  It  is  used  as  a 
remedy  in  cutaneous  and  scrophulous  diseases,  also  for  dyeing  the  hair  black.  (  Gerh. 
Traite,  iv.  307). 

JUNIPER.  The  berries  of  the  juniper  (Juniperus  communis),  which  are  used  for 
flavouring  gin,  and  in  the  form  of  aqueous  decoction,  also  in  medicine  as  a  diuretic, 
contain,  according  to  Trommsdorff,  I'O  per  cent,  essential  oil  of  juniper,  4*0  wax,  10-0 
resin,  33 '8  sugar,  together  with  acetate  and  malate  of  calcium,  7'0  gum  and  vegetable 
salts,  35-0  woody  fibre,  and  12'9  water. 

The  essential  oil  of  juniper,  obtained  by  distilling  the  berries  with  water,  has  the 
composition  and  vapour-density  of  oil  of  turpentine  (C'°H16);  boils  at  160°;  turns  the 
plane  of  polarisation  to  the  left,  but  less  strongly  than  oil  of  turpentine.  It  is  very 
little  soluble  in  alcohol  of  ordinary  strength.  It  does  not  form  a  solid  camphor  with 
hydrochloric  acid ;  but  after  the  complete  absorption  of  the  gas,  a  liquid  is  formed 
which  appears  to  contain  3C10H18.2HC1. 

The  old  and  moist  essence  deposits  crystals  which  appear  to  be  identical  with  hydrate 
of  turpentine.  It  is  acid  and  contains  formic  acid. 

By  distilling  unripe  juniper-berries  with  salt-water,  Blanchet  obtained  another  oil, 
which  boiled  at  205°,  but  appeared  to  have  the  same  composition  as  that  just  described. 
(Gerh.  Traite,  iii.  637.) 

JUNXERITE.     Spathic  iron  ore. 
JURlltflTE.    Syn.  with  BBOOKITE. 

K 

KJElvnviERERITE.  A  variety  of  pyrosclerite  containing  a  considerable  quantity 
of  chromium.  (See  PTEOSCLEBITB.) 

K-PEIVEPFERIDE.  A  substance  contained  in  the  root  of  K&mpferia  Galanga. 
It  may  be  extracted  by  ether,  together  with  a  brown,  viscid,  aromatic  substance,  which 
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may  be  removed  by  dissolving  the  product  several  times  in  alcohol,  the  brown  sub- 
stance separating  first  when  the  solution  is  left  to  evaporate. 

Kaempferide  crystallises  in  yellowish  nacreous  laminae,  without  taste  or  smell.  It 
melts  at  a  temperature  above  100°,  dissolves  in  25  pts.  of  ether  at  15°,  is  less 
soluble  in  alcohol,  and  nearly  insoluble  in  water.  It  dissolves  in  warm  acetic  acid, 
and  the  solution  yields  with  ammonia  a  precipitate  soluble  in  excess  of  that  reagent. 
Sulphuric  acid  imparts  to  it  a  fine  bluish-green  colour.  Caustic  potash  dissolves  it 
with  yellow  colour ;  carbonate  of  potassium  with  effervescence. 

Kaempferide  gave  by  analysis  (calculated  with  the  old  atomic  weight  of  carbon) 
65-3  per  cent.  C,  4'3  H  and  30'4  0.  (Brandes,  Ann.  Ch.  Pharm.  xxxii.  312.) 

KALISACCHARIC  ACID.     Syn.  with  GLUCIC  ACID  (ii.  848.) 

ILAI.YPI.OTXTE.  A  name  given  by  Shepard  (Sill.  Am.  J.  [2],  xii.  210)  to 
some  small  black-brown  crystals  from  Haddam,  Connecticut,  regarded  by  him  as  a 
new  mineral.  Dana,  however,  regards  them  as  garnets. 

XAMAI.A.  A  substance  obtained  from  the  fruit  of  Rottleria  tinctoria,  and  used 
as  an  anthelmintic  (see  ROTTLERIA). 

KANEXTE.     Arsenical  Manganese.     (See  MANGANESE.) 

KAOLIN.     The  Chinese  name  of  porcelain  clay  (i.  1024). 

XAPlffXTE.  A  variety  of  calamine  containing  more  than  15  per  cent,  of  ferroufl 
oxide.  The  angle  of  the  rhombohedron  E  :  R  is  107°  7  (Breithaupt). 

KAREXiINXTE.  An  oxysulphide  of  bismuth  occurring,  together  with  telluric 
silver,  in  the  Sawodinsk  mine  in  the  Altai'.  It  forms  crude  lumps,  having  a  metallic 
aspect,  a  decidedly  crystalline  fracture,  with  prevailing  cleavage  in  one  direction,  strong 
metallic  lustre  on  the  fractured  surface,  and  lead-grey  colour.  Hardness  =  2  ;  specific 
gravity  =  6-60.  On  treating  the  pulverised  mineral  with  hydrochloric  acid,  a  small 
quantity  of  admixed  bismutite  (i.  597)  dissolves  and  pure  karelinite  remains  undissolved. 
The  latter  heated  in  a  test-tube  gives  off  sulphurous  anhydride,  but  no  free  sulphur, 
and  forms  a  grey  slag,  from  which  globules  of  metallic  bismuth  ooze  out ;  heated  in  an 
open  tube,  it  also  gives  oft'  sulphurous  anhydride,  and  leaves  a  metallic  regulus  sur- 
rounded by  a  brown  easily  fusible  oxide.  Nitric  acid  easily  decomposes  the  mineral, 
with  separation  of  sulphur.  The  mineral  gives  by  analysis  91*26  per  cent,  bismuth, 
3-53  sulphur,  and  5 '21  oxygen,  agreeing  with  the  formula  Bi4S03  or  Bi2S.Bi20*. 
(R.  Hermann,  J.  pr.  Chem.  Ixxv.  448.) 

KARPHOX.ITE.     See  CAKPHOLITE  (i.  806). 

K.ARPHOSIDERITE.     See  CABFHOSIDEBITE  (i.  807). 

KARSTENXTE.     Syn.  with  ANHYDRITE  (i.  295). 

XAWA-ROOT.  The  root  of  Piper  methysticum  (Forster).  When  dried  be- 
tween 110°  and  120°,  it  leaves  a  residue  amounting  to  85  per  cent. :  after  exhaustion 
with  alcohol  and  with  water,  it  leaves  75  per  cent,  of  residue  containing  26  pts.  woody 
fibre  and  49  starch.  By  exhausting  the  root  with  alcohol  of  80  per  cent,  an  extract 
having  a  peculiar  smell  and  taste  is  obtained,  the  solution  of  which  in  warm  alcohol 
deposits  needle-shaped  crystals,  while  a  resin  remains  dissolved. 

The  crystalline  substance  called  methysticin,  forms,  when  purified  by  repeated 
crystallisation,  small  white  silky  needles,  destitute  of  taste  and  smell.  It  is  insoluble 
in  water,  sparingly  soluble  in  cold  alcohol  and  ether;  reacts  neutral;  melts  at  130°,  and 
decomposes  at  a  stronger  heat ;  is  dissolved  by  nitric  acid  with  orange-yellow  colour, 
by  pure  sulphuric  acid  with  violet  colour.  It  yields  by  analysis  62'03  per  cent  carbon, 
6'10  hydrogen,  and  1'12  nitrogen. 

The  resin  kawin,  contained,  together  with  myristicin,  in  the  alcoholic  extract  of 
the  root,  is  a  soft  greenish-yellow  substance,  which  has  a  strong  aromatic  taste  and 
odour,  melts  at  50°,  decomposes  at  a  stronger  heat,  and  produces  a  deep  red  colour 
with  sulphuric  acid.  100  pts.  of  kawa-root  contain  15  pts.  water,  26  woody  fibre, 
49  starch,  1  methysticin,  2  acrid  aromatic  resin,  3  extractive  and  gummy  matter, 
1  chloride  of  potassium,  and  3  magnesia,  silica,  alumina,  and  ferric  oxide.  (Gob ley. 
J.  Pharm.  [3],  xxxvii.  19.— O'Rorke,  Compt.  rend.  1.  498.) 

XAWAIW.  A  crystallisable  non-azotised  substance,  from  kawa-root ;  it  contain 
65-85  per  cent,  carbon  and  5*64  hydrogen.  (Cuzert,  Compt.  rend.  1.  436;  Hi.  206.) 

XAWIN.     The  resin  of  kawa-root.     (See  above.) 

XEDRXA  TERRESTRIS.     Barbadoes  tar.     (See  BITUMEN.) 

KEXXtHATTXTE.      Syn.  with  YTTROTITANITB. 

KEIiP.     Incinerated  sea- weed.     (See  SEA-WEED.) 

XERAXVlOHAXiXTE.    A  hydrated  sulphate  of  aluminum  from  near  Konigsberg 
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in  Hungary,  having  the  same  composition  as  alunogeu  (i.  161).  It  occurs  in  crystal- 
line crusts,  and  six-sided  tables  of  the  monoclinic  system,  with  two  angles  of  92°,  and 
four  of  134°.  Specific  gravity  =  1'6  to  17.  Contains  14'30  per  cent,  alumina, 
2*15  ferrous  oxide,  3675  sulphuric  anhydride,  44'60  water,  and  2'01  insoluble  matter 
(=  99-81),  agreeing  approximately  with  the  formula  A12(S04)3.1SH20. 

B1ERAPHYX.X.XTE.     Syn.  with  CARINTHIN  (i.  804). 

XERARCrlTRXTE  or  Horn-silver.     Native  chloride  of  silver  (See  SILVER). 

XERASITE,  Cerasine,  or  Horn-lead.  A  native  compound  of  chloride  and 
carbonate  of  lead.  (See  LEAD.) 

BLERATE.     Syn.  with  KERARGYRITB. 

KERMIS  (Coccus  ilicis,  Lin.)  is  an  insect  found  in  many  parts  of  Asia,  and  the 
south  of  Europe.  On  account  of  their  figure,  these  insects  were  a  long  time  taken  for 
the  seeds  of  the  tree  on  which  they  live :  whence  they  were  called  grains  of  kermes. 
They  also  bore  the  name  of  vermillion. 

To  dye  spun  worsted  with  kermes,  it  is  first  boiled  for  half  an  hour  in  water  with  bran, 
then  for  two  hours  in  a  fresh  bath  with  one-fifth  of  Roman  alum  and  one-tenth  of  tartar, 
to  which  sour  water  is  commonly  added ;  after  which  it  is  taken  out,  tied  up  in  a  linen 
bag,  and  carried  to  a  cool  place,  where  it  is  left  some  days.  To  obtain  a  full  colour, 
as  much  kermes  as  equals  three-fourths,  or  even  the  whole  of  the  weight  of  the  wool,  is 
put  into  a  warm  bath,  and  the  wool  is  put  in  at  the  first  boiling.  As  cloth  is  more 
dense  than  wool,  either  spun  or  in  the  fleece,  it  requires  one-fourth  less  of  the  salts  in 
the  boiling,  and  of  kermes  in  the  bath. 

The  colour  that  kermes  imparts  to  wool  has  much  less  bloom  than  the  scarlet  made 
with  cochineal ;  whence  the  latter  has  generally  been  preferred,  since  the  art  of  height- 
ening its  colour  by  means  of  solution  of  tin  has  been  known.  IT. 

KERMES,  IVHIff ERAXi.  Amorphous  trisulphide  of  antimony.  (See  ANTIMONY, 
SULPHIDES  OF,  i.  330.) 

XERjRfZESXTE  or  ZLERIVTESO1MCE.  Ecd  Antimony.  Antimony-blende.  Pyran- 
timonitc.  Pyrostilbite.  Rothspicssglanzerz. — A  native  oxysulphide  of  antimony,  oc- 
curring in  monoclinic  crystals,  cleaving  parallel  to  the  base ;  usually  in  tufts  of  capillary 
crystals,  consisting  of  elongated,  slender,  six-sided  prisms.  Hardness  =  1  to  1'5. 
Specific  gravity  =  4'5  to  4-6.  Lustre,  adamantine,  inclining  to  metallic.  Colour, 
cherry-red.  Streak,  brownish-red.  Feebly  translucent.  Sectile.  Thin  leaves  slightly 
flexible.  Contains  74*45 — 75'66  antimony,  5  29— 4'27  oxygen,  and  20'49  sulphur 
(H.  Rose,  Pogg.  Ann.  iii.  453),  answering  to  the  formula  Sb'JOSf  or  Sb'203.2Sb2S3. 
Before  the  blow-pipe  on  charcoal,  it  fuses  readily,  and  is  at  last  entirely  volatilised.  In 
nitric  acid  it  becomes  covered  with  a  white  coating. 

This  mineral,  which  results  from  the  alteration  of  native  sulphide  of  antimony,  occurs 
in  veins  in  quartz,  accompanying  grey  and  white  antimony,  at  Malaekza  near  Posing 
in  Hungary,  at  Braunsdoff  near  Freiberg  in  Saxony,  and  at  Allemont  in  Dauphine. 
(Dana,  ii.  141.) 

XEROX.XTE.     See  CEROLITE  (i.  836). 

X.ETOXJES.     See  ACETONES  (i.  31). 

XHAYA.  The  bark  of  the  Ca'il-cedra  (Khaya  senegalensis  or  Swictcnia  senegal- 
ensis\  used  in  Senegal  as  a  remedy  against  fever,  contains  a  bitter  principle,  cail- 
cedrin,  together  with  green  fat,  red  and  yellow  colouring  matter,  gum,  starch,  a  waxy 
substance,  woody  fibre,  sulphate  and  phosphate  of  calcium,  and  chloride  of  potassium. 
Cail-cedrin,  which  may  be  extracted  from  the  concentrated  aqueous  extract  of  the 
bark  by  chloroform,  is  a  resinous  mass  containing  64-9  per  cent,  carbon,  7'6  hydrogen, 
and  27'5  oxygen.  (Caventou,  J.  Pharm.  [3]  xvi.  355;  xxxiii.  123.) 

KIBDEIiOPHAN"C  or  Axotomous  Iron  ore.  A  variety  of  titaniferous  iron,  oc- 
curring sometimes  in  crystals,  but  usually  massive,  or  in  thin  plates  or  laminae.  R  :  R 
=  85°  19'.  Hardness  =  5  to  5'5.  Specific  gravity  =  4'661  (MohsJ ;  4723  to  4735. 
(Breithaiupt.) 

XXFFEKXXiXi.     See  MEERSCHAUM. 

KIESERXTE.  A  name  applied  by  Reich ardt  (Arch.  Pharm.  [2],  ciii.  346)  to 
a  sulphate  of  magnesium,  occurring  in  the  shaft  of  the  Stassfurth  salt-mine  near 
Magdeburg,  and  containing,  according  to  his  analysis,  21-66  per  cent.  MgO,  43'0o 
SO3,  and  34'56  water  (  «=  99'27),  agreeing  approximately  with  the  formula 
2MgS04.3H20. — Siewert  (Zeitschr.  f.  d.  ges.  Naturw.  xvii.  49)  found  in  a  much 
harder  opaque  specimen  (mean)  28'56  MgO,  58-94  SO3,  and  13'47  H20),  together  with 
from  0'26  to  0'66  of  matter  insoluble  in  nitric  acid),  answering  to  the  formula 
2MffSO4.H20.  Similar  results  were  obtained  by  B.  Leopold  (ibid.  p.  51),  who  also 
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found  that  the  salt  contained  from  0'5  to  1-2  per  cent,  of  an  insoluble  borate  (see 
SULPHATES)  ;  also  previously  by  Kammelsberg  (Miner alchemic,  p.  264). 

KH.BRICKEKTITE.  Geocronite  from  Kilbricken,  Clare  County,  Ireland.  (See 
GEOCRONITE,  ii.  831.) 

The  Cornish  miners'  name  for  clay-slate. 

A  mineral  having  the  appearance  of  spodumene,  found  at  Kil- 
liney  Bay,  near  Dublin.  According  to  Mallet,  it  affords  by  cleavage  a  prism  of  135°, 
which  is  very  nearly  the  angle  between  the  diagonal  and  prismatic  cleavages  of  spo- 
dumene, both  of  which  are  perfect.  Hardness  =  4.  Specific  gravity  =  2'56.  Lustre, 
vitreous.  w<-ak.  Colour,  greenish-grey,  brownish,  or  yellowish.  It  has  been  analysed 
by  Lehunt,  Blythe,  Mallet,  and  Galbraith  (Dana,  ii.  170  ;  Eammelsberg's 
MineralchernM)  p.  837.) 

SiO*  AlaO»        FeO         CaO         MgO     MnO      K2O    Li2O        H2O 

49-08       30-60       2-27       0'68       1-08  672     —     lO'OO   =   100-43  Lehunt. 

47-93       31-64       2-33       072       0'46     1  25      6'06     —     10-00   =     99'80  Blythe. 
52-89       33-24       3'27       1'45         —        —       4'94  0'46      3'67    =     99'92  Mallet. 

Ma«O 
50-45       30-13       3-53         —        1'09       —       4'81  0'95      7'58   =     98'54  Gralbraith. 

I,j2O 

50-11       29-37       2-23       0-3-4       1'03       —       671   0-60      8-03   =     98'42 

According  to  Rammelsberg,  this  mineral,  and  likewise  pinite,  gieseckite,  gigan- 
tolite,  iberite,  and  liebenerite,  which  are  of  somewhat  similar  constitution,  are  not 
definite  compounds,  but  products  of  decomposition  intermediate  between  an  original 
mineral  and  mica,  which  often  adheres  to  and  partly  penetrates  their  mass. 

XXNTC   ACID.     Syn.  with  QUINIC  ACID. 

KINO.  This  name  is  applied  to  four  different  drugs,  bearing  considerable  resem- 
blance to  catechu,  and  consisting  of  dry  brown  lumps  or  grains,  having  a  more  or  less 
astringent  taste.  •  Their  aqueous  extracts  form  green  precipitates  with  ferric  salts. 
The  four  varieties  of  kino  are  African  kino,  also  called  Gummi  gambiense,  or 
6r.  Gambia,  from  the  Pterocarpus  erinaceus  (Lam.);  Asiatic  kino,  from  Pterocarpus 
Marsupium ;  New  Holland  kino,  from  Eucalyptus  resinifera  (white) ;  and  American 
kino,  from  Coccoloba  uvifera  (L.). 

According  to  Vauquelin,  African  kino  consists  of  75  pts.  tannin  and  peculiar  ex- 
tractive matter,  24  pts.  red  gum,  and  1  pt.  fibrin. 

Kino  is  used  in  medicine  as  an  astringent  like  catechu.     (Handw.  d.  Chem.  iv.  352.) 

KUJOTtfE.    Syn.  with  QUINONE. 

JCIXffOVOUS  ACID.  C24H3S05  (?).  An  acid  obtained,  together  with  several 
other  products,  from  the  needles  of  Pinus  sylvestris.  (For  the  mode  of  preparation,  see 
PIXE-RESINS.  )  It  is  a  white  or  slightly  yellow  brittle  mass,  converted  by  trituration 
into  a  strongly  electric  powder.  The  silver-salt  contains  74'1  per  cent,  oxide  of  silver 
agreeing  nearly  with  the  formula  SAg-O.C^H^O5.  (Kawalier,  Wien.  Akad.  Ber. 
xi.  347.) 

KIXTZIGXTE.  A  name  applied  byH.  Fischer  to  the  mixture  of  red  garnet,  mica, 
and  a  triclinic  felspar  (oligoclase),  which  occurs  in  veins  in  primitive  gneiss  rocks, 
e.  g.  at  Wittichen  in  the  Kinzigthal,  Scharzwald,  at  Auerbach  in  the  Bergstrasse,  and 
other  localities,  and  is  regarded  by  him  as  an  original  formation.  (Jahrb.  Min.,  1860, 
p.  796;  1861,  p.  641.) 

XXR.  A  fossil  resin,  found,  with  others,  on  the  island  of  Tschelekan,  in  the  Caspian 
Sea,  and  in  other  neighbouring  localities. 

KXRWARTXTX:.  A  hydrated  silicate  of  aluminium,  calcium,  a»d  iron,  occurring  in 
basalt  on  the  Mourne  Mountain  on  the  north-east  coast  of  Ireland,  in  opaque,  olive- 
green  radiating  fibres,  having  a  specific  gravity  =  2-941  and  hardness  =  2.  According 
to  an  analysis  by  R.  D.  Thomson,  it  contains  40'5  per  cent,  silica,  23'91  ferrous  oxide, 
19-78  lime,  11-41  alumina,  and  4-35  water  (  =  99-95),  whence  Rammelsberg  deduces 
the  formula :  2[3(CaO.FeO).2SiOi].Al203.2Si02.2H20  ;  it  is  possible,  however,  that  part 
of  the  iron  may  be  in  the  state  of  ferric  oxide. 

The  mineral  blackens  and  fuses  partially  before  the  blow-pipe,  and  forms  a  brown 
glass  with  soda  or  borax. 

XliAPROTHIN.     Syn.  with  LAZULITE. 
KX.XXrOCX.ASE.     Syn.  with  ABICHITE. 

KWEI3EI.ITE.  A  mineral  of  unknown  locality,  closely  related  in  composition  to 
olivin,  but  differing  from  it  considerably  in  its  properties.  According  to  Dobereiner's 
analysis  (Schw.  J.  xxi.  49),  it  contains  about  32'5  per  cent,  silica,  32'0  ferrous  oxide, 
and  35"0  manganous  oxide,  agreeing  nearly  with  the  formula  (Mn " ;  Fe")2Si04,  or 
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2(MnO ;  FeO).Si02. — It  is  massive,  with  an  uneven  and  cellular  surface,  and  quite 
hard.  Specific  gravity,  3*714.  Brittle,  with  imperfectly  conchoidal  fracture.  Colour, 
white  to  greyish-green,  or  brown-red  and  brown.  Lustre  glistening. 

KOBELLITE.  A  mineral  found  in  the  cobalt  mine  of  Hvena  in  Sweden.  It 
consists,  according  to  Setterberg's  analysis  (Berzeliug  Jahresber.  xx.  215),  of  17'86 
sulphur,  9'24  antimony,  27'05  bismuth,  40'12  lead,  2'96  iron,  0-80  copper,  and  1'45 
matrix  (  ^  99'48),  numbers  which  may  be  approximately  represented  by  the  formula : 

2  [sb°  |  S°]  '  3  Pffi*  | S"  1  •  or  (Pb15£b4Bi'6)S30,  the  lead  being  partly  replaced  by  iron 
and  copper.  It  resembles  grey  antimony,  but  has  a  brighter  lustre  and  radiated  struc- 
ture. Specific  gravity,  6'29 — 6*32.  Soft ;  of  blackish  lead-grey  to  steel-grey  colour, 
with  black  streak.  Dissolves  in  strong  hydrochloric  acid,  with  evolutioH  of  sulphydric 
acid.  (Dana,  ii.  82;  Eammelsberg,  Mineralchemie, p.  106.) 
KOEUICITE.  Syn.  with  BROCHANTITE  (i.  664). 

ICOENLITE.  A  fossil  resin  resembling  scheererite,  found  in  brown  coal  at 
Uznach,  at  Kedwitz  in  Bavaria,  and  in  the  Fichtelgebirge.  It  contains,  according  to 
Schrotter's  analysis  (Pogg.  Ann.  lix.  37),  92'43  per  cent.  C,  and  7'71  H,  agreeing 
with  the  formula  wCH.  It  occurs  in  soft  white  crystalline  folia  and  grains,  of  specific 
gravityO-88;  melts  at  114°(Kraus,  Pogg.  Ann.xliii.  141), at  107  5°(Trommsdorff, 
Ann.  Ch.  Pharm.  xxi.  126).  Very  slightly  soluble  in  cold  alcohol,  more  so  in  hot 
alcohol,  still  more  in  ether. 

XOEvrXiXIffXTE.  A  fossil  resin  from  the  brown  coal  of  Fassa,  in  the  Eger  Valley. 
It  occurs  in  thin  plates,  consisting  of  an  aggregate  of  crystalline  scales,  perfectly 
soluble  in  alcohol  and  ether,  also  in  strong  sulphuric  acid ;  partly  soluble  in  ammonia 
and  in  oil  of  turpentine.  (K  enngott,  Miner alogische  Untersuchungen,  ii.  111.) 

XOETTIGITE.  Native  arsenate  of  zinc,  Zn"(As03)2.8H>'0,  or  ZnO.As205.8H20, 
containing  also  nickel  and  cobalt,  with  a  trace  of  lime. 

As2Q5  ZnO  CoO  NiO  H'O 

37-17  30-52  6-91  2-00  23-40     =      100 

according  to  Naumann,  and  isomorphous  with  cobalt-bloom.  Massive  or  in  crnsts,  with 
crystalline  surface  and  fibrous  structure.  Cleavage  perfect  in  one  direction.  Specific 
gravity  =3-1.  Hardness  =  2*5  —  3.  Lustre  of  fracture-surface,  silky.  Colour,  light 
carmine-red  and  peach-blossom  red,  of  different  shades.  Streak,  reddish-white. 
Translucent  to  subtransparent.  (Kottig.  J.  pr.  Chem.  xlviii.  183;  Naumann,  ibid. 
256.— Dana,  ii.  418.) 

KOKSCHAROWITE.  A  crystalline  mineral  occurring  with  ultramarine,  and 
sometimes  intergrown  with  it.  It  exhibits  two  very  distinct  directions  of  cleavage, 
inclined  at  an  angle  of  124°.  Hardness  =  5  to  5 '5.  It  is  sometimes  colourless,  with 
a  strong  lustre,  sometimes  brown  and  less  lustrous.  When  heated,  it  becomes  darker 
in  colour,  and  easily  melts  to  a  white  semitransparent  glass  (Nordenskiold 
Jahresber.  1857,  p.  681). — A  specimen  from  the  Sliidanka  valley,  near  Lake  Baikal, 
was  found  by  K.  Hermann  (Jahresber.  1862,  p.  726)  to  contain  45*99  per  cent,  silica, 
18*20  alumina,  2-40  ferrous  oxide,  1278  lime,  16*45  magnesia,  1-06  potash,  T53  soda, 
and  0-60  matter  lost  by  ignition  (  =  99-01).  Specific  gravity  =  2'97. 

XORITE.     See  PAL  ACONITE. 

KOUMISS.  A  vinous  liquid,  which  the  Tartars  make  by  fermenting  mare's  milk. 
A  somewhat  similar  beverage  is  prepared  in  Orkney  and  Shetland. 

XOUPHOX.XTE.    Syn.  with  PBEHNITE. 

KRABLITE.     Syn.  with  BAULITB  (i.  520). 

KRA1VIERIC  ACID.  An  acid  said  by  Peschier  (J.  Pharm.  vi.  34 ;  x.  348)  to 
exist  in  rhatany  root  (Krameria  triandra).  It  is  crystalline,  has  a  sour  and  astringent 
taste,  and  is  not  volatile.  Its  alkaline  salts  are  crystallisable,  and  their  solutions 
form  a  white  precipitate  with  lead-salts,  yellow  with  ferric  salts.  The  barium-salt  is 
said  not  to  be  decomposed  by  sulphuric  acid  or  soluble  sulphates. 

Other  chemists  who  have  looked  for  this  acid  in  rhatany  root  have  not  been  able  to 
find  it. 

KRANTZITE.  A  variety  of  retinite  from  the  lignite  of  Lattorf,  near  Bernburg. 
(See  RETINITE). 

XRAURITE.    Syn.  with  DTJFRENITB. 

KREITTONITE.    Syn.  with  SPINEL. 

XRETVIERSITE.  Kuby-coloured  octahedral  chloride  of  potassium,  from  Vesuvius. 
Contains  55'15  per  cent,  chlorine,  16'89  iron,  12-07  potassium,  0-16  sodium,  15'56 
ammonia  and  water.  (Kremers,  Pogg.  Ann.  Ixxxiv.  79.) 
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KRISUVIGITE.     Brochantite,  from  Krisuvig  in  Iceland. 
KROKOITE.     Syn.  with  CROCOISITE  (ii.  109.) 
2CUPRAPHITE.     Syn.  with  TYROLITO:. 

Syn.  with  CYAMETHINB  (ii.  188). 

Syn.  with  CYANETHINE  (ii.  189). 

or  Ctjanite.  A  silicate  of  aluminium,  Al203.Si02,  occurring  in  triclinic 
prisms,  oP.  ocPoo  .  oopoo .  oo/P  .  ooP^ .  2Pco  .  Crystals  usually  bladed.  Angles  oP :  oop"  o> 
=  93°  15';  ooP  :  ooPoo  =  100°  50';  oP  :  oo/P  =  98°  58';  oP  :  coP'  =.  96°  42';  ooPoo  : 
«Poo  =  106°  16';  oo/P  :  ooP',  =  97°  4';  coPoo  :  oo/P  =  145°  4].';  oofoo  :'  ooP'  = 
131°  23';  ccPoo  :  2Poo  =  159°  15'.  Cleavage  perfect  parallel  to  the  smoother  lateral 
plane ;  imperfect  parallel  to  the  base.  Twins,  of  two  kinds,  with  face  of  composition 
copco  ,  and  planes  ooPoo  ,  meeting  at  an  angle ;  in  one  kind  the  planes  oP  are  coin- 
cident, in  the  other  they  form  a  re-entering  angle.  Also  coarse-bladed,  columnar ; 
also  fibrous.  Hardness  ==  6  to  7*25.  Specific  gravity  =  3'559 ;  of  white  kyanite 
3*675;  of  blue  transparent  kyanite  from  the  Tyrol,  3*661  (Erdmann).  Lustre 
vitreous  to  pearly.  Colour  generally  pale  blue,  often  deeper  along  the  middle  of  the 
prisms  ;  sometimes  white  or  blue,  with  white  margins ;  also  grey,  green,  and  black. 
Streak  uncoloured.  Translucent  and  sometimes  transparent.  The  crystals  may  often 
be  easily  scratched  on  the  lateral  surface,  while  they  are  very  hard  at  the  ex- 
tremities. 

Kyanite  remains  unaltered  when  simply  heated  before  the  blowpipe ;  melts  to  a 
transparent,  colourless  glass  with  borax,  and  gives  a  deep  blue  colour  with  cobalt- 
solution. 

Pure  kyanite  would  contain  37'5  per  cent,  silica,  and  62-5  alumina.  The  following 
analyses  show  that  it  does  not  deviate  much  from  this  composition : 
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Kyanite  occurs  principally  in  gneiss  and  mica-slate.  Transparent  crystals  are  found 
at  St.  Gothard,  in  Switzerland  ;  at  Greiner  and  Pfitsch,  in  the  Tyrol :  also  in  Styria, 
Carinthia,  and  Bohemia ;  at  Pontivy,  in  France ;  and  at  Villa  Eica,  in  South  America. 
It  occurs  also  in  many  localities  in  the  United  States :  the  specimens  analysed  by 
Smith  and  Brush  were  from  Monro  County,  New  York. 

Bamlite  (i.  499),  from  Bamle,  in  Norway,  and  xenolite  (q.v.\  have  nearly  the  same 
composition  as  kyanite.  Woerthite,  from  near  St.  Petersburg,  containing  40'6  per 
cent.  SiO2,  58'50  A1203,  I'OO  MgO  and  4-63  water,  and  Thomson's  hydrobucholzite 
(probably  from  Sardinia),  which  contains  41'35  SiO2,  49*53  A1203,  4-85  water  and  3-12 
gypsum,  are  probably  hydrous  kyanites.  Kyanite  has  also  been  observed  altered  to  talc 
and  steatite.  (Dana,  ii.  265.) 

KYATCOXi.     Syn.  with  PHENYLAMINE. 
XYIVTATIN.     Syn.  with  HORNBLENDE. 

XYAPHENTITE  or  CYAPHE33TWE.  (C21H15)'"NS.— A  compound  polymeric 
with  cyanide  of  phenyl  (benzonitrile),  C7H5N,  obtained  by  heating  pulverised  cyanate 
of  potassium  with  chloride  of  benzoyl : 

3C7H5OC1  +   3CNKO     =     C21H15N3  +   3KC1  +   3C02. 

It  is  a  hard  neutral^ substance,  exhibiting  a  crystalline  fracture ;  melts  at  224°,  and 
distils  without  alteration  at  or  a  little  above  350° ;  is  soluble  in  water,  slightly  soluble 
in  alcohol  and  ether.  When  heated  with  caustic  potash,  it  decomposes,  with  copious 
evolution  of  ammonia.  Sulphuric  acid  dissolves  it,  forming  an  acid  whose  barium-salt 
is  soluble  in  water.  Strong  hydrochloric  acid  does  not  dissolve  it,  even  at  the  boiling 
heat.  Nitric  acid  of  ordinary  strength  is  also  without  action  upon  it ;  but  fuming 
nitric  acid  dissolves  it,  with  great  rise  of  temperature,  but  without  evolution  of  gas  ; 
and  by  evaporating  the  solution  or  mixing  it  with  water,  nearly  the  whole  of  the 
cyaphenine  is  precipitated  in  the  form  of  a  nitro-compound,  C20H12(N02)SNS,  which 
crystallises  in  needles. 

IEYIVTATIKT.    Syn.  with  HORNBLENDE. 
VOL.  III.  G  G 
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ACID.  (Liebig,  Ann.  Cli.  Pharm.  Ixxxvi.  125;  cviii.  354.)  — 
An  acid  sometimes  deposited  from  the  urine  of  dogs.  From  the  urine  of  a  dog  which 
had  been  fed  on  fat  alone,  or  on  fat  mixed  with  a  small  portion  of  meat,  Liebig  obtained 
it  by  evaporating,  adding  hydrochloric  acid  and  leaving  the  liquid  to  stand  for  somo 
time  ;  the  urine  of  dogs  fed  exclusively  on  lean  meat  yielded  only  traces.  The  deposit 
dissolves  in  lime-water,  and  on  diluting  the  solution  with  water,  and  adding  hydro- 
chloric acid,  kynurenic  acid  is  deposited  in  very  slender,  colourless  needles;  from  con- 
centrated solutions,  as  a  powder. 

Kynurenic  acid  reddens  litmus  ;  when  heated  in  a  glass  tube,  it  melts  to  a  brown 
liquid,  which  then  sublimes  completely,  forming  a  white  silky  crystalline  sublimato, 
and  leaving  a  trace  of  charcoal.  The  precipitated  acid  is  insoluble  in  alcohol  and  in 
ether  ;  the  sublimed  acid  dissolves  in  alcohol.  It  dissolves  easily  in  boiling  hydro- 
chloric acid  (whereby  it  is  distinguished  from  uric  acid),  and  in  dilute  sulphuric  and 
nitric  acids  (in  the  latter  without  perceptible  alteration,  even  on  boiling).  Cold  con- 
centrated sulphuric  acid  dissolves  it  without  alteration  ;  but  on  heating  the  solution,  it 
turns  brown,  and,  on  addition  of  water,  deposits  a  lemon-yellow,  amorphous  precipi- 
tate, often  mixed  with  crystals  of  the  unaltered  acid. 

Kynurenic  acid  is  a  very  weak  acid.  It  dissolves  easily  in  caustic  alkalis,  and,  with 
aid  of  heat,  in  alkaline  carbonates,  lime-water  and  baryta-  water,  neutralising  the  bases 
and  forming  crystallisable  salts.  The  barium-salt  forms  plumose  groups  of  nacreous 
needles;  the  calcium-salt,  stellate  groups  of  short  hard  needles.  Both  salts  are  spar- 
ingly soluble  in  water. 

The  acid  is  precipitated  from  the  solution  of  the  barium-salt  by  carbonic  acid.  It 
gave  by  analysis  61*6  to  61'9  per  cent,  carbon,  47  to  4-4  hydrogen,  and  87  to  9-4 
nitrogen.  When  heated  alone  or  with  lime,  it  yields  a  volatile  oil,  having  the  odour 
of  benzonitrile. 

KYPHOIiITE.     Syn.  with  SERPENTINE. 

KTROSXTE.    White  iron  pyrites  from  the  mine  Briccius,  near  Annaberg. 


L. 

£ABD  ANTUM  or  !•  A!>  A3TUM.  A  resin  which  exudes  in  drops  from  the  leaves 
and  branches  of  the  Cistus  creticus  and  C.  cypricus,  shrubs  growing  in  Greece  and 
Turkey.  It  is  generally  black,  solid,  tenacious,  and  somewhat  moist ;  softens  between 
the  fingers,  and  exhales  an  odour  like  that  of  ambergris.  A  sample  analysed  by 
Gruibourt  (Histoire  des  Drogues,  iii.  601)  contained  86 per  cent,  resin  and  volatile  oil, 
7  wax,  1  aqueous  extract,  and  6  earthy  matter  and  hairs.  Commercial  labdanum  is 
often  largely  adulterated  with  black  sand.  According  to  Johnston,  labdanum-resin 
contains  73'2  per  cent,  carbon  and  lO'O  hydrogen ;  a  composition  which  may  be  approxi- 
mately represented  by  the  formula  C20HS003  (calc.  75  -5  C,  9'4  H,  and  15-1  0). 

Labdanum  in  sticks  is  prepared  in  Portugal,  Spain,  and  the  South  of  France,  by 
boiling  the  leaves  and  branches  of  Cistus  ladaniferus. 

SiABRADOXMTE.  Labrador  Felspar.  Anhydrous  Scolecite.  Mauilite.  Sill' 
cite.  Scolexerose. — A  mineral  species  belonging  to  the  felspar  group,  and  represented 

(Si3)-") 
by  the  formula  M2O.Al203.3Si02,  or  (Al2)Ti  L  O10,  where  M  denotes  calcium  and  sodium, 

M2  J 
and  occasionally  also  magnesium  and  potassium. 

Labradorite  occurs  in  triclinic  crystals,  in  which  oP  :  oo£oo  =  86°  32';  oP  :  oo'P 
=  114°  48';  ooPoo  :  ooF  =  119°  16'.  It  forms  twins  like  those  of  albite  (ii.  621). 
Cleavage  perfect  parallel  to  oP  ;  distinct  parallel  to  coPco  ,  in  which  direction  also  the 
faces  are  usually  striated ;  indistinct  parallel  to  ooP',.  Also  massive,  with  distinct 
cleavage.  Hardness  =  6.  Specific  gravity  =  2'67  to  276.  Lustre  of  oP  pearly, 
passing  into  vitreous ;  elsewhere  vitreous  or  subresinous.  Colour  usually  grey,  of 
various  shades ;  also  greenish,  reddish,  or  yellowish.  Some  varieties,  especially  that 
from  Labrador,  exhibit  a  beautiful  play  of  colours  when  viewed  in  certain  directions  : 
this  effect  is  best  seen  in  cut  and  polished  specimens.  Streak  uncoloured.  Fracture 
glistening.  Translucent  in  a  low  degree.  Less  easily  frangible  than  common 
felspar. 

Before  the  blowpipe  on  charcoal  it  fuses,  with  less  difficulty  than  orthoclase,  to  a 
colourless  glass.  With  oxide  of  nickel  and  borax,  it  forms  a  blue  bead.  When  pul- 
verised, it  is  entirely  dissolved  by  hydrochloric  acid,  which  does  not  attack  either 
orthoclase  or  albite. 
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Analyses  :  a.  From  Campsie  in  Scotland,  where  it  occurs  in  porphyritic  greenstone 
(Lehu  nt,  Ed.  N.  Phil.  J.  1832,  p.  86).  b.  From  Etna,  where  it  occurs  as  a  constituent 
of  lava  (v.  "Waltershausen,  Vulcanishc  Gcsteine,  1853,  p.  24).  c.  From  Faroe, 
(Forchhammer,  J.  pr.  Chcm.  xxx.  385).  d.  From  Labrador  (v.  Waltershausen 
loc.  cit.).  e.  From  Egersund,  in  Norway ;  violet-grey  with  brilliant  play  of  colours 
(Kersten,  Pogg.  Ann.  Ixiii.  123).  /.  From  the  hypersthene-rock  of  Neurode,  in 
Silesia;  bluish-grey  (v.  Rath,  Pogg.  Ann.  xcv.  538).  g.  From  the  gabbro  of  the  same 
locality;  bluish-white  (v.  Rath,  ibid.),  h.  From  the  melaphyre  between  Botzen  and 
Collman,  in  the  Tyrol;  light  greyish  green.  (Delesse,  J.  pr.  Chem.  xliii.  447  ;  xlv. 
219).  i.  From  the  trachydolerite  of  Guadaloupe  (Devi  lie,  Rammclsberg'' s  Miner  al- 
chemic, p.  598).  k.  Scolcxerosc,  from  Pargas,  Finland  (Nordenskiold,Schw.  J.  xxxi. 
417).  1.  Silicitc,  from  Antrim,  Ireland.  (Thomson,  Phil.  Mag.  1843,  p.  417.) 


SiO". 

A1"O3. 

Fe'O3. 

CaO. 

MgO. 

Na2O. 

K2Q. 

H2Q. 

a. 

54-67 

27-89 

0-31 

10-60 

0-18 

5-05 

0-49 

=  99-19 

b. 

53-56 

25-82 

3'41 

11-68 

0-52 

4-00 

0-54 

0-95 

=  100-48 

c. 

52-52 

30-03 

1-72 

12-58 

0-19 

4-51 

. 

. 

=  101-55 

d. 

53-75 

27-06 

0-99 

9-58 

0-47 

1-25 

7'53 

0-62 

=  101-25 

c. 

52-20 

29-05 

0-80 

12-10 

0-13 

4 

"i  —  ""~  ~* 

•70 

=   98-98 

/. 

52-55 

28-32 

2-44 

11-61 

0-48 

4-52 

0-64 

0-62 

=  101-18 

ff>, 

50-31 

27-31 

1-71 

10-57 

0-78 

4-81 

1-55 

2-20 

=   99-24 

h. 

53-23 

27-73 

1-50 

8-28 

0-93 

7 

^38 

0-95 

=  100-00 

i. 

54-25 

29-89 

.    , 

11-12 

0-70 

3-63 

0-33 

m 

=  99-92 

*, 

54-13 

29-23 

( 

15-45 

1-07 

=  99-88 

54-8 


28-4 


Fe^O 

4-0 


12-4 


0-6     =100-2 


If  the  number  of  molecules  of  lime  be  supposed  to  bo  three  times  as  great  as  that  of 

3Qo"» 

the  soda,  the  above  formula,  which  then  becomes  J^a  £O.Al208.3Si02,  gives  53-1  per 

cent.  SiO2,  30-1  A120S,  12-3  CaO,  and  4-5  Na20. 

Labradorite  is  more  subject  to  alteration  than  other  felspars ;  perhaps  because  it, 
contains  both  potash  and  soda.  Partial  decomposition  is  shown,  either  by  the  dimi- 
nished quantity  of  these  bases,  or  by  the  consequently  increased  proportion  of  silica. 
The  best  examples  of  unaltered  labradorite  in  the  preceding  table  are  perhaps  e,  /,  g, 
h,  and  i;  k  and  I,  if  the  analyses  are  correct,  afford  decided  indications  of  decomposi- 
tion. For  numerous  analyses  of  labradorite,  and  of  felspars  allied  to  it,  see  Bammels- 
bercfs  Miner  alchemic  ^  pp.  597 — 603. 

Labradorite  is  a  constituent  of  some  lavas,  as  those  of  Etna  and  Vesuvius ;  of  many 
porphyries,  as  the  oriental  verd  antique  of  Greece ;  of  dolerite ;  of  certain  hornblende- 
rocks,  granites,  and  syenites  ;  of  some  porphyritic  greenstones,  as  at  Campsie  in  Scot- 
land ;  of  melaphyres,  as  in  the  Tyrol.  On  the  coast  of  Labrador,  whence  it  was 
originally  brought,  it  is  associated  with  hornblende,  hypersthene,  and  magnetic  iron 
ore.  (Dana,  ii.  238.) 

XiABURNXC  ACID.  An  acid  said  to  be  contained,  together  with  cytisine  (ii.  311) 
and  two  neutral  bitter  principles,  in  the  seeds,  bark,  and  other  parts  of  Cytisus 
Laburnum.  (T.  Scott  Gray,  Arch.  Pharm.  [3]  xlii.  160.) 

XiAC  is  a  substance  well  known  in  Europe  under  the  different  appellations  of  stick- 
lac,  shell-lac,  and  seed-lac.  The  first  is  the  lac  in  its  natural  state,  encrusting  small 
branches  or  twigs.  Seed-lac  is  the  stick-lac  separated  from  the  twigs,  appearing  in  a 
granulated  form,  and  probably  deprived  of  part  of  its  colouring  matter  by  boiling. 
Shell-lac  is  the  substance  which  has  undergone  a  simple  purification,  as  mentioned 
below.  Beside  these  we  sometimes  meet  with  a  fourth,  called  lump-lac,  which  is  the 
seed-lac  melted  and  formed  into  cakes. 

Lac  is  the  product  of  the  Coccus  laccce,  which  deposits  its  eggs  on  the  branches  of  a 
tree  called  Bihar,  in  Assam,  and  other  parts  of  India.  It  appears  designed  to  answer 
the  purpose  of  defending  the  eggs  from  injury,  and  affording  food  for  the  maggot  in  a 
more  advanced  state.  It  is  formed  into  cells,  finished  with  as  much  art  and  regularity 
as  a  honeycomb,  but  differently  arranged  ;  and  the  inhabitants  collect  it  twice  a  year, 
in  the  months  of  February  and  August.  For  purification,  it  is  broken  into  small  pieces, 
and  put  into  a  canvas  bag  of  about  four  feet  long,  and  not  above  six  inches  in  circum- 
ference. Two  of  these  bags  are  in  constant  use,  each  of  them  being  held  by  two  men. 
The  bag  is  placed  over  a  fire,  and  frequently  turned,  till  the  lac  is  liquid  enough  to 
pass  through  its  pores ;  then  taken  off  the  fire,  twisted  in  different  directions,  and  at 
the  same  time  dragged  along  the  convex  part  of  u  plantain  tree  prepared  for  this  pur- 
pose ;  and  while  this  is  being  done,  the  other  bag  is  being  heated,  to  be  afterwards 

oo  2 
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treated  in  the  same  way.  The  mucilaginous  and  smooth  surface  of  the  plantain  tree 
prevents  it  from  adhering ;  and  tho  degree  of  pressure  regulates  the  thickness  of  the 
coating  of  lac,  at  the  same  time  that  the  fineness  of  the  bag  determines  its  clearness 
and  transparency. 

Stick-lac  contains  in  100  parts,  resin  68,  colouring  extract  10,  wax  6,  gluten  5-5, 
extraneous  substances  6'5;  seed-lac  contains  resin  88'6,  colouring  extract  2-5,  wax  4*5, 
gluten  2 ;  shell-lac  contains  resin  90*9,  colouring  extract  0'5,  wax  4,  nitrogenous  matter 
2-8.  (Hatchett.) 

In  India,  lac  is  fashioned  into  rings,  beads,  and  other  trinkets ;  sealing-wax,  var- 
nishes, and  lakes  for  painters,  are  made  from  it ;  it  is  much  used  as  a  red  dye,  and  the 
resinous  part,  melted  and  mixed  with  about  thrice  its  weight  of  finely-powdered  sand, 
forms  polishing  stones.  Lapidaries  mix  powder  of  corundum  with  it  in  a  similar  manner. 

The  colouring  matter  is  soluble  in  water;  but  1  pt.  of  borax  to  5  of  lac  renders  the 
whole  soluble  by  digestion  in  water,  nearly  at  a  boiling  heat.  This  solution  is  equal, 
for  many  purposes,  to  spirit  varnish,  and  is  an  excellent  vehicle  for  water-colours,  as, 
when  once  dried,  water  has  no  effect  upon  it.  Aqueous  potash,  soda,  and  carbonate  of 
soda,  likewise  dissolve  it ;  so  does  nitric  acid,  if  digested  with  it  in  sufficient  quantity 
for  48  hours. 

The  colouring  matter  of  lac  loses  much  of  its  beauty  by  keeping ;  but  when  freshly 
extracted,  and  precipitated  as  a  lake,  it  is  less  liable  to  injury.  Mr.  Stephens,  a  sur- 
geon in  Bengal,  sent  home  a  large  quantity  precipitated  in  this  way  with  alum ;  it 
afforded  a  good  scarlet  to  cloth  previously  yellowed  with  quercitron. 

Lac  is  the  basis  of  the  best  sealing-wax.  A  good  composition  for  red  sealing-wax  is 
48  pts.  of  shellac,  12  oil  of  turpentine,  1  Peru  balsam,  and  36  vermillion.  II. 

LAC-BYE.  A  product  obtained  from  lac,  and  used  for  producing  a  red  dye,  espe- 
cially on  wool.  To  obtain  it,  stick-lac  freed  from  remains  of  stalks  is  pulverised  and 
exhausted  with  warm  water ;  and  the  colouring  matter  left  on  evaporating  the  solution 
is  made  into  square  cakes,  and  sent  into  the  market  as  lac- dye.  The  residue  yields 
seed-lac  (Lac  in  granis),  which  is  worked  up  into  shell-lac.  The  proximate  consti- 
tution of  lac-dye  is  not  exactly  known  ;  it  contains,  however,  a  considerable  quantity 
of  resin,  and  a  red  colouring  matter,  derived  from  the  insects  (Coccus  ICLCCCB\  which  may 
be  partly  extracted  by  water,  more  completely  by  acids,  especially  sulphuric  or  hydro- 
chloric acid.  The  following  processes  are  adopted  for  rendering  the  dye  fit  for  use : 

1.  A  mixture  of  4  pts.  lac  with  strong  sulphuric  acid  is  allowed  to  stand  for  24  hours 
in  summer  and  48  in  winter;  then  diluted  and  stirred  with  3£  pts.  of  water,  and  again 
left  to  clarify.     The  clear  liquid  is  poured  into  an  iron  pot,  and  mixed  with  the  wash- 
water  of  the  previous  residue ;  the  solution  is  mixed  with  a  quantity  of  lime  sufficient 
to  neutralise  £  of  the  sulphuric  acid,  and  the  precipitate  of  gypsum  is  removed:  the  liquid 
is  then  ready  for  use.     This  is  the  mode  of  preparation  chiefly  adopted  in  this  country. 

2.  Thirty -two  pts.  of  lac-dye  are  triturated  with  10  to  12  pts.  of  sulphuric  acid  of 
specific  gravity  1-85,  or  hydrochloric  acid  of  specific  gravity  T13,  each  diluted  with 
three  times  its  weight  of  water. .  The  mixture  is  left  to  itself  for  48  hours  in  winter,  or 
24  in  summer,  and  then  mixed  with  the  requisite  quantity  of  river- water. 

3.  Thirty-two  pts.  of  lac-dye  are  triturated  with  12  pts.  of  hydrochloric  acid  of 
specific  gravity  1-148,  diluted  with  an  equal  weight  of  water;  the  mixture  is  left  for 
24  hours  and  frequently  stirred,  and  then  diluted  with  water. 

To  dye  with  the  colour  thus  prepared,  each  pound  is  mixed  with  three-quarters  of  a 
pint  of  so-called  lac-spirit,  a  solution  of  stannous  chloride  prepared  by  dissolving  one 
pound  of  tin  in  20  pounds  of  fuming  hydrochloric  acid,  the  mixture  being  left  to  itself 
for  six  hours  before  use.  (Handw.  d.  Chem.  iv.  748.  See  also  Urds  JHctionary  of 
Arts,  $c.  ii.  626.)  Q2Ri  , 

X.ACTAMETHAKE.     EtJiyl-lactamide,    C5HUN02  =  (C3H40)"f          (Wurtz, 

'  H2    }N 

Ann.  Ch.  Phys.  [3]  lix.  175.) — This  compound  is  formed  when  diethyliclactate  is  treated 
with  aqueous  ammonia,  and  the  mixture  is  left  to  stand  for  one  or  two  days  ;  or  when 
an  alcoholic  solution  of  the  ether  is  saturated  with  ammonia  and  heated  in  a  close 
vessel.  The  former  process  is,  according  to  Wurtz,  to  be  preferred.  After  expelling 
the  excess  of  ammonia  and  water  by  evaporation  in  the  water-bath,  the  lactamethane 
remains  as  a  liquid,  which  solidifies  on  cooling  to  a  beautiful  crystalline  mass,  formed 
of  broad,  brilliant  plates,  slightly  greasy  to  the  touch.  These  crystals  are  soluble  in 
water,  alcohol,  and  ether ;  they  melt  at  62°  or  63°  to  a  colourless  liquid,  and  boil  at 
219°  under  a  barometric  pressure  of  761  mm.,  distilling  without  alteration. 
The  formation  of  lactamethane  may  be  represented  by  the  equation 
C'H5  >0  C2H*  1Q 

(C°H*0)"f      +  NH3     =     (C3H<0)"[      +  C2H60. 
C'lP      }0  IP      }N 

Diethylic  lactate,  I^actamethane.          Alcohol, 
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By  ebullition  with  potash,  it  is  decomposed  into  ammonia  and  ethyl-lactate  of  potassium : 
C2H5       10  C2H5      ln 

(C'H'Or^    +  KHO    -    (C3|<0)"j°   *  NH3. 

Lactamethane.  Ethyl-lactate  of 

potassium.  Gr.  C.  F. 

LACTAMIC  ACID.  Syn.  with  ALANINE  (i.  63).  It  is  also  produced  by  tho 
action  of  very  strong  solution  of  ammonia  on  chloropropionate  of  ethyl  at  100° 
(Kolbe.  Ann.  Ch.  Pharm.  cxiii.  220.) 

H2     f    N 

Lactamate  of  ammonium  (so  called),  C6HHN204  =  fc3H4OV'  0- forme<^  by 

H4N     0 

the  action  of  ammonia-gas  on  lactic  anhydride  (DILACTIC  ACID,  p.  461)  (Pelouze); 
or  by  saturating  a  solution  of  lactic  anhydride  in  absolute  alcohol  with  dry  ammonia, 
and  evaporating  the  solution.  Tabular  crystals,  very  easily  soluble  in  water  and 
alcohol.  On  adding  dichloride  of  platinum  to  the  solution,  freed  by  boiling  from  excess 
of  ammonia,  only  part  of  the  nitrogen  is  precipitated  as  chloroplatinate  of  ammonium ; 
but  after  boiling  the  filtrate  for  an  hour,  it  gives  a  further  precipitate  with  dichloride 
of  platinum — a  proof  that  part  only  of  the  nitrogen  exists  in  the  form  of  ammonium- 
salt.  (Laurent,  Compt,  chim.  1845,  p.  151.)  GK  C.  F. 

X.ACTAMIDE.     C3H7N02  =  (C3H40)"{°  .    (Isomeric  with  alanine  or  lac- 

H2       }N 

H2    IN 

tamic  acid  (i.  63),  C3H7N02  =  (C3H<0)"'     .)— Obtained—  1.  By  the  action  of  am- 

H      }0 

monia  gas  on  lactide  (Pelouze ;  Wurtz  and  Friedel,  Ann.  Ch.  Phys.  [3]  Ixiii.  108). 
— 2.  By  the  action  of  an  alcoholic  solution  of  ammonia  on  lactide  (Wurtz  and  Frie- 
del, loc.  cit.}. — 3.  By  saturating  monethylic  lactate  with  ammonia  and  leaving  the 
liquid  to  stand.  (Briining,  Ann.  Ch.  Pharm.  civ.  197.) 

It  forms  small  prisms,  which  dissolve  easily  in  water  and  alcohol,  but  do  not  com- 
bine either  with  acids  or  bases.  It  is  decomposed,  by  boiling  with  alkalis  or  acids, 
into  ammonia  and  lactic  acid. 

TT2O ) 

The  above  formula  represents  lactamide  as  derived  from  the  double  molecule 


by  the  substitution  of  the  radicle  C3H40  for  H2.  The  substances  described  under  tho 
names  lactamethane  (p.  452),  and  lactethylamide  (vid.  inf.\  are  ethylised  deri- 
vatives of  lactamide  ;  the  former  by  the  substitution  of  C2H5  for  the  hydrogen-atom  of 
the  water-residue  contained  in  lactamide,  the  latter  by  the  substitution  of  C2H5  for  one 
of  the  hydrogen  atoms  of  the  ammonia-residue.  These  relations  are  expressed  in  the 
rational  formulae  by  which  lactamethane,  lactethylamide,  and  lactamide  are  respectively 
represented  at  the  places  referred  to.  Gr.  C.  F. 

H       }0 
LACTETHYIAMSDE.     C5HnN02  =  (C3H40)";     .     Isomeric  with  lactame- 

C2H5.H}N 

thane  (Wurtz  and  Friedel,  Ann.  Ch.  Phys.  [3]  Ixiii.  110).  Formed  by  the  action 
of  ethylamine  on  lactido.  When  these  two  substances  are  brought  together,  the  ethyl- 
atnine  immediately  begins  to  boil.  If  the  operation  is  performed  in  a  close  vessel,  and 
with  anhydrous  materials,  the  whole  solidifies  to  a  crystalline  mass.  This  product, 
when  purified  by  one  crystallisation  from  alcohol,  melts  at  48°,  and  may  be  cooled  to 
40°  without  freezing  ;  but  as  soon  as  crystallisation  has  commenced,  the  thermometer 
rises  to  46'5°.  Lactethylamide  distils  without  alteration  at  260°.  Its  formation  is 
represented  by  the  equation 


C3H'02     +     C'HTC       =      C5H»N02. 

Lactide.  Ethylamine.  Lactethylamide. 

Alkalis  decompose  it  into  ethylamine  and  alkaline  lactate. 

H       }0  H       }0 

(C3IK))';  +       KHO          =        (C3H40)";         +       C2HS.H2N. 

C2H5.H  }N  K      }0 

Lactethylamide.  Lactate  of  potassium.  Ethylamine. 

/nrmov)  G-  C-  F- 

LACTIC  ACID.     M^lchsd^trci  C'H603  =  ^  ^p  ;  JO2.      (Gm.  xi.  472).—  This 

acid  was  discovered  byScheelein  sour  milk,  and  first  recognised  as  a  peculiar  acid 
by  Berzelius.  Braconnot  found  in  the  wash-liquor  of  the  preparation  of  wheat- 
Btarch,  in  the  fermented  juice  of  mangold-  wurzel,  and  other  fermented  vegetable  extracts, 
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an  acid  which  he  designated  nanccic  acid,  but  which  was  afterwards  shown  to  be  identi- 
cal with  the  acid  of  sour  milk.  Berzelius  demonstrated  the  presence  of  the  same  or  an 
isomeric  acid  in  the  juice  of  the  flesh  of  animals  recently  killed — a  result  which  was 
confirmed  by  Liebig  in  his  classical  investigation  of  flesh-juice  (see  SARCOLACTIC  ACID, 
p.  457).  More  recently,  the  chemical  relations  of  lactic  acid  have  been  investigated  by 
Strecker  (Ann.  Ch.  Pharm.  Ixxxi.  247;  xci.  352),  Wurtz  (Ann.  Ch.  Phys.  [3]  lix. 
161),  Wurtz  and  Friedel  (ibid.  Ixiii.  101),  and  Kolbe  (Chem.  Soc.  Qu.  J.xii.  15) ; 
and  the  lactates  have  been  chiefly  studied  byPclouze  (Ann.  Ch.  Phys.  [3]  xiii.  257), 
and  by  Engelhardt  and  Maddrell  (Ann.  Ch.  Pharm.  Ixii.  83 ;  Ixx.  241). 

Formation. — 1.  By  a  peculiar  fermentation,  the  lactic  acid  fermentation,  of  various 
kinds  of  sugar,  and  of  dextrin :  this  fermentation  precedes  the  butyric  acid  fermenta- 
tion. As  all  the  substances  of  the  sugar  tribe  have  the  same  proportional  composition 
as  lactic  acid,  with  a  few  atoms  of  water  more  or  less,  the  transformation  is  easily 
explained :  thus,  with  milk-sugar : 

(pjpoQio     +     2H20         =         4C3H"03 
Milk-sugar.  Lactic  acid. 

The  lactic  fermentation  requires  a  temperature  between  20°  and  40°  C.,  and  the  pre- 
sence of  water  and  of  certain  ferments,  viz.,  albuminoidal  substances  in  a  peculiar  state 
of  decomposition,  such  as  casein,  gluten,  or  animal  membranes,  particularly  the  coating 
of  the  stomach  of  the  calf  (rennet),  or  dog,  and  bladder. 

2.  Tritylglycol,  in  presence  of  platinum-black,  is  converted  into  lactic  acid  by  the 
oxygen  of  the  air  (Wurtz): 

C3H"02     +     O2  C3H6Oa     +     H20 

Tritylglycol.  ;  Lactic  acid. 

3.  -Chloropropionic  acid  yields  chloride  of  silver  and  lactic  acid,  when  it  is  heated 
with  water  and  oxide  of  silver.     (Wurtz,  Ann.  Ch.  Phys.  [3]  lix.  165) : 

C3H4ClAg02     +     H20        =        C3H«03     +     AgCl 

Chloropropionate  of  Lactic  acid, 

silver. 

Similarly,  bromopropionic  acid  yields  lactic  acid  and  bromide  of  silver,  when  treated 
with  oxide  of  silver  in  presence  of  water  (Friedel  and  Machuca,  Ann.  Ch.  Pharm. 
cxx.  286).  lodopropionic  acid  (formed  by  the  action  of  iodide  of  phosphorus  on 
glyceric  acid)  appears  to  yield  a  peculiar  modification  of  lactic  acid  when  treated  as 
above.  (Beilstein,  ibid.  p.  234.) 

4.  By  the  action  of  nitrous  acid  upon  alanine ;  as  when  the  vapours  evolved  from  a 
mixture  of  starch  and  nitric  acid,  after  being  passed  through  a  cold  vessel  which  stops 
any  undecomposed  nitric  acid,  are  conducted  into    aqueous  alanine ;   the  action  is 
attended  with  copious  evolution  of  nitrogen : 

C3H7N02     +     N02H        =        C3H608     +     H20     +     N2 

Alanine.  Nitrous  acid.  Lactic  acid. 

5.  Pyruvic  (pyroracemic)  acid,  treated  in  aqueous  solution  with  sodium- amalgam 
(Wislicenus,  Ann.  Ch.  Pharm.  cxxvi.  227),  or  with  zinc  in  presence  of  dilute  acetic 
acid  (Debus,  Chem.  Soc.  J.  xvi.  260),  is  converted  into  a  salt  of  lactic  acid: 

C3H403     +     H2         =         C3H603 

Pyruvic  acid.  Lactic  acid. 

f  P2H*Y')  ON" 

6.  When  hydroxycyanide  of  ethylene,  *    jj     £  QX   (obtained  from  hydroxychlo- 

ride  of  ethylene  by  double  decomposition  with  cyanide  of  potassium),  is  boiled  with 
aqueous  alkalis,  it  is  resolved  into  ammonia  and  (sarco-)  lactic  acid.  (Wislicenus, 
Ann.  Ch.  Pharm.  cxxviii.  6) : 

C»H5NO     +     2H20         =        C3H°03     +     H3N 

Hydroxycyanide  Lactic  acid, 

of  ethylene. 

^r^TTJV' )  f*"W 
Ethyloxycyauide  of  ethylidene,  Yjsrjjr  [  Q     (obtained  by  digesting  ethyloxychlo- 

ride  of  ethylidene  [ii.  600]  with  cyanide  of  potassium  in  a  sealed  tube),  yields  ordinary 
lactic  acid,  and  a  small  quantity  of  ethyl-lactic  acid,  when  similarly  treated.  (Wi sli- 
ce nus,  op.  cit.  p.  14.) 

7.  Oxychloride  of  carbon  combines  directly  with  ethylene,  forming  chloride  of  lactyl : 

COC12  +   C2H4     =     C3H4OC12, 

whence  lactic  acid  can  be  obtained  by  well-known  processes.  (Lippmann,  Ann.  Ch. 
Pharm.  cxxix.  81 ;  Ann.  Ch.  Phys.  [4]  i.  485.) 

Preparation. — a.  From  various  Idnds  of  Sugar. — 1.  An  aqueous  solution  of  100  pts. 
of  grape-sugar  (cane-  or  milk-sugar),  exhibiting  the  density  of  8°  to  10°  Bm.,  is  mixed 
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with  8  or  10  pts.  of  fresh  sour  cheese,  as  purchased  in  the  market,  or  100  pt«.  of  sugar 
am  dissolved  in  100  to  150  pts.  of  milk,  and  such  a  quantity  of  water  that  the  liquid 
exhibits  a  density  of  10°  Bm. ;  and  either  of  these  mixtures  is  placed,  together  with  50 
pts.  of  chalk,  in  an  open  vessel,  and  exposed  to  the  sun  for  several  weeks,  with  frequent 
agitation,  till  the  resulting  lactate  of  calcium  begins  to  change  into  butyrate  (Pelouze 
and  G-elis).  As  lactate  of  calcium  is  much  less  soluble  than  butyrate,  the  con  version  of 
the  former  into  the  latter  may  be  recognised,  when  strong  solutions  of  sugar  are  used, 
by  the  diminution  of  the  crystalline  mass  produced  at  first.  If  the  process  be  too  soon 
interrupted,  a  large  quantity  of  sugar  remains  unaltered. 

2.  Six  pounds  of  cane-sugar  and  half  an  punce  of  tartaric  acid  (which  serves  to 
convert  the  cane-sugar  into  glucose)   are   dissolved  in  26  pounds  of  boiling  water; 
3  pounds  of  levigated  chalk  added  after  two  days,  together  with  4  ounces  of  stinking 
hand-cheese,  suspended  in  8  pounds  of  sour  milk  (decaying  cheese  favours  the  produc- 
tion of  lactic  acid  and  retards  its  conversion  into  butyric  acid) ;  the  mixture  set  aside 
at  a  temperature  between  30°  and  35°,  and  well  stirred  every  day  till,  in  the  course  of 
six  or  eight  days,  it  is  converted  into  a  stiff  paste  of  lactate  of  calcium ;  this  paste  is  boiled 
for  an  hour  with  half  an  ounce  of  quicklime  and  20  pounds  of  water ;  the  solution 
strained  through  a  cloth  filter  and  evaporated  to  a  syrup  ;  the  crystalline  mass  which 
forms  in  four  days,  pressed,  first  by  itself,  then  three  or  four  times,  after  having  been 
each  time  stirred  up,  with  ~  pt.  of  cold  water ;  and  the  lactate  of  calcium  thus  purified 
is  dissolved  in  twice  its  weight  of  boiling  water.     To  the  solution  of  every  32  pts.  of 
the  calcium-salt  there  is  then  added  a  mixture  of  7  pts.  oil  of  vitriol  and  7  pts.  water ; 
the  lactic  acid,  while  still  hot,  is  strained  through  linen  to  separate  it  from  sulphate  of 
lime ;  the  filtrate  obtained  from  7  pts.  of  oil  of  vitriol  is  boiled  with  If  pts.  carbonate  of 
zinc  for  a  quarter  of  an  hour  (by  longer  boiling  a  very  sparingly  soluble  basic  salt  is 
formed) ;  the  liquid  is  filtered  boiling  hot ;  the  colourless  crystalline  grains  of  lactate  of 
zinc  which  separate  on  cooling,  are  freed  from  sulphuric  acid  by  washing  with  cold  water ; 
and  additional  quantities  of  crystalline  grains  are  obtained  by  evaporating  the  mother- 
liquor,  almost  to  the  end.     Lastly,  1  pt.  of  the  zinc-salt  is  dissolved  in  1\  pts.  of  boil- 
ing water ;  sulphuretted  hydrogen  passed  through  the  solution  as  long  as  sulphide  of 
zinc  is  precipitated ;  and  the  filtrate  boiled  and  evaporated  on  tho  water-bath  to  a 
syrup,  whereupon  8  pts.  of  the  zinc-salt  yield  5  pts.  of  syrupy  lactic  acid  (Bensch, 
Ann.  Ch.  Pharm.  Ixi.  174).     By  this  process,  100  pts.  of  cane-sugar  yield  117  pts.  of 
lactate  of  calcium,  which,  if  the  sugar  was  white,  is  colourless,  and  does  not  require  to 
be  purified  by  pressure.     If  the  carbonate  of  zinc  contains  lime  and  magnesia,  these 
bases  pass  over  to  the  lactic  acid,  which,  after  being  evaporated  to  a  syrup,  must  be 
dissolved  in  ether,  and  separated  from  the  lactates  of  calcium  and  magnesium  by  filtra- 
tion and  evaporation.     The  calcium-salt  may,  however,  without  first  preparing  the 
zinc-salt  from  it,  be  freed  by  repeated  crystallisation  from  a  nitrogenous  substance 
which  obstinately  adheres  to  it ;  its  solution  in  the  smallest  possible  quantity  of  water, 
mixed  with  a  quantity  of  pure  sulphuric  acid  not  quite  sufficient  to  decompose  it ;  the 
mixture  heated  with  alcohol  till  the  sulphate  of  calcium  is  completely  separated  ;  the 
filtrate  evaporated  to  a  syrup ;  the  syrup  dissolved  in  ether ;  and  the  ethereal  solution 
filtered  and  evaporated.     (Engelhardt  and  Maddrell.) 

Lautemann  (Ann.  Ch.  Pharm.  cxiii.  242)  recommends  the  following  modification 
of  B  e  n  s  c  h's  process  of  preparation  : — Eetaining  the  proportions  of  sugar,  tartaric  acid, 
milk,  and  cheese  indicated  by  the  latter,  he  takes  one-third  more  water,  uses  1,200 
grms.  oxide  of  zinc  (commercial  zinc-white)  instead  of  levigated  chalk,  and  keeps  the 
temperature  as  constantly  as  possible  between  40°  and  45°  during  the  fermentation. 
After  eight  or  ten  days,  the  inside  of  the  vessel  is  lined  with  white  crystals  of  lactate  of 
zinc,  which  can  be  obtained  pure  by  one  or  two  crystallisations  from  boiling  water. 
The  lactic  acid  prepared  from  the  zinc-salt  generally  contains  mannite,  which  does  not 
completely  crystallise  out  from  the  concentrated  acid.  To  separate  this,  the  aqueous 
acid  is  shaken  up  with  ether,  and  then  the  ethereal  layer  is  pipetted  off  and  evaporated: 
it  then  leaves  pure  lactic  acid. 

3.  The  solution  of  300  grms.  of  milk-sugar  in  4  litres  of  milk  is  placed  in  the  open  air 
at  a  temperature  of  25°  to  30°,  and  neutralised  with  acid  carbonate  of  sodium  as  often 
as  it  becomes  sour,  perhaps  every  two  days  ;  boiled  when  it  no  longer  turns  acid ;  fil- 
tered from  the  curd ;  carefully  evaporated  to  a  syrup  ;  and  the  syrup  dissolved  in  mode- 
rately warm  alcohol  of  38°  Bin.     By  treating  this  filtered  alcoholic  solution  of  lactato 
of  sodium  with  sulphuric  acid  to  precipitate  the  sodium,  and  saturating  the  filtered 
lactic  acid  with  chalk,  crystallised  lactate  of  calcium  is  obtained,  and  may  be  purified 
by  further  treatment.     (Boutron  and  Fremy,  J.  Pharm.  xxvii.  341.) 

b.  From  milk  which  has  turned  sour. — 1.  Scheele  evaporates  sour  whey  to  |;  filters 
the  liquid  from  the  curd ;  precipitates  the  phosphoric  acid  from  it  with  lime ;  filters; 
dilutes  with  3  pts.  water ;  precipitates  the  lime  by  careful  addition  of  oxalic  acid  ; 
niters  ;  evaporates  to  the  consistence  of  honey ;  extracts  the  lactic  acid  with  alcohol  j 
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filters  ;  dilutes  with  water,  and  evaporates.  Berzelius  digests  the  acid  thus  obtained 
with  carbonate  of  lead  ;  filters  ;  precipitates  the  dissolved  lead  with  sulphydric  acid, 
filters,  and  evaporates. — 2.The  filtered  solution  of  sour  whey  evaporated  nearly  to  dry- 
ness,  in  strong  alcohol,  is  mixed  with  alcoholic  tartaric  acid,  as  long  as  any  precipitate 
of  tartrate  of  potassium,  sodium,  and  calcium  is  formed ;  the  liquid  decanted  after  24 
hours,  and  evaporated ;  the  residue  dissolved  in  water;  the  solution  digested  with  car- 
bonate of  lead,  till  lead  dissolves  in  it ;  the  filtrate  evaporated,  neutralised  with  carbo- 
nate of  barium,  again  filtered,  and  diluted  with  water ;  the  whole  of  the  barium 
precipitated  with  sulphate  of  zinc ;  and  the  filtrate  evaporated  till  lactate  of  zinc 
crystallises  out  (Berzelius,  Lehrb.  Ausg.  5,  v.  241.  For  the  earlier  methods  of 
Berzelius,  see  Pogg.  Ann.  xix.  28).  W.  Engelhardt  (Zeitschr.  Chem.  Pharm.  1861, 
p.  643)  gives  the  following  process  for  the  preparation  of  lactate  of  zinc,  from  which  he 
then  obtains  lactic  acid  by  decomposing  the  hot  solution  of  the  zinc-salt  with  sulphydric 
acid,  filtering  and  evaporating.  Sour  whey,  to  which  i  Of  its  weight  of  powdered 
milk-sugar  has  been  added,  is  exposed  to  the  proper  temperature  for  the  lactous  fer- 
mentation, and  every  one  or  two  days  the  free  acid  is  neutralised  with  crushed  carbonate 
of  sodium  taken  from  a  previously  weighed  quantity.  When  at  last  the  acid  reaction 
does  not  reappear  after  two  or  three  days,  the  liquid  is  heated  to  boiling,  and  sulphuric 
acid  is  added,  drop  by  drop,  so  as  to  produce  a  distinct  acid  reaction.  A  quantity  of 
sulphate  of  zinc  equal  in  weight  to  the  carbonate  of  sodium  used  is  then  dissolved  in 
twice  its  own  weight  of  water,  and  mixed  with  the  other  boiling  liquid ;  the  cheesy 
portions  which  immediately  separate  at  the  surface  are  removed  by  filtration  through 
flannel-bag  and  the  clear  liquid  is  set  aside  to  crystallise.  After  a  day  or  two,  the 
crystalline  deposit  of  lactate  of  zinc  may  be  removed  and  washed  with  cold  water. 
The  quantity  remaining  in  the  mother-liquor  is  insignificant.  (For  Cap  and  0.  H  e  n  ry's 
process,  see  J.  Pharm.  xxv.  138  ;  also  Ann.  Ch.  Pharm.  xxx.  106.) 
*  Properties. — Lactic  acid  is  a  colourless  liquid  of  syrupy  consistence,  and  specific 
gravity  1'215  at  20'5°  C.  It  is  inodorous,  but  has  an  intensely  sour  taste.  It  absorbs 
moisture  from  the  air ;  dissolves  in  all  proportions  in  water  and  alcohol,  somewhat  less 
freely  in  ether.  It  does  not  solidify  at  —  24°  C. 

Decompositions. — 1.  Dry  distillation.  The  acid,  when  very  gradually  heated,  becomes 
less  viscid ;  gives  off  at  130°,  slowly  and  without  evolution  of  gas,  colourless  water,  toge- 
ther with  a  small  quantity  of  lactic  acid,  and  leaves  a  pale  yellow,  solid,  easily  fusible, 
extremely  bitter  residue  of  lactic  anhydride  (dilactic  acid),  CfiH1005==2C3Hfi03  —  H'-'O. 
This  residue  remains  unaltered  up  to  250°,  but  from  250°  to  300°,  at  which  tempera- 
ture the  decomposition  is  complete,  gives  off  carbonic  oxide  gas,  mixed  at  first  with 
4  or  5,  and  at  last  with  50  per  cent,  of  its  volume  of  carbonic  anhydride  (altogether  a 
quantity  of  gas  amounting  to  33*1  per  cent,  of  the  lactic  anhydride),  and  yields  a 
distillate  amounting  to  90  per  cent,  of  the  anhydride,  and  consisting  of"  lactirfc, 
C6H804  =  2C3H603-2H-0  (p.  464),  which  crystallises  out  on  cooling  and  likewise 
sublimes,  of  lactone  (p  464),  with  small  quantities  of  acetone,  and  an  odoriferous  oil 
insoluble  in  water,  whilst  a  quantity  of.  difficultly  combustible  charcoal  remains, 
amounting  to  6-9  per  cent,  of  the  anhydride  (Pelouze).  The  anhydride,  which 
remains  undecomposed  after  heating  to  240°,  gives  off,  when  kept  for  some  time 
between  250°  and  260°,  carbonic  oxide  mjlxed  with  3  or  4  per  cent,  of  its  bulk  of 
carbonic  anhydride  (without  any  carburetted  hydrogen) ;  yields  a  yellowish  distillate, 
which  deposits  crystals  of  lactide,  and  contains,  in  addition  to  the  lactide  (amounting 
to  14'9  per  cent,  of  the  anhydride),  nothing  but  ordinary  lactic  acid,  citraconic  acid, 
aldehyde  (amounting  to  12'2  per  cent,  of  the  anhydride),  but  neither  acetone  nor 
lactone ;  and  leaves  1  or  2  per  cent,  of  shining,  easily  combustible  charcoal.  The 
aldehyde  and  the  citraconic  acid  [?]  are  perhaps  merely  products  of  decomposi- 
tion of  the  lactide,  C8H804  =  2C*H40  +  200.  The  ordinary  lactic  acid  is  formed  from 
a  portion  of  the  anhydride  by  addition  of  the  water  set  free  by  the  conversion  of  the  re- 
mainder into  lactide.  If  the  anhydride  be  distilled  at  300°  instead  of  260°,  less  lactic 
acid  and  lactide  are  obtained,  and  more  aldehyde  (Engelhardt).  Lactic  acid,  when 
heated,  gives  off  pungent  vapours  which  excite  coughing,  and  yields  abrownempyreumatic 
oil,  together  with  an  acid  liquid,  the  acid  of  which  is  neither  lactic  nor  acetic  acid,  but 
forms  a  viscid  uncrystallisable  saltwith  oxideof  zinc  (Braconnot,  Ann.  Ch.  Phys.l.  375). 
It  yields  a  watery  distillate  continually  becoming  more  acid,  the  first  portion  of  which, 
however,  assumes  a  syrupy  consistence  when  evaporated  in  vacua,  and  if  then  gently 
heated  in  contact  with  the  air,  deposits  crystals  of  lactide ;  it  afterwards  yields  an  oil 
and  then  a  buttery  mass,  which  solidifies  in  the  neck  of  the  retort,  and  when  exhausted 
with  cold  ether,  leaves  scales  and  ultimately  rhombic  laminae.  Lastly,  there  remains  a 
shining,  tumefied  charcoal.  The  acid  which  remains  after  partial  distillation  likewise 
contains  a  certain  quantity  of  lactide  ;  and  on  boiling  this  acid  with  ether  and  cooling 
the  liquid,  the  lactide  crystallises  out  (Corriol).  By  continued  heating  to  between 
180°  and  200°,  the  acid  is  much  more  quickly  converted  into  the  anhydride,  and  yields 
a  much  more  copious  distillate  of  the  unaltered  acid,  than  between  130°  and  140°; 
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and  if  a  platinum  wire  bo  immersed  in  the  liquid,  the  lactic  acid  may  be  distilled  over 
quite  unaltered,  and  with  regular  ebullition  (Engelhardt).  If  the  lactic  acid  con- 
tains a  small  quantity  of  sulphuric  acid,  it  yields  only  carbonic  oxide  gas,  no  carbonic 
anhydride  (Pclouze).  If  it  contains  the  smallest  quantity  of  impurity,  albumen  for 
example,  it  does  not  yield  any  sublimate  of  lactide  (Gray -L  us  sac  and  Pelouze). 
Lactic  acid,  heated  slowly  in  contact  with  the  air,  boils  gently,  emitting  a  suffocating 
odour,  swells  up,  blackens,  and  leaves  a  spongy  charcoal.  (Berzelius.) 

2.  Lactic  acid  (or  ferrous  lactate),  mixed  with  a  sixfold  quantity  of  oil  of  vitriol, 
and  gently  heated,  froths  up  briskly,  acquires  a  dark-brown  colour ;  gives  off  about  ~ 
of  its  weight  of  pure  carbonic  oxide  gas ;  and  at  a  higher  temperature,  yields  about  ~  of 
its  weight  of  a  humus-like  substance.     (Pelouze.) 

3.  Boiling  nitric  acid  converts  lactic  into  oxalic  acid.     (Jules  Gay-Lussac  and 
Pelouze.) 

4.  Lactic  acid  and  its  salts,  distilled  with  small  quantities  of  common  salt,  peroxide 

with  larger  quantities, 


lactic  acid  is  converted,  first 
into  oxalic  acid,  then,  with  effervescence,  into  carbonic  anhydride.     (Cap  and  Henry.) 
G.  When  treated  with  peroxide  of  barium  or  of  lead,  it  is  converted  chiefly  into  oxalic 
acid.     (Cap  and  Henry.) 

7.  .Distilled  with  dilute  sulphuric  acid  and.  peroxide  of  manganese  or  peroxide  of  'lead, 
it  yields  a  large  quantity  of  aldehyde,  together  with  carbonic  anhydride.     (Liebig.) 

8.  Lactate  of  calcium  distilled  with  pentachloride  of  phosphorus,  yields  chloride  of 
lactyl  (C3H40)".C12 : 

C3HT2°J02  +  PC1S     =     C3H4OC12  +  PCPO   +  H20. 

9.  Hydriodic  acid,  or  a  mixture  of  di-iodide  of  phosphorus  with  a  small  quantity  of 
water,  reduces  lactic  acid  to  propionic  acid : 

C3H603  +   2H2     =     C3H602  +  H20. 

Lactic  acid.  Propionic 

acid. 
(Lautemann,  Ann.  Ch.  Pharm.  cxiii.  217.) 

10.  The  action  of  fuming  sulphuric  acid  upon  lactic  acid  or  lactate  of  calcium  pro- 
duces di-sulphometholic  acid.     (Strecker,  Ann.  Ch.  Pharm.  cxviii.  291.) 

Sarcolactic  or  Paralactic  Acid.  In  1806,  Berzelius  discovered  an  acid  in 
muscular  flesh  which  he  believed  to  be  identical  with  the  lactic  acid  prepared  from 
milk.  In  18-17,  Liebig  (Ann.  Ch.  Pharm.  Ixii.  278  and  326)  showed  that  this  acid, 
though  similar  to  the  acid  of  sour  milk  in  composition  and  in  many  other  respects, 
nevertheless  exhibited  distinct  differences  from  it  in  some  of 'its  salts.  He  therefore 
distinguished  it  by  the  name  Sarcolactic  acid  (Flcischmilchsaurc},  in  place  of 
which  Paralactic  acid  was  ^proposed  by  Heintz  (Pogg.  Ann.  Ixxv.  391).  In  1858,  it 
was  found  by  Strecker  (Ann!  Ch.  Pharm.  cv.  313)  that,  by  heating  paralactic acid  for  a 
long  time  to  130°  or  140°  and  dissolving  the  resulting  lactic  anhydride  in  water,  this 
acid  may  be  transformed  into  ordinary  lactic  acid. 

Preparation. — Chopped  flesh  is  exhausted  with  cold  water  or  dilute  alcohol ;  the  in- 
fusion is  mixed  with  baryta-water;  the  albumin  is  coagulated  by  boiling,  and  removed 
by  filtration;  and  the  clear  liquid  is  concentrated  by  evaporation.  Sulphuric  acid  is 
added  to  the  syrupy  residue,  and  it  is  shaken  with  ether,  which  then  leaves  paralac- 
tic acid  when  evaporated. 

The  difference  between  Sarcolactic  and  ordinary  lactic  acids  is  most  distinctly  marked 
in  their  calcium-  and  zinc-salts  (see  below,  Lactate  of  calcium  and  Lactate  of 
zinc) :  the  acids  themselves  are  hardly  to  be  distinguished. 

Thebolactic  acid.  This  is  another  modification  of  lactic  acid  found,  by  T.  and 
H.  Smith,  of  Edinburgh,  in  the  mother-liquors  of  the  preparation  of  morphine.  Some 
of  its  salts  are  said  to  differ  in  certain  respects  from  ordinary  lactic  acid  (see  THEBO- 
LACTIC  ACID). 

Lactates.  The  best  known  salts  of  lactic  acid  are  of  the  form  C3H5M03 :  there 
are  also  acid  salts  containing  C3H5M03.C3Hli03,  and  double  salts,  C3H5M03.CSHSM'03. 
The  existence  of  these  acid  and  double  salts  led  Gerhardt  and  other  chemists  to 
double  the  formula  of  lactic  acid,  making  it  CBHI1!Oa,  and  regarding  the  neutral  salts  as 
C6H10M206,  and  the  acid  salts  as  C6H"M03.  But  the  relations  between  lactic  and  pro- 
pionic acids  have  induced  chemists  in  general  to  return  to  the  lower  formula  of  lactic 
acid,  and  to  regard  the  acid  lactates  as  constituted  like  the  acid  acetate  of  potassium 
(i.  17).  Moreover,  Wurtz's  discovery  of  the  diethylic  lactate  would  render  it  necessary 
to  regard  the  acid  with  the  higher  formula  as  tetrabasic,  for  which  there  is  no  warrant. 

The  crystalline  lactates  do  not  effloresce  on  exposure  to  the  air,  but  give  off  water 
in  vacuo,  and  the  whole  of  it  at  100°,  excepting  the  acid  nickel-salt  which  retains  it  till 
heated  to  130°.  They  sustain  a  heat  of  150°  to  170°  without  decomposition;  the 
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zinc-salt  may  be  heated  even  to  200°.  They  arc  for  the  most  part  sparingly  soluble  in 
cold  water,  and  effloresce  rapidly  from  their  solutions  :  they  are  all  insoluble  in  ether. 

LACTATE  OF  AMMONIUM. — Obtained  by  neutralising  the  acid  with  ammonia.  Forms 
prismatic  crystals  which  deliquesce  and  giro  off  ammonia  when  exposed  to  the  air. 

LACTATE  OF  ANTIMONY. — Oxide  of  antimony  dissolves  in  lactic  acid  or  in  acid 
lactate  of  potassium,  but  does  not  form  a  crystalline  salt. 

LACTATE  OF  BARIUM. — The  nevtral  salt  is  uncrystallisable  and  very  soluble  in 
water.  The  acid  salt,  Ba"(C3H503)2.2C3H603,  is  obtained  by  adding  to  a  solution  of  the 
neutral  salt  a  quantity  of  lactic  acid  equal  to  that  which  it  already  contains.  It  is 
then  deposited  in  crystals  which  may  be  purified  by  washing  with  alcohol.  It  is  not 
altered  by  exposure  to  the  air  or  in  vacua.  It  dissolves  easily  in  water.  Gives  off  an 
aromatic  odour  at  100°. 

LACTATE  OF  BISMUTH. — Only  two  basic  salts  are  known  :  a.  2Bi'"(C3IP03)3.Bi203. 
This  salt  is  obtained  in  needles  by  treating  hydrate  or  carbonate  of  bismuth  with 
lactic  acid,  and  evaporating.  A  better  mode  of  preparing  it  is  to  mix  the  concentrated 
solutions  of  nitrate  of  bismuth  and  lactate  of  sodium — the  latter  in  slight  excess,  whereby 
a  crystalline  pulp  is  precipitated  consisting  of  lactate  of  bismuth  mixed  with  nitre. 
On  redissolving  this  in  a  small  quantity  of  water,  and  leaving  the  solution  at  rest,  the 
lactate  of  bismuth  is  deposited  in  crystalline  crusts. 

/3.  Bi'"(C3H503)3.2Bi203. — By  proceeding  in  the  manner  just  described,  but  with 
boiling  solutions,  or  by  adding  nitrate  of  bismuth  drop  by  drop  to  a  solution  of  lactate 
of  sodium,  the  salt  )8  is  precipitated  as  a  powder  unalterable  in  boiling  water.  It 
appears  also  to  be  produced  by  the  solution  of  o. 

LACTATE  OF  CADMIUM,  Cd"(C3H503)2. — Obtained  in  small  needles  by  dissolving 
carbonate  of  cadmium  in  the  acid.  When  deposited  from  a  boiling  solution,  it  is 
anhydrous.  Insoluble  in  alcohol.  JLMvbj 

LAC>ATES  OF  CALCIUM.— The  neutral  ac£ta&}  Ca"(C3H503)2.4H20  and  Ca"(C3H503)-. 
6H20,  is  obtained  by  saturating  a  boiling  solution  of  lactic  acid  with  carbonate  of 
calcium,  and  evaporating  the  filtered  liquid.  It  is  also  produced  abundantly  when  a 
solution  of  sugar  mixed  with  cheese  and  carbonate  of  calcium  is  left  to  itself  for  some 
weeks  at  a  temperature  of  20°  to  30°  C.  According  to  Corriol,  the  same  salt  is  de- 
posited from  an  infusion  of  nux  vomica  which  has  fermented  for  a  few  days.  It  is  de- 
posited from  an  aqueous  or  alcoholic  solution  in  small,  very  white,  mammellated  crystals. 
It  dissolves  in  all  proportions  in  water  and  in  alcohol  at  the  boiling  heat,  but  cold 
water  dissolves  only  traces  of  it. 

The  characters  of  this  salt  differ  somewhat  according  as  it  has  been  prepared  with 
lactic  acid  a  extracted  from  muscular  flesh  (sarcolactic  acid),  or  from  lactic  acid  0, 
produced  by  the  fermentation  of  sugar. 

The  salt  of  the  acid  a,  deposited  from  an  aqueous  solution,  contains  2  at.  water ;  that 
of  the  acid  )8  crystallised  in  the  same  way  contains  5  at.  Ca"(C3H503)2.5H-0.  The 
lactate  a  retains  its  water  of  crystallisation  at  100°  longer  than  the  salt  j8.  Lastly,  the 
salt  a  requires  12*4  pts.  of  water  to  dissolve  it ;  whereas  the  salt  0  dissolves  in  9-o  pts. 
Pure  lactate  of  calcium,  dried  at  100°,  and  containing  Ca"(C3II503)3,  loses  water  at 
280°,  and  is  converted  into  dicalcic  dilactate,  C8HbCa"05  (DILACTIC  ACID,  p.  461). 
(WurtzandFriedel.) 

Acid  lactate  of  calcium,  Ca"(C3Hs03)2.2C3H603.3H20,  obtained  by  mixing  a  solution 
of  the  neutral  lactate  with  as  much  lactic  acid  as  it  already  contains,  forms  crystalline 
masses  resembling  wavellite.  It  dissolves  in  absolute  alcohol,  gives  off  its  water  of 
crystallisation  at  80°,  and  rapidly  turns  brown  at  a  higher  temperature. 

Lactate  of  calcium  and  potassium. — Obtained  by  incompletely  precipitating  a  solu- 
tion of  lactate  of  calcium  with  carbonate  of  potassium.  It  forms  hard  crystals  soluble 
in  water. 

Lactate  with  chloride  of  calcium,  Ca"(C3H503)2.Ca"Cl2.6H20.— Obtained  in  prisms  by 
mixing  the  solutions  of  the  two  salts,  and  concentrating  the  liquid  considerably. 

LACTATE  OF  CHROMIUM  is  an  uncrystallisable  salt. 

LACTATE  OF  COBALT,  Co"(C3H503)2.6H20. — Peach-blossom-coloured  needles,  nearly 
insoluble  in  cold  water,  moderately  soluble  in  boiling  water,  insoluble  in  alcohol.  Its 
solution  lias  a  slight  acid  reaction. 

LACTATE  OF  COPPER,  Ca"(C3H503)2.3H20  and  2H20,  is  obtained  by  precipitating 
sulphate  of  copper  with  lactate  of  barium,  or  by  boiling  carbonate  of  copper  with  lactic 
acid.  By  the  latter  method  a  basic  salt  is  also  produced,  from  which  the  product  must 
be  purified  by  recrystallisation  or  by  addition  of  lactic  acid. 

Lactate  of  copper  o  (sarcolactate)  crystallises  in  sky-blue  nodules  containing  3  at. 
water,  which  it  does  not  give  up  at  100°  till  after  a  considerable  time ;  whereas  ft  forms 
larger  crystals,  of  a  green  or  very  dark  blue  colour,  and  containing  2  at.  water,  which 
they  give  off  by  simple  desiccation  over  sulphuric  acid.  The  salt  a  exposed  to  a 
gradually  increasing  heat  does  not  exhibit  any  change  below  210°  ;  but  at  that  tem- 
perature it  takes  fire  and  burns,  leaving  a  residue  of  metallic  copper.  0  heated  in  like 
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manner  decomposes  at  140°,  leaving  a  residue  of  cuprous  oxide.  Lastly,  a  dissolves 
in  1'95  pt.  cold  water,  in  1'24  pt.  boiling  water,  and  in  a  small  proportion  of  alcohol ; 
whereas  /8  requires  for  solution  6  pts.  of  cold  water,  22  pts.  boiling  water,  115  pts.  cold 
alcohol,  and  26  pts.  boiling  alcohol. 

LACTATES  OP  IKON. — Ferrous  lactate,  Fe"(C3HiO:))2.3H20,  may  be  prepared  by 
decomposing  the  calcium-salt  with  ferrous  sulphate,  or  by  mixing  lactate  of  ammonium 
with  ferrous  chloride  in  presence  of  alcohol ;  also  by  boiling  dilute  lactic  acid  with  iron- 
filings.  It  forms  small  crystals  having  a  slight  greenish  tint ;  their  solution  oxidises 
but  slowly  on  exposure  to  the  air.  This  salt  is  scmetimes  used  medicinally  in  the 
treatment  of  chlorosis. 

Ferric  lactate  is  a  brown  amorphous  mass,  deliquescent,  and  very  soluble  in  water. 

LACTATE  OF  LEAD.— By  treating  carbonate  of  lead  with  boiling  lactic  acid,  a  neutral 
liquid  is  obtained,  which  when  evaporated  deposits  a  mass  of  small  pellicles,  and 
acquires  an  acid  reaction. 

LACTATE  OF  MAGNESIUM,  Mg"(C3H503)2.4H20  and  3H20.— Obtained  by  dissolving 
magnesia  in  lactic  acid.  Crystallises  in  prisms  permanent  in  the  air,  soluble  in  water, 
insoluble  in  alcohol.  The  salt  a  (sarcolactate)  contains  4  at.  water:  the  salt  j8  con- 
tains 3  at.  The  salt  a  is  also  much  more  soluble  in  water  and  alcohol  than  j8. 

LACTATE  OF  MANGANESE,  Mn"(C3H503)2.3H20.— Large,  brilliant,  amethyst-coloured 
crystals,  moderately  soluble  in  cold  water,  very  soluble  in  hot  water ;  soluble  also  in 
alcohol. 

LACTATES  OF  MERCURY. — Mcrcurous  lactate,  (Hg2)2(C3H503)2.2H20.  Rose-coloured 
or  crimson  crystals,  obtained  by  mixing  the  boiling  solutions  of  lactate  of  sodium  and 
mcrcurous  nitrate. 

Mercuric  lactate. — The  neutral  salt  is  not  known.  A  basic  salt,  Hg"(C3IIs03)2.Hg"0, 
is  obtained  by  boiling  mercuric  oxide  with  dilute  lactic  acid  till  the  liquid  is  saturated. 
The  solution  yields  by  evaporation  a  yellow  salt,  insoluble  in  water,  and  a  colourless 
salt  which  is  very  soluble.  The  latter,  which  has  the  composition  above  given, 
crystallises  in  shining  prisms  which  effloresce  rapidly  in  the  air,  and  are  very  sparingly 
soluble  in  alcohol. 

LACTATE  OF  NICKEL,  Ni"(C3H503)2.3H20. — Apple-green  needles,  very  soluble  in  cold 
water,  more  soluble  in  hot  water,  insoluble  in  alcohol.  The  solution  has  a  slight  acid 
reaction.  According  to  Engelhardt,  the  salt  a  gives  off  the  whole  of  its  water  at  100°, 
but  /8  does  not  part  with  the  third  atom  before  130°. 

LACTATE  OF  POTASSIUM. — Very  soluble,  and  crystallises  with  difficulty. 

LACTATE  OF  SILVER.  AgC3H503.H20. — Obtained  by  boiling  carbonate  of  silver 
with  lactic  acid.  It  forms  silky  needles  grouped  in  nodules,  neutral  to  test-paper, 
blackening  quickly  by  exposure  to  light,  very  soluble  in  warm  alcohol,  nearly  insoluble 
in  cold  alcohol.  The  aqueous  solution,  when  boiled  for  some  time,  acquires  a  fine 
blue  colour,  and  deposits  brown  flakes.  It  may  be  heated  to  80°  without  decomposing, 
but  blackens  and  gives  off  gas  at  100°.  The  air-dried  salt  contains  2  at.  water,  which 
it  gives  off  in  vacuo. 

LACTATES  OF  SODIUM. — Monosodic  lactate,  NaC3H503.  An  amorphous,  deliquescent 
mass,  very  soluble  in  water  and  absolute  alcohol ;  ether  precipitates  it  from  its  alcoholic 
solution.  Dried  at  140°,  it  possesses  the  above  composition.  (Wislicenus.) 

Disodic  lactate. — Monosodic  lactate  heated  to  130°  is  acted  on  by  sodium,  hydrogen 
being  liberated  and  a  sodium-salt  formed,  which,  together  with  iinaltered  monosodic 
lactate,  contains  disodic  lactate.  The  product  thus  obtained  is  a  bright  yellow,  very 
hard  and  brittle  mass.  It  deliquesces  quickly  in  the  air.  When  covered  with  water, 
it  is  decomposed,  with  very  perceptible  development  of  heat,  into  monosodic  lactato 
and  hydrate  of  sodium.  The  deliquesced  salt  absorbs  carbonic  anhydride  from  tho 
air;  so  that  when  it  has  been  long  exposed,  absolute  alcohol  dissolves  out  monosodic 
lactate,  leaving  a  residue  of  carbonate  of  sodium.  Disodic  lactate  appears  to  dissolve 
without  alteration  in  perfectly  anhydrous  alcohol.  With  iodide  of  methyl,  it  yields 
iodide  of  sodium  and  methyl-lactate  of  sodium.  (Wislicenus,  Ann.  Uh.  Pharm. 
cxxv.  49.) 

LACTATE  OF  STRONTIUM,  Sr"(C3H503)2.3H20.— Neutral  and  very  soluble. 

LACTATE  OF  TIN.  Stannous  lactate.  Sn"(C3JP03)2.Sn"0. — This  basic  salt  is  obtained 
by  mixing  an  acid  solution  of  stannous  chloride  with  lactate  of  sodium.  It  is  a  white 
crystalline  powder,  insoluble  in  cold  water,  very  soluble  in  hydrochloric  acid ;  soluble 
also  in  acetic  acid  after  prolonged  ebullition. 

Stannic  chloride  mixed  with  lactate  of  sodium  dees  not  yield  crystals,  or  a  precipi- 
tate even  after  concentration  to  a  syrup. 

LACTATE  OF  URANIUM.— Uranic  lactate,  (U:02)"(CSH503)2,  is  obtained  in  yellow 
crystalline  crusts  by  evaporating  a  solution  of  uranic  oxide  in  lactic  acid. 

LACTATE  OF  /INC,  Zn"(C3H503)2.3H-0  and  2H-0. — Prepared  by  boiling  carbonate  of 
zinc  with  lactic  acid.  The  salt  cj. (sarcolactate)  is  deposited,  as  the  solution  cools,  in 
very  dilute  needles,  irregularly  grouped ;  on  touching  the  vessel,  these  groups  separate, 
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and  the  whole  of  the  liquid  solidifies  to  a  pulp.  The  salt  £  forms  sometimes  shining 
crusts,  sometimes  large  needles  irregularly  grouped. 

The  salt  o  contains  1  at,  the  salt  j8  f  at.  water,  which  it  gives  off  quickly  at  100°  ; 
whereas  o  requires  heating  for  several  hours  to  dehydrate  it  completely.  j8  may  be 
heated  without  alteration  to  210°,  whereas  a  begins  to  give  off  empyreumatic  vapours 
between  100°  and  150°. 

The  two  salts  also  differ  greatly  in  solubility,  a  dissolves  in  2-88  pts.  of  boiling  and 
57  pts.  of  cold  water ;  in  2'23  pts.  of  cold  alcohol,  and  in  about  the  same  quantity 
with  boiling  heat.  The  salt  ft  requires  for  solution  6  pts.  of  boiling  water,  58  pts.  of 
cold  water,  and  is  nearly  insoluble  in  alcohol. 

According  to  Li  ebig,  the  neutral  salt  prepared  with  lactic  acid  from  Bourcrout  splits 
up,  when  its  solution  is  mixed  with  alcohol,  into  a  basic  and  an  acid  salt.  Engelhardt 
did  not  observe  this  decomposition  of  the  zinc-salt  prepared  with  lactic  acid  obtained 
by  the  fermentation  of  sugar. 

Derivatives  of  Lactic  acid. 

C2H30    10 
Acetolactic  acid.     CSH804  =  (C3H40)"|     .     (Wislicenus,  Ann.  Ch.  Pharm. 

cxxv.  60.)— Obtained  from  acetolactate  of  ethyl  (vid.  inf.]  by  heating  it  with  water  to 
150°  for  two  or  three  hours.  It  is  a  thick,  syrupy  liquid ;  very  easily  soluble  in  water ; 
and  has  an  agreeable,  purely  acid  taste,  without  any  irritating  after-taste.  It  is  not 
volatile  without  decomposition,  but  is  carried  over  to  a  considerable  extent  by  water- 
vapour;  even  then,  however,  it  is  partially  decomposed  into  acetic  and  lactic  acids. 
Under  all  circumstances,  indeed,  both  the  acid  and  its  salts  readily  undergo  decompo- 
sition into  these  two  acids. 

Acetolactate  of  barium,  Ba"(CsH70*)2.4H20.— Acetolactic  acid  dissolves  carbo- 
nate of  barium,  with  evolution  of  carbonic  anhydride.  The  solution  is  warmed  for  a 
very  short  time  with  excess  of  the  carbonate,  in  order  to  complete  the  neutralisation 
(longer  heating  would  cause  decomposition  into  lactate  and  carbonate) ;  then  filtered, 
and  evaporated  to  a  syrup  on  the  water-bath.  This  syrup  becomes  a  tough  mass  on 
Cooling,  and  dries  up  over  sulphuric  acid  in  vacua  to  a  brittle  and  pulverisablo  sub- 
stance resembling  gum.  It  then  still  retains  4  molecules  of  water,  two  of  which  are 
given  off  at  100°,  the  remainder  only  at  140°.  Acetolactate  of  barium  is  very  soluble  in 
water,  and  dissolves  also  in  absolute  alcohol.  Ether  produces  in  the  alcoholic  solution 
a  llocculent  precipitate,  which  soon  unites  into  a  tough,  sticky  mass. 

Acetolactate  of  copper. — Obtained  as  a  blue-green,  amorphous,  gummy  mass,1  >y 
decomposing  the  barium-salt  with  sulphate  of  copper,  and  evaporating.  It  dissolves 
easily  in  water  and  alcohol,  and  becomes  moist  when  exposed  to  the  air. 

Acetolactate  of  sine,  Zn"(C5H704)2. — A  cold  solution  of  acetolactate  of  barium  is 
decomposed  with  an  exactly  equivalent  quantity  of  sulphate  of  zinc,  and  the  liquid  is 
evaporated  over  sulphuric  acid  without  the  aid  of  heat.  The  gummy  mass  thus 
obtained  contains  imbedded  crystals  of  lactate  and  acetate  of  zinc.  To  separate  these, 
the  acetolactate  of  zinc  is  dissolved  out  by  a  small  quantity  of  absolute  alcohol.  By 
evaporating  the  solution  in  vacuo,  the  salt  is  left  as  a  gummy  mass,  which,  when 
thoroughly  dried  over  sulphuric  acid,  is  not  decomposed  at  110°.  Its  solutions,  both 
aqueous  and  alcoholic,  become  quickly  acid,  owing  to  the  extraordinary  ease  with  which 
the  salt  decomposes  into  acetate  and  lactate  of  zinc,  and  acetic  and  lactic  acids. 

C'H'O    10 

Acetolactate  of  ethyl,  CKHM04-(C*H40)''J    .-Formed  by  the  action  of  chloride 

C2H*      }0 

of  acetyl  on  monethylic  lactate  (p.  463).  This  reaction,  which  was  first  mentioned  by 
Perkin  (Zeitschr.  Chem.  Pharm.  1861,  p.  166),  has  been  further  investigated  by 
"Wislicenus  (loc.cit.  p.  58). 

Acetolactate  of  ethyl  is  a  colourless,  mobile  liquid,  of  an  agreeable,  aromatic  smell, 
recalling  that  of  Calville-apples.  It  is  neutral,  and  insoluble  in  water,  but  is  gradually 
decomposed  by  it  into  alcohol  and  acetolactic  acid  (see  above).  It  dissolves  in  alcohol 
and  ether  in  all  proportions,  and  is  precipitated  by  water  from  its  alcoholic  solutions. 
Boiling  pouit  177°,  under  733  mm.  pressure.  Specific  gravity,  1-0458  at  17°,  water  at 
the  same  temperature  being  taken  as  unity;  vapour-density,  found  570,  calculated  5'54. 

Benzolactic  acid.    CIOH'°04.     (See  vol.  i.  p.  561.) 

C'H'O    10 

Butyrolactlc  acid.     C'HI204  =  (C3H40)":J    .     (See  vol.  i.  p.  697 To  the  de- 
ll      }0 

Bcription  there  given  of  butyrolactate  of  ethyl,  we  add  the  following  particulars.) 
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Boiling  point,  208°.  Vapour-density,  found  673,  calculated  6-51.  Heated  with  caustic 
potash  in  a  scaled  tube,  it  is  decomposed  into  alcohol,  and  lactato  and  butyrate  of 
potassium.  (Wurtz,  Ann.  Ch.  Phys.  [3]  lix.  177.  —  This  mode  of  decomposition  is 
important,  since,  were  Kolbe's  view  of  the  constitution  of  butyrolactic  acid  correct,  it 
ought  to  yield  propionate  and  butylactate  (oxybutyrate)  of  potassium  when  decomposed 
by  potash.  (Compare  Ann.  Ch.  Pharm.  cxiii.  234,  235,  also  vol.  ii.  p.  701  of  this  work.) 
Dilactic  acid.  Anhydrous  lactic  acid  (Pelouze),  Acide  lactidique  (Laurent). 

(C3H40)") 
C6H1005    =    (C3H40)'H02.    This  substance  remains  as  a  pale-yellow,  amorphous, 

easily  fusiblo  mass,  when  lactic  acid  is  exposed  for  some  time  to  a  temperature 
between  130°  and  200°.  It  is  converted  into  lactic  acid,  slowly  by  ebullition  with 
water,  quickly  by  the  action  of  aqueous  alkalis.  By  dry  distillation,  it  is  converted 
into  lactido  (p.  464).  With  gaseous  ammonia  it  yields  the  compound  OH'WO4, 
commonly  called  lactamate  of  ammonium,  but  more  correctly  dilactylamate  of  ammonium 
(p.  453). 

Dilactate  of  calcium,  C6H8Ca"05.  —  Obtained  by  Cheating  lactate  of  calcium, 
previously  dried  at  100°,  to  280°.  It  is  much  less  soluble  in  absolute  alcohol  than  lactate 
of  calciam.  (Wurtz  and  Friedel.) 


Dilactate  of  ethyl  Monethylic  dilactate,  C8H''05  =  /clP0''  is   formed 
the  action  of  chloropropionate  of  ethyl  on  lactate  of  potassium: 
(C3H40)")C1 


HK 

Chloropropionate  of        Lactate  of  Monethylic 

ethyl.  potassium.  dilactate. 

It  is  a  colourless,  oily  liquid,  of  specific  gravity  T134  at  0°  ;  boiling  point  about  235°. 
It  is  decomposed,  when  heated  with  water  in  sealed  tubes,  into  alcohol  and  lactic 
acid.  (Wurtz  and  Friedel,  Ann.  Ch.  Phys.  [3]  Ixiii.  112.) 

MONOSULPHODILACTIC  ACID,  C6H1004S.  (Schacht,  Ann.  Ch.  Pharm.  cxxix.  4.)  —  • 
This  acid  was  obtained  as  the  product  of  an  operation  conducted  with  a  view  to  the 
preparation  of  sulpholactic  acid  (p.  462).  Instead  of  neutralising  the  aqueous  solu- 
tion of  the  crude  product  containing  sulpholactate  of  potassium  (see  p.  462)  with 
hydrochloric  acid,  it  was  neutralised  with  dilute  sulphuric  acid,  and  a  further  quantity 
of  sulphuric  acid  was  then  added,  sufficient  to  decompose  the  sulpholactate  only.  Mono- 
sulphodilactic  acid  then  separated  at  the  surface  of  the  concentrated  saline  solution, 
and  was  obtained  pure  by  solution  in  ether  and  evaporation  under  the  air-pump. 

Monosulphodilactic  acid  is  soluble  in  water,  alcohol,  and  ether,  but  does  not  crys- 
tallise. It  contains  the  elements  of  two  molecules  of  sulpholactic  acid  minus  one  mole- 
cule of  sulphydric  acid  : 

2C3H602S  -  H2S     =     C6H'°04S. 

By  oxidation  with  dilute  nitric  acid,  it  yields  dilactyl  sulphurous  acid,  C6H10S07 
(Dipropionschwefels'dure,  Schacht),  the  barium-salt  of  which  is  a  white  amorphous 
powder  containing  CGH8Ba2S07. 

Ethyl-lactic  acid.    See  LACTIC  ETHEES  (p.  463). 

Xiactylsulphurous  acid.  Sulphopropionic  acid,  C9H6S05.  —  This  acid  is  formed  by 
the  action  of  fuming  sulphuric  acid  on  cyanide  of  ethyl,  or  on  propionamide,  in  the 
process  for  preparing  disulphetholic  acid  (Buckton  and  Hofmann,  Chem.  Soc.  Qu.  J. 
ix.  251)  ;  also  when  sulpholactic  acid  is  oxidised  with  dilute  nitric  acid.  (Schacht.) 

Lactylsulphite  of  Ammonium  is  exceedingly  soluble  in  water,  and  uncrystal- 
lisable.  Absolute  alcohol  throws  it  down  as  a  thick  treacly  mass. 

Lactylsulphite  of  Barium,  C3H4Ba"S05,  crystallises  from  a  saturated  boiling 
solution  in  fine  silky  crystals,  arranged  in  spherical  groups.  It  may  be  dried  at  170° 
without  decomposition. 

DILACTYLSULPHUROUS  ACID.    See  above. 

Lactyl-  and  dilactylsulphurous  acids  may  be  regarded  as  containing  the  radicles  of 
lactic  and  sulphurous  acids,  and  may  be  represented  by  the  following  rational 
formulae  : 

(C3H40) 


Lactylsulphurous  acid.  Dilactylsulphurons  acid. 

Methyl-lactic  acid.    See  LACTIC  ETHERS  (p.  464). 
Succino  -lactic  acids.    The  only  known  representatives  of  these  substances  aw 
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diethylic  succinolactate,  CnH18Ofi,  and  diethylic  succinodilactato,  C14H2208.  Diethylic 

(C4H408)") 
succino  lactate,  (CSH40)'HOS,  is  an  oily  liquid,  insoluble  in  water,  boiling  at  280°, 

f  (C2IP)2J 

and  of  specific  gravity  1*119  at  0°,  formed  by  the  action  of  chloropropionic  ether  on 
succinate  of  ethyl  and  potassium  in  presence  of  alcohol.  It  is  decomposed,  when  heated 
with  baryta-water,  into  alcohol  and  succinate  and  lactate  of  barium. 

C4H402  ) 
Diet  hylic  succinodilactate,  (C3H40)2  \Q\  ig  a  liquid  boiling  between  250°  and 

(C2H&)2  J 

270°,  produced  by  the  action  of  chloropropionate  of  ethyl  upon  succinate  of  potassium. 
(Wurtz  and  Friedel.) 


Sulpholactic  acid,  C8H802S  =  ^g2u >  J°.     (Schacht,    Ann.   Ch.  Pharm. 

cxxix.  1.) — The  potassium- salt  of  this  acid  is  formed  when  an  intimate  mixture  of 
chloropropionate  of  potassium  and  sulphydrate  of  potassium  is  heated  for  four  or  five 
hours  to  a  little  above  100° : 

C3H4KC102  +  HKS     =     C8H5K02S  +  KC1 

Chloropropionate  Sulpholactate 

of  potassium.  of  potassium. 

To  prepare  the  acid,  the  mixture  of  chloride,  phosphate,  and  chloropropionate, 
obtained  by  neutralising  with  carbonate  of  sodium  the  crude  product  of  the  distillation 
of  lactate  of  calcium  with  pentachloride  of  phosphorus,  is  mixed  with  sulphydrate  of 
potassium  (1  molecule  of  the  latter  for  each  molecule  of  lactate  used),  and  the  solution 
is  evaporated  and  the  residue  heated  as  above.  The  product  of  this  operation  is  dis- 
solved in  water,  saturated  with  hydrochloric  acid,  warmed  to  expel  sulphydric  acid, 
largely  diluted,  made  slightly  alkaline  with  ammonia,  and  precipitated  with  acetate  of 
lead.  The  lead-precipitate  is  thoroughly  washed  with  cold  water,  then  decomposed 
with  sulphydric  acid,  and  the  filtered  liquid  repeatedly  evaporated  to  a  syrup  to 
remove  the  hydrochloric  acid.  The  residue  is  dissolved  in  water  and  neutralised  at 
the  boiling  heat  with  carbonate  of  barium,  which  causes  a  precipitate  of  phosphate  of 
barium,  while  sulpholactate  of  barium  remains  in  the  solution.  From  this  solution 
the  acid  is  again  thrown  down  as  lead-salt ;  the  precipitate  is  decomposed  by  sulphydric 
acid ;  and  the  resulting  solution  of  the  free  acid  is  concentrated  by  evaporation  on  the 
water-bath. 

Sulpholactic  acid  crystallises  in  broad  needles,  grouped  together  in  bundles  or 
brushes;  it  melts  without  decomposition  below  100°,  and  solidifies  in  the  crystalline 
form.  It  dissolves  in  water,  alcohol,  and  ether,  and  may  be  boiled  in  dilute  solution 
without  decomposing.  Nitric  acid,  not  in  excess,  oxidises  it  to  lactylsulphurous 
acid,  C*H6SOS  (sulphopropionic  acid,  Buckton  and  Hofmann).  (vid.  sup.) 

Sulpholactate  of  barium,  C6Hl°Ba"04S2.—  Crystallises  in  cauliflower-shaped 
masses;  dissolves  easily  in  water,  insoluble  in  alcohol;  it  is  not  altered  when  dried 
at  100°. 

Sulpholactate  of  lead. — Amorphous,  and  becomes  brown  on  keeping. 

Sulpholactate  of  potassium  is  obtained  by  double  decomposition  from 
sulpholactate  of  barium  and  sulphate  of  potassium.  The  solution  evaporated  in  vacua 
to  a  syrup  deposits  broad  plates  which  are  very  deliquescent. 

Sulpholactate  of  silver,  C3H5Ag02S. — A.  white,  amorphous  precipitate  obtained 
by  adding  nitrate  of  silver  to  a  solution  of  sulpholactate  of  barium.  It  is  soluble  in 
nitric  acid,  and  decomposes  below  100°. 

Trilactic  acid.  The  diethylic  ether  corresponding  to  this  acid  is  known.  (See 
LACTIC  ETHERS.)  H.  W.  and  Gr.  C.  F. 

X.ACTXC  ANHYDRIDE.  Dilactic  acid  (p.  461)  was  formerly  called  anhydrous 
lactic  acid,  or  lactic  anhydride.  The  true  lactic  anhydride  is  LACTIDE  (p.  464). 

I.ACTIC  ETHERS.  Owing  to  its  peculiar  constitution  as  a  mono-basic  diatomic 
acid,  lactic  acid  is  capable  of  forming  three  different  ethers  containing  the  same  mona- 
tomic  alcohol-radicle.  Thus  there  are  three  lactates  of  ethyl,  which  may  be  represented 
by  the  following  formulae : 

(C8H40)"|° 
'  H       10  H       }0  C2H» 

(C8H40)"J  Ethyl-lactic  acid,         (C3H40)"j 

H       }0  &       }0  C2HS      J 

Lactic  acid.  (C8H40":  Diethylic  lactate. 

C2H5      }0 
Monethylic  lactate. 
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Of  these  compounds  it  will  be  seen  that  two — namely,  ethyl-lactic  acid  and  monethylic 
lactate — are  isomeric,  each  being  represented  by  the  empirical  formula  C5H1003.  The 
nature  of  the  difference  between  these  bodies  will  become  apparent  from  the  following 
considerations: — Lactic  acid  contains  one  atom  of  hydrogen,  which  is  readily  replaceable 
by  its  equivalent  of  an  electro-positive  metal  by  the  ordinary  processes  of  saline  double 
decomposition,  the  result  of  this  replacement  being  an  ordinary  metallic  lactate : 
similarly,  this  atom  of  hydrogen  can  be  replaced  by  its  equivalent  of  an  alcohol 
radicle  by  the  ordinary  processes  of  etherification,  the  result  being  a  neutral  ether, 
which,  like  compound  ethers  in  general,  can  be  decomposed  into  alcohol  and  alkaline 
lactate  by  the  action  of  alkalis.  But  lactic  acid  contains  also  another  atom  of 
hydrogen,  which,  by  various  processes,  can  be  removed,  together  with  an  atom  of 
oxygen,  the  two  being  replaced  by  Cl,  H'-N,  or  other  similar  residues,  and  is  therefore 
spoken  of  in  the  language  of  the  theory  of  types  as  existing  outside  the  radicle  of  the 
acid,  although  it  cannot  be  replaced  by  metals  or  alcohol  radicles  in  the  same  manner 
as  the  saline  hydrogen- atom  just  referred  to.  The  replacement  of  this  second  atom  of 
hydrogen  can,  however,  be  effected  by  other  means  than  those  usually  employed  for 
the  production  of  normal  salts  or  ethers ;  and  when  this  is  done,  the  resulting  products 
differ  essentially  from  those  obtained  by  effecting  a  similar  substitution  in  the  case  of 
the  saline  atom  of  hydrogen.  Thus,  monethylic  lactate  results  from  the  substitution 
of  the  radicle  C2H5  for  the  saline  hydrogen-atom  of  lactic  acid,  and  ethyl-lactic  acid 
from  the  substitution  of  the  same  radicle  for  the  second  of  the  two  hydrogen-atoms 
existing  outside  the  radicle  of  the  acid.  The  degree  of  difference  in  the  properties  of 
these  two  compounds,  resulting  from  the  mode  of  combination  of  the  alcohol-  and 
acid-residues  in  each,  will  be  seen  by  the  special  description  of  them  which 
follows.  (See  also  GLYCOLLIC  ETHEKS,  ii.  914-916.) 

H       }0 

tactates  of  ethyl.  MONETHYLIC  LACTATE.  Lactic  Ether.  C5H1003  =  (C3H40)"J  . 

C'H5    }0 

(Strecker,  Ann.  Ch.  Pharm.  xci.  352. — Wurtz  and  Friedel,  Ann.  Ch.  Phys.  [3] 
Ixiii.  102.)  Preparation. — 1.  One  part  of  lactate  of  calcium  and  potassium  (p.  458)  is 
distilled  with  1'4  pt.  ethyl-sulphate  of  potassium;  the  thin,  faintly-smelling  distillate, 
.which  passes  over  between  150°  and  180°,  is  saturated  with  chloride  of  calcium,  and 
the  syrupy  solution  is  cooled.  Crystals  are  then  obtained  consisting  of  CaC1.2(C5H1003) ; 
and  these  by  distillation  yield  tolerably  pure  lactic  ether  (Strecker). — 2.  Syrupy 
lactic  acid,  heated  to  170°  with  absolute  alcohol,  yields  monethylic  lactate  very  readily. 
(Wurtz  and  Friedel.) 

Properties. — A  colourless  liquid  of  specific  gravity  1-0542  at  0°,  and  1'042  at  13°. 
It  has  a  faint  smell,  and  boils  at  156°  under  a  barometric  pressure  of  753  mm.  Vapour- 
density  found,  4'14  (Wurtz  and  Friede  1) ;  calculated,  4€07.  Soluble  in  all  proportions 
in  water,  alcohol,  and  ether. 

Decompositions. — 1.  Lactic  ether  soon  becomes  acid  by  contact  with  water,  from  the 
formation  of  alcohol  and  lactic  acids.  Alkalis,  alkaline  earths,  and  oxide  of  zinc  decom- 
pose it  in  the  same  manner  as  water. — 2.  Potassium  dissolves  in  lactic  ether  with 
evolution  of  hydrogen,  and  forms  potassio-lactate  of  ethyl,  C5H9KOS  = 

K      10 
(C3H40)";,  isomeric  with  ethyl-lactate  of  potassium  (vid.  infr.\    This  substance 

C-ll*    ]° 

forms  a  viscid  mass :  treated  with  iodide  of  ethyl,  it  yields  iodide  of  potassium  and  di- 
ethylic  lactate  (p.  464). — 3.  Lactic  ether,  mixed  with  alcoholic  ammonia,  and  evapo- 
rated, yields  crystals  of  lactamide  (p.  453). 

C'H5      }0 

ETHYL-LACTIC  ACID.      Valcrolactio  add,  C5H1003  =  (C3H40)";    .    (Wurtz,  Ann. 

H       }° 

Ch.  Phys.  [3]  lix.  171.— Butlerow,  Ann.  Ch.  Pharm.  cxiv.  206  ;  cxviii.  325;  Bull. 
Soc.  Chim.  Paris,  1861,  p.  9.)  The  potassium-  and  calcium-salts  of  this  acid  are  ob- 
tained as  products  of  the  decomposition  of  diethylic  lactate  with  potash  and  milk  of  limo. 
The  acid  is  also  produced  (together  with  iodide  of  methylene  and  acrylic  acid)  by  the 
action  of  ethylate  of  sodium  on  iodoform. 

.  Ethyl-lactic  acid  is  a  colourless,  somewhat  viscid  liquid,  of  a  purely  sour  taste.  It 
boils  between  195°  and  198°,  undergoing  partial  decomposition  at  the  same  time. 
Water,  alcohol,  and  ether  dissolve  it  in  all  proportions ;  but  on  addition  of  chloride  of 
calcium  or  sulphate  of  sodium  to  the  aqueous  solution,  it  separates  as  an  oil.  It  be- 
comes more  viscid,  but  does  not  solidify,  in  a  mixture  of  salt  and  snow.  Ethyl-lactic 
acid  decomposes  the  carbonates  with  effervescence.  It  cannot  be  resolved  into  lactic 
acid  and  alcohol  by  the  action  of  alkalis ;  but  when  heated  with  concentrated  hydviodic 
acid,  it  yields  lactic  acid  and  iodide  of  ethyl. 

The  ethyl-lactates  are  for  the  most  part  very  soluble,  and  difficult  to  obtain  in  the 
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crystalline  form.  TIio  calcium-salt,  CIOH18Ca"05,  crystallises  by  slow  evaporation  of  its 
aqueous  solution  in  colourless,  prismatic  crystals,  united  into  stellate  groups.  Alcohol 
dissolves  it  less  readily  than  water,  and  deposits  it  in  wart-  shaped  masses.  The  silver- 
salt,  C5H9Ag03,  crystallises  from  hot  water  in  bunches  of  needles  of  a  silky  lustre  : 
treated  with  iodide  of  ethyl,  it  yields  diethylic  lactate.  The  zinc-salt  dries  up  to  a 
gummy  mass. 

C2H'       I  Q 

DIETHYLIC  LACTATE,  Ethyl-lactate  of  ethyl—  C'E^O3  =  (C3H<0)"{  _•  (Wurtz, 

C2E5      f  u 

Ann.Ch.Phys.  [3]  lix.  169.—  Wurtz  and  Friedel,  ibid,  lxiii.103.—  Butlerow,  Ann. 
Ch.  Pharm.  cxviii.  328).  This  substance,  which  may  be  regarded  as  the  ether  of  the 
acid  last  described,  is  produced:  —  1.  By  the  action  of  ethylate  of  sodium  on  chloropro- 
pionate  of  ethyl  (ether  chlorolactique,  Wurtz).  —  2.  By  the  action  of  iodide  of  ethyl  on 
ethyl-lactate  of  silver.  —  3.  By  the  action  of  iodide  of  ethyl  on  potassio-lactate  of 
ethyi. 

Diethylic  lactate  is  a  transparent,  mobile  liquid,  of  an  agreeable  ethereal  odour.  It 
boils  at  156-5°  under  a  pressure  of  757  mm.  Its  specific  gravity  at  0°  is  0-9203  ; 
vapour-density,  found,  5-052  (calculated,  5-055). 

It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  By  ebullition  with  alkalis, 
it  is  transformed  into  alcohol  and  an  ethyl-lactate  (vid.  supr.)  ;  treatment  with  am- 
monia converts  it  into  lactamethaue  (p.  452)  ;  it  unites  directly  with  lactide,  forming 
diethylic  trilactate. 

CHLOBOLACTIC  ETHER,  fithcr  chlorolactique.  Syn.  with  Chloropropionate  of  ethyl 
(see  PBOPIOKIC  ETHERS). 

DILACTATE  OF  ETHYL.     See  Dilactic  acid  (p.  461). 


,    DIETHYLIC  TRILACTATE,  C13H220'    =  O4.     A   thick'    colourless 

boiling  about  270°,  formed  by  heating  diethylic  lactate  to  170°  for  several  days  with 
lactide.     Potash  decomposes  it  into  alcohol  and  lactic  acid.     A  substance  which  ap- 


pears to  be  monethylic  trilactate,  CUHI807  =  PH04'  is  obtained  as  a 
secondary  product  in  the  preparation  of  diethylic  trilactate.  (Wurtz  and  Friedel). 

CH3       I 

iactates  of  Metbyl.    METHYL-LACTIC  ACID,  C4H803  =  (C3H40)"  *     ,  is  the  only 

H        }0 

compound  belonging  to  this  class  that  has  hitherto  been  described.  It  is  obtained  by 
heating  disodic  lactate  (p.  459)  to  110°  or  120°  with  iodide  of  methyl.  Methyl-lac- 
tat  e  of  silver,  C4H7AgOs,  remains  as  a  brittle,  amorphous,  gummy  mass,  when  its 
aqueous  solution  is  evaporated  in  vacuo.  Methyl-lactate  of  zinc  is  very  soluble 
in  water,  and  uncrystallisable  ;  it  dissolves  also  in  absolute  alcohol.  (Wislicenus, 
Ann.  Ch.  Pharm.  cxxv.  53.  G-.  C.  F. 

1ACTIDE.  (True)  Lactic  anhydride.  C3H402  =  CSH40.0.  (J.  Gay-Lussac 
andPelouze,  Ann.  Ch.  Pharm.  vii.  43;  Pelouze,  ibid.  liii.  116;  Engelhardt, 
ibid.  Ixx.  243  ;  Wurtz  and  Friedel.  Ann.  Ch.  Phys.  [3]  Ixiii.  101.)—  Produced  by 
the  dry  distillation  of  lactic  acid.  To  prepare  it,  the  product  obtained  by  slowly  dis- 
tilling lactic  acid  is  evaporated  at  100°,  and  the  residue  washed  with  cold  alcohol,  and 
crystallised  from  boiling  alcohol.  Lactide  crystallises  in  rhomboidal  plates  of  dazzling 
whiteness.  It  is  inodorous  ;  melts  at  107°,  and  begins  to  boil  at  250°,  giving  off  white, 
irritating  vapours,  which  sublime  without  alteration,  and  condense  in  crystals  on  cold 
bodies.  It  is  only  slightly  soluble  in  hot  water,  but  is  gradually  converted  into  lactic 
acid  by  ebullition  with  water,  and  quickly  by  the  action  of  bases. 

Ammonia  converts  it  into  lactamide  (p.  453)  ;  ethylamine,  into  lactethylamide 
(p.  453).  It  unites  with  diethylic  lactate,  forming  diethylic  trilactate  (vid.  supr.). 

G.  C.  F. 

liACTXDlC  ACID.    Laurent's  name  for  DILACTIC  ACID  (p.  461). 

I.ACTIN  and  LACTOSE.     Syn.  with  SUGAR  or  MILK. 

X.ACTONE,  C5H802.  —  A  liquid  possessing  an  aromatic  smell,  and  boiling  at  about 
92°,  produced,  together  with  lactide,  by  the  dry  distillation  of  lactic  acid.  (Pelouze, 
Ann.  Ch.  Phys.  [3]  xiii.  262.) 

I.ACTUCA  SATIVA.  The  common  lettuce.  This  plant  yields,  according  to 
T.  Kic-hardson  (Jahresber.  1847-48,  No.  134,  Table  to  p.  1074),  0-87  per  cent,  ash, 
containing  : 

K20        Na'O       Cao        MgO       SO*         SiO*       P2Q»     phosp"acte      NaCl 
46-01       5-29      6-06      2'17      3-89      20-23      8-52       trace      7'82  =  99-98 

I.ACTUCAIIIUXV!.    A  brownish  viscid  substance  obtained  by  evaporating  the 


LACTUCERIN—  LACTYL,  CHLORIDE  OF.         455 

juice  which  exudes,  by  incision,  from  the  leaves  and  stems  of  certain  species  of  Lactttca, 
especially  Lactuza  virosa.  It  has  a  peculiar  odour  resembling  that  of  opium,  and  acts 
as  a  narcotic.  German  lactucarium  contains,  according  toLudwig  (Arch.  Pharm. 
[2],  7,  129;  Jahrcsber.  1847-8,  p.  824),  from  44-4  to  53-5  per  cent,  lactuconc  ;  a  soft 
resin  ;  about  4  per  cent,  of  an  easy  fusible  waxy  body  ;  lactucin,  the  chief  active  prin- 
ciple of  the  substance  ;  lactucic  acid  ;  about  1  per  cent,  of  oxalic  acid  ;  a  non-volatile 
not  bitter  acid,  which  reduces  oxide  of  silver  ;  and  a  volatile  acid  smelling  like  valeri- 
anic  acid,  both  in  small  quantity  only  ;  'about  7  per  cent,  of  albumin  ;  at  least 
2  per  cent  mannitc;  a  small  quantity  of  a  neutral,  not  bitter,  unfermentable  sub- 
stance, crystallising  in  rhombic  pyramids  ;  and  from  3  to  6  per  cent,  ash,  containing 
potash,  soda,  manganic  oxide,  ferric  oxide,  and  a  small  quantity  of  lime. 


A  substance,  insoluble  in  water,  contained  in  lactucarium. 
probably  identical  with  lactucone. 

IiACTUCZC  ACID.  This  substance  is  obtained  by  triturating  lactucarium  with 
an  equal  weight  of  dilute  sulphuric  acid,  adding  5  pts.  of  alcohol  of  84  per  cent., 
filtering,  shaking  up  the  filtrate  with  slaked  lime,  decolorising  with  animal  charcoal, 
evaporating,  heating  the  residue  to  boiling  with  a  large  quantity  of  water,  and  evapo- 
rating the  aqueous  solution,  after  decolorising  it  with  animal  charcoal.  A  mixture  of 
lactucic  acid  and  lactucin  then  remains,  and  on  dissolving  this  in  boiling  water,  the 
lactucin  crystallises  out  on  cooling,  and  the  remaining  liquid  yields,  by  evaporation, 
impure  lactucic  acid. 

Lactucic  acid  thus  obtained  is  a  light  yellow  mass,  amorphous  at  first,  but  becoming 
crystalline  after  a  while  ;  its  colourless  aqueous  solution  is  coloured  wine-red  by  alkalis, 
and  when  boiled  with  cupric  sulphate  and  excess  of  soda,  reduces  the  cupric  to  cuprous 
oxide.  (Ludwig,  Jahresber.  1847-48,  p.  824.)  According  to  Walz  (N.  Jahrb.  Pharm. 
xv.  118),  it  is  C40H58019. 

liACTUCIW,  A  substance  contained  in  lactucarium,  and  supposed  to  be  its  active 
principle.  It  is  obtained  by  treating  the  extract  with  alcohol  containing  2  per  cent,  of 
strong  vinegar,  diluting  the  solution  with  water,  precipitating  with  basic  acetate  of 
lead,  removing  the  excess  of  lead  from  the  filtrate  by  sulphydric  acid,  evaporating  at  a 
gentle  heat,  digesting  the  residue  in  ether,  and  leaving  the  ethereal  solution  to  evapo- 
rate. Ludwig  and  Kromayer  (Arch.  Pharm.  [2]  cxi.  1)  prepare  it  by  macerating 
lactucarium  in  1^-  pt,  hot  water  for  four  days,  then  pressing  the  mass,  again  treating  it 
with  a  little  cold  water,  boiling  it  five  times  with  fresh  portions  of  alcohol  (which 
leaves  lactucone  undissolved),  and  evaporating  the  extracts  to  half  the  bulk  of  the 
material  used.  The  product  is  then  precipitated  with  basic  acetate  of  lead,  and  recrys- 
tallised  from  alcohol  as  above. 

Lactucin  is  yellowish,  fusible,  bitter,  soluble  in  80  parts  of  cold  water,  moderately 
soluble  in  alcohol  and  in  acetic  acid,  less  soluble  in  ether,  which  deposits  it  by  evapo- 
ration in  the  crystalline  state.  According  to  Kromayer  (Arch.  Pharm.  [2]  cv.  3),  it 
crystallises  in  nacreous  scales  or  rhombic  tables,  probably  containing  C"H2607  or 
C"H-808.  According  to  Walz  (N.  Jahrb.  Pharm.  xv.  118),  it  is  C40H4801S.  Nitric 
acid,  of  specific  gravity  1*48,  converts  it  into  a  resinous  body  quite  devoid  of  taste. 
Strong  sulphuric  acid  turns  lactucin  brown.  Lactucin  heated  with  potash  gives  off 
ammoniacal  products  (?).  Its  solutions  are  not  precipitated  by  any  reagent.  (B  u  c  h  n  er, 
Kep.  Pharm.  xliii.  1,  Gm.  xvi.  276.) 

3LACTTJCOWE.  C  :°H6G03  (?).—  A  crystalline  substance  extracted  from  lactucarium 
by  boiling  alcohol.  It  forms  mammillated  crystals,  which,  after  purification  by  recrys- 
tallisation  and  treatment  with  animal  charcoal,  are  colourless,  insipid,  melt  between 
150°  and  160°,  are  insoluble  in  water,  but  dissolve  very  easily  in  alcohol,  ether,  and 
oils,  both  fixed  and  volatile.  It  yields  acetic  acid  in  large  quantity  by  distillation.  It 
may,  however,  be  partly  volatilised  without  decomposition  in  a  stream  of  carbonic  acid 
gas.  It  yields  by  analysis  80-56—  81'25  per  cent,  carbon,  and  10-91  —  11-33  hydrogen, 
numbers  which  agree  nearly  with  the  formula  C10Htil03.  It  is  an  indifferent  substance, 
and  is  not  affected  by  potash  or  by  chlorine.  Its  alcoholic  solution  does  not  precipitate 
metallic  salts  dissolved  in  alcohol.  (Lenoir,  Ann.  Ch.  Pharm.  lix.  83.) 

XiACTSTCOFICRIiar.  An  uncrystallisable  substance,  which  remains  in  the  mo- 
thei'-liquors  of  the  preparation  of  lactucin  by  Ludwig  and  Kromayer's  process 
(vid.  sup.'),  after  the  greater  part  of  that  substance  has  been  precipitated  by  basic 
acetate  of  lead.  When  freed  from  admixed  lactucin  and  lactucone  by  ether,  it  forms 
a  brown,  amorphous,  very  bitter  mass,  having  a  faint  acid  reaction,  soluble  in  water 
and  alcohol.  It  contains  o2'6  per  cent,  carbon,  6'8  hydrogen,  and  36*6  oxygen,  agreeing 
nearly  with  the  formula  C28H32010-5,  and  is  therefore  producedfrom  lactucin  by  assumption 
of  water  and  oxygen.  (Kromayer,  Die  Bitterstoffe,  Erlangen,  1861,  p.  79.) 
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XiACTlTXi,  CKX.ORIDE  OP.  Chloride ofchloropropionyl.  C3H4OC12  =  C3H4C10.C1. 
(Wurtz,  Ann.  Ch.Phys.  [3]  lix.  163.— Ulrich,  Chem.Soc^Qu.  J.  xii.  23.)— Obtained, 
together  with  oxychloride  of  phosphorus,  by  gently  heating  a  mixture  of  well-dried 
lactate  of  calcium  with  twice  its  weight  of  pentachloride  of  phosphorus.  It  is  difficult 
to  separate  the  whole  of  the  oxychloride  of  phosphorus,  but  the  chloride  of  lactyl  may 
be  obtained  nearly  pure  by  distilling  the  liquid,  which  passes  over  during  the  reaction 
in  small  quantities  at  a  time,  and  collecting  separately  the  portion  which  distils  above 
140°.  Chloride  of  lactyl  is  also  formed  by  the  direct  combination  of  ethylene  and 
oxychloride  of  carbon.  (L  i  p  p  m  a  n  n.) 

When  freshly  prepared,  chloride  of  lactyl  is  a  colourless  liquid,  but  it  soon  becomes 
dark  coloured,  giving  off  hydrochloric  acid.  Its  boiling  point  seems  to  be  above  140°, 
but  it  is  partially  decomposed  when  distilled,  the  thermometer  rising  to  180°  or  190°. 

It  sinks  to  the  bottom  of  water  and  gradually  dissolves,  forming  hydrochloric  and 
chloropropionic  acids  (PROPIONIC  ACID,  DERIVATIVES  OF)  (Ulrich).  With  absolute 
alcohol,  it  reacts  very  energetically,  forming  hydrochloric  acid,  chloride  of  ethyl,  and 
chloropropionate  of  ethyl.  (Wurtz' s  ether  chlorolactique.)  G.  C.  F. 

I.A.GOTJITE.  A  ferric  borate,  Fe408.B203.3H80.  occurring  as  an  incrustation  in 
the  Tuscan  lagoons.  (Bechi,  Sill.  Am.  J.  [2]  xvii.  120.) 

Ii-flXE.  This  term  is  used  to  denote  a  species  of  pigment  formed  by  precipitating 
colouring  matters  with  some  earth  or  metallic  oxide.  The  principal  red  lakes  are  the 
Carmine,  Florence,  and  Madder  lakes. 

For  the  preparation  of  carmine-lake,  four  ounces  of  finely  pulverised  cochineal 
are  poured  into  4  or  6  quarts  of  rain  or  distilled  water  (which  has  been  previously 
boiled  in  a  pewter  kettle),  and  boiled  with  it  for  six  minutes  longer  (it  is  sometimes 
recommended  to  add,  during  the  boiling,  two  drachms  of  pulverised  cream  of  tartar). 
Eight  scruples  of  Eoman  alum  in  powder  are  then  added,  and  the  whole  is  kept  upon 
the  fire  for  one  minute  longer.  As  soon  as  the  coarse  powder  has  subsided,  and  the 
decoction  has  become  clear,  the  latter  is  carefully  decanted  into  large  cylindrical  vessels, 
covered  over  and  kept  undisturbed,  till  a  fine  powder  settles  to  the  bottom.  From  the 
decanted  liquor,  which  is  still  much  coloured,  the  rest  of  the  colouring  matter  may  be 
separated  by  means  of  tin-solution :  it  then  yields  a  carmine-lake  but  little  inferior  to 
the  other. 

For  the  preparation  of  Florentine  lake,  the  sediment  of  cochineal  remaining  on 
the  kettle  after  the  preparation  just  described  may  be  boiled  with  the  requisite  quantity 
of  water,  the  red  liquor  which  remains  after  the  preparation  of  the  carmine  likewise 
mixed  with  it,  and  the  whole  precipitated  with  the  solution  of  tin.  The  red  precipi- 
tate must  be  frequently  washed  with  water.  Exclusively  of  this,  two  ounces  of  fresh 
cochineal,  and  one.  of  crystals  of  tartar,  are  to  be  boiled  with  a  sufficient  quantity  of 
water,  poured  off  clear,  and  precipitated  with  the  solution  of  tin,  and  the  precipitate 
washed.  At  the  same  time,  two  pounds  of  alum  are  also  to  be  dissolved  in  water,  pre- 
cipitated by  caustic  potash,  and  the  white  earth  repeatedly  washed  with  boiling  water. 
Finally,  both  precipitates  are  to  be  mixed  together  in  the  liquid  state,  put  upon  a  filter, 
and  dried.  For  the  preparation  of  a  cheaper  sort,  one  pound  of  Brazil  wood  may  be 
employed  in  the  preceding  manner,  instead  of  cochineal. 

For  the  following  process  for  making  a  lake  from  madder,  the  Society  of  Arts  voted 
their  gold  medal  to  Sir  H.  C.  Englefield.  Enclose  two  ounces  troy  of  the  finest  Dutch 
crop  madder  in  a  bag  of  fine  and  strong  calico,  large  enough  to  hold  three  or  four 
times  as  much.  Put  it  into  a  large  marble  or  porcelain  mortar,  and  pour  on  it  a  pint 
of  clear  soft  water,  cold.  Press  the  bag  in  every  direction,  and  pound  and  rub  it  about 
with  a  pestle,  as  much  as  can  be  done  without  tearing  it,  and  when  the  water  is  loaded 
with  colour,  pour  it  off.  Repeat  this  process  till  the  water  comes  off  but  slightly 
tinged,  for  which  about  five  pints  will  be  sufficient.  Heat  all  the  liquor  in  an  earthen 
or  silver  vessel,  till  it  is  near  boiling,  and  then  pour  it  into  a  large  basin,  into  which  a 
troy  ounce  of  alum  dissolved  in  a  pint  of  boiling  soft  water  has  been  previously  put. 
Stir  the  mixture  together,  and  while  stirring,  pour  in  gently  about  an  ounce  and  half 
of  a  saturated  solution  of  carbonate  of  potassium.  Let  it  stand  till  cold  to  settle ;  pour 
off  the  clear  yellow  liquor ;  add  to  the  precipitate  a  quart  of  boiling  soft  water,  stirring 
it  well ;  and  when  cold,  separate  by  filtration  the  lake,  which  should  weigh  half  an 
ounce.  If  less  alum  be  employed,  the  colour  will  be  somewhat  deeper ;  with  less  than 
three-fourths  of  an  ounce,  the  whole  of  the  colouring  matter  will  not  unite  with  the 
alumina.  Fresh  madder  root  is  equal,  if  not  superior,  to  the  dry. 
.  Almost  all  vegetable  colouring  matters  may  be  precipitated  into  lakes,  more  or  less 
beautiful,  by  means  of  alum  or  oxide  of  tin.  IT. 

Yellow  lakes  are  prepared  chiefly  with  decoctions  of  the  berries  of  various 
species  of  Rhamnus,  also  of  fustic,  weld,  quercitron,  &c. ;  the  decoctions,  mixed  with 
carbonate  of  potassium  in  greater  or  smaller  quantity  as  the  colour  is  to  be  lighter  or 
darker,  being  poured  into  a  hot  solution  of  alum  quite  free  from  iron.  The  colour 
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may  be  heightened  by  treating  the  still  moist  precipitate  with  tin-solution. — As  many 
of  the  preceding  solutions  contain  a  large  quantity  of  tannin,  it  is  usual,  in  order  to 
obtain  a  fine  yellow-lake  from  them,  to  mix  them,  in  the  first  instance,  with  a  con- 
siderable quantity  of  sour  milk,  which  precipitates  the  tannin. 

An  orange-yellow  lake  is  obtained  in  like  manner  by  precipitating  turmeric  or 
annatto,  dissolved  in  potash  with  alum.  A  common  kind  of  yellow-lake  is  obtained  by 
mixing  yellow-lake,  prepared  as  above,  with  clay,  marl,  or  chalk  ;  better,  however,  by 
boiling  5  pts.  of  crushed  yellow  berries  with  25  to  30  pts.  water  containing  1  pt.  of 
alum,  pouring  the  clear  liquid  on  3  or  4  pts.  of  pounded  chalk,  and  leaving  it  for 
several  days,  stirring  frequently,  then  decanting  the  liquid,  and  washing  and  drying 
the  precipitate.  If  a  greenish  tint  is  desired,  a  small  quantity  of  burnt  or  slaked  limo 
may  be  added. 

Blue  lakes  are  but  seldom  prepared,  since  Prussian-blue,  ultramarine,  cobalt-blue, 
&c.,  and  indigo-carmine  answer  every  purpose  for  which  they  could  be  required.  If 
indigo-carmine  be  prepared  by  saturating  the  solution  of  sulphindigotic  acid  with 
magnesia  or  its  carbonate,  instead  of  potash,  it  is  obtained  of  a  still  finer  colour. 
Sometimes  a  dilute  solution  of  sulphindigotic  acid  is  mixed  with  alum-solujtion,  and 
the  mixture  is  precipitated  with  carbonate  of  potassium,  whereby  a  peculiar  blue  lake 
is  obtained.  A  solution  of  logwood  mixed  with  alum  yields  a  violet,  and,  on  addition 
of  sulphate  of  copper,  a  blue-lake,  if  the  solutions  are  precipitated  in  the  cold  with 
carbonate  of  potassium. 

Green  lakes  are  usually  prepared  by  mixing  blue  and  yellow  lakes.  A  very  good 
green  lake  is  obtained  directly  by  exhausting  1  Ib.  of  bruised  coffee-berries  with  10  Ibs. 
of  water,  and  dissolving  in  the  liquid  from  2£  to  3  Ibs.  of  sulphate  of  copper.  The 
clear  liquid  is  precipitated  with  caustic  potash,  the  coffee-extract  being  kept  in  excess 
to  prevent  the  precipitation  of  free  cupric  oxide.  The  precipitate,  which  weighs  about' 
as  much  as  the  coffee-berries  used,  is  moistened  with  a  small  quantity  of  vinegar,  and 
left  for  some  time  exposed  to  the  air,  whereby  its  colour  is  heightened. 

XiAIKXXTARXA.     See  SEAWEED. 

X.A1VIPADXTE.     Syn.  with  WAD. 

Z<AMP-BXiACK.  Finely-divided  carbon,  obtained  by  collecting  the  smoke  of  an 
oil-lamp,  or  that  of  burning-pitch  or  resin.  (See  CABBON,  i.  760.) 

X.ATJ/L  PHXXiQSOPHXCA.  An  old  name  for  the  snowy  flakes  of  white  oxide 
which  rise  and  float  in  the  air  when  zinc  is  burned.  (SO2)") 

XiANARXXTE.    A  sulphate-carbonate  of  lead,    PbSO4.  PbCO3,  or  (CO)"  I O4, 

Pb2  J 

occurring  sometimes  in  monoclinic  crystals,  cleavable  in  two  directions,  sometimes 
massive  or  in  flexible  laminse,  at  Leadhills,  Scotland,  in  Siberia,  at  Tanne  in  the 
Hartz,  and  at  Biberweier,  Tyrol.  Hardness  =  2  to  2'0.  Specific  gravity  =  6'3  to  7. 
Lustre  of  cleavage-faces,  pearly ;  of  others,  adamantine,  inclining  to  resinous.  Streak 
white.  Colour,  greenish-white,  pale-yellow,  or  grey.  Transparent  or  translucent. 
Contains,  according  to  Brooke's  analysis  (Ed.  Phil.  J.  iii.  17),  53*5  per  cent,  sulphate, 
and  46'85  carbonate  of  lead,  which  is  very  near  the  calculated  composition.  Before 
the  blowpipe  it  melts  to  a  globule,  which  becomes  white  on  cooling.  Dissolves  in  nitric 
acid  without  perceptible  effervescence. 

IiANCASTESHTE.  A  mineral  consisting  of  a  mixture  of  brucite  and  hydromag- 
nesite,  found  near  Texas,  Lancaster  County,  Pennsylvania  (Dana,  ii.  457). 

XiANTANURXC  ACXE9.  (Lantalio  acid,  Laurent.)  A  product,  according  to 
Schlieper  (Ann.  Ch.  Pharm.  Ivii.  216),  of  the  oxidation  of  uric  acid,  by  a  mixture  of 
ferricyanide  of  potassium  and  potash.  The  result  of  the  process,  which  is  somewhat 
complicated,  is  impure  lantanurate  of  potassium,  which  is  dissolved  in  water,  mixed 
with  acetate  of  lead,  and  filtered  from  the  precipitated  oxalate  of  lead;  the  lantanurate 
of  lead  then  precipitated  from  the  filtrate  by  ammonia,  washed,  suspended  in  water, 
and  decomposed  by  sulphuretted  hydrogen.  The  filtrate,  on  evaporation,  yields  lanta- 
nuric  acid  as  a  gummy  mass,  easily  soluble  in  water,  insoluble  in  alcohol :  its  solution 
reddens  litmus.  It  appears  to  be  a  dibasic  acid.  It  forms  a  normal-  and  an  acid 
potassium-salt,  the  former  of  which  is  syrupy,  the  latter  crystallisable.  ^  The  solution 
of  either  of  these  salts  gives,  with  ammoniacal  acetate  of  lead,  a  white  precipitate, 
insoluble  in  cold  water  and  alcohol,  soluble  iu  acetic  acid  or  basic  acetate  of  lead. — 
With  ammoniacal  nitrate  of  silver,  the  acid  potassium-salt  gives  a  white  precipitate, 
containing  52'93  per  cent,  silver. 

Schlieper  states  the  formula  of  the  lead-salt  to  be  C3H2Pb"N203,  whence  that  of  the 
acid  is  C3H4N203.  Laurent  proposes  to  double  the  formula.  According  to  Or erhardt 
( Traite,  i.  528),  lantanuric  acid  is  probably  identical  with  allanturic  acid.  F.  T.  C. 

XiANTHACTXTE.  Native  carbonate  of  lanthanum  (and  didymium)  (La;  Di)* 
CO:i.31TO,  formerly  called  carbonate  of  cerium.  (See  CARBONATES,  i.  785.) 

H  H  2 
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Atomic  weight,  92-8  ;  Symbol,  La.  This  metal  appears  to  be 
constantly  associated  with  cerium  and  didymium.  Mosander  showed  in  1839 
(Pogg.  Ann.  xlvi.  648  ;  xlvii.  207)  that  the  rod-brown  oxide  obtained  from  cerite  in 
the  manner  described  under  CERIUM  (i.  831),  and  originally  regarded  as  the  oxide 
of  a  single  metal,  contained  the  oxide  of  another  metal  which  he  called  lanthanum 
(from  \av6dveitf,  because  it  had  previously  been  concealed  in  the  oxide  of  cerium)  ;  and 
subsequently,  in  1841  (Pogg.  Ann.  Ivi.  504),  he  discovered  that  this  supposed  oxide 
of  a  single  metal,  lanthanum,  was  really  a  mixture  of  the  oxides  of  two  distinct 
metals,  for  one  of  which  the  name  lanthanum  was  retained,  while  the  other  was  called 
didymium  (St5vfj.oi,  twins). 

The  separation  of  lanthanum  and  didymium  from  cerium  may  be  effected  by  either  of 
the  methods  described  under  cerium  (i.  831,  832).  The  second  and  third  are  easier  and 
more  expeditious  than  the  first.  If  the  solution  obtained  by  treating  the  crude  red- 
brown  oxide  with  dilute  nitric  acid  be  evaporated  to  dryness,  and  the  residue  treated 
with  nitric  acid  diluted  with  at  least  200  pts.  of  water,  a  solution  will  be  obtained  quite 
free  from  cerium  (Marignac).  Boiling  the  red-brown  oxide  with  chloride  of  ammo- 
nium also  yields  a  solution  of  lanthanum  and  didymium  free  from  cerium.  In  both 
cases,  however,  it  is  best  to  test  a  portion  of  the  solution  for  cerium  by  precipitating 
with  excess  of  caustic  potash,  and  passing  chlorine  through  the  solution.  The  presence 
of  cerium,  even  in  a  very  small  quantity,  will  be  indicated  by  the  formation  of  a  yellow 
precipitate,  after  the  liquid,  supersaturated  with  chlorine,  has  been  left  in  a  close  vessel 
for  several  hours. 

Holzmann.  (J.  pr.  Chem.  Ixxv.  321;  Kep.  Chim.  pure,  i.  241),  prepares  pure  lan- 
thanum-salts from  the  liquid  which  remains  after  the  precipitation  of  basic  eerie 
sulphate  in  Bunsen's  process  for  the  separation  of  cerium  (i.  832).  This  liquid,  which 
contains  both  lanthanum  and  didymium,  is  evaporated  (during  which  process  a  largo 
additional  quantity  of  ceriiim  separates  as  basic  sulphate)  and  heated  till  the  greater 
part  of  the-  free  acid  is  expelled.  The  sulphates  of  lanthanum  and  didymium,  which 
then  separate  out,  are  dissolved  in  water  containing  a  little  nitric  acid,  and  the  solution, 
together  with  the  mother-liquor,  is  precipitated  with  oxalic  acid;  the  precipitate, 
mixed  with  an  equal  weight  of  magnesia  alba,  is  heated  for  some  time  to  low  red- 
ness ;  the  resulting  dark  brown  oxide  is  digested  with  small  quantities  of  dilute  nitric 
acid,  which  dissolves  scarcely  anything  but  the  oxides  of  lanthanum,  didymium  and 
magnesium  ;  and  the  filtrate  is  boiled  for  some  time  with  magnesia  to  separate  the  last 
traces  of  cerium.  The  liquid  is  then  again  precipitated  with  oxalic  acid  ;  the  dried  and 
ignited  precipitate  dissolved  in  dilute  nitric  acid;  the  solution  precipitated  by  sulphate 
of  potassium;  the  precipitated  lanthano-  and  didymio-potassic  sulphates  digested  with 
dilute  carbonate  of  sodium,  and  the  resulting  carbonates  dissolved  in  dilute  sulphuric  acid. 

A  solution  free  from  cerium  having  been  obtained,  the  separation  of  the  lanthanum 
and  didymium  is  effected  by  the  different  solubilities  of  their  sulphates.  To  convert 
them  into  sulphates,  if  not  already  in  that  form,  the  solution  is  treated  with  excess  of 
a  caustic  alkali,  and  the  washed  precipitate  dissolved  in  dilute  sulphuric  acid.  The 
mode  of  proceeding  varies  according  as  the  lanthanum  or  the  didymium  is  in  excess. 

1.  When  the  lanthanum  is  in  excess,  in  which  case  the  solution  has  but  a  faint 
amethyst  tinge,  the  liquid  is  evaporated  to  dryness,  and  the  residue  heated  in  a  platinum 
dish  to  a  temperature  just  below  redness,  to  drive  off  the  excess  of  acid,  and  render  the 
sulphates  perfectly  anhydrous.     The  residue  is  then  dissolved  in  rather  less  than  six 
times  its  weight  of  water,  at  about  2°  or  3°  C.  (36°  F.),  the  salt  being  reduced  to 
powder  and  added  in  successive  small  portions,  and  the  vessel  containing  the  liquid 
being  immersed  in  ice-cold  water.     Without  these  precautions,  the  temperature  of  the 
liquid  may  be  raised  several  degrees,  in  consequence  of  the  heat  evolved  by  the  combi- 
nation of  the  anhydrous  sulphates  with  water  ;  and,  in  that  case,  crystallisation  will 
commence,  and  rapidly  extend  through  the  whole  mass  of  liquid,  as  these  sulphates  are 
much  less  soluble  in  warm  than  in  cold  water  ;  but  if  the  liquid  be  properly  cooled,  the 
whole  dissolves  completely.     The  solution  is  next  to  be  heated  in  the  water-bath  to 
about  40°  C.  (104°  F.)  ;  the  sulphate  of  lanthanum  then  crystallises  out,  accompanied 
by  only  a  small  quantity  of  sulphate  of  didymium.    To  purify  it  completely,  it  is  again 
rendered  anhydrous,  re-dissohTed  in  ice-cold  water.,  &c.,  and  the  entire  process  repeated 
ten  or  twelve  times.     The  test  of  purity  is  perfect  whiteness,  the  smallest  quantity  of 
didymium  imparting  an  amethyst  tinge  (Mosander).     This  process  succeeds  best 
when  a  considerable  quantity  of  the  mixed  sulphates  is  operated  on. 

2.  When  the  didymium-salt  is  in  excess,  in  which  case  the  liquid  has  a  decided  rose- 
colour,  separation  may  be  effected  by  leaving  the  solution  containing  excess  of  acid,  in 
a  warm  place  for  a  day  or  two.     The  sulphate  of  didymium  then  separates  in  large 
rhombohedral  crystals  modified  with  numerous  secondary  faces  ;  and,  at  the  same  time, 
elehder,  needle-shaped,  violet-coloured  crystals  are  formed,  containing  the  two  sulphates 
mixed.    The  rhombohedral  crystals,   which  are  nearly  free  from  lanthanum,   are 
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removed,  and  the  needles,  together  with  the  mother-liquid,  treated  as  in  the  first  method, 
to  obtain  sulphate  of  lanthanum.  (M  o  s  a  n  d  e  r.) 

In  both  cases,  the  separation  may  be  greatly  facilitated  by  first  dissolving  the  mixed 
oxides  of  the  two  metals  in  a  large  excess  of  nitric  acid,  and  precipitating  in  successive 
portions  by  oxalic  acid ;  the  first  precipitates  thus  formed  have  a  much  deeper  rose- 
colour,  and  are  much  richer  in  didymium  than  the  latter.  The  separation  thus  effected 
is  very  imperfect  in  itself,  but  it  greatly  facilitates  the  subsequent  separation  of  the 
sulphates,  which  is  much  more  rapid  when  one  of  the  sulphates  is  in  great  excess  with 
regard  to  the  other.  (Marignac.) 

Metallic  lanthanum  is  obtained  by  decomposing  the  anhydrous  chloride  with  sodium, 
and  dissolving  out  the  chloride  of  sodium  with  alcohol  of  specific  gravity  0'833.  It  is 
a  dark,  lead-grey  powder,  soft  to  the  touch,  and  adhering  when  pressed. 

Lanthanum  appears  to  form  only  one  series  of  compounds,  in  which  it  is  diatomic, 
e.g.  tho  chloride  LaCl2 ;  the  protoxide  LaO. 

LATTTEAUUIVT,  CHXiORZDE  OP,  LaCl2,  is  obtained  in  the  anhydrous  state 
by  igniting  the  oxide  in  a  current  of  hydrochloric  acid  gas  (Mosander),  or  by  dis- 
solving the  oxide  in  hydrochloric  acid,  evaporating  the  solution,  mixed  with  sal- 
ammoniac,  to  dryness,  and  heating  the  residue  till  the  sal-ammoniac  is  expelled.  It 
then  remains  as  a  radio-crystalline  mass,  which  deliquesces  in  moist  air,  and  dissolves 
easily  in  alcohol.  (K.  Hermann,  J.  pr.  Chem.  Ixxxii.  385.) 

A  hydratcd  chloride,  LaCl2.4H20,  is  obtained  as  a  radio-crystalline  mass,  by  evaporat- 
ing a  solution  of  the  oxide  to  a  syrup,  and  leaving  it  over  oil  of  vitriol.  When  heated 
in  moist  air,  it  gives  off  water  and  hydrochloric  acid,  leaving  a  mixture  of  chloride  of 
lanthanum  and  an  oxychlorido  containing  3LaO.LaCl2. 

Chloromcrcurate  of  Lanthanum,  LaCl2.31IgCl2.SH20,  is  obtained  by  evaporating  a 
solution  of  the  component  chlorides,  in  colourless  cubes,  easily  soluble  in  water,  but 
not  deliquescent.  (Marignac,  Ann.  Min.  [5]  xv.  272.) 

LANTHANUM,  DETECTION  and  ESTIMATION  OP.  1.  Reactions. 
Pure  lanthanum-compounds  fused  with  borax  before  the  blowpipe,  form  a  perfectly 
colourless  bead ;  the  slightest  tinge  of  amethyst  is  an  indication  of  the  presence  of 
didymium. 

Lanthanum-salts  in  solution  are  colourless,  and  have  an  astringent  taste.  With 
caustic  potash  or  soda,  they  yield  a  white  bulky  gelatinous  precipitate  of  the  hydrated 
oxide,  which  is  insoluble  in  excess  of  the  alkali,  but  dissolves  completely  in  chlorine- 
water,  without  forming  any  yellow  deposit.  Ammonia  throws  down  a  basic  salt. 
Oxalic  acid  or  oxalate  of  ammonium  forms  a  white  flocculent  precipitate,  which  does 
not  become  crystalline.  In  other  respects  the  solutions  resemble  those  of  cerous  salts 
(i.  833),  especially  in  forming  with  sulphate  of  potassium  a  white  crystalline  precipi- 
tate quite  insoluble  in  excess  of  the  reagent. 

2.  Estimation  and  Separation. — Lanthanum  is  best  precipitated  from  its  solutions  by 
oxalate  of  ammonium.    The  precipitated  oxalate,  ignited  in  a  covered  platinum  crucible, 
is  converted  into  the  anhydrous  oxide,  La20,  containing  85'4  per  cent,  of  the  metal. 

The  methods  of  separating  lanthanum  from  most  other  metals  are  the  same  as  those 
adopted  for  cerium  and  didymium.  The  separation  of  lanthanum  from  cerium  itself 
may  be  effected  by  precipitation  with  an  alkaline  hypochlorite,  or  by  boiling  the  mixed 
oxides  in  a  solution  of  sal-ammoniac  (i.  832).  No  method  of  separating  lan- 
thanum from  didymium,  sufficiently  exact  for  quantitative  analysis,  has  yet  been 
discovered. 

3.  Atomic  Weight  of  Lanthanum. — Mosander,  by  the  analysis  of  sulphate  of  lan- 
thanum, estimated  tho  atomic  weight  of  the  metal  (diatomic)  at  92'8.     Marignac 
(Ann.  Ch.  Phys.  [3]  xxvii.  209),  by  a  similar  method,  obtained  a  somewhat  higher 
number,  viz.  94'08.     Holzmann  (J.  pr.  Chem.  Ixxv.  321),  from  the  mean  of  his 
analyses  of  the  sulphate  and  of  the  iodate,  obtained  the  number  92-8;  and  B.  Her- 
mann (ibid.  Ixxxii.  385),  from  his  analyses  of  the  carbonate,  sulphate,  and  chloride, 
obtained   92'88.      Mosander's   determination  may,  therefore,  be  regarded  as   fully 
confirmed. 

3LAICTTH  AUTJM,  FXiITORXDE  OP.  Sulphate  of  lanthanum  forms,  with  fluoride 
of  sodium,  a  white  flocculent  precipitate,  sparingly  soluble  in  hydrochloric  acid. 
(Hermann.) 

IiAMTTHAWUM,  OXIDES  OP.  Lanthanum  forms  two  oxides,  viz.  a  protoxide, 
LaO,  and  a  peroxide,  the  composition  of  which  has  not  perhaps  been  exactly 
ascertained. 

The  protoxide  is  obtained  by  igniting  the  hydrate,  carbonate,  or  oxalate,  first  in 
contact  with  the  air,  afterwards  in  contact  with  the  reducing  gases  of  the  flame.  It  then 
forms  white  lumps  having  the  same  texture  a:,  tho  peroxide,  and  a  specific  gravity 
of  5-91.  When  exposed  to  the  air,  it  takes  up  water  and  carbonic  acid,  and  in  contact 
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with  water  is  converted  into  the  hydrate,  LaH202,  which  is  a  soft  white  powder 
resembling  slaked  lime.  By  precipitating  a  salt  of  lanthanum  with  potash  or  soda,  the 
hydrate  is  obtained  as  a  bulky,  translucent  precipitate,  which  rapidly  absorbs  car- 
bonic acid.  Both  the  hydrate  and  the  anhydrous  protoxide  dissolve  easily  in  acids, 
without  evolution  of  gas. 

The  peroxide,  said  to  have  the  composition  La6l065  or  64LaO.O,  is  obtained  by 
igniting  the  carbonate,  oxalate,  or  nitrate,  in  contact  with  the  air.  It  is  a  light  brown 
or  brownish-grey  substance,  which  dissolves  in  sulphuric,  nitric,  or  acetic  acid,  with 
evolution  of  oxygen,  and  in  hydrochloric  acid  with  evolution  of  chlorine. 

iAia-THANUlVI,  OXYCELOKIBB  OF,  La'CPO3  =  LaCP.3LaO,  remains  on 
heating  the  hydratcd  chloride  (p.  469),  and  after  washing  with  water,  forms  a  white 
powder,  insoluble  in  water,  but  dissolving  slowly  in  hydrochloric  or  nitric  abid. 

XiANTHAVUlK,  OXYCSW-SALTS  OP.  The  solutions  obtained  by  dissolv- 
ing either  of  the  oxides  of  lanthanum  in  acids,  are  colourless  and  have  an  astringent 
taste.  Most  salts  of  lanthanum  are  soluble  in  water  ;  but  the  carbonate,  borate,  and 
phosphate  are  insoluble.  Lanthanum  has  a  great  tendency  to  form  basic  salts,  by  pre- 
cipitation with  ammonia  for  example.  Many  of  these  salts,  the  basic  nitrate  and 
chloride  (oxychloride)  for  instance,  run  through  the  filter  as  milky  liquids  during 
washing.  If  the  precipitate  be  boiled,  the  whole  runs  immediately  through  the  filter; 
but  if  it  be  left  in  the  moist  state  for  a  few  days,  it  is  converted  into  a  neutral  salt, 
which  dissolves  in  water,  while  carbonate  of  lanthanum  remains  on  the  filter.  Sulphate 
of  lanthanum  resembles  the  corresponding  salts  of  cerium  and  didymium,  in  forming 
with  sulphate  of  potassium  a  crystalline  double  salt,  sparingly  soluble  in  pure  water, 
and  quite  insoluble  in  water  saturated  with  sulphate  of  potassium. 

XiATCTHAXruxtT,  STTIiPHIDE  OP,  LaS,  is  obtained  by  igniting  the  metal 
in  vapour  of  sulphide  of  carbon,  as  a  yellow  powder,  which  is  decomposed  by  water, 
with  evolution  of  sulphydric  acid,  and  formation  of  the  white  hydrate  of  lanthanum. 
The  sulphide  may  also  be  obtained  by  igniting  the  oxide  in  vapour  of  sulphide  of 
carbon,  or  by  fusing  it  with  sulphide  of  sodium  ;  but  it  is  then  of  a  fiery  yellow  colour, 
and  when  examined  by  the  microscope,  is  seen  to  be  made  up  of  fine  crystals. 
(Mosander.) 

ZiAPATHXTfl-.  The  name  given  by  Buchner  and  Herberger  (Eep.  Pharm. 
xxxviii.  337),  to  a  substance  which  they  obtained  in  a  very  impure  state  from  the  root 
of  Bumex  obtusifolius  (the  oflicinal  Radix  lapathi  acuity  :  it  has  since  been  shown  to 
be  identieal  with  chrysophanic  acid  (i.  958). 

XiAPIS  ZiAZUZiI.  Ultramarine.  Lasurstein.  —  A  silicate  of  sodium,  calcium, 
and  aluminium  mixed  with  a  sulphur-compound  of  sodium.  It  occurs  SQinetimcs  in 
rhombic  dodecahedrons,  with  imperfect  dodecahedral  cleavage,  but  more  commonly 
massive  and  compact.  Hardness  =  5  '5.  Specific  gravity  =  2'38  to  2'45.  Lustre 
vitreous.  Colour  rich  Berlin  or  azure  blue.  Translucent  to  opaque.  Fracture  uneven. 
Before  the  blowpipe  it  fuses  to  a  white  glass,  and  if  calcined  and  reduced  to  powder, 
loses  its  colour,  and  gelatinises  in  hydrochloric  acid.  With  borax,  it  effervesces  and 
forms  a  colourless  glass. 

Analyses:  —  1.  From  the  East:  a.  Klaproth  (Bdtragc,  i.  189);  b.  L.  Gmelin 
(Schw.  J.  xiv.  329);  c.  Varrcntrapp  (Pogg.  Ann.  xlix.  515);  d.  Kohler  (Bam- 
melsbcrg'sMineralckcmic,-p.'Iwy,  c.  Schultz(^'d).—  2.  From  Vesuvius:  L.  Gmelin 
(loc.  cit.).—3.  From  the  Andes:  a.  Field  (Chem.  Soc.  Qu.  J.  iv.  331);  b.  Schultz 
(loc.  tit.)  :— 
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These  analyses  show  that  lapis  lazuli  is  not  a  mineral  of  definite  constitution,  but 
A  mixture,  a  result  which  is  corroborated  by  its  appearance  and  physical  structure.     It 
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is,  therefore,  useless  to  attempt  the  calculation  of  a  formula  from  the  analyses.  On 
examining  thin  slices  of  the  mineral  under  the  microscope,  the  blue  colouring  matter  is 
seen  to  be  distributed  amidst  a  white  ground.  The  composition  of  artificial  ultra- 
marine renders  it  probable  that  the  colouring  matter  of  the  natural  mineral  is  either 
a  polysulphide  of  sodium,  or  a  compound  of  the-  protosulphide  with  a  polythionate 
of  sodium. 

Lapis  lazuli  is  usually  found  in  granite  or  in  crystalline  lime-stones.  It  is  brought 
chiefly  from  China,  Siberia,  and  Eucharia  ;  the  specimens  often  contain  scales  of  mica 
and  pyrites.  On  the  banks  of  the  Indus,  it  occurs  disseminated  in  a  greyish  limestone. 

The  richly  coloured  varieties  are  highly  esteemed  for  making  costly  vases  and  orna- 
mental furniture  ;  it  is  also  employed  in  the  manufacture  of  mosaics,  and  when  pow- 
dered constitutes  the  rich  and  durable  pigment  called  ultramarine  (q.v.) 

XiAPXS  OXiXiARXS  or  Potstone  is  a  coarse  granular  dark-coloured  variety  of 
steatite. 

XiARCH.     See  LARIX. 

XiARDEREXiXiXTXi.  A  borate  of  ammonium  occurring  at  the  lagoons  of  Tuscany, 
as  a  white  efflorescence  composed  of  microscopic  crystals.  It  contains,  according  to 
Bechi  (Sill.  Am.  J.  [2]  xvii.  130),  68-55  per  cent,  boric  anhydride,  1173  oxide  of 
ammonium,  and  18'32  water,  agreeing  nearly  with  the  formula  (NH4)20.4B203.4H20. 
It  is  soluble  in  water,  and  the  hot  solution  yields  another  salt,  composed  of  (NH4)20. 
6B'03.9H20. 


XiARDXTE.    A  variety  of  talc  (<?.#.)  ;  also  syn.  with  AGALMATOLITE. 

XiARXX  SiUROPJEA  or  Pinus  Larix.  The  Larch-  tree.  The  young  branches  of 
this  tree  exude  a  kind  of  manna,  from  which  Berthelot  has  obtained  a  fermentable 
sugar  called  melezitose  (q.v.)  The  bark  contains  a  peculiar  acid,  to  be  described  in 
the  next  article. 

X.ARXXXNXC  ACID.  C10H1005.  (Stenhouse,  Phil.  Trans.,  1863,  p.  53;  Proc. 
Roy.  Soc.  xi.  405.)  —  A  volatile  crystallisable  acid  contained  in  the  bark  of  the  larch- 
tree,  most  abundantly  in  that  of  the  smaller  branches  of  trees  from  20  to  30  years 
old.  It  is  obtained  by  exhausting  the  bark  with  water  at  80°,  evaporating  the  extract 
to  a  syrup  and  distilling  in  vessels  of  glass,  porcelain,  or  silver.  The  acid  which  passes 
over  crystallises,  partly  on  the  inner  surface  of  the  receiver,  but  the  greater  part  is  ob- 
tained in  the  crystalline  form  on  evaporating  the  distillate.  The  brown-yellow  crystals 
thus  obtained  are  purified  by  recrystallisation  and  sublimation. 

Sublimed  larixinic  acid  forms  crystals  resembling  those  of  benzole  acid,  often 
an  inch  long,  and  having  a  brilliant  silvery  lustre  ;  they  are  monoclinic  and  usually 
occur  in  twins.  The  crystals  deposited  from  water  are  also  monoclinic.  The  acid 
sublimes  at  93°,  melts  at  153°,  often  volatilises  with  vapour  of  water,  has  a  slightly 
bitter  astringent  taste,  and  smells  like  camphor  or  naphthalene.  The  crystals  catch  fire 
readily,  and  burn  with  a  bright  flame,  leaving  no  residue.  The  acid  reddens  litmus 
slightly,  dissolves  in  S7'9  pts.  water  at  60°,  more  easily  in  boiling  water  and  in  alcohol, 
sparingly  in  ether.  Nitric  acid  converts  it  into  oxalic  acid.  When  treated  with 
hydrochloric  acid  and  chlorate  of  potassium  it  does  not  yield  chloranil. 

The  aqueous  solution  of  larixinic  acid  is  precipitated  by  baryta-water,  forming  an 
easily  decomposible  precipitate  which  contains  34g9  per  cent,  baryta.  The  acid  is  not 
precipitated  by  lime-water  or  sugar-lime,  or  by  lead-,  or  silver-salts  ;  neither  does  it 
reduce  the  metal  from  the  latter  on  boiling.  Ferric  salts  produce,  even  in  dilute  solu- 
tion of  larixinic  acid,  a  characteristic  purple-red  colour. 

Larixinate  of  potassium  forms  flat  red-brown  crystals  which  become  darker  on  re- 
crystallisation,  and  are  decomposed,  even  by  carbonic  acid. 

Larixinic  acid  is  not  found  in  the  bark  of  Abies  excelsior,  or  Pinus  sylvestri*. 

X./1SZOSTITE.     Syn.  with  WAVELLITE. 

X.-ASURXTE.     Blue  carbonate  of  copper  (i.  783). 

X.AS7X.XC  ACID.  C7H402.  An  acid  whose  phenyl-ether,  C13H802  =  C7H8(C6H5)02, 
is  produced,  together  with  hydrochloric  acid,  by  the  action  of  oxychloride  of  phos- 
phorus in  excess  on  salicylate  of  sodium.  When  the  temperature  rises  high,  a  viscid 
liquid  passes  over,  which,  on  standing,  deposits  tabular  crystals  of  the  phenyl-ether, 
leaving  a  mother-liquor  which  smells  of  hydrate  of  phenyl.  (Kolbe  and  Laute- 
mann,  Ann.  Ch.  Pharm.  cxv.  157.) 

X.ATERITE  (from  later,  a  brick)  is  a  name  applied  by  Indian  geologists  to  a 
formation  common  in  Ceylon  and  India,  and  consisting  of  reddish  clay,  more  or  less 
hardened,  and  enclosing  nodules  of  quartz  :  the  Cingalese  call  it  cab  o  ok.  True  laterite 
is  a  hard,  dense,  almost  jasper-like,  reddish  or  brick-red  rock,  consisting  of  hardened 
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clay  enclosing  quartz-crystals.  A  second  variety,  which  is  most  common  in  Ceylon,  is 
softer,  may  be  cut  with  the  knife,  but  hardens  on  exposure  to  the  air.  A  third  kind  is 
sedimentary  or  breccia-like,  consisting  of  quartz-nodules  loosely  embedded  in  clay,  and 
has  been  produced  by  disintegration  of  true  laterite,  which  appears  to  be  itself  a  product 
of  the  decomposition  of  granite  or  gneiss  containing  hornblende.  (Jahresber.  1853, 
p.  392.) 

LATEX.  A  juice  which  circulates  through  plants  by  means  of  a  set  of  vessels 
called  the  laticiferous  tissue  or  cinenchyma,  and  coagulates  into  a  gelatinous  substance 
called  cambium,  which  precedes  the  formation  of  cells.  The  descending  juice  is, 
according  to  Fr6my,  a  mixture  of  several  liquids,  some  of  which  contain  vegetable 
secretions,  while  others  serve  for  the  development  of  vegetable  organs.  In 
those  parts  of  the  vegetable  organism  which  are  in  process  of  development,  there 
exists  a  kind  of  juice  called  by  Fremy,  the  albuminiferous  latex,  which  closely  re- 
sembles the  young  organs  in  chemical  composition,  and  forms  the  material  for  the 
production  of  the  cambium.  Under  favourable  circumstances,  this  juice  may  be 
obtained  tolerably  pure  by  making  a  slight  incision  into  the  growing  tissues  just  below 
the  epidermis.  This  juice — which  is  obtained  with  essentially  the  same  properties  from 
the  leaf-stalks  of  Colocasia  odora,  and  the  banana  tree;  the  stems  of  Stcyhanotis  and 
Tanghinia,  the  roots  of  the  arum,  and  the  parenchyma  of  the  gourd— coagulates  com- 
pletely when  heated,  or  on  addition  of  a  trace  of  nitric  or  tannic  acid.  It  usually 
•exhibits  the  alkalinity  of  serum  or  of  egg-albumin ;  leaves,  when  dried  up,  a  residue 
consisting  almost  wholly  of  albumin  (in  fact  it  is  as  rich  in  albumin  as  blood-serum  or 
milk),  and  yields  ash  consisting  mainly  of  alkaline  chlorides  and  carbonates.  (Fremy, 
Compt.  rend.  li.  647.) 

X.ATH YItUS  ANGUSTIFOLIITS.  In  the  seed  of  this  plant,  Eeinsch  found  an 
uncrystallisable  bitter  substance,  vegetable  fibre,  starch,  legumin,  vegetable  albumin, 
gum,  salts,  a  fixed  oil,  a  resinous  and  a  waxy  substance. 

IiATROBITZ!.     Syn.  with  ANORTHITE. 

1AUMONTITE.  Laumonite,  Lomonite,  Efflorescing  zeolite. — A  hydrated  silieate 
of  calcium  and  aluminium,  occurring  in  monoclinic  crystals,  in  which  the  principal  axis, 
orthodiagonal  and  clinodiagonal  are  to  one  another  as  0-516  :  1  :  0-8727,  and  the 
inclined  axes  make  an  angle  of  68°  40'.  Angle  ooP  :  ooP  =  86°  16';  oP  .  (Poo  )  = 
151°  9'.  Observed  planes  oP  .  ooP  .  (  ooPoo  )  .  +P  .  -P  .  -2Poo .  Cleavage  per- 
fect parallel  to  ooPoo ,  also  to  cop.  The  mineral  occurs  also  in  columnar,  radiating,  or 
divergent  forms.  Hardness  =  3-5  to  4.  Specific  gravity  =  2-29  to  2-36.  Lustre 
vitreous,  inclining  to  pearly  on  the  cleavage-faces.  Colour  white,  passing  into  yellow 
or  grey,  sometimes  red.  Streak  uncoloured.  Transparent  or  translucent ;  becomes 
opaque,  and  usually  pulverulent  on  exposure.  Fracture  scarcely  observable,  uneven. 
Not  very  brittle.  Before  the  blowpipe  it  intumesces  and  melts  to  a  frothy  mass ; 
forms  a  transparent  bead  with  borax.  It  gelatinises  with  nitric  or  hydrochloric  acid, 
but  is  not  affected  by  sulphuric  acid. 

Analyses:  a.  From  Phipsburg,  State  of  Maine  (Dufrenoy,  Ann.  Min.  [3]  viii. 
303. — b.  From  Courmayeur,  Savoy  (Dufrenoy,  ibid.). — c.  From  Skye  (Connel, 
Edinb.  J.  of  Sc.  1829,  p.  252).— d.  From  Huelgoet,  Bretagne  (Malaguti  and 
Durocher,  Ann.  Min.  [4]  ix.  325). — c.  Ked  variety  from  Upsala  (Berlin,  Pogg. 

Ann.  Ixxviii.  415) /.  From  Port  George,  Nova  Scotia  (How,  Sill.  Am.  J.  [2]  xxvi. 

30). 

SiO«  A1*O3  Fe203  CaO  II2Q 

a.  51-98  21-12  .     .  11-71  16-05  =    99-86 

b.  60-38  21-43  .     .  11-14  16'15  =    99-10 

c.  52-04  21-14  .     .  10-62  14-92  =     9872 

d.  52-47  22-56  .     .  9'41  15'56  =  100 

e.  51-61  19-06  2'96  12'53  14-02  =  100-18 
/.     50-43             21-64              ...               12-07  15'26  =-  100-40 

These  analyses  lead  to  tho  formula  CaO.Al203.4Si02  +  4H-0  (requiring  51-63  SiO7, 
21-51  A1203,  11-78  CaO,  15-08  H20),  or  Ca"(Al2)*1Si<Ol2.4H20,  which  is  reducible  to 
that  of  a  hydrated  metasilicate,  B2Si03.H20. 

Laumontite  occurs  in  the  cavities  of  amygdaloid,  also  in  porphyry  and  syenite,  and 
occasionally  with  calcspar,  in  veins  traversing  clay-slate.  Its  principal  localities  are 
in  the  Faroe  Islands,  at  Diako  in  Greenland,  at  Eulo  in  Bohemia,  in  clay-slate  on  the 
St.  Gothard,  and  in  large  masses  in  the  Fassa  valley ;  at  Hartfield  Moss  in  Eenfrewshire, 
accompanying  analcime ;  in  tho  amygdaloid  rocks  of  the  Kilpatrick  Hills  near  Glasgow ; 
and  in  several  trap-rocks  of  th«  Hebrides  and  the  north  of  Ireland.  Fino  specimens 
are  found  at  Peter's  Point,  Nova  Scotia ;  it  is  also  abundant  in  many  places  in  the 
copper-veins  of  Lake  Superior,  and  in  several  other  localities  of  North  America. 
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Laumontite  is  remarkable  for  the  facility  with  which  it  gives  up  its  combined 
water,  in  consequence  of  which  it  is  often  found  opaque  and  friable.  This  change 
may  be  prevented  in  cabinet  specimens  by  dipping  them  in  a  thin  solution  of  gum- 
arabic.  According  to  Malaguti  and  Durocher,  it  loses  2'26  per  cent,  water  when  kept 
for  a  month  in  a  vacuum,  and  3-65  in  the  exsiccator  over  sulphuric  acid.  In  damp 
air  it  does  not  effloresce  ;  and  the  effloresced  mineral,  when  exposed  to  such  an  atmo- 
sphere, recovers  the  water  which  it  has  lost. 

Sometimes  tho  alteration  of  laumontite  by  natural  processes  goes  a  step  further, 
and  carbonate  of  calcium  is  formed.  A  laumontite  from  Oberscheld,  near  Dillenburg, 
thus  altered,  contains  (dried  at  100°),  according  to  Wildenstein  (Jahresber.  1850, 
P.  734), 

SiO2  APO3  Fe^O3  CaO  H2Q  CO* 

39-12  13-43  2-60  2518  6'22  13-45     =     100 

or,  deducting  carbonate  of  calcium : 

56-33  .          19-34  373  11-64  8-96  .    .      =100 

It  has  therefore  been  converted  into  a  mixture  of  laumontite  containing  only  half 
of  the  original  quantity  of  water,  with  carbonate  of  calcium  and  a  small  quantity  of 
free  silica. 

Laumontite  likewise  occurs  more  or  less  altered  to  orthoclase  (C.  Bischof,  Eam- 
melsberg's  Mincralckcmie,  p.  631;  Lewinstein,  ibid.  p.  997;  Jahresber.  1860, 
p.  771). 

Caporcianite  (i.  741)  is  perhaps  an  altered  laumontite — Schneidcrite,  a  zeolite  from 
the  gabbro  of  Tuscany,  and  containing,  according  to  Bee  hi  (Sill.  Am.  J.  [2]  xiv. 
64),  47-79  per  cent,  silver,  19'98  alumina,  1676  lime,  1T04  magnesia,  1'62  alkali,  and 
3 "41  water,  is,  according  to  Breithaupt,  'a  decomposed  laumontite.  Berlin  regards 
cdelforsite  (ii.  361),  and  similar  minerals  from  Fahlun  and  Martenberg  in  Sweden,  as 
decomposed  laumoiitites. 

XiAUREIiIC  ACID.  An  acid  obtained,  according  to  Grosourdi  (Jahresber. 
1851,  p.  562),  from  the  berries  of  Laurus  nobilis  (p.  477). 

LAURIC  ACID.     CFH2I02  =  C12^23°  j  Q.     Laurostearic  acid.    Pichuric  acid. 

(Marsson,  Ann.  Ch.  Pharm.  xli.  33. — Sthamer,  ibid.  liii.  393. — G-6'rgey,  ibid.  Ixvi. 
303. — Heintz,  Pogg.  Ann.  xcii.  429  and  583;  J.  pr.  Chem.  Ixvi.  1.— A.  C.  Oude- 
mans,  Jun.,  J.  pr.  Chem.  Ixxxi.  356. — Gm.  xv.  43.) — This  acid,  belonging  to  the 
series  OH2n02,  occurs  in  the  fat  of  the  bay-tree,  Laurus  nobilis  (Marsson) ;  in  the  fat 
of  pichurim-beans  (Sthamer);  also  in  the  volatile  oil  of  these  beans  (A.  Miiller, 
J.  pr.  Chem.  Iviii.  469) ;  in  small  quantity,  together  with  many  other  acids,  in  sperma- 
ceti (Heintz);  in  croton-oil  (Schlippe,  Ann.  Ch.  Pharm.  cv.  14);  in  the  fruit  of 
Cyclicodaphne  scbifcra  (Gorkom,  Tydschrift  af  Necrl.  Indie,  Ixxxi.  410);  in  the 
so-called  Dika  bread,  the  fruit  of  Mangifcra  yaboncnsis,  together  with  myristic  acid, 
but  unaccompanied  by  any  other  acids  (Oudemans);  in  the  age  or  axin  of  the 
Mexicans,  a  salve-like  fat  obtained  from  Coccus  Axia  (Hoppe,  J.  pr.  Cbem.  Ixxx.  102) ; 
and  in  cocoa-nut  oil  (Gorgey  and  Oudemans).  It  may  be  formed  artificially  by 
heating  ethal  (cetylic  alcohol)  with  potash-lime  to  275°— 280°  (Heintz,  Scharling). 
According  to  Heintz,  it  is  produced  only  from  mixed  (crude)  ethal,  inasmuch  as  this 
substance  contains  lethal : 

C12H260  +  KHO     =     C12H23K02  +  2H2. 

But,  according  to  Scharling,  it  is  obtained  from  the  ethal  itself,  C16H840,  which,  accord- 
ing to  him,  is  decomposed  by  heating  with  potash-lime,  in  such  a  manner  as  to  yield 
stearic,  palmitic,  myristic,  lauric,  and  butyric  acids.  (Scharling,  Ann.  Ch.  Pharm. 
xcvi.  236;  Heintz,  Ann.  Ch.  Pharm.  xcvii.  271.) 

Preparation. — 1.  From  Bay-fat.  Laurostearin  from  commercial  oil  of  bay  (p.  476) 
is  saponified  with  potash-ley;  the  soap  is  separated  by  common  salt,  and  its  hot  aqueous 
solution  is  decomposed  with  tartaric  acid.  The  lauric  acid  then  rises  to  the  surface  in 
the  form  of  an  oil  which  solidifies  on  cooling,  and  is  freed  from  adhering  tartaric  acid 
by  repeated  fusion  with  water.  (Marsson.) 

2.  From  Pichurim  beans. — Laurostearin   from  Fab(B  pichurim  maj.  is  saponified 
with  potash-ley  till  a  clear  soap-jelly  is  formed ;  common  salt  is  added,  and  the  white, 
brittle  soda-soap  thus  produced  is  dissolved  in  boiling  water,  and  supersaturated  at 
the  boiling  heat  with  hydrochloric  acid ;  lauric  acid  then  rises  to  the  surface  as  a 
colourless  oil,  which  on  cooling  solidifies  to  a  white  crystalline  mass.     It  is  freed  from 
hydrochloric  acid  by  repeated  washing  with  water,  and  purified  by  repeated  crystalli- 
sation from  weak  alcohol.     (Sthamer.) 

3.  From  Cocoa-nut  oil. — The  oil  is  saponified  with  weak  potash-ley;    the   soap 
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decomposed  by  dilute  sulphuric  acid,  and  the  mixture  distilled  as  long  as  fatty  acids 
pass  over,  the  water  being  repeatedly  poured  back.  The  distillate  neutralised  with 
potash,  solidifies  on  evaporation  to  a  gelatinous  soap,  which  is  separated  by  common 
salt,  repeatedly  dissolved  in  potash  and  again  separated  with  salt,  to  free  it  from  the 
fatty  acids  which  can  be  thus  removed,  and  again  decomposed  with  dilute  sulphuric 
acid.  It  is  then  neutralised  with  ammonia ;  the  solution  precipitated  by  chloride  of 
barium  ;  the  liquid  strained  off;  and  the  barium-salts  which  remain  repeatedly  boiled 
with  water.  The  resulting  solutions,  as  they  run  from  the  funnel,  immediately  deposit 
loose  flocks  of  laurate  of  barium,  and  the  liquid,  as  it  cools  down,  becomes  turbid  and 
deposits  pulverulent  caprate  of  barium.  (Gorgey;  see  also  Prep.  5.) 

4.  From  Spermaceti. — The  saponification  of  this  substance  yields,  besides  ethal, 
considerable  quantities  of  stearic,  palmitic,  and  myristic  acids,  and  smaller  quantities 
of  lauric  acid. — The  solution  of  10  Ibs.  of  purified  spermaceti  in  30  Ibs.  alcohol  is 
boiled  for  some  time  with  4^  Ibs.  caustic  potash  previously  dissolved  in  alcohol ;  the 
solution  precipitated  with  aqueous  chloride  of  barium,  and  strained  while  hot ;  the 
still  warm  residue  pressed   as  strongly  as  possible  in  a  warmed  press,  then  well 
moistened  with  alcohol  and  again  pressed;  the  alcohol  distilled  off  from  the  solutions; 
the  residue  freed  from  the  whole  of  the  soluble  matter  by  repeated  treatment  with  ether ; 
and  the  portion  insoluble  in  ether  added  to  the  barium-salts  previously  obtained.     In 
this  manner  are  obtained,  on  the  one  hand,  crude  ethal ;  on  the  other,  the  barium-salts 
of  the  fatty  acids  of  spermaceti. 

The  barium-salts  suspended  in  water  are  boiled  with  very  dilute  hydrochloric 
acid,  till  the  supernatant  oily  layer  appears  perfectly  clear ;  the  fatty  acids  thus 
obtained  are  dissolved  in  alcohol ;  the  solution  is  left  to  cool ;  and  the  crystals  which 
separate  are  pressed,  first  alone,  then  several  times  after  being  moistened  with 
alcohol ;  whereby  a  mixture  of  palmitic  and  stearic  acids  is  separated,  while  a 
portion  of  these  two  acids,  and  the  whole  of  the  myristic  and  lauric  acids,  remain  in 
solution. 

The  whole  of  the  mixed  alcoholic  solutions  are  heated;  a  concentrated  aqueous 
solution  of  acetate  of  magnesium  is  added,  so  as  to  precipitate  about  ~  of  the  quantity 
of  fatty  acids  present ;  the  precipitate  which  forms  on  cooling  is  separated  by  filtra- 
tion ;  acetate  of  magnesium  added  to  the  filtrate  in  about  the  same  quantity  as  before, 
and  the  same  treatment  repeated  (the  liberated  acetic  acid  being  neutralised  towards 
the  end  with  ammonia),  till  acetate  of  magnesium  no  longer  forms  any  precipi- 
tate even  in  presence  of  excess  of  ammonia.  In  this  manner  a  number  of  magne- 
sium-salts (19)  are  obtained,  from  which  stearic,  palmitic,  and  myristic  acids 
may  be  separated  by  processes  to  be  hereafter  described  in  connection  with  these 
acids. 

The  alcoholic  solution,  from  which  everything  precipitable  by  acetate  of  magnesium 
in  presence  of  excess  of  ammonia  has  been  thus  removed,  still  retains  lauric  acid, 
together  with  myristic  and  oleic  acids.  It  is  precipitated  with  acetate  of  lead ;  the 
precipitate  is  washed  with  dilute  alcohol,  dried,  and  freed  from  a  small  quantity  of  oleato 
of  lead,  by  treatment  with  ether;  and  the  undissolved  portion  is  decomposed  by 
prolonged  and  repeated  boiling  with  very  dilute  hydrochloric  acid,  whereby  a  mixture 
of  acids  melting  at  397°  is  separated.  By  repeatedly  crystallising  this  mixture  from 
alcohol,  as  long  as  the  separated  acid  exhibits  a  rise  of  melting  point,  lauric  acid  is 
ultimately  obtained,  melting  at  4 3 '6°,  and  not  capable  of  further  decomposition  by 
partial  precipitation  with  acetate  of  barium,  while  myristic  acid  remains  in  solution. 
(Heintz.) 

5.  From  spermaceti  or  other  fats  containing  lauric  acid,  provided  they  are  free 
from  oleic  acid,  or  this  acid  has  been  removed  by  the  process  to  be  described  below. — 
The  fat  is  saponified  with  alcoholic  potash ;  the  fatty  acids  are  separated  from  the 
ethal  or  the  glycerin,  as  above  described,  and  dissolved  in  10  pts.  of  hot  alcohol;  the 
solution  is  left  to  cool  slowly  in  a  cellar ;  and  the  fatty  acids  which  crystallise  out  are 
separated  by  filtration  and  pressure.     The  mother-liquor  is  diluted  with  an  equal 
quantity  of  boiling  alcohol  and  supersaturated  with  ammonia ;  acetate  of  magnesium 
is  added  in  excess  to  remove  a  certain  portion  of  the  fatty  acids  ;  the  alcohol  distilled 
off  from  the  filtrate ;  the  remaining  salts  decomposed  by  boiling  with  dilute  hydro- 
chloric acid ;  the  separated  acids  re-dissolved  in  a  quantity  of  hot  alcohol  sufficient  to 
retain  them  in  solution  after  cooling;    and  a  concentrated  solution  of  acetate  of 
barium  equal  to  about  ^  of  the  weight  of  the  fatty  acids,  is  repeatedly  added,  as  long 
as  a  precipitate  is  thereby  formed  on  cooling.     The  precipitates  last  obtained,  which 
contain  chiefly  lauric  acid,  are  separately  decomposed  by  boiling  dilute  hydrochloric 
acid,  and  each  portion  of  acid  thereby  liberated,  whose  melting  point  lies  above  43-6 
is  separately  and  repeatedly  crystallised  from  dilute  alcohol,  till  its  melting  point  has 
risen  to  43-6.     (Heintz.) 
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If  the  fat  contains  oleic  acid,  it  is  saponified,  the  fatty  acid  is  separated  and  mixed 
with  a  small  quantity  of  hot  alcohol,  and  the  solid  portions  are  removed  by  submitting 
the  cooled  mass  to  pressure.  The  mother-liquor  (together  with  the  alcohol  used  for  wash- 
ing the  separated  acids)  is  precipitated  with  ammonia  and  neutral  acetate  of  lead  ;  the 
washed  and  dried  lead-salts  are  completely  freed  from  oleate  of  lead  by  means  of 
ether ;  the  undissolved  portion  is  decomposed  by  boiling  hydrochloric  acid ;  and  the 
separated  fatty  acids  are  treated  as  above  (Heintz).  In  this  manner,  pure  lauric  acid 
is  easily  obtained  from  cocoa-nut  oil  (which,  according  to  Oudemans,  does  not  contain 
oleic  acid).  If  the  acids  dissolved  in  alcohol  be  precipitated  in  small  portions  with 
acetate  of  barium,  the  first  portions  contain  palmitic  and  myristic  acids ;  and  from  the 
remaining  liquid,  lauric  acid  may  be  obtained  by  repeated  fractional  precipitation,  or 
by  crystallisation  in  the  cold.  (Oudemans.) 

Properties. — Lauric  acid  solidifies  after  fusion  to  a  scaly  crystalline  mass,  exhibiting 
a  laminated  texture  on  the  fractured  surface ;  from  alcohol,  in  white,  silky  needles, 
united  in  tufts,  or  in  prickly  glandular  scales.  It  melts  to  a  colourless  oil  at  43-6° 
(Heintz),  42°-43°  (Marsson,  Gorgey),  43°  (Sthamer),  45°  (Muller),  43'3° 
(Schlippe),  43'5  (Oudemans).  The  alcoholic  solution  has  a  slight  acid  reaction. 
Specific  gravity  0*883  at  20°  (Gorgey).  When  boiled  with  water  it  volatilises  with 
the  vapour.  (Gorgey,  Oudemans.) 

It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol  and  in  ether. 

By  the  distillation  of  its  calcium-salt,  lauric  acid  is  resolved  into  laurostearone  and 
carbonate  of  calcium.  (Overbeck): 

2C'2H-<02     =     C23H<80   +   CO2   +   H20. 

Xiaurates.  Lauric  acid  is  monobasic,  the  general  formula  of  its  salts  being 
MC12H2302,  and  M"(C12H2302)2. 

The  barium-salt,  Ba"(C12H2302)2,  is  prepared  as  above  described  (p.  474),  and  cry- 
stallises on  cooling  from  a  boiling  saturated  aqueous  solution  in  snow-white  flakes. 
The  saturated  alcoholic  solution  becomes  filled,  on  cooling,  with  delicate  crystalline 
spangles,  which,  after  drying  at  100°,  resemble  caprate  of  barium  (Gorgey).  It  is 
wetted  by  alcohol  and  ether,  but  not  by  water  (Gorgey).  Dissolves  in  10,864  pts.  of 
water  at  17'5°,  in  T982  pts.  boiling  water,  in  1,468  pts.  cold  and  211  pts.  hot  alcohol 
(Gorgey).  Decomposes  before  melting.  (Heintz.) 

The  calcium-salt  is  a  white  precipitate,  obtained  by  mixing  the  solutions  of  laurate 
of  sodium  and  chloride  of  calcium. 

The  lead-salt,  Pb"(C12H230'-)2,  forms  a  snow-white,  loose,  amorphous  powder  (Heintz); 
taminse,  having  a  beautiful  nacreous  lustre  (Muller).  It  melts  between  110°  and 
120°,  and  solidifies  to  a  dull,  amorphous  mass  (Heintz);  melts  below  100°  to  a 
colourless  liquid,  which  solidifies  in  the  crystalline  form  on  cooling  (Muller).  It  is 
insoluble  in  water ;  insoluble  in  cold>  sparingly  soluble  in  boiling  alcohol.  (Muller.) 

The  copper-salt,  Cu"(C12H2S02)2,  is  obtained  by  precipitating  the  hot  alcoholic  solution 
of  the  aqueous  sodium-salt  with  aqueous  sulphate  of  copper. 

The  silver-salt,  AgC^H^O*,  obtained  by  precipitating  the  solution  of  the  sodium- 
salt  in  weak  alcohol  with  nitrate  of  silver,  is  a  white  powder,  consisting  of  slender 
microscopic  needles  (Heintz).  It  dissolves  easily  in  ammonia,  and  crystallises  from 
the  hot  concentrated  solution  in  very  small  needles  (Marsson).  It  is  scarcely  or  not 
at  all  altered  by  light,  but  decomposes  before  fusion  when  heated.  (Heintz.) 

The  sodium-salt,  NaC12H230'-',  prepared  by  nearly  saturating  a  boiling  solution  of 
pure  carbonate  of  sodium  with  lauric  acid,  evaporating  over  the  water-bath,  dissolving 
the  remaining  soap  in  alcohol,  and  evaporating  the  filtrate  to.dryness,  forms  a  white 
powder,  whose  alcoholic  solution  solidifies  on  cooling  to  a  white  opaque  jelly.  The 
aqueous  solution  becomes  turbid  when  largely  diluted  with  water. 

ZiAU&XC  ETHERS.  Laurate  of  Ethyl,  C12H2302.C2H5,  is  prepared  by  passing 
hydrochloric  acid  gas  into  an  alcoholic  solution  of  lauric  acid,  adding  water,  which 
separates  the  ether,  washing  first  with  alkaline,  then  with  pure  water,  and  drying  over 
chloride  of  calcium.  It  is  a  colourless  oil,  having  a  fruity  odour  and  sickly  taste. 
Specific  gravity  0'86  at  20°  (Gorgey).  Crystallises  at  10°.  Boils  at  269°,  when  the 
barometer  stands  at  750  mm.  (Delffs);  at  264°,  with  partial  decomposition. 
(Gorgey.) 

Vapour-density  by  experiment  8*4  ;  by  calculation  (2  vol.)  =  7'9. 

L  a  u  r  a  t  c  of  G  ly  c  c  ry  I,  or  L  a  u  r  o  s  te  a  r  i n.  C27H5004  [or  rather,  perhaps,  C27H5205 

/Q3TI5\»"         1 

~  H  f  C12H'-8OV  [  ®*1 — "^is  fatty  k0(ty  is  found  in  the  berries  of  the  sweet  bay-tree 
(Laurus  nobilie)  (Marsson);  also  in  cocoa-nut  oil  (G  6  r  g  e  y),  and  in  pichurim  beans. 
(Sthamer.) 
Preparation. — 1.  From  the  berries  of  the  Bay-tree.-— -These  berries  are  treated  with 
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boiling  alcohol ;  the  solution  is  filtered  hot ;  the  crystals  of  impure  laurostearin  which 
separate  on  cooling  are  melted  over  the  water-bath ;  the  liquid  thus  obtained  is  filtered 
to  separate  a  resinous  substance  "which  accompanies  it;  and  the  remaining  laurostearin 
is  purified  by  repeated  crystallisation  from  alcohol.  It  is  thus  obtained  perfectly  purr. 

2.  From  Commercial  Oil  of  Bay. — The  oil  is  exposed  to  sunshine  on  porcelain  plates 
covered  with  glass  shades,  whereupon  the  green  colour  soon  disappears,  and  brown 
hard  lumps  of  laurostearin  separate  from  the  mass  of  fat  melted  by  the  sun's  heat ; 
these  are  separated  by  filtration,  dissolved  in  alcohol,  and  obtained  of  a  pure  white  by 
evaporation  or  by  precipitation  with  water.    (Bolley.) 

3.  From  Pichurim  beans  (Fabce  pichurim  major.}. — The  beans  are  exhausted  with  cold 
alcohol  (which  extracts  volatile  oil,  pichurim-camphor,  resin,  a  buttery  fat,  and  a  brown 
colouring  matter) ;  and  the  exhausted  beans  are  boiled  with  alcohol  of  81  per  cent., 
and  pressed  between  hot  plates.    The  expressed  liquid,  as  it  cools,  deposits  pale  yellow 
laurostearin,  only  a  small  quantity  of  that  substance  remaining  dissolved  in  the  alcohol. 
It  is  purified  by  washing  with  cold  alcohol,  pressure,  and  recrystallisation  from  ether- 
alcohol.     (Sthamer.) 

Laurostearin  forms  white  needles  having  a  silky  lustre,  melting  at  about  44°,  spar- 
ingly soluble  in  cold  alcohol,  moderately  soluble  in  boiling  alcohol,  very  soluble  in 
ether.  By  dry 'distillation,  it  yields  acrolein.  When  treated  with  alkalis,  it  is  resolved 
into  glycerin  and  lauric  acid. 

Laurostearin  gives  by  analysis  73-19  to  73*53  per  cent,  carbon,  and  11-45  to  11*68 
hydrogen,  agreeing  nearly  with  the  formula  C27H5004  (calc.  73*97  C,  11*41  II,  and 
14*62  0),  according  to  which,  laurostearin  contains  the  elements  of  2  at.  laiiric  acid 
.  +  1  at.  glycerin  —  3  at.  water : 

2CI2H2<02  +   C3H803  -  3H20     =     C27H5004. 

This,  however,  does  not  agree  with  the  constitution  of  the  normal  glycerides  (ii.  878), 
Perhaps,  therefore,  the  true  formula  may  be  C27H8205=2012H2402  +  C3H80S-2H20  = 
(C3H5)"'    \ 
C12H230)H03. 
H        J 

•LAURIKT.  Bay-berry  Camplior. — Asubstauce  discovered  by  Bo  nastre  (J.  Pharin. 
x.  32)  in  the  berries  of  the  bay-tree,  and  further  examined  byMarsson  (Ann.  Ch. 
Pharm.  xli.  329)  and  Delffs  (ibid.  Ixxxviii.  354).  It  is  prepared  by  boiling  the 
skinned  and  pounded  berries  with  alcohol  of  85  to  90  per  cent.,  filtering  at  the  boiling 
heat,  and  leaving  the  liquid  to  itself  for  several  days.  Laurostearin  is  then  first  depo- 
sited; and  on  filtering  again  and  leaving  the  liquid  to  evaporate,  laurin  is  deposited  in 
crystals  contaminated  with  a  viscid  oil,  from  which  they  may  be  freed  by  pressure 
between  paper  and  recrystallisation. 

Laurin  forms  crystals  belonging  to  the  dimetric  system,  destitute  of  taste  and  smell, 
insoluble  in  water,  very  soluble  in  alcohol,  even  in  the  cold — also  in  ether.  The  solu- 
tions are  neutral  to  test-papers.  Laurin  does  not  dissolve  in  alkalis. 

According  to  the  analysis  by  Delffs,  laurin  contains  76*5 — 77*1  per  cent,  carbon,  and 
86-92  hydrogen,  numbers  agreeing  approximately  with  the  formula  C22H3003. 

Laurin  cannot  be  distilled  without  decomposition.  Its  alcoholic  solution  is  not 
precipitated  by  acetate  of  lead  or  nitrate  of  silver. 

•LAURONE.  C23H*60  =  C12H23O.CnH23?  Laurostearone.— A  substance  produced 
by  the  dry  distillation  of  laurate  of  calcium.  It  crystallises  from  alcohol  in  shining 
plates,  which  melt  at  66°.  It  becomes  electric  by  friction.  Gives  by  analysis  8T42 
and  81*04  per  cent.  C,  and  13*82 — 14-10  H,  agreeing  nearly  with  the  preceding  formula 
(81*65  C,  13*61  H,  and  4*74  0),  which  is  that  of  the  acetone  of  lauric  acid.  (Over- 
beck,  Pogg.  Ann.  Ixxxvi.  591.) 

liAURO  STEARIN".      See  LAUEATE  OF  GLYCERYL  (p.  475). 
LAURUS  CA^XPHORA,  Oil  OF.     See  i.  729. 

•LAURUS  NOBrLZS.  The  Sweet  Bay-tree.— The  fruit  of  this  tree  has  been 
analysed  by  Grosourdi  (J.  Chim.  mM.  [3]  vii.  257,  321,  385;  Jahresber.  1851,  p.  562). 
He  finds  that,  in  the  fresh  berries,  the  pericarp  constitutes  nearly  a  third  of  the  entire 
weight ;  the  kernels,  freed  from  episperm,  make  up  more  than  half  the  weight  of  the 
seed ;  and  the  episperm  amounts  to  rather  more  than  ^th  of  the  weight  of  the  fresh 
seed. 

100  pts.  of  the  dried  berries  yielded  0*86  silica,  0*12  carbonate  of  calcium,  0*12  oxides 
of  iron  and  manganese,  0*53  carbonate  of  potassium,  0-07  sulphate  of  potassium,  0-16 
chloride  potassium:  in  all,  =  1-75  per  cent.  ash. 

The  composition  of  the  entire  fresh  fruit,  pericarp  and  kernel  (cotyledons),  is  given 
in  the  following  table : — 


LAVA  — LAZULITE. 
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Composition  of  Bay-berries. 

Pericarp. 

Water  ......   -     .        .     47'417 

Starch  .......... 

Lignin  .....         .         .         .     32-850 

Oil  of  kernels         ........ 

Oil  from  pericarp  ......       4'724 

Stearolaurin  .......       0'210 

Stearolauretin        ........ 

Pectin  or  Poetic  acid     .....       2772 

Kesiu     .         .         .         .....       2-054 

Phaeosin  or  Phseosic  acid        ....       3-318 

Laurin  .......... 

Uncrystallisable  sugar   .....       4'301 

Lauretin        ......... 

Lauretic  acid          ......       0-650 

Albuminous  matter        .....       0-200 

Colouring  matter   ......       1-619 

Volatile  oil    .......       0'005  _ 

100-120"     100-010      100-729 
Laurelic  add  was  obtained  by  treating  the  pericarp  with  water,  precipitating  the 
pectin  with  alcohol,  evaporating  the  alcoholic  liquid,  dissolving  the  residue  in  water, 
precipitating  the  aqueous  solution  with  nitrate  of  lead,  and  decomposing  the  precipitate 
with  sulphydric  acid. 

Stearolaurin  (?  identical  with  laurostearin)  is  the  solid  fat  which  gradually  separates 
at  10°  from  the  warm-pressed  oil  of  the  pericarp.  —  Phaosin  or  Phaosic  acid  is  a  brown 
substance  extracted  by  carbonate  of  sodium  from  the  pericarp,  exhausted  successively 
with  water,  alcohol,  and  ether. 

See  VOLCAXIO  PHODUCTS. 


Kernel. 

Entire  Seed. 

39-539 

42-216 

37-827 

21-929 

7-783 

20-526 

5-975 

3-377 

t    . 

1-560 

> 

0-068 

0-180 

0-008 

t    f 

0-888 

n 

0-663 

5-685 

5-341 

1-428 

0-853 

1-003 

2-080 

0-120 

0-009 

0-360 

0-403 

0-110 

0-320 

. 

0-488 

trace 

trace 

OXIi  OP.  Lavender  (Lavandula  Spica,  L.)  yields  a  yellowish 
volatile  oil,  having  a  strong  but  agreeable  odour,  and  an  acrid  aromatic  taste.  It 
reddens  litmus,  and  contains,  in  variable  proportions,  a  crystalline  substance  having  the 
composition  of  common  camphor  (Dumas).  The  liquid  portion  of  the  oil  appears  to 
be  mainly  composed  of  two  substances,  one  of  which  has  the  composition  of  oil  of 
turpentine.  (Gerhardt,  Traite,  iv.  336.) 

IiAVEWDITXiAKT,  An  amorphous  mineral  from  Annaberg  in  Saxony,  which 
appears  to  be  an  arsenate  of  cobalt,  mixed  with  the  arsenates  of  nickel  and  coppe*.  It 
has  a  greasy  lustre,  inclining  to  vitreous.  Hardness  =  2*5  to  3.  Specific  gravity  = 
3-014.  Colour  lavender-blue.  Streak  paler  blue.  Translucent.  Fracture  concho'i- 
dal.  Melts  easily  before  the  blowpipe,  colouring  the  flame  blue,  and  becoming 
crystalline  on  cooling.  (Breithaupt,  J.  pr.  Chem.  x.  505.) 

ZiAZUXiITE.  Azurite.  Azure-stone.  Blue  Spar.  Voraulite.  KlaprotJiin.  —  A 
hydrated  phosphate  of  aluminium,  magnesium,  and  iron,  occurring  in  monoclinic 
pyramids,  with  truncated  summits  and  several  secondary  faces.  The  inclined  axes  make 
an  angle  of  88°  15';  and  the  principal  axes,  orthodiagonal  and  clinodiagonal,  are  to  one 
another  as  0-86904  :  1  :  1-0260.  Angle  ooP  :  ooP  =  91°  30';  oP  :  Poo  =  139°  45'. 
Observed  faces,  +2Poo,  -2Poo,  -2P,  oP,  +  2P,  -P,  and  others.  Twin-crystals 
also  occur  with  face  of  composition  ooPoo  .  Cleavage  lateral,  indistinct.  The  mineral 
also  occurs  massive. 

Hardness  =  5  to  6.  Specific  gravity  =  3-057  (Fuchs);  3-067  to  3-121  (Priifer); 
3-122  (Smith  and  Brush).  Lustre  vitreous.  Colour  azure-blue,  commonly  of  a  fine 
deep  blue  when  viewed  along  one  axis,  and  a  pale  greenish-blue  along  another. 

When  heated  in  a  tube,  it  gives  off  water  and  turns  white.  Before  the  blowpipe,  it 
colours  the  flame  faint  green,  swells  up,  becomes  tumid,  but  does  not  melt  ;  gives  a 
fine  blue  colour  with  cobalt  solution. 

Analyses.  —  a.  Light  blue  from  Krieglach  in  Styria:  mean  of  two  analyses  (Ram- 
melsberg,  Mincralchemie,  p.  340).  —  b.  Light  blue  from  near  Werfen  in  Saltzburg 
(Fuchs,  Schw.  J.  xxiv.  373).  —  c.  Dark  blue  from  the  Fischbach  Alp  in  Styria  :  mean  of 
two  analyses  (Kamm  els  berg,  loc.  cit.).—d.  Dark  blue  from  Sinclair  County,  North 
Carolina  (Smith  and  Brush,  Sill.  Am.  J.  [2]  xvi.  365). 


44-16 
42-70 
42-58 
43-76 


A12Q3 

33-14 
36-50 
32-89 
31-70 


MgO 

12-52 

9-54 

9-27 

10-04 


FeO 

1-77 
2-70 
8-11 

S-17 


CaO 
1-53 

i-ii 


H2Q 
6-88 
6-19 
6-04 
5-59 


100 

97-63 
100 

99-26 
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From  these  numbers  Kammelsberg  deduces  the  formula,  [3(Mg  ;Fe)"O.P205]. 
3A120S.P205  +  3H20.  The  darker  varieties  contain  a  larger  proportion  of  iron  than  the 
lighter  varieties. 

Lazulite  occurs  in  narrow  veins  traversing  clay-slate,  in  the  torrent  beds  of 
Schladming  and  Kadelgraben,  near  Werfen  in  Saltzburg,  and  the  other  localities 
above  mentioned ;  also  at  Tijuco  in  Minas  Geraes,  Brazil.  It  is  abundant  at  Crowder's 
Mount,  Lincoln  County,  North  Carolina.  (Dana,  li.  405.) 

XiEAD.  Synonyms :  "Bid ;  Plomb  ;  Plumbum ;  Saturnum.  Symbol,  Pb.  Atomic 
weight,  207. 

This  metal  does  not  often  occur  in  nature  in  the  metallic  state ;  but  of  all  the  in- 
stances in  which  it  is  recorded  to  have  been  found  native,  the  most  trustworthy  are 
those  in  which  it  was  discovered  among  volcanic  products. 

The  colour  of  lead  is  bluish-grey ;  and  when  it  is  cut,  the  fresh  surface  has  con- 
siderable lustre ;  but  this  brilliancy  disappears  in  a  short  time,  in  consequence  of  the 
formation  of  a  thin  crust  of  suboxide. 

The  lead  of  commerce  is  nearly  pure,  as  shown  by  the  analyses  given  at  p.  504  ;  the 
impurities,  often  present  in  very  small  quantities,  are  silver,  copper,  antimony,  and 
sometimes  iron  and  manganese. 

Lead  is  very  soft,  is  easily  cut  by  a  knife,  and  may  be  scratched  by  the  nail.  It 
readily  receives  impressions,  and  leaves  a  streak  on  white  paper.  It  is  very  malleable  and 
ductile,  and  is  capable  of  being  rolled  into  thin  sheets  or  drawn  into  wire.  It  occupies  the 
sixth  rank  among  metals  as  to  malleability,  and  the  eighth  rank  as  to  ductility.  Kolled 
lead  is  more  ductile  than  cast  lead,  in  the  proportion  of  7  to  5.  Its  malleability  and 
ductility  are  much  affected  by  the  presence  of  impurities,  especially  by  the  oxide  of 
lead,  which  it  dissolves  in  small  quantities  in  the  melted  state. 

It  is  very  deficient  in  tenacity ;  a  wire  ^  of  an  inch  in  diameter  does  not  support 
20  Ibs.  In  this  respect,  rolled  and  cast  leacl  are  precisely  alike  ;  but  with  the  latter, 
the  fracture  takes  place  at  once,  and  the  ends  are  clean  and  granular. 

Lead  begins  to  melt  at  325°  C.,  and  is  completely  fused  at  335°  C.  (635°  F.);  at  a 
red  heat,  it  gives  off  vapours.  At  a  temperature  of  50°  P.,  it  loses  '005  of  its  weight 
in  a  charcoal-lined  crucible,  which  increases  to  -09  as  the  heat  rises  to  150°  P., 
whereas  galena  loses  3-71  per  cent. 

It  crystallises  in  regular  octahedrons.  Mongez  obtained  it  in  four-sided  pyramids 
by  slow  cooling ;  and  Marx  procured  it  in  fern-like  forms,  similar  to  those  in  which 
sal-ammoniac  crystallises,  by  allowing  a  considerable  quantity  of  melted  lead  to  cool 
until  half  had  solidified,  then  piercing  the  crust  and  running  off  the  fluid  portion.  By 
the  electro-chemical  action  of  zinc  in  a  solution  of  acetate  of  lead,  it  is  deposited  in  an 
arborescent  form,  known  under  the  name  of  Saturn's  Tree.  Landrin  states  that,  in 
1826,  he  noticed,  in  a  deep  mine  in  Cornwall,  cubical  crystals  of  lead  which  had  been 
deposited  on  the  miner's  tools,  and  had  been  entirely  oxidised.  The  presence  of  silver 
interferes  with  the  crystallisation. 

Lead  emits  a  dull  sound  when  struck  with  a  hammer ;  but  when  cast  in  the  form  of 
a  mushroom,  it  becomes  sonorous. 

The  specific  gravity  of  lead  is,  according  to  Kupffer,  11-3305 ;  Brisson  and  Hera- 
path,  11*352  ;  Morveau,  11*358;  Karsten,  11-3888;  according  to  Berzelius,  when  in  a 
state  of  purity,  11-445. 

Its  specific  heat,  according  to  Cooke,  is  0-031400.  It  is  an  inferior  conductor  of 
heat  and  electricity. 

Lead  is  pyrophoric  in  a  state  of  fine  division.  It  is  usually  obtained  in  this  state 
by  heating  tartrate  of  lead  in  a  glass  tube  as  long  as  any  fumes  are  evolved,  when  the 
tube  is  sealed  by  a  blowpipe.  On  breaking  the  tube  after  cooling,  and  scattering  the 
powder  in  the  air,  it  will  burn  with  a  red  flash. 

When  lead  is  melted  in  contact  with  the  air,  the  surface  is  rapidly  coated  with  an 
iridescent  pellicle,  which  then  passes  into  a  yellow  oxide.  "When  the  temperature  is 
high  enough  to  melt  the  oxide,  it  is  absorbed  by  the  lead,  which  loses  its  lustre  and 
ductility :  it  becomes  brittle,  and  all  the  faces  of  the  fracture  are  dull.  It  recovers  all 
its  original  properties  by  refusion  with  charcoal. 

The  action  of  air  and  water  on  lead  has  been  care-fully  studied  by  Prof.  Miller,  from 
whoso  account  of  their  combined  action  we  give  the  following  particulars : — This  metal 
undergoes  no  change  in  a  perfectly  dry  atmosphere,  nor  when  sealed  up  in  contact  with 
pure  water  from  which  the  air  has  been  expelled  by  boiling.  It  is,  however,  subject 
to  a  powerful  corrosion  when  exposed  to  the  combined  action  of  air  and  pure  water. 
The  surface  of  the  lead  then  becomes  oxidised,  the  water  dissolves  the  oxide,  and  this 
solution  absorbs  carbonic  acid,  when  a  film  of  hydrated  carbonate  of  lead,  2PbHO.Pb-C03, 
is  deposited  in  silky  scales.  Another  portion  of  oxide  is  formed,  which  is  dissolved  by 
the  water,  and  thus  a  rapid  corrosion  of  the  metal  ensues.  This  action  is  materially 
modified  when  various  salts  exist  in  the  water,  even  when  their  quantity  does  not 
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exceed  3  or  4  grains  in  the  gallon.  The  corrosion  is  increased  by  the  presence  of 
chlorides  and  nitrates,  "but  diminished  by  sulphates,  phosphates,  and  carbonates,  the  oxide 
of  lead  being  scarcely  soluble  in  water  containing  these  salts  in  solution.  Acid  carbo- 
nate of  lime  is  remarkable  for  its  preservative  influence ;  and  in  consequence  of  the  pre- 
sence of  this  salt  in  most  spring  waters,  they  do  not  act  on  lead  to  any  serious  extent, 
a  film  of  carbonate  of  lead  being  deposited  on  the  surface  of  the  metal,  and  protecting 
it  from  further  action. 

The  action  of  water  on  lead  is  very  important  in  a  sanitary  point  of  view,  as  this 
metal  is  so  constantly  employed  in  making  cisterns,  pipes,  &c.  for  domestic  purposes. 
Rain-water  from  the  roofs  of  houses,  especially  in  towns,  is  sufficiently  impure  to  prevent 
its  action  on  the  metal.  The  most  insoluble  salt  of  lead  is  the  hydrated  oxycarbonate 
(p.  478)  which  is  only  soluble  to  the  extent  of  abont  1  pt.  in  4  millions  or  one-sixtieth  of 
a  grain  per  gallon  of  water.  When  a  solution  of  lead  is  exposed  to  the  air,  silky  crystals 
of  this  hydrated  oxycarbonate  are  formed,  and  in  a  few  hours  the  water  does  not  con- 
tain more  than  4  ^  o(~  of  lead  in  solution.  Water,  however,  which  contains  much 
carbonic  acid  in  solution,  is  very  dangerous,  as  it  dissolves  the  carbonate  of  lead.  When 
such  water  is  boiled,  the  carbonic  acid  escapes,  and  the  carbonate  is  deposited.  Water 
has  generally  so  much  action  on  lead,  that  slate  cisterns  are  much  safer  than  those 
made  with  lead. 

The  non-oxidising  acids  do  not  act  upon  lead,  except  when  in  contact  with  the  air, 
as  already  explained  in  the  case  of  carbonic  acid.  Nitric  acid  easily  acts  on  lead,  even 
in  the  cold,  forming  protoxide,  which  is  then  dissolved.  Strong  sulphuric  acid  converts 
the  lead  into  sulphate,  when  the  acid  is  heated  to  the  boiling  point.  Hydrochloric  acid 
has  little  or  no  action,  but  aqua  regia  converts  the  lead  into  chloride.  When  arsenic 
or  arsenious  acid  is  heated  with  lead,  arsenite  and  arsenide  of  the  metal  are  formed. 

Lead  is  readily  oxidised  by  cupric  oxide,  which  is  at  the  same  time  reduced  to  the 
state  of  cuprous  oxide :  it  also  partially  reduces  the  cuprous  oxide,  but  the  oxide  of 
lead  which  is  formed  retains  a  portion  of  the  oxide  of  copper  in  combination  and  pre- 
vents any  further  action  on  the  metallic  lead. 

Nitre  acts  rapidly  on  lead  at  a  high  temperature,  forming  a  fusible  compound  of 
protoxide  of  lead  and  potash.  The  acid  sulphates  also  oxidise  this  metal;  but  the 
neutral  sulphates  and  the  alkaline  carbonates  have  no  action. 

Sulphur,  selenium,  phosphorus,-  and  arsenic  combine  directly  with  lead. 

Lead  also  alloys  with  most  of  the  metals  ;  but  only  imperfectly  with  copper,  titanium, 
uranium,  cerium,  cobalt,  nickel,  and  iron. 

EXTEACTION    OF    LEAD. 

Historical  XSTotices.  The  most  abundant  and  valuable  ores  of  lead  possess  so 
many  properties  likely  to  attract  the  attention  of  uncivilised  nations,  that  it  is  not 
surprising  to  find  early  mention  of  this  metal.  Some  authorities  think  that  allusion 
is  made  to  its  metallurgy  in  the  Hebrew  word  opher,  in  reference  to  the  powder  pro- 
duced by  the  formation  of  the  oxide  on  molten  lead.  The  earliest  mention  of  lead  is 
in  the  well-known  passage  in  the  Book  of  Job ;  and  it  is  again  named  as  one  of  the 
spoils  taken  from  the  Midianites  in  the  Book  of  Numbers.  It  is  also  probable  that 
galena  was  used  as  a  glaze  for  earthenware  in  the  time  of  Solomon,  from  the  notice  in 
Proverbs  xxvi.  It  was  also  one  of  the  articles  in  which  the  Phoenicians  traded,  and 
which  they  may  have  obtained,  in  part  at  least,  from  this  country.  It  was  used  in  the 
hanging  gardens  of  Babylon,  the  level  of  each  terrace  being  covered  with  sheets  of  solid 
lead. 

The  Romans  also  worked  the  ores  of  this  metal  both  in  Spain  and  in  this  country. 
In  the  former  country,  the  extent  of  the  Carthaginian  mining  and  smelting  operations 
excite  our  surprise  in  the  present  day,  and  the  slags  left  by  them  have  been  re-smelted 
on  a  large  scale  within  the  last  twenty  years,  while  lead  cast  in  Roman  moulds — pigs, 
in  fact,  of  the  age  of  Hadrian  and  other  emperors— have  been  found  in  Flintshire, 
Yorl«hire,  and  other  localities. 

The  methods  of  obtaining  the  lead  from  its  ores  have  not  undergone  any  great  change, 
the  smelters  having  adopted  the  reverberatory  or  blast  furnace  as  they  found  the  one 
or  the  other  more  suited  to  the  character  of  the  ores  of  each  locality.  The  one  great 
improvement  in  the  metallurgic  treatment  of  this  metal  is  Pattinson's  desilverising  plan, 
which  has  been  followed  by  the  softening  process  for  the  hard  leads  of  commerce,  es- 
pecially those  of  Spain ;  and  we  may  remark  that  the  only  other  addition  to  the  ancient 
methods  has  been  the  condensation  of  the  lead  fume. 

Tbe  Ores  of  Ziead.  Lead  is  seldom  found  native,  but  there  are  upwards  of 
twenty  ores  of  this  metal  known  to  the  mineralogist.  Those  of  practical  importance, 
however,  are  very  few  in  number,  and  all  the  lead  of  commerce  may  be  said  to  be 


480 


LEAD. 


procured  from  five  minerals,  viz.  the  carbonate,  sulphate,  phosphate,  arsenate, 
and  the  sulphide,  the  latter  ore  furnishing  more  of  this  metal  than  all  the  others. 

Sulphide  of  Lead,  or  Galena,  is  found  in  the  older  and  more  recent  strata,  and  more  or 
less,  in  every  country  of  the  globe.  It  occurs  in  veins  in  the  killas  of  Cornwall,  and  in 
the  mountain  limestones  of  Derbyshire  and  the  northern  counties.  In  Cardiganshire  and 
Montgomeryshire,  it  occurs  in  the  strata  of  the  lower  Silurian  rocks  ;  and  the  chief  de- 
posits of  the  United  States  are  found  in  the  rocks  of  the  same  geological  age.  It  fills 
veins  in  gneiss  in  Saxony ;  at  Sala  in  Sweden,  it  is  found  in  granular  limestone. 

Analyses  of  Galena. 


Locality    . 

Lauenstein, 
Hanover. 

Pm'bram,  Bohcmm. 

England. 

Inverkeithing, 
Scotland. 

Analyst    . 

Westrumb. 

Lerch. 

Thomson. 

Robertson. 

Lead       . 
Silver      . 
Iron 
Zinc 
Sulphur  . 

83-00 
0-08 

16-41 

81-80 

*3'59 
14-41 

83-61 

*2-l*8 
14-18 

85-13 
0-50 
13-02 

84-63 
13-21 

99-49 

99-80 

99-97 

98-65 

97-84 

Sulphide  of  lead  occurs  also,  in  combination  with  the  sulphides  of  antimony  and 
copper,  in  the  minerals  Gcocronite,  Boidangerite,  Jamesonite,  llournonite. 

Carbonate  of  Lead,  or  Cerusite,  occurs  in  crystals,  and  in  fibrous,  compact,  and 
earthy  masses.  It  is  frequently  found  in  lodes,  and  sometimes  in  beds  in  sedimentary 
limestone,  generally  associated  with  galena.  It  is  worked  in  quantity  near  Aix-la- 
Chapelle,  and  in  the  neighbourhood  of  Santander  in  Spain.  It  is  also  found  in  the 
mines  of  Cornwall  and  Devonshire,  in  Yorkshire,  at  Leadhills  in  Anglesey,  and  at 
Seven- Churches  in  Wicklow. 

Analyses  of  Cerusite. 


Locality  . 

Leadhills, 
Scotland. 

Nertschinsk. 

Griesberg,  in 
the  Eijel^ 

Oberlahnstein, 
Nassau. 

Analyst  . 

Klaproth. 

John. 

Bergemann. 

Wildenstein. 

Oxide  of  lead 
Oxide  of  iron 
Clay     .... 
Water  .... 
Carbonic  acid 

82 
16 

81-4 
15-5 

83-51 
16-49 

83-64 
16-36 

98 

96-9 

100-00 

100-00 

Locality  . 

flenkhausen, 
Westphalia. 

Phcenixville, 
Pennsylvania. 

Vannes, 
France. 

Tecsdale, 
England. 

Analyst  . 

Schnabel. 

Smith. 

Berthier. 

Phillips. 

Oxide  of  lead 
Oxide  of  iron 
Clay     .... 
Water  .... 
Carbonic  acid 

83-93 
16-07 

84-76 
16-38 

66-0 
2-3 
15-3 
2-2 
13-0 

83-50 
16-50 

100-00 

101-14 

98-8 

100-00        1 

Carbonate  of  lead  is  also  found,  with  other  salts  of  lead  and  copper,  in  the  minerals 
Cromfordite,  Susannite,  LavarJcitet  Calcedonite. 

Sulphate  of  Lead,  or  Anglcsite,  is  found  in  cavities,  but  more  generally  in  lodes 
associated  with  galena  and  carbonate  of  lead.  It  occurs  at  Leadhills  in  Scotland ; 
in  Cornwall  and  Derbyshire ;  in  the  Channel  Islands ;  in  Spain,  Germany,  France,  and 
America. 
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The  composition  of  this  mineral  is  given  in  the  following  analyses : 


Locality  . 

Anglesey. 

Wanlockhcad, 
Lead  Hills. 

Zellerfetd,  Hartz. 

Analyst   . 

Klaproth. 

Stromeyer. 

Oxide  of  lead 
Oxide  of  iron  . 
Oxide  of  manganese 
Water    .... 
Sulphuric  acid 

71-0 
1-0 

*2-0 
24-8 

70-50 

225 
2575 

72-46 
0-09 
0-06 
0-51 
26-09 

98-8 

98-50 

99-21 

Sulphate  of  lead  also  occurs  combined  with  other  salts,  in  the  form  of  Linarite,  Cole  • 
don  it  e,  Lcadhillite. 

Phosphate  of  Lead,  or  Pyromorphite,  occurs  generally  at  the  upper  parts  of  lodes,  less 
frequently  in  layers,  and  also  usually  associated  with  other  ores  of  lead.  There  are 
three  classes  of  this  ore,  viz.  such  as  contain  only  phosphoric  acid ;  secondly,  those 
containing  both  phosphoric  and  arsenic  acids ;  and  lastly,  those  containing  lime  and 
fluorine. 

The  composition  of  some  of  the  ores  of  the  first  class,  is  given  in  the  following  Table : 


Locality  . 

Leadhills. 

Poullaouen. 

Kransberg. 

Beresov. 

Analyst  . 

Wohler. 

Karsten. 

Sandberger. 

Struve. 

Chlorine 

2-52 

2-53 

2-67 

2-54 

Lead 

7-39 

7-56 

7-80 

7-40 

Oxide  of  lead  . 

74-50 

74-15 

73-22 

73-36 

Phosphoric  acid 

15-59 

1576 

15-94 

15-82 

Oxides  of  iron  and/ 

rv.cq 

chromium          .  J 

'     ' 

100-00 

100-00 

99-63 

99-71 

This  ore  is  found  at  Leadhills,  and  in  Cornwall;  at  "Wicklow  in  Ireland;  at 
Phcenixville,  in  the  United  States ;  and  many  other  localities. 

Arscnate  of  Lead  or  Mimetesite  is  met  with  in  large  quantities  at  Drjrgill,  in  Cum- 
berland, and  has  been  used  in  the  manufacture  of  flint  glass,  to  which  it  imparts  great 
brilliancy.  It  is  found  at  Eedruth  and  other  Cornish  mines  ;  at  Beeralston  in  Devon- 
shire, and  in  America,  Siberia,  &c.,  generally  occurring  near  the  outcrop  of  the  veins. 
There  are  three  classes  of  it,  similar  to  those  of  the  previous  ore.  The  following  is 
the  composition  of  a  specimen  of  the  ore  which  contains  arsenic  acid,  analysed  by 
Bergemann : 

From  Bhmca,  Mexico. 

Oxide  of  lead 74-96 

Arsenic  acid .     23-06 

Chlorine 2'44 

1CKH6 

The  other  ores  of  lead  will  be  found  described  in  these  volumes  under  their  respec- 
tive mineralogical  designations. 

Metallurgical  Treatment  of  the  Ores  of  lead.  The  differences  in  the 
nature  of  the  ores  of  lead,  the  peculiarities  of  the  localities  as  to  labour,  fuel,  &c.,  and 
the  application  of  the  lead  afterwards,  have  all  tended  to  modify  the  metallurgy  of  this 
valuable  metal.  It  would  have  been  more  satisfactory  to  have  described  all  the 
different  plans  in  detail ;  but  as  this  would  be  inconsistent  with  the  limited  space  which 
can  be  devoted  to  a  metallurgical  subject  in  these  volumes,  we  must  confine  this  article 
to  an  account  of  some  of  the  methods  adopted  for  extracting  lead  from  its  ores. 
Various  arrangements  might  also  be  pursued  in  this  account  of  the  smelting  of  lead 
ores,  but  we  prefer  the  following,  in  which  we  will  describe — I.  Reduction  of  the  Ores. 
II.  Kefining  of  the  Lead.  III.  Softening  of  Hard  Lead.  IV.  Smelting  of  the  Sings 
and  other  Products.  V.  Condensation  of  the  Lead  Fume. 

I.  Reduction  of  lead  Ores. 

All  the  ores  of  lead  may  be  arranged  in  two  classes  in  respect  to  their  metallurgical 
treatment,  viz.  the  sulphur  and  oxygen  compounds  of  lead,  and  again  as  to  the  form 
of  furnaces  employed  in  their  reduction,  viz.  the  reverberatory  and  the  blast  furnace. 

\,.i.  111.  I  I 
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1.  THE  REDUCTION  OF  SULPHUR  ORES  IN  REVERBERATORY  FURNACES. 

The  sulphur  ores  of  lead  are  treated  after  two  different  systems  in  the  reverberatory 
furnace,  which  have  been  distinguished  by  Phillips  as  the  method  of  double  decomposi- 
tion and  the  process  by  affinity,  and  these  again  differ  in  the  details  as  practised  in 
this  country,  in  France,  and  in  Germany. 

The  first  plan  depends  upon  the  reaction  between  sulphide  of  lead  and  oxide  of  lead, 
as  shown  in  the  following  equation  : 

PbS  +  2PbO  -  3Pb  +  SO2; 

or  upon  the  double  decomposition  when  sulphide  and  sulphate  of  lead  are  the  consti- 
tuents of  the  mixture,  thus : 

PbS  +  PbSO*  =  2Pb  +  280*. 

This  process  consists  in  roasting  the  galena  in  a  reverberatory  furnace,  until  a 
portion  of  the  ore  has  been  converted  into  oxide  and  sulphate  of  lead;  it  may 
be  performed  either  in  a  distinct  furnace,  or  in  the  smelting  furnace  where  the  subse- 
quent fusion  is  effected.  The  following  table  of  analyses  of  roasted  ores,  from  different 
localities,  illustrates  the  above  remarks. 

Analyses  of  Eoasted  Galena. 


Locality  . 

Pezey. 

HolzapfeL 

Pontgibaud. 

Oxide  of  lead 
Sulphate  of  lead  . 
Sulphide  of  lead  . 
Oxide  of  iron 
„       zinc 
„       manganese 
„       antimony 
„       copper    . 
Arsenic  acid 
Sulphate  of  baryta 
Silica  . 
Lime,  &c.     . 

18 

86 
10 

35 

19 
4 
6 
27 
2 

31-0 
8-0 
11-8 
9-0 
30-2 

52-6 
8-0 

13-0 
9-0 

0-4 
14-0 
3-0 

16-9 
12-1 

21-3 
21-6 

1-0 
19-8 
6-2 

62-9 

4-9 
3-7 

0-7 

23-9 
3-1 

•   • 

*7 

io-b 

114 

100 

100-0 

100-0 

98-9 

99-2 

When  the  roasted  ore  has  been  thoroughly  mixed,  the  doors  are  closed  and  the  fires  are 
set  away.  The  reactions  above  explained  then  take  place,  when  the  lead  is  separated. 

This  process  is  applicable  to  the  ores  which  are  comparatively  free  from  silica  and 
earthy  impurities,  and  is  generally  adopted  in  England. 

The  process  by  affinity  consists  in  fusing  the  ore  with  iron  in  some  form  or  other, 
when,  the  iron  combining  with  the  sulphur,  the  lead  is  eliminated :  thus, 

PbS  +  Fe  =  Pb  +  FeS; 
and  this  plan  is  better  suited  to  the  impure  ores  of  lead. 

a.   Method  by  double  Decomposition. 

ENGLISH  PROCESS. — The  Reverberatory  Furnace  consists,  as  usual,  of  three  essential 
parts,  the  fireplace,  hearth  and  chimney.    The  position  and  relative  proportions  of  each 
p.     689  part  are  shown  in  figs.  689  and  590, 

where  a  represents  the  grate ;  b,  the 
""  door  of  the  fireplace ;  c,  the  fire- 
bridge; d,  the  arched  roof;  e,  the 
hearth  ;  //,  the  working  doors ;  g  g, 
flues  running  into  one  main  flue 
leading  to  a  condensing-chamber 
and  chimney. 

The  hearth  is  hollow  or  funnel- 
shaped,  to  facilitate  the  descent  of 
the  lead  to  the  lowest  point  in  the  bed  of  the  furnace.  The  bottom  of  these  furnaces, 
or  hearth,  as  it  is  called,  is  built  of  bricks,  which  are  covered  with  a  layer  of  slags. 
These  slags  are  run  into  a  semi-fluid  condition  by  a  heavy  fire,  and  then  worked  into 
the  proper  shape  by  means  of  paddles  and  rakes.  The  hearth  slopes  more  rapidly  from 
the  fire-bridge  than  from  the  flue,  to  prevent  the  lead  being  exposed  too  long  to  the 
action  of  the  heated  air. 
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There  are  three  working  doors  on  each  side  of  the  furnace,  attended  by  two  men, 
who  assist  each  other  in  manipulating  the  charge.  The  lead  collects  at  the  lowest 
part  of  the  hearth,  covered  by  the  slags, 
and  is  drawn  off  by  a  tap-hole  into  the 
metal  pot,  ?',  in  front  of  the  furnace. 

The  arch  falls  rather  rapidly  towards 
the  flues,  gg,  to  give  more  effect  to  the 
heat,  and  the  draught  is  capable  of  re- 
gulation by  means  of  dampers. 

The  usual  charge  of  ore  in  these  fur- 
naces at  Holywell  weighs  20  cwt.,  which 
is  introduced  through  a  hopper,  h,  in  the 
arch  of  the  furnace.  This  charge  is  then 
spread  evenly  over  the  surface  of  the 
earth,  and  gently  heated  for  two  hours, 
the  doors  being  closed  and  the  damper 
lowered. 

The  two  front  doors,  farthest  from  the 
fire,  being  opened,  the  smelter  throws  in 
the  slags  swimming  on  the  surface  of  the  lead  in  the  pot,  i,  from  the  previous  operation. 
The  tap-hole  is  opened  in  a  little  time  to  allow  the  metallic  lead  to  run  off  from  the 
slags,  and  at  the  same  time,  an  assistant  turns  over  the  ore,  through  the  back  doors, 
by  means  of  a  paddle.  These  doors  are  now  closed,  while  the  front  ones  are  open, 
through  which  some  small  coal  is  thrown  in  upon  the  lead-bath,  and  the  whole  is 
worked  up  together,  the  ore  being  turned  over  with  a  paddle.  The  smelter,  in  about 
three-quarters  of  an  hour  from  the  commencement,  throws  back  upon  the  sole  of  the 
hearth,  the  fresh  slags,  which  then  float  upon  the  bath,  and  are  mixed  with  the 
coaly  matter.  These  slags  and  the  ore  are  then  turned  over  with  the  paddle,  and  all 
the  doors  are  closed. 

The  ore  is  turned  over  again  through  the  back  doors,  and  the  first  lead  appears, 
obtained  from  the  slag  last  remelted.  This  lead  is  run  off  by  the  tap,  and  both  work- 
men then  turn  over  the  ore,  through  all  the  doors.  The  smelter  now  closes  all  the 
front  doors  except  that  next  the  fire-bridge,  and  lifts  off  the  fresh  slags  from  the  lead 
pot,  drains  them,  and  throws  them  back  into  the  furnace.  The  interior  of  the  furnace, 
at  this  period,  has  a  dull  red  heat. 

The  lead  begins  to  separate  from  the  ore  in  about  l£  hour  from  the  charging  of  the 
furnace,  and  the  two  workmen  again  turn  over  the  ore  from  each  side  of  the  furnace. 
Some  coal  is  thrown  on  the  grates,  slightly  to  raise  the  heat,  the  ore  is  turned  over, 
and  all  the  doors  are  closed. 

The  first  fire  or  roasting  lasts  about  two  hours,  and  the  damper  is  then  raised  a 
little;  coal  is  thrown  on  the  grates  to  give  'the  second  fire,  which  lasts  25  minutes. 
The  heat  of  the  furnace  has  now  become  bright  red,  and  the  lead  flows  from  all  sides  to 
the  bath.  The  smelter  then  pushes  the  slags  back  towards  the  upper  part  of  the  hearth, 
while  the  assistant  spreads  them  over  its  surface,  through  the  back  doors.  The  smelter 
now  throws  in  a  few  shovelfuls  of  quicklime  upon  the  lead-bath,  through  the  middle  door. 
The  assistant  works  the  ore  and  slags  through  the  three  back  doors,  spreading  them 
out,  while  the  smelter  again  pushes  the  slags  from  the  inner  bath  to  the  upper  part  of 
the  sole.  The  doors  are  left  open  for  a  short  time,  and  the  lead  flows  down  into  the 
basin  from  the  slags  with  which  it  was  mixed  as  they  were  pushed  back. 

The  workmen  in  a  short  time  again  turn  over  the  ore  and  slags,  and  in  three  hours 
from  the  commencement,  a  little  more  fuel  is  thrown  on  the  grate.  In  ten  minutes, 
fresh  fuel  is  added  for  the  third  fire,  the  damper  is  fully  raised,  all  the  doors  are  again 
closed,  and  the  furnace  is  left  in  this  state  for  three-quarters  of  an  hour.  At  the  expi- 
ration of  about  four  hours,  all  the  doors  being  opened,  the  assistant  levels  the  surface 
to  facilitate  the  separation  of  any  lead,  and  then  spreads  the  slags  which  are  pushed 
back  towards  him  by  the  smelter,  who  now  throws  in  more  lime  to  render  the  slags 
less  fluid  and  to  cover  the  lead-bath. 

The  smelter  adds  a  fresh  charge  of  fuel  in  about  ten  minutes  after  the  completion  of 
the  third  fire,  and  closes  the  doors  to  give  the  fourth  fire.  This  fire  is  finished  in  four 
hours  and  forty  minutes,  when  the  doors  are  opened,  the  tap-hole  is  pierced  to  allow 
the  lead  to  flow  into  the  pot  outside,  and  some  lime  is  thrown  upon  the  slags  in  the 
inner  bath.  The  smelter  then  pushes  these  dried  slags  towards  the  upper  part  of  the 
hearth,  whence  the  assistant  rakes  them  out  of  the  furnace  through  the  back  doors. 

We  have  given  this  detailed  account  of  the  working  of  a  charge  from  Mr.  Phillips' 
excellent  description  of  the  process  followed  in  Wales,  as  an  illustration  of  the  nature 
of  these  operations,  and  to  avoid  the  necessity  of  similar  minute  details  in  other  analo- 
gous processes..^ 

i  i   2 
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The  weight  of  a  charge  varies  in  different  localities,  12  to  14  cwt.  being  that  used  in 
the  north  of  England ;  21  cwt.  in  Bristol,  and  30  cwt.  in  Cornwall,  while  the  time 
extends  from  6  to  24  hours,  according  to  the  weight  and  nature  of  the  ore. 

The  cost  of  smelting  an  average  parcel  of  galena  in  the  reverberatory  furnace  is: 

*.     d. 

Labour  ....  9 
Coals  19-9  cwt.  .  .  .3 
Lime  0'9  .  .  .  .0 
Kepairs  .  .  .  .  _0 
1! 

In  some  smelting  works,  the  roasting  process  is  conducted  in  a  distinct  furnace,  and 
in  other  mills,  the  two  furnaces  are  combined  in  the  manner  shown  in  fig.  591,  which 

Fig.  591. 


represents  the  front  or  tapping  side  of  the  furnace.     It  is  unnecessary  to  give  any 
details  of  this  form,  after  the  description  of  the  previous  furnace. 

When  the  process  of  roasting  is  conducted  in  a  separate  furnace,  as  a  distinct  opera- 
tion, the  cost  per  ton,  from  an  average  of  upwards  of  700  tons,  is  as  follows : 

s.       d. 

Labour  .        .        .        .32-5 

Coals  5-6  cwt.         .        .     0     11-2 

Kepairs          .        .        .     0       18 

4.      3-5 

This  is  probably  the  most  suitable  place  to  notice  the  results  of  some  experiments 
made  by  Plattner  and  other  chemists,  on  the  loss  of  silver  which  occurs  during  the 
roasting  of  ores  containing  this  metal,  and  which  we  can  confirm  from  our  own  experience. 

1.  The  loss  of  silver  arises  from  chemical  reactions. 

2.  The  volatilisation  of  the  silver  appears  to  take  place  at  the  moment  when  it 
passes  into  the  metallic  state  from  its  combination  with  sulphur,  or  when  the  sulphate 
of  silver  is  decomposed. 

3.  The  loss  of  this  metal  increases  with  the  duration  of  the  roasting,  and  the  rise  in 
the  temperature. 

4.  The  loss  also  increases  when  the  oxides  of  iron  or  copper  are  present  to  decom- 
pose the  sulphate  of  silver. 

5.  The  loss  is  not  so  great  with  the  silver-compounds  of  arsenic  and  antimonic  acids, 
obviously  because  these  salts  are  not  so  soon  decomposed  as  the  sulphate  of  silver. 

We  may  also  here  notice  the  proposal  of  Fallize,  to  tap  the  lead  at  different  periods, 
instead  of  doing  so  at  the  end  of  the  operation.  He  founds  his  proposal  on  the  fact, 
that  the  lead  which  is  first  reduced,  is  the  richest  in  silver ;  and  by  keeping  the  different 
products  distinct,  the  subsequent  operation  of  desilverising  would  be  to  some  extent 
anticipated  as  well  as  facilitated,  by  providing  leads  varying  in  their  richness  in  silver. 
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We  believe  this  suggestion  to  be  well  worthy  of  adoption,  as  we  have  found  the 
lead  obtained  in  smelting  rich  ores  to  fall  from  74  oz.  to  44  oz.  silver  per  ton,  according 
to  the  period  when  the  lead  was  collected. 

Another  proposal  for  treating  galena'  containing  silver  has  also  been  made.  The 
galena  is  to  be  mixed  with  1  per  cent,  of  chloride  of  lead,  and  10  per  cent,  of  common 
salt,  and  the  mixture  fused,  when  it  is  said  the  galena  will  be  desilverised,  and  the 
chloride  of  silver  will  float  on  the  surface  with  the  common  salt.  The  mixture  of  the 
latter  salts  is  then  to  be  reduced,  with  any  chloride  of  lead  that  may  be  present.  We 
have  great  doubts  as  to  the  economical  results  of  this  process,  having  found  the  loss  of 
lead  to  be  most  serious,  whenever  any  chloride  of  lead  was  present. 

CARINTHIA.  PBOCESS.  —  The  furnace  employed  in  this  process  differs  from  the  English, 
as  indicated  \>yfigs.  562,  563. 

Fig.  592  represents  a  front  elevation,  and  fig.  593  a  horizontal  section.  Two  furnaces 
are  built  side  by  side,  and  work  into  one  chimney.  The  hearth  of  these  furnaces  i» 

Fg.  592. 


n 


Fig.  593. 


C  — 


narrow,  sloping  regularly  from  the  fire-bridge  to  the  flue  ;  and  is  so  arranged  that  the 
fluid  contents  will  flow  to  the  metal  pot  a,  outside  the  furnace.  The  hearth  is  formed 
of  two  concentric  beds,  the  lower  one  of  beaten  clay,  and  the  upper  of  fused  slags. 
The  arch  is  curved  like  the  sole,  but  in  an  opposite  direction,  and  at  its  highest  point, 
is  23  inches  above  the  hearth.  The  fireplace  is  shown  by  the  dotted  lines  ppp,  and 
the  products  of  combustion,  passing  over  the  hearth,  escape  to  the  chimney  h,  through 
a  flue  over  the  working  door.  In  recent  furnaces  of  this  form,  the  hearths  are  con- 
structed one  above  the  other,  the  operation  being  completed  in  the  lower  hearth. 

The  fuel  employed  consists  of  the  wood  of  the  spruce  and  pine,  and  the  charge  of 
ore  weighs  about  420  Ibs.  The  working  lasts  23  hours,  and  the  produce  is  very  large. 
The  slags,  when  rich  in  lead,  are  washed  and  treated  again.  The  lead  flows  into  the 
outer  pot,  is  purified  by  a  second  fusion,  and  then  cast  into  pigs. 

Kerl  has  given  the  following  explanation  of  the  reactions  on  which  this  Carinthia 
process  is  founded. 

When  galena  is  roasted  at  a  low  but  gradually  increasing  heat,  a  portion  of  the  sul- 
phide is  converted  into  sulphate  of  lead,  along  with  some  oxide  of  lead,  while  part  of 
the  sulphide  remains  unchanged. 
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When  the  temperature  is  raised,  during  the  vigorous  stirring  of  the  ore,  a  quantity 
of  lead  is  liberated,  as  already  explained.  Some  subsulphide  of  lead  is,  however,  also 
formed,  which  likewise  reacts  with  the  sulphate  of  lead,  producing  metallic  lead ;  thus, 

Pb2S  +  PbSO*  =  3Pb  +  2S02. 

During  this  first  period  of  the  operation,  lead  is  continuously  liberated,  and  runs  down 
to  the  bath  in  the  hearth.  The  progress  of  the  roasting  converts  more  and  more  of  the 
sulphide  into  sulphate  of  lead,  diminishing  the  liberation  of  lead  until  a  point  is 
reached,  when  oxide  of  lead  is  the  only  product  of  the  reaction  ;  thus, 

PbS  +  3PbS04  =  4PbO  +  4S02. 

The  second  stage  of  the  operation  is  then  in  progress,  when,  by  the  addition  of  red-hot 
charcoal  and  an  increased  temperature,  the  litharge  is  reduced  and  another  portion  of 
lead  is  obtained. 

FRENCH  PROCESS. — When  galena  is  exposed  to  a  continuous  and  slowly  increasing 
temperature,  a  large  proportion  is  converted  into  sulphate  of  lead,  and  a  smaller  por- 
tion into  oxide  of  lead.  If  the  roasting  is  interrupted  at  this  point  and  the  heat  raised, 
but  not  so  high  as  to  induce  fusion,  these  compounds  react  upon  each  other,  producing 
oxide  of  lead,  which  furnishes  metallic  lead  by  the  reducing  action  of  coal ;  thus, 

PbS  +  3PbSO«  =  4PbO  +  4S02 
PbO  +   C   =  Pb  +  CO. 

The  coal  also  reduces  the  sulphate  of  lead  ultimately  into  metallic  lead  and  sulphurous 
acid.  At  a  low  heat,  only  half  of  the  sulphate  is  converted  into  sulphide  of  lead ;  thus, 

2PbS04  +  C2  =  PbSO4  +  PbS  +  2C02. 

And  as  the  temperature  is  raised,  the  same  reaction  occurs,  as  explained  in  the  Carin- 
thia  process. 

Fig.  594. 


The  French  process  is  founded  on  these  reactions,  and  the  furnace  employed  is  re- 
presented by  figs.  694,  595,  596,  the  first  being  a  longitudinal,  the  second  a  horizontal, 
«nd  the  third  a  transverse  section. 
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There  are  three  doors  close  together  on  the  same  side,  and  in  front  of  the  middle 
door  the  lead  pot  i  is  built.     The  firebridge  h  is  23  inches  wide,  and  the  hearth  gt 


Fig.  596. 


1 1  feet  by  6£  feet.  _  The  hearth  is 
made  with  a  tenacious  clay  rest- 
ing upon  an  arch  of  granite. 

A  charge  of  ore  weighs  2600lbs. ; 
it  is  heated  so  gradually  that  at 
the  end  of  five  hours  a  dark  red 
heat  is  reached.  The  doors  are 
closed,  and  the  heat  raised  till  the 
ore  commences  to  soften.  The 
smelter  now  vigorously  works  the 
ore,  when  the  reactions  above  ex- 
plained take  place,  and  the  lead 
runs  into  the  metal  pot  i.  A 
second  roasting  for  two  hours  fol- 
lows, and  then  another  turning 
over  of  the  contents  of  the  fur- 
nace. This  alternate  roasting 
and  working  is  repeated  several 
times,  and  at  the  end  of  1 3  hours,  some  coal  and  wood  are  thrown  into  the  furnace, 
to  reduce  the  oxide  of  lead.  A  last  roasting  and  stirring  are  then  given,  and  the  slags 
withdrawn  from  the  furnace. 

The  composition  of  the  slags  obtained  in  the  preceding  processes  is  given  in  the 
following  table : 

Analyses  of  Lead-slags  from  Reverberator^  Furnaces. 


Pezey. 

Holz- 
apfel. 

I'oullaouen. 

Bir- 
ming- 
ham. 

Katz- 
enthal. 

Gras- 

ton. 

Lea,  near  Matlock. 

Silica 
Oxide  of  lead  . 
Protoxide  of  iron     . 
Oxide  of  zinc  . 
Oxide  of  manganese 
Baryta       .        .        . 

17-0 
13-0 
53-5 

U-5 

10-0 
38-9 
5-6 
30-5 
2-0 

24-0 
26-5 
14'0 
27-0 

29-5 
2-5 
64-5 
1-0 

35-6 

•4 
42-0 
20-8 

29-4 
15-6 
13-4 

27-6 
ll'O 
26-2 
34 
4-6 

'l-6 
4-0 

34-0 
3-0 

},, 

8-0 

f2'0 
\2-0 

8-0 

15-4 
7'2 

16*0 

17-0 
12-0 
1-6 

22-0 
7-2 

5-6 

8-0 

14-7 

2-0 
30'0 
5-6 
24-4 
8'5 

28-4 
57 
5-5 

2-5 

1-0 

Sulphide  of  lead 
Sulphate  of  lead 

5-0 

5-0 
8'0 

5-0 
3-0 

22-0 
22-5 
25-0 
16-0 

98-0 

9-0 
33-0 
30-0 
13-6 

10-5 
51-0 
1-5 

Sulphate  of  barium  . 
Fluoride  of  calcium 
Phosphoric  acid       . 

15-0 
4-6 

Carbon 

99-5 

100-0 

100-0 

100-0 

998 

98-0 

98-0 

100-0 

976 

98-4 

98-7 

The  lead  is  purified  by  stirring  it  with  beams  of  wood  and  repeated  skimmings,  after 
which  it  is  refined. 

ACTION  OF  THE  GrANGUE. — All  the  ores  of  lead  contain  more  or  less  of  other  earthy  and 
metallic  compounds,  which  exercise  a  considerable  influence  on  the  chemical  reactions 
which  the  smelter  aims  at  accomplishing.  When  these  foreign  bodies  are  present  in  a 
large  proportion,  the  processes  just  described  are  not  adapted  for  the  treatment  of  such 
ores,  which  are  smelted  by  other  methods  to  be  hereafter  explained.  It  will,  however, 
be  useful  to  take  a  rapid  survey  of  the  influence  which  these  gangues  exert  on  these 
processes. 

Carbonate  of  Calcium. — When  this  substance  is  present  in  small  quantities,  it  facilitates 
the  chemical  action,  by  contributing  to  the  decomposition  of  the  sulphide  of  lead,  with 
formation  of  sulphate  of  calcium,  and  by  preventing  the  materials  becoming  too  fluid 
at  the  moment  when  the  most  important  reactions  are  taking  place.  It  has  been  found 
that  10  to  12  per  cent,  of  this  substance  may  be  present  in  the  ore  without  being  preju- 
dicial. 

Sulphate  of  Barium. — This  substance  remains  perfectly  inert  during  the  whole  oper- 
ation of  smelting,  and  is  objectionable  therefore  only  as  a  mechanical  hindrance,  by 
diminishing  the  contact  of  the  compounds  of  lead  which  are  to  act  on  each  other  in 
the  furnace.  Galenas  which  contain  15  per  cent,  of  this  gangue  are,  on  this  account, 
unfitted  for  treatment  in  the  reverberatory  furnace. 

Fluor  Spar. — This  mineral  is  very  similar  in  its  action  to  the  carbonate  of  calcium, 
out  it  is  very  beneficial  when  present  with  sulphate  of  barium,  towards  which  substance 
it  acts  the  part  of  a  flux. 
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Quartz,  day,  and  Silicates.  —  These  gangues,  when  present  only  to  the  extent  of  5  or 
6  per  cent.,  are  very  injurious,  and  it  is  impossible  to  obtain  any  lead  in  the  rever- 
beratory  furnace,  when  they  amount  to  12  per  cent.  During  the  roasting  they  are 
inert,  but  when  the  heat  reaches  a  dark  red,  and  before  the  sulphide  and  oxide  of  lead 
react  on  each  other,  the  silica  unites  with  the  latter,  forming  very  fusible  basic  silicates, 
rendering  the  whole  charge  fluid,  and  preventing  any  further  action. 

Blende.  —  This  ore  may  be  present  to  the  extent  of  10  or  even  15  per  cent,  without 
much  prejudice  to  the  working  in  the  reverberatory  furnace.  It  does  not  complicate 
the  treatment,  and  is  objectionable  only  by  its  conversion  into  oxide  and  sulphate  of  zinc, 
which  are  inert,  and  prevent  the  intimate  mixture  of  the  lead-compounds.  The  small 
portion  of  blende  which  escapes  oxidation  during  the  roasting,  reacts  afterwards  on  the 
oxide  of  lead,  producing  sulphurous  acid,  oxide  of  zinc,  and  metallic  lead.  When  coal 
is  introduced  in  the  subsequent  operations,  the  oxide  of  zinc  is  reduced  at  the  same 
time  as  the  oxide  of  lead,  and  the  zinc,  being  very  volatile,  carries  off  a  considerable  por- 
tion of  lead. 

Iron  Pyrites.  —  The  presence  of  a  small  quantity  of  this  mineral  does  not  seriously 
interfere  with  the  smelting  operations.  During  the  roasting,  the  pyrites  is  more  rapidly 
oxidised  than  the  galena,  and  what  escapes,  afterwards  assists  in  reducing  the  oxide  of 
lead.  In  the  concluding  operations,  the  oxide  of  iron  is  disseminated  through  the 
mass,  and  retards  the  fusion  of  the  lead-compounds.  A  large  proportion  of  pyrites  is, 
however,  very  prejudicial,  as  that  portion  which  is  unoxidised,  forms  a  very  fusible 
matt  with  the  sulphide  of  lead,  which  escapes  the  reduction. 

When  the  pyrites  is  arsenical,  the  lead  is  always  rendered  more  or  less  impure  by 
the  presence  of  arsenic,  which  increases  the  loss  of  both  lead  and  silver  in  the  subse- 
quent cupellation. 

Sulphide  of  Antimony.  —  This  ore  is  always  very  injurious,  even  when  present  only 
to  the  extent  of  2  or  3  per  cent.  It  gives  rise  to  the  same  reactions  as  galena  ;  and,  a 
portion  of  the  antimony  being  brought  to  the  metallic  state,  combines  with  the  lead, 
rendering  the  latter  hard,  and  occasioning  a  loss  of  both  lead  and  silver  when  submitted 
to  cupellation.  The  compounds  of  antimony  also  form  very  fusible  compounds  with 
those  of  lead,  which  cannot  then  be  brought  to  the  metallic  state.  The  great  volatility 
of  antimony,  its  oxide  and  sulphide,  also  increases  the  loss  of  lead  and  silver. 

Copper  Pyrites.  —  This  mineral  renders  the  ores  unfit  for  treatment  in  the  reverberatory 
furnace.  Even  when  it  is  present  in  such  small  quantities  as  not  to  interfere  with  the 
reactions,  the  lead  always  retains  a  portion  of  the  copper,  which  diminishes  its  com- 
mercial value. 

Carbonate  of  Iron.  —  This  substance  acts  only  as  a  mechanical  hindrance  in  the  fur- 
nace, where  it  is  gradually  converted  into  oxide  of  iron.  During  the  later  period  of  the 
operations,  it  retards  the  fusion  of  the  slags,  and  postpones  the  reactions  until  nearly 
all  the  sulphide  of  lead  is  oxidised.  This  gangue  therefore,  when  present  in  small 
quantities,  is  favourable  rather  than  otherwise  in  the  reverberatory  furnace. 

b.  Process  by  Affinity. 

This  plan  was  used  in  France  for  treating  a  Spanish  galena  which  contained  a  large 
proportion  of  quartz,  and  is  founded  on  the  reactions  already  explained. 

The  furnace  employed  is  shown  in  fig.  597,  and  is  charged  with  about  800  Ibs.  of 

ore  through  a  side  door.  This 

697-  charge  is  mixed  with  200  to 

240  Ibs.  of  iron,  which  ought 
to  be  in  the  form  of  scrap  iron, 
as  cast  iron,  mill  cinder,  and 
iron  ores  are  not  found  to  an- 
swer equally  well  with  malle- 
able iron.  The  mixed  charge 
is  then  rapidly  heated  until 
the  galena  begins  to  soften, 
when  the  temperature  is  kept 


stationary  to  permit  the  re- 
actions to  take  place.  The 
lead,  as  it  is  reduced,  flows  to  the  lower  part  of  the  furnace  at  p,  while  the  matt  swims 
on  the  surface,  and  this  again  is  covered  by  the  slag.  The  contents  are  then  drawn  off 
Jhrough  the  tap-hole  b,  into  the  metal  pot. 

A  modification  of  this  plan  has  been  proposed  by  Phillips  and  Eivot,  who  employ  a 
furnace  with  a  hearth  slightly  inclined  towards  a  basin  at  the  side,  placed  before  one 
of  the  two  side  doors. 

The  furnace  is  to  be  charged  with  1600  Ibs.  of  ore,  which  must  be  carefully  spread 
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over  the  hearth,  and  roasted  for  12  hours  at  a  moderate  heat.  At  this  point,  if  the 
ore  does  not  contain  sufficient  silica,  12  per  cent  of  sand  and  l£  per  cent,  of  charcoal 
are  added.  The  heat  is  rapidly  brought  up  to  a  cherry-red,  when  the  charcoal  reduces 
the  oxide  of  lead,  and  facilitates  the  action-  of  the  sand,  which  decomposes  the  sulphate, 
forming  silicate  of  lead.  The  charge  passes  through  a  process  of  boiling,  and  when  this 
subsides,  a  quantity  of  iron  is  thrown  in  while  the  charge  is  being  welJ  worked  ;  the  iron 
decomposes  the  silicate  of  lead,  producing  metallic  lead  and  silicate  of  iron.  When  the 
slags  are  properly  impoverished,  the  contents  of  the  furnace  are  tapped  into  the  pot, 
where  the  lead  remains,  and  the  slags  flow  off'  at  one  side. 

Mr.  W.  J.  Cookson  has  introduced  another  modification  of  this  principle.  He  mixes 
the  lead  ore  and  iron  together,  and  adds  a  small  quantity  of  alkali  and  carbonaceous 
matter.  This  mixture  is  exposed  to  heat  in  large  crucibles,  when  a  very  pure  lead  is 
obtained.  The  matt  falls  to  powder,  which  is  afterwards  mixed  with  a  little  water, 
made  into  bricks,  and  burnt  in  kilns,  as  a  substitute  for  sulphur  ores,  in  the  manufacture 
of  sulphuric  acid. 

The  Reduction  of  Oxygen-ores  of  Lead. 

Carbonate  of  Lead. — When  this  ore  of  lead  contains  a  large  proportion  of  galena,  it 
is  treated  by  one  of  the  plans  already  described,  but  when  tolerably  pure,  it  is  sub- 
mitted to  special  operations. 

The  furnace  is  of  the  ordinary  reverberatory  character,  in  which  the  hearth  has  only 
a  slight  inclination  towards  the  tap-hole  at  one  of  the  sides.  The  ore,  in  the  form  of  a 
fine  sand,  is  mixed  with  some  reducing  agent,  such  as  coal,  and  some  flux  adapted  to 
the  nature  of  the  gangue.  This  charge  is  then  spread  upon  the  hearth,  the  doors  are 
closed,  and  the  heat  is  gradually  raised,  during  which  the  mixture  is  often  turned  over. 
The  temperature  is  kept  as  low  as  possible,  and  the  lead,  gradually  reduced,  falls  down 
to  the  tap-hole,  through  which  it  is  drawn  off  from  time  to  time. 

When  the  lead  has  ceased  to  appear,  the  spongy  mass  on  the  hearth,  is  heated  until 
it  fuses,  when  the  whole  is  drawn  out  and  smelted  in  a  blast  furnace. 

Sulphate  of  Lead. — This  salt  of  lead  is  found  native,  and  large  quantities  are  also 
produced  in  various  chemical  and  other  manufactories.  In  the  latter  case,  it  is  often 
mixed  with  an  excess  of  sulphuric  acid,  which  must  be  expelled  in  a  reverberatory  or 
other  furnace. 

The  only  mode  of  treating  this  compound  of  lead  is  that  proposed  by  Phillips  and 
Kivot,  to  which  we  must  refer  the  reader. 

Spanish  Air-furnace,  or  Homo  de  gran  tiro. 

This  furnace,  shown  in  figs.  598 — 600,  does  not  differ  from  the  blast  furnace  in  its 
form,  but  as  the  draught  depends  entirely  upon  the  chimney,  it  may  be  said,  in  this  re- 
spect, to  resemble  the  reverberatory  furnace,  and  finds  its  appropriate  position  in  this 
part  of  the  article. 

Its  height  is  8  feet,  and  the  diameter  varies  from  3£  feet  to  4  feet.     The  charging 

Fig.  598. 


door,  D,  is  placed  a  little  above  the  spring  of  the  arch,  S.  The  sole  of  the  furnace,  P,  is 
formed  of  a  very  refractory  material  called  Laguena,  a  species  of  decomposed  argilla- 
ceous slate,  which  is  found  in  great  abundance  near  Cartagena.  It  is  ground  to  fine 
powder,  and  mixed  with  coke  also  in  powder,  in  the  proportion  of  3  to  1.  This  mixture 
is  moistened  with  water,  and  careful!^7  beaten  with  rammers.  The  walls,  R,  arc  also 
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built  of  the  slate  in  its  undecomposed  state,  called  Laja.  The  hearth  or  crucible  is 
then  cut  out  to  the  shape  shown  in  Jiff.  598.  Six  openings  (figs.  699,  600)  Gr  G,  are  left 
in  the  walls  for  the  admission  of  the  air,  and  for  drawing  off  the  slags.  The  flue,  C, 
connecting  the  furnace  and  chimney,  is  carried  by  an  arch,  K,  and  is  built  so  as  to  be 

Fig.  599. 


independent,  of  the  furnace.  The  chimney,  A,  is  about  44  feet  high,  has  a  large  area, 
and  works  two  furnaces.  The  air-holes  are  15  inches  by  12  inches  at  the  outside,  and 
taper  to  9  inches  by  4  inches  next  the  interior.  They  are  formed  by  working  some  clay 

Fig.  600. 


upon  a  wooden  mandril,  and  placed  to  point  towards  the  centre  of  the  furnace.  There 
are  also  other  holes  (register),  F,  above  the  air-holes,  but  temporarily  built  up,  so  as 
to  be  easily  opened  when  required.  An  inclined  plane,  H,  is  built  to  draw  away  the 
ehig,  as  in  an  iron  blast  furnace,  and  it  is  kept  cool  by  an  air-channel  below.  The  lead 
is  collected  in  a  small  pot,  T,  through  an  opening  cut  through  the  sole  to  the  hearth. 

The  ore  smelted  in  these  furnaces  contains  carbonate  of  lead  and  galena,  mixed  with 
oxide  and  carbonate  of  iron,  oxide  of  antimony,  carbonate  of  lime,  clay  and.  sands. 
This  ore  is  used  raw,  mixed  with  lead-slags,  and  coke  is  the  fuel  employed. 

The  furnace  having  been  annealed  for  some  hours,  3  or  4  pigs  of  lead  are  placed  in 
the  hearth  to  form  a  bed  for  the  slags,  and  the  furnace  is  charged  with  coke.  In  5 
or  6  hours,  a  few  baskets  of  slags  are  thrown  in  with  a  little  granulated  iron.  After 
a  little  time,  the  slags  begin  to  run  down  the  incline,  when  the  regular  charge  of  ore 
is  added.  The  air-holes  are  regularly  watched  to  keep  them  all  at  the  same  degree 
of  heat,  as  any  neglect  is  apt  to  allow  the  materials  to  harden,  when  these  air-tuyeres 
become  choked.  It  is  in  fact  the  duty  of  one  man  to  remove  all  the  niggers  or  hard 
black  lumps,  which  tend  to  form  in  and  near  them.  The  furnace  is  charged  only  once 
every  hour,  as  the  opening  of  the  charging  door,  D,  injures  the  draught. 

The  charge  consists  of: 

40  baskets  of  ore,  or  about  5  cwt. 
8  to  10         „        old  Slag. 
4  to    5          „         coke,  with  some  dry  wood. 

The  latter  assists  in  diffusing  the  air  uniformly  through  the  materials.  The  quantities 
used  in  24  hours  are  : 

Ore    .        .        .         .     cwt.  134    I    Coke          ....     cwt.     20 
Slag  ...  44    I    Wood 2 
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As  the  air  has  a  tendency  to  ascend  round  the  sides  of  the  furnace,  the  smelter  throws 
his  charges  against  the  walls,  and  keeps  the  air-channels  as  far  as  possible  open  to  the 
centre  of  the  furnace.  When  the  furnace  becomes  gobbed  in  any  part,  one  or  more  of 
the  register-holes  are  opened  to  enable  the  smelter  to  remove  the  obstruction. 

The  lead  is  tapped  every  six  hours,  and  the  matt  is  returned  to  the  furnace.  The 
produce  varies  from  6  to  7  cwt.  of  lead  upwards,  according  to  the  richness  of  the  ore. 

We  have  described  this  furnace  at  some  length,  as  it  is  cheaply  built,  lasts  about  6 
to  8  weeks,  and  can  be  used  in  localities  where  more  perfect  plans  would  be  impracti- 
cable. 

2.  THE  REDUCTION  OF  LEAD  OBES  IN  BLAST  FURNACES. 

The  ores  generally  smelted  in  blast  furnaces  are  such  as,  from  the  proportion  of 
their  impurities,  are  not  adapted  to  the  reverberatory  furnace  ;  but  this  remark  does  not 
apply  to  the  peculiar  form  of  blast  furnace  known  under  the  name  of  the  ore-hearth,  as 
used  in  America  and  this  country  (p.  497). 

a.  The   Cupola  or  Blast  Furnace. 

This  form  of  furnace  is  very  generally  adopted  on  the  Continent,  and  exhibits  at 
different  works  a  great  variety  of  form  and  dimensions.  The  great  difference  in  the 
ores,  the  fluxes  available  and  the  nature  of  the  fuel,  are  all  so  many  conditions  which 
require  special  modifications  to  overcome  the  difficulties  peculiar  to  each  locality. 

We  will  select,  as  illustrations  of  this  mode  of  smelting,  three  of  the  modifications  in 
which  the  ore  is  used  in  the  raw  and  roasted  form,  and  in  both  states. 

Silesian   Furnace. —  The   form   and  con-  Fig.  601. 

gtruction  of  this  furnace  are  represented  in 
fig.  601.  The  walls,  a  a,  are  vertical  from 
the  tuyere  up  ward ;  fora  distance  of  10  feet  4 
inches  to  6  feet,  the  section  of  the  furnace  is 
rectangular,  while  above  this  point  it  takes 
a  circular  form.  The  exterior  wall,  c  c,  is 
built  of  common  bricks,  and  the  lining  or 
skirt,  a,  is  constructed  of  fire-bricks.  The 
charge  of  raw  ore  and  flux  is  mixed  on  the 
floor,  E,  and  thrown  into  the  furnace  through 
the  opening  /.  The  blast  enters  at  t,  and 
fusion  takes  place,  during  which  the  hearth, 
h,  is  gradually  filled  with  the  lead  produced. 
The  slag  floats  on  the  surface  of  the  lead,  and 
is  drawn  off  at  c,  while  the  lead  is  occasionally 
tapped  through  a  canal  which  passes  to  the 
bottom  of  the  hearth.  The  fume  is  carried 
away  from  the  top  of  the  furnace  through  a 
series  of  condensing  chambers.  These  furnaces 
can  only  be  worked  for  about  eight  days,  when 
the  operation  is  stopped  to  repair  the  lining. 

The  lit  de  fusion  consists  of : 
Galena  in  small  pieces      .         .100  parts. 
Cast  iron          .         .         .         .     12     „ 
Slag  from  iron  forge         .         .     14      , 

Each  ton  of  this  charge  requires  a  ton  of 
coal,  which  is  thrown  against  the  front,  and 
the  ore,  &c.  against  the  back  of  the  furnace. 

When  the  slag  contains  7  or  8  per  cent,  of 
lead  it  is  resmelted.  The  matt  or  regulus, 
consisting  of  sulphide  of  iron  and  lead,  with 
a  little  silver,  is  roasted  and  smelted  in  the 
same  furnace. 

Hartz  Furnace. — This  plan  is  adopted  in 
the  Hartz,  France,  and  Belgium,  more  or  less 
modified  according  to  the  circumstances  of  the  locality.  The  ore  is  always  submitted 
to  previous  roasting ;  and  when  this  operation  is  performed  in  a  reverberatory  furnace, 
the  heat  is  gradually  raised,  until  the  oxidation  is  sufficiently  advanced,  when  the  doors 
are  closed.  The  fire  is  then  urged  to  melt  the  mass  of  materials,  which  is  then  drawn, 
allowed  to  cool,  and  broken  up  into  pieces  fit  for  charging  the  blast  furnace. 

The  following  tables  contain  numerous  analyses  of  the  matt  and  slags  which  axe 
obtained  from  the  blast  furnaces  of  France  and  Germany. 
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Analyses  of  Lead-slags  from  Blast  Furnaces. 
(5.)  From  Eoasted  Ores. 


1  — 
Locality  . 

Freiberg. 

Sala 
(Sweden). 

Oker, 
Unter- 
harz. 

PontRi- 
baud. 

Authority 

Lam. 

padius. 

Mcr- 
bach. 

Kers- 
ten. 

Erd- 

tnann. 

Am- 

burger. 

Lampadius. 

Bredberg. 

G.Ulricli. 

RlTOt. 

Silicic  acid       .... 

28-54 
5-40 

28-00 
4-50 

30-50 
5-10 

37-30 
8-15 

43-26 

5-6*2 
46-95 

30-7 
37 

45-0 

28-5 
5-4 

46-1 

3939 
6-23 

17-18 

27-66 
6-00 

50-30 
traces 
7-72 

1-90 
2-13 
3-50 
traces 

2-23 

39-0 
15 

21-2 

11-0 
26-0 
2-1 
18-2 
17 

1-0 

Sesquioxide  of  iron         .        . 

Protoxide  of  irou    . 

46-10 

49-89 

55-74 
2-20 

40-92 

8-31 
1-00 
traces 
4-12 
3-00 
traces 
2-43 
1-00 

•    • 

2-6*6 

•     • 

5-3 

1-0 

*6-3 
4'0 

8-3 
1-0 

4-1 
3-1 

17-77 
1913 

Magnesia 
Oxide  of  lead  . 
Oxide  of  zinc  . 
Protoxide  of  copper 
Sulphuric  acid 
Sulphur  .... 

2-00 
6-05 

6-74 
2-25 

4  -00 
0-85 

3-00 
7-17 

Ws 

2-00 
1-91 
0-25 

1-0 

2-5 

•    • 

1'26 

Protosulphide  of  iron     . 
Phosphoric  acid     . 

9990 

99-43 

98-39 

99-20 

10170 

99-0 

99-0 

99-70 

101-44 

121-7 

Analyses  of  Lead-slags  from  Blast  Furnaces — continued. 
(b.)  From  Boasted  Ores. 


Locality  .... 

Pontgibaud. 

Pezey, 
Savoy. 

Em, 

Holz- 
apfel. 

Ville- 
fort. 

Katz- 
enthal. 

Schem- 
nitz, 
Hungary. 

Authority      . 

Rivot. 

Berthier. 

Wehrle. 

Silicic  acid      ...                *       . 

40-0 
17 

187 

38-0 
1-4 

19-2 

27-0 
7-6 

32-0 

48-8 
14-0 

100 

23-2 
3-4 

34-8 
7-0 
6-6 

*0-6 
2-0 
6-8 
2-4 

12-0 

25-0 
1-3 

2J-5 
8-0 
4-2 

*i-b 

2-0 

29-0 

i-o 

4-0 

40"  R 
3-8 

27-0 

11  7 
7-6 

*8-8 

29-8 
1-4 

59-4 
3-6 

traces 
'0-8 

28-5 
6-0 

34-5 

5-60 
1-30 
177 
44 
11 

4-80 

Alurr.ina         
Sesquioxide  of  iron       . 
Protoxide  of  iron  ..... 

Protoxide  of  manganese       .        . 

Lime 

15-0 
3'2 
3-2 
13-1 
15 

24-1 
3-3 
2-9 
6-0 
1-6 

13-0 
1*8-6 

15-3 
1-0 

*9-3 

Baryta    . 

Magnesia        .... 
Oxide  of  lead         

Protoxide  of  copper                      .        . 

2-3 

2-1 

99-4 

98-7 

98-6 

98-2 

98-4 

98-8 

100-0 

95-0 

104-0 

The  ore  is  sometimes  roasted  in  the  open  air,  as  at  Kammelsberg,  on  the  Hartz,  and 
Fahlun  in  Sweden.  The  ore  at  the  former  place,  consisting  of  an  intimate  mixture  of 
the  sulphides  of  lead,  copper,  iron  and  zinc,  is  formed  into  heaps,  as  seen  in  fig.  602. 

Fig.  602. 
s  «.„  s 


A  thick  layer  of  pine  wood,  a  a  a,  is  laid  down  for  a  foundation,  upon  which  the  ore, 
b  b,  is  placed  in  pieces  decreasing  in  size  towards  the  top.  The  whole  is  covered  with 
a  layer  of  roasted  ore  in  powder,  which  shuts  off  the  access  of  an  excess  of  air.  These 
heaps  contain  about  150  tons  of  ore,  and  after  they  are  ignited,  the  combustion  is  sup- 
ported by  the  sulphides,  through  a  period  varying  from  18  to  24  weeks. 

At  the  top  of  the  pile  are  a  number  of  cavities,  sss,  formed  in  the  porous  covering, 
in  which  a  portion  of  sulphur  collects,  as  it  is  sublimed  from  below,  and  from  which 
it  is  ladled  at  times.  A  ton  of  sulphur  is  usually  obtained  from  a  heap,  and  it  is  said 
nearly  to  pay  the  cost  of  roasting.  The  metallic,  products  are  afterwards  roasted  in  a 
eocond  and  third  heap. 
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This  roasted  ore  is  smelted  in  a  furnace  constructed  as  shown  infy.  603.  The 
charge  is  prepared  on  the  floor,  g,  and  thrown  into  the  furnace,  s,  through  the  opening 
c.  along  with  the  fuel.  A  strong  blast  is  driven  in  through  the  tuyere,  t. 

Fig.  603. 


The  charge  consists  of 


Roasted  ore 

Highly  siliceous  slags 

Oxide  of  lead  and  pieces  old  cupels 


35    cwt. 
10 


The  matt  is  repeatedly  roasted  and  resmelted  to  obtain  any  copper,  lead  and 
silver,  it  may  contain. 

Spanish  Economic  Furnace.  The  discovery  of  enormous  deposits  of  slags  left  by 
the  Romans,  near  Cartagena  and  other  places  in  Spain,  together  with  the  mining  of 
a  poor  lead  ore  in  these  districts,  has  led,  within  the  last  15  or  20  years,  to  a  very 
great  development  of  lead  smelting  on  this  coast.  Furnaces  of  different  descriptions 
were  tried,  one  after  another,  but  they  have  all  given  place  to  what  is  known  under 
the  above  name. 

This  furnace,  as  improved  by  the  writer,  is  represented  in  figs.  604,  605,  606,  in 
elevation,  section  and  plan.  The  blast  enters  through  three  water-tuyeres,  a  a  a,  and 
the  materials  are  maintained  up  to  the  level  of  the  charging  door,  b.  The  upper  layers 
are  kept  cool  by  a  fine  rain  of  water  from  a  rose,  c,  and  the  steam  which  is  formed 
assists  in  condensing  the  fumes  which  escape  into  the  flue,  through  an  opening,  d,  in 
the  back  side  of  the  top  of  the  furnace.  The  upper  part  of  the  furnace  rests  upon 
four  metal  pillars,  ////,  so  that  when  the  body  of  the  furnace  requires  to  be  renewed, 
this  part  remains  untouched.  The  lead  accumulates  in  the  hearth,  g,  whence  it  is 
tapped,  from  time  to  time,  into  the  pot,  h,  to  be  ladled  into  moulds.  The  slag  runs 
continuously  into  a  tank,  i,  which  is  kept  supplied  with  a  stream  of  water.  The 
slag  in  this  case  falls  into  a  coarse  sand,  which  is  easily  carted  away,  but  it  is  some- 
times run  into  small  waggons,  forming  large  blocks  on  cooling. 

The  furnace  is  circular,  with  a  diameter  of  from  2£  to  2£  feet,  and  built  of  fire- 
bricks moulded  to  suit  the  form  of  the  furnace.  The  body  of  the  furnace  is  only  one 
brick  thick,  and  when  any  portion  of  the  wall  gives  way,  the  hole  is  filled  with  clay, 
which  is  driven  into  the  interior,  while  the  smelter  lays  fresh  bricks  to  rebuild  the  wall. 

The  bottom  of  the  furnace  is  formed  in  Spain  of  a  kind  of  clay  which  is  found  to 
answer  remarkably  well,  but  in  this  country  a  mixture  of  pure  ground  coke  and  fire- 
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clay  is  employed    This  mixture,  made  into  a  paste,  is  very  carefully  beaten  down,  and 
'hen  the  hearth  is  cut  out,  as  shown  in  the  figure  (605).    The  formation  of  this  bottom 


Fig.  604. 


Fig.  605. 


Fig.  606. 


requires  the  greatest  care,  as  the  duration  of  the 
furnace  depends  more  upon  its  stability  than  upon 
the  continuance  of  the  walls,  which,  as  already 
explained,  can  be  repaired  from  the  outside. 
^  The  breast  of  the  furnace  is  made  of  a  semi- 
circular plate  of  cast  iron,  with  a  lip  to  carry  off 
the  slag,  and  a  slit  through  which  the  taphole  is 
drilled.  Above  the  breast-pan  is  an  arch  about 
18  inches  wide  and  24  in  height. 

The  materials  are  charged,  layer  upon  layer, 
of  ore  and  flux  and  coke.  The  ore  may  be  either 
raw  or  roasted,  and  the  nature  of  the  flux  de- 
pends upon  the  character  of  the  gangue.  In  Spain 
the  ore  is  sometimes  roasted  in  kilns,  consisting 
of  large  chambers,  something  like  our  fire-brick 
kilns.  The  ores  or  materials  containing  lead  to 
be  smelted  in  this  furnace  should  not  hold  more 
than  20  or  30  per  cent,  of  lead. 

When  this  form  of  furnace  was  introduced  into  this  country,  the  writer  made  a  great 
number  of  experiments  as  to  the  ores  and  fluxes  which  could  be  most  profitably  smelted 
by  it;  but  it  would  be  impossible  to  give  the  details  in  so  limited  an  article  as  the 
present.  It  may,  however,  possess  some  interest  to  give  the  materials  smelted  and 
the  cost  of  one  of  the  first  campaigns,  which  term  is  employed  to  designate  the  time 
the  furnace  works  without  being  rebuilt.  This  campaign  lasted  15  weeks,  working 
night  and  day,  and  the  following  weights  of  ores  were  smelted : 


Spanish,  ore  . 
English  lead  ores  . 
American  silver  ores 


3249-50  cwt. 
8634-60     „ 
86-75    „ 


English  lead  ore 
Litharge 
Litharge  cinders 


1521-25  cwt. 

30-50     „ 
97375 


14496-35 


There  was  a  gain  of  silver  on  the  assays,  but  a  loss  of  lead  of  about  one-tenth  on  the 
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assays,  which,  however,  it  is  proper  to  say,  were  made  most  carefully  by  the  best 
methods.    The  cost  was  as  follows :  per  ton> 

«.      d. 

3     5-1 


1. 

Wages  connected  with  the 

furnace 

£124     1 

9 

2. 

Engine  power  :  wages 

4 

;io 

10 

1 

1509  cwt.  o 

Dais 

12 

11 

6 

23     1 

7 

cwt. 

3. 

Fluxes,  Fluor  spar      . 

.  228£ 

9 

15 

0 

Carbonate  of  baryt 

a    14 

1 

2 

6 

Chalk    . 

.  209^ 

0 

16 

2 

Limestone 

.  250 

3 

13 

0 

Rock-salt 

.  1441 

6 

11 

8 

Kelp    g. 

.      5 

0 

10 

0 

Hematite  ore 

.     25 

0 

18 

9 

Metal  borings 

.  790 

79 

15 

0 

Mill  cinder     . 

4673 

40 

18 

3 

Grey  slags 

.  704 

1 

15 

9 

Pitch     . 

.       5 

0 

1 

3 

Coal       . 

.     19 

0 

3 

2 

-  146     0 

6 

4. 

Fuel—  Coke 

2667 

t 

, 

.   47  16 

1 

5. 

Repairs 

.  33     1 

0 

4  0-3 
1  3-8 
0  10-9 

£374     0  11'       =        10     3-6 
The  following  statement  contains  the  cost  of  smelting  the  Roman  slags  near  Carta- 
gena, in  Spain,  calculated  on  the  produce  of  lead : 

Cost  of  20  cwt.  of  Lead. 
360  quintals  at  8  per  cent,  lead,  washed  up  to  24  per  cent. 

=  120  quintals  for  smelting        ....     360  reals 
30         „     of  coal  for  engine,  at  6  reals      ....     180      „ 
50         „     of  coke  for  smelting,  at  11  reals         .         .         .     550      „ 

2  smelters,  at  8  reals 16      „ 

4  labourers,  at  6  reals 24      „ 

Wear  and  tear         .         .         .         .  .         .         .       50      „ 

Management,  &c.  &c. 100      „ 

1280  reals 

and  this  expense,  at  92  reals  per  £  sterling,  brings  the  cost  of  a  ton  of  lead  up  to 
£13  6s.  Sd.  per  ton,  where  the  Roman  slags  are  obtained  free  of  charge. 

We  believe  this  form  of  furnace  is  admirably  adapted  for  many  of  our  poorer  ores  and 
materials  containing  lead,  and  that  it  well  deserves  the  attention  of  our  smelters. 

b.  The  Ore- hearth. 

This  method  of  reducing  can  only  be  applied  to  the  purest  description  of  ores,  and  the 
advantage  which  it  possesses  ^  over  the  reverberatory  furnace,  consists  chiefly  in  the 
greater  purity  of  the  lead  which  is  produced.  This,  however,  is  of  great  commercial 
importance,  as  such  lead  is  suitable  for  conversion  into  the  best  white  and  red  leads, 
and  in  consequence  brings  £1  per  ton  more  in  the  market  than  ordinary  soft  lead.  The 
ore  hearth  is  also  worked  with  p-  „„» 

less  consumption  of  fuel  and  a 
smaller  outlay  in  labour.  The 
cost  of  the  furnace  is  much  less  and 
the  working  may  be  discontinued 
and  resumed  at  any  time  without 
repairs  being  required.  ^ 

The   first   construction  to  be  l|| 
noticed  is  that  of 


The  Backwoods  Hearth. 

This  form  of  furnace  is  of  the 
most  primitive  character,  and  yet 
the  practice  of  the  Western  back- 
woodsman is -still  more  simple ;  if 
he  wants  shot  or  bullets,  he 
kindles  a  fire  in  a  hollow  tree,  or 
an  old  stump  of  a  tree,  places  some  galena  on  the  charred  wood,  and  melts  it  down,  when 
after  cooling,  he  finds  the  metal  at  the  bottom  of  the  hollow. 

In  Missouri,  the  ore  was  reduced  in  square  furnaces,  constructed  of  logs  or  stones,  as 
ehown  in.  fig.  607. 

VOL.  in.  K.  K 
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The  air  is  admitted  through  the  arch  in  the  fore-side,  and  the  lead  is  collected  in  the 
basin  in  front.  The  management  consists  in  placing  a  layer  of  heavy  logs  at  the 
bottom ;  then  billets  of  split  wood  are  set  upright,  on  which  the  galena  is  thrown,  the 
top  of  the  ore  being  covered  with  small  wood.  A  fire  is  kindled  in  the  front  arch, 
which  chars  the  lower  portion  of  the  wood,  and  the  process  of  reduction  commences. 
The  lead  runs  into  the  basin,  and  the  operation  lasts  24  hours.  The  ashes  are  collected 
after  the  furnace  cools,  and  they  are  smelted  in  what  is  called  an  ash-furnace. 

This  plan  is  now  superseded  by  constructions  of  a  modern  type. 

The  American  Hearth. 

This  furnace  (fig.  608)  is  sometimes  made  of  cast  iron,  and  so  arranged  that  a  hollow  case 
surrounds  the  hearth,  H,  through  which  the  air  passes  on  its  way  to  the  tuyere,  by  which 
contrivance  the  blast  is  raised  to  a  high  temperature.  The  air  enters  through  the  pipe, 
0,  and,  following  the  course  of  the  arrows,  is  driven  through  the  tuyere  into  the  hearth. 

Fig.  608. 


As  the  ore  is  reduced,  the  lead  flows  down  the  channel,  b,  into  the  pot,  B.  The  force 
of  the  blast  can  be  regulated  by  the  valve,  V. 

The  hearth  is  first  carefully  warmed  by  a  wood  fire,  when  the  reservoir  in  the  hearth, 
H,  is  filled  with  lead,  which  soon  melts,  and  upon  which  the  charge  floats  during  the 
operation.  The  smelter  places  several  pieces  of  wood  before  the  blast,  and  then  charges 
with  raw  galena.  The  whole  soon  becomes  heated,  the  reduction  follows,  and  the 
lead  flows  off  into  B.  The  first  charge  is  followed  by  another,  and  thus  the  process  is 
continued  as  long  as  the  smelter  wishes. 

At  Eossie,  in  New  York,  75  cwt.  of  lead  is  obtained  in  24  hours,  and  the  cost  of 
working  is  about  seven  shillings  per  ton. 

The  Scotch  Hearth 

is  in  use  in  the  northern  counties  of  this  country,  and  Mr.  Phillips'  account  of  the 
mode  of  working  it,  is  so  admirable  that  we  cannot  do  better  then  quote  it. 

Fig.  609.  This  f>urnace  (fiff'  609)  is  from 

22  to  24  inches  in  height,  and  12  to 
18  inches  area  inside,  but  its  hori- 
zontal section,  always  rectangular, 
varies  much  in  its  dimensions  at 
different  levels. 

The  ore  can  be  worked  either  in 
a  raw  or  roasted  state,  but  the  latter 
is  now  generally  used,  as  it  yields  a 
better  produce,  and  works  dry,  al- 
lowing the  blast  to  diffuse  itself  more 
perfectly  through  the  mass. 

In  proceeding  to  smelt  by  means 
of  an  ore-hearth,  two  workmen  are  required  to  be  in  attendance  from  the  beginning 
to  the  end  of  each  smelting,  shift,  the  duration  of  which  is  from  12  to  15  hours! 
The  first  step  in  commencing  a  smelting  shift  is  to  fill  up  the  hearth-bottom  and 
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space  below  the  workstone  with  peats,  placing  one  already  kindled  before  tho 
nozzle  of  the  bellows.  The  powerful  blast  very  soon  sets  the  whole  in  a  'blaze,  and 
by  the  addition  of  small  quantities  of  coal  at  intervals,  a  body  of  fire  is  obtained, 
filling  the  hearth.  Boasted  ore  is  now  put  upon  the  surface  of  the  fire,  between 
the  forestone  and  pipestone,  which  immediately  becomes  red-hot  and  reduced, 
the  lead  from  it  sinking  down  and  collecting  in  the  hearth-bottom.  Other  portions 
of  ore,  of  from  10  or  12  Ibs.  each,  are  introduced  from  time  to  time,  and  the  contents 
of  the  hearth  are  stirred  and  kept  open,  being  occasionally  drawn  out  and  examined 
upon  the  workstone,  until  the  hearth-bottom  becomes  full  of  lead.  The  hearth 
may  now  be  considered  in  its  regular  working  state,  having  a  mass  of  heated  fuel, 
mixed  with  partly  fused  and  semi-reduced  ore,  called  browse,  floating  upon  a  stratum 
of  melted  lead.  The  smelting  shift  is  then  regularly  proceeded  with  by  the  two 
workmen,  as  follows : — The  fire  being  made  up,  a  stratum  of  ore  is  spread  upon  the 
horizontal  surface  of  the  browse,  and  the  whole  suffered  to  remain  exposed  to  the 
blast  for  about  five  minutes.  At  the  end  of  that  time,  one  man  plunges  a  poker  into 
the  fluid  lead  in  the  hearth-bottom  below  the  browse,  and  raises  the  whole  up  at 
different  places,  so  as  to  loosen  and  open  the  browse,  and  in  doing  so,  to  pull  a  part  of 
it  forwards  upon  the  workstone,  allowing  the  recently  added  ore  to  sink  down  into  the 
body  of  the  hearth.  The  poker  is  now  exchanged  for  a  shovel,  with  a  head  6  inches 
square,  with  which  the  browse  is  examined  upon  the  workstone,  and  any  lumps  that  may 
have  been  too  much  fused,  are  broken  to  pieces ;  those  which  are  so  far  agglutinated  by 
the  heat  as  to  be  quite  hard,  and  further  known  by  their  brightness,  are  picked  out,  and 
thrown  aside,  to  be  afterwards  smelted  in  the  slag  hearth.  They  are  called  "  grey 
slags."  A  little  slaked  lime  in  powder  is  then  spread  upon  the  browse,  which  has  been 
drawn  forward  upon  the  workstone,  if  it  exhibit  a  pasty  appearance  ;  and  a  portion  of 
coal  is  added  to  the  hearth,  if  necessary,  which  the  workman  knows  by  experience.  In 
the  meantime,  his  fellow-workman,  or  shoulder-fellow,  clears  the  opening  through 
which  the  blast  passes  into  the  hearth,  with  a  shovel,  and  places  a  peat  immediately 
above  it,  which  he  holds  in  its  proper  situation,  until  it  is  fixed,  by  the  return  of  all 
the  browse  from  the  workstone  into  the  hearth.  The  fire  is  made  up  again  into  the 
shape  before  described;  a  stratum  of  fresh  ore  spread  upon  the  peat;  and  the  operation 
of  stirring,  breaking  the  lumps  upon  the  workstone,  and  picking  out  the  hard  slags  re- 
peated, after  the  expiration  of  a  few  minutes,  exactly  in  the  same  manner.  At  every 
stirring  a  fresh  peat  is  put  above  the  nozzle  of  the  bellows,  which  divides  the  blast  and 
causes  it  to  be  distributed  all  over  the  hearth ;  and  as  it  burns  away  into  light  ashes, 
an  opening  is  left  for  the  blast  to  issue  freely  into  the  body  of  the  browse.  The  soft 
and  porous  nature  of  dried  peat  renders  it  very  suitable  for  this  purpose ;  but  in  some 
instances,  where  a  deficiency  of  peats  has  occurred,  blocks  of  wood  of  the  same  size  have 
been  used  with  little  disadvantage.  As  the  smelting  proceeds,  the  reduced  lead,  filtering 
down  through  all  parts  of  the  browse  into  the  hearth-bottom,  flows  through  the  channel, 
out  of  which  it  is  laded  into  the  pig-moulds. 

The  principal  particulars  to  be  attended  to  in  managing  an  ore-hearth  properly  during 
the  smelting  shift  are  these :  First : — it  is  very  important  to  employ  a  proper  blast,  which 
should  be  carefully  regulated,  so  as  to  be  neither  too  weak  nor  too  powerful.  Too  weak 
a  blast  would  not  excite  the  requisite  heat  to  reduce  the  ore,  and  one  too  powerful  has 
the  effect  of  fusing  the  contents  of  the  hearth  into  slags.  In  this  particular,  no  certain 
rules  can  be  given ;  for  the  same  blast  is  not  suitable  for  every  variety  of  ore.  Soft, 
free-grained  galena,  of  great  specific  gravity,  being  very  fusible,  and  easily  reduced, 
requires  a  moderate  blast ;  while  the  harder  and  lighter  varieties,  many  of  which  con- 
tain more  or  less  iron,  and  are  often  found  rich  in  silver,  require  a  blast  considerably 
stronger.  In  all  cases,  it  is  most  essential  that  the  blast  should  be  no  more  than 
sufficient  to  reduce  the  ore,  after  every  other  necessary  precaution  is  taken  in  working 
the  hearth.  Secondly : — The  blast  should  be  as  much  divided  as  possible,  and  made  to 
pass  through  every  part  of  the  browse.  Thirdly : — The  hearth  should  be  vigorously 
stirred  at  due  intervals,  and  part  of  its  contents  exposed  upon  the  workstone,  when  the 
partially  fused  lumps  should  be  well  broken  to  pieces,  and  those  which  are  farther 
vitrified,  so  as  to  form  slags,  carefully  picked  out.  This  breaking  to  pieces,  and  ex- 
posure of  the  hottest  part  of  the  browse  upon  the  workstone,  has  a  most  beneficial 
effect  in  promoting  its  reduction  into  lead ;  for  the  atmospheric  air  immediately  acts 
upon  it,  and,  in  that  heated  state,  the  sulphur  is  readily  consumed,  or  converted  into 
sulphurous  acid,  leaving  the  lead  in  its  metallic  state ;  hence  it  is  that  the  reduced  lead 
always  flows  most  abundantly  out  of  the  hearth  immediately  after  the  return  of  the 
browse  which  has  been  spread  out  and  exposed  to  the  atmosphere.  Fourthly: — The 
quantity  of  lime  used,  should  be  no  more  than  is  just  necessary  to  thicken  the  browse 
sufficiently,  as  it  does  not  in  the  least  contribute  to  reduce  the  ore  by  any  chemical 
reaction  ;  its  use  is  merely  to  render  the  browse  less  pasty,  if,  from  the  heat  being  too 
great,  or  from  the  nature  of  the  ore,  it  has  a  disposition  to  become  very  soft.  Fifthly : — 
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Coal  should  be  also  supplied  judiciously,  too  much  unnecessarily  increasing  the  bulk  of 
the  browse'  and  causing  the  hearth  to  get*  quite  full. 

When  the  ore  is  of  a  description  to  smelt  readily,  and  the  hearth  is  well  managed  in 
every  particular,  it  works  with  but  a  small  quantity  of  browse,  which  feels  dry  when 
stirred,  and  is  easily  kept  open  and  permeable  to  the  blast.  The  reduction  proceeds 
rapidly  with  a  moderate  degree  of  heat,  and  the  slags  produced  are  inconsiderable ;  but, 
if  in  this  state,  the  stirring  of  the  browse  and  exposure  upon  the  workstone  are  discon- 
tinued, or  practised  at  longer  intervals,  the  hearth  quickly  gets  too  hot,  and  im- 
mediately begins  to  agglutinate  together,  rendering  evident  the  necessity  of  these 
operations  to  the  successful  management  of  the  process.  It  is  not  difficult  to  understand 
why  these  effects  take  place,  when  it  is  considered,  that  in  smelting  by  means  of  the 
ore-hearth,  it  is  the  oxygen  of  the  blast  and  of  the  atmosphere  which  principally  accom- 
plishes the  reduction ;  and  the  point  to  be  chiefly  attended  to,  consists  in  exposing  the 
ore  to  its  action,  at  the  proper  temperature,  and  under  the  most  favourable  circum- 
stances. The  importance  of  having  the  ore  free  from  impurities  is  also  evident,  for  the 
stony  or  earthy  matter  it  contains  impedes  the  smelting  process,  and  increases  the 
quantity  of  slag.  A  very  slight  difference  of  composition  of  perfectly  dressed  ore  may 
be  readily  understood  to  affect  its  reducibility ;  and  hence  it  is  that  ore  from  different 
veins,  or  the  same  vein  in  different  strata,  as  before  observed,  is  frequently  found  to 
work  very  differently  when  smelted  singly  in  the  hearth.  It  happens,  therefore,  that 
with  the  best  workmen,  some  varieties  of  ore  require  more  coal  and  lime,  and  a  greater 
degree  of  heat,  than  others;  and  it  is  for  this  reason,  that  the  forestone  is  made  movable, 
so  as  either  to  answer  for  ore  which  works  with  a  large  or  a  small  quantity  of  browse. 
It  has  been  stated  that  the  duration  of  a  smelting  shift  is  from  12  to  15  hours,  at 
the  end  of  which  time,  with  every  precaution,  the  hearth  is  apt  to  become  too  hot,  and 
it  is  necessary  to  stop  for  some  time,  in  order  that  it  may  cool.  At  mills  where  the 
smelting  shift  is  12  hours,  the  hearths  usually  go  on  12  hours,  and  are  suspended  5  ; 
four  and  a  half  or  five  bings*  of  ore  (36  to  40  cwt.)  are  smelted  during  a  shift,  and  the 
two  men  who  manage  the  hearth,  work  each  four  shifts  per  week,  terminating  their 
week's  work  at  3  o'clock  on  Wednesday  afternoon.  They  are  succeeded  by  two  other 
workmen,  who  also  work  four  12-hour  shifts,  the  last  of  which  they  finish  at  4  o'clock 
on  Saturday.  In  these  8  shifts,  from  36  to  40  bings  of  ore  are  smelted,  which,  when  of 
good  quality,  produce  from  9  to  10  fodders  of  lead.  At  other  mills,  where  the  shift  is 
14  or  15  hours,  the  furnace  is  kindled  at  4  o'clock  in  the  morning,  and  worked  until 
6'or  7  in  the  evening  each  day,  six  days  in  the  week ;  during  this  shift,  5  or  5£  bings 
of  ore  are  smelted,  and  two  men  at  one  hearth,  in  the  early  part  of  each  week,  work 
three  such  shifts,  producing  about  4  fodders  of  lead  ;  two  other  men  work  each  3  shifts 
in  the  latter  part  of  the  week,  making  the  total  quantity  smelted  per  week  in  one 
hearth  from  30  to  33  bings. 

Hearth-ends  and  Smelter's  fume. — In  the  operation  of  smelting,  as  already  described, 
it  happens  that  particles  of  unreduced  and  semi-reduced  ore  are  continually  expelled  from 
the  hearth,  partly  by  the  force  of  the  blast,  but  principally  by  the  decrepitation  of  the 
ore  on  the  application  of  heat.  This  ore  is  mixed  with  a  portion  of  the  fuel  and  lime 
made  use  of  in  smelting,  all  of  which  are  deposited  upon  the  top  of  the  smelting  hearth, 
and  are  called  hearth-ends.  It  is  customary  to  remove  the  hearth-ends  from  time  to 
time  and  deposit  them  in  a  convenient  place,  until  the  end  of  the  year,  or  some  shorter 
period,  when  they  are  washed  to  get  rid  of  the  earthy  matter  they  may  contain,  and 
the  metallic  portion  is  roasted  at  a  strong  heat,  until  it  begins  to  soften  and  cohere 
into  lumps,  and  afterwards  smelted  in  the  ore-hearth,  exactly  in  the  same  way  as  ore 
undergoing  that  operation  for  the  first  time,  as  already  described. 

It  is  difficult  to  state  what  quantity  of  hearth-ends  are  produced  by  the  smelting  of 
a  given  quantity  of  ore,  but  in  one  instance,  the  hearth-ends  produced  in  smelting  9751 
bings,  on  being  roasted  and  reduced  in  the  ore-hearth,  yielded  of  common  lead  315  cwt., 
and  the  grey  slags  separated  in  this  process  gave,  by  treatment  in  the  slag-hearth,  74 
cwt.  of  dag  lead,  making  the  total  quantity  of  lead  362  cwt.,  which  is  at  the  rate  of 
S  cwt.  2  qrs.  23  Ibs.  from  the  smelting  of  100  bings  of  ore. 
The  cost  of  smelting  well-dressed  galena  at  the  ore-hearth  is  as  follows : 

s.    d. 

Labour 6  1-9 

Coals  2-2  cwt 04-4 

Wood  1-2    , 0  9-1 

Lime   0-6    „ 0  3'5 

Repairs 0  1'7 

Engine  Power:  Wages.        .    0  107)     .  n. 
Coals  5-2  cwt     0  10-4  {  = 

9  57 
*  I  bing  =  8  cwt, 
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The  ore-hearth,  as  usually  constructed,  often  allows  the  fumes  to  fill  the  mill,  when- 
ever the  draught  is  defective,  and  thus  proves  injurious  to  the  health  of  the  work  people. 
Under  all  circumstances,  a  large  volume  of  air  passes  into  the  flue,  and  so  far  diminishes 
the  condensation  of  the  lead-fume. 

In  order  to  diminish  the  objection,  the  writer  introduced  the  following  modification 
^y.  610. 

Fig.  610. 


The  hearth  is  covered  with  a  hood  of  brick- work,  a,  at  the  back  of  which  there  is  an 
opening  into  the  flue.  This  opening  can  be  enlarged  or  diminished  by  means  of  a 
damper,  worked  from  the  outside  at  b.  The  opening  in  front  can  also  be  regulated  by 
means  of  a  movable  iron  plate,  c,  which  can  be  raised  or  lowered  according  to  circum- 
stances. The  hood  is  firmly  bound  by  iron  straps,  d  d,  which  are  maintained  in  position 
by  screw-bolts  above  and  below  the  hearth.  The  opening  e,  under  the  arch  /,  allows  the 
workman  to  regulate  the  blast,  which  is  admitted  at  the  back  through  the  ordinary  tuyere. 

The  ore  is  charged  through  the  opening  g,  in  the  side  of  the  hood,  and  the  furnace  is 
worked  from  the  front,  in  the  manner  just  described. 

We  have  now  finished  our  account  of  the  reduction  of  lead  ores,  and  regret  that  we 
are  compelled  to  omit  many  details  relating  to  the  various  modifications  adopted  in 
Germany  and  elsewhere,  which  are  treated  at  great  length  in  Kerl's  valuable  Handbuch 
der  Metallurgischen  Huttenkunde,  to  which  we  beg  to  refer  the  reader  for  further 
information. 

Chemical  Reactions  in  the  Blast  Furnace. 

The  substances  which  compose  the  charge  in  blast  furnaces,  are  generally  either  in 
the  form  of  powder  more  or  less  fine,  or  in  masses  more  or  less  fused. 

The  fume  is  in  the  form  of  powder,  and  consists  chiefly  of  carbonate  and  sulphate  of 
lead.  The  dross  and  lead  skimmings  are  in  coarse  powder,  and  contain  oxide  of  lead, 
and  some  metallic  lead  mixed  with  the  ashes  of  the  fuel  and  other  earthy  matters. 
The  furnace-waste  contains  quartz,  clay,  and  silicate  of  lead ;  while  the  test-bottoms 
consist  either  of  silicates  of  lead,  &c.,  or  of  phosphate  of  calcium  and  oxide  of  lead.  The 
ores  and  the  grey  slags  are  very  varied  in  their  composition,  containing  sulphide  and 
oxide  of  lead,  sulphates  and  silicates  of  lead,  calcium,  barium,  &c.,  and  differ  as  much 
in  their  mechanical  condition. 

The  chemical  reactions  resulting  from  the  fusion  of  so  varied  a  mixture  of  compounds, 
are  necssarily  of  a  very  complex  character,  and  change  even  in  the  different  parts  of  the 
furnace ;  thus  in  the 

Upper  Zone. — The  uncombined  oxide  of  lead,  which  happens  to  be  present  in  the 
furnace  in  the  form  of  powder,  or  as  a  porous  mass,  is  reduced,  and  as  this  lead  trickles 
down  to  the  hearth,  a  considerable  portion  is  volatilised.  It  is  necessary,  therefore,  in 
roasting  ores,  &c.,  to  raise  the  temperature  high  enough  to  fuse  them  into  masses, 
which  are  only  acted  wjon,  on  the  surface,  by  the  reducing  gases  in  the  upper  part  of 
the  furnace. 
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The  sulphide  of  lead  is  not  easily  decomposed  by  the,  aqueous  vapour,  and  readies 
the  lower  zone  almost  unaffected.  The  sulphate  of  lead  stands  in  the  same  relation. 

The  compounds  of  iron,  on  the  contrary,  undergo  a  striking  change,  and  in  fact,  play 
the  part  of  reactives  in  the  lower  zone,  in  consequence  of  their  reduction  in  this  part  of 
the  furnace.  A  high  furnace  is  necessary  to  complete  this  reduction,  but  such  a  im-naco 
would  be  unsuitable  for  lead  for  the  reasons  previously  given.  The  size  of  the  pieces 
of  these  iron  compounds,  must  therefore  be  regulated  by  the  height  of  the  furnace,  being 
smaller  as  the  furnace  is  lower. 

Lower  Zone. — The  matters  thus  prepared  in  the  upper  zone,  soften,  and  gradually 
enter  into  fusion  as  they  descend,  undergoing  very  complicated  chemical  changes  which 
are  difficult  to  regulate,  and  in  which  the  reducing  gases  exercise  little  action,  but 
where  the  solid  fuel  comes  into  operation. 

The  favourable  working  of  the  furnace  is  also  assisted,  inasmuch  as  the  materials  are 
not  all  equally  fusible,  and  do  not  all  soften  at  the  same  time.  The  matters  containing 
the  oxide  of  lead  and  the  slags,  melting  first,  gradually  absorb  the  gangues  and  produce 
silicates  rich  in  lead.  The  sulphates  are  rapidly  decomposed  by  the  melted  silicates, 
and  they  produce  very  little  sulphides  under  the  reducing  action  of  the  solid  fuel.  Any 
sulphide  of  lead  present,  mixes  with  the  metallic  silicates,  the  reduction  of  the  lead- 
compounds  commencing  only  after  the  formation  of  the  silicates.  The  reducing  action 
is  due  chiefly  to  the  metallic  iron  and  solid  fuel,  the  sulphides  of  barium  and  calcium 
also  assisting  in  the  production  of  the  metallic  lead. 

Action  of  the  Iron. — This  metal  decomposes  part  of  the  oxide  and  sulphide  of  lead, 
forming  sulphide  of  iron  and  oxide  of  iron,  which  combines  with  the  silicates.  The 
sulphide  of  iron  acts  energetically  on  the  silicate  of  lead,  producing  sulphurous  acid, 
protoxide  of  iron,  and  metallic  lead.  "When  the  roasting  has  been  complete,  there  is 
little  or  no  matt  formed,  and  when  a  sufficient  supply  of  iron  has  been  produced  in 
the  upper  zone,  the  lead  is  all  precipitated  and  the  slags  then  contain  no  oxide  of  lead. 

The  solid  fuel  assists  the  action  of  the  iron,  but  its  contact  is  of  course  much  less 
intimate  than  that  of  the  metal,  which  ought  therefore  to  be  always  present  in  the  pro- 
portion of  an  equivalent  for  every  equivalent  of  lead.  Under  such  circumstances,  the 
slag  is  very  fusible,  and  does  not  contain  particles  of  lead,  which  being  reduced  in  the 
lower  zone  the  loss  by  volatilisation  is  as  small  as  the  volatile  nature  of  this  metal 
permits. 

The  important  point  consists  in  the  reduction  of  sufficient  iron  in  the  upper  zone, 
without  necessitating  the  employment  of  a  very  high  furnace.  In  a  lit  de  fusion  con- 
taining 40  per  cent,  of  lead,  there  ought  to  be  9  per  cent,  of  iron  in  the  metallic  state 
or  an  equivalent  quantity  of  iron  ore. 

Iron  borings,  cast  iron,  &c.  have  been  used,  but  the  proportion  of  this  metal  must 
still  be  in  equivalent  quantities  to  the  lead,  and  they  do  not  act  so  well  as  iron  finely 
divided,  produced  by  the  reduction  of  the  iron  ores. 

Action  of  the  Coke. — The  reducing  action  of  the  solid  fuel  may  be  made  to  take  the 
place  of  the  iron,  but  unless  the  gangues  and  other  substances  contain  sufficient  oxide 
of  iron  to  produce  a  fusible  slag,  the  latter  will  consist  only  of  earthy  bases,  requiring 
a  high  temperature  for  fusion,  and  thus  increasing  the  loss  of  lead  by  volatilisation. 

Coke  has  no  action  on  the  sulphide  of  lead,  and  as  the  fuel  is  charged  in  large  pieces, 
its  reducing  action  is  limited  to  surface  contact.  The  fuel  should  therefore  be  reduced 
to  powder,  and  intimately  mixed  with  the  lit  de  fusion,  while  the  roasting  of  the  lead- 
compounds  should  be  as  complete  as  possible.  This  latter  operation  would,  however, 
require  a  long  time,  and  its  expense  would  prove  a  great  objection.  We  made  some 
experiments  on  this  subject,  and  found  that  it  required  upwards  of  thirty  hours' 
roasting  to  bring  the  sulphur,  in  pure  galena,  down  to  4£  per  cent. 

The  employment  of  the  fuel  in  powder,  is  also  attended  with  the  inconvenience  of  a 
great  heat  at  the  furnace-mouth,  and  the  reduction  takes  place  high  above  the  tuyere, 
which  causes  a  great  loss  of  lead  and  silver  by  volatilisation.  It  is  necessary  there- 
fore to  employ  very  low  furnaces,  and  to  conduct  the  fusion  very  slowly ;  but  without 
the  aid  of  the  iron  there  is  always  an  increased  loss  of  lead,  when  the  reduction  depends 
upon  the  fuel,  and  with  such  furnaces,  the  iron-compounds  act  simply  as  fluxes.  On 
the  contrary,  in  a  furnace  of  suitable  height,  the  intimate  mixture  of  the  iron  ores  and 
the  fuel,  is  very  effective,  the  whole  of  the  metal  acting  as  a  reducing  agent. 

The  reducing  action  of  the  fuel  is  attended  with  another  difficulty,  as  it  facilitates 
the  conversion  of  the  sulphates  into  sulphides,  which  then  go  to  form  more  or  less 
matt.  In  the  case  of  the  sulphates  of  baryta  and  lime,  the  reducing  action  of  the 
fuel  is  however,  to  some  extent,  beneficial,  as  these  substances  assist  in  decomposing  the 
oxide  of  lead. 

When  the  matts  are  poor  in  lead  and  silver  and  not  in  large  quantity,  their  presence 
is  not  very  objectionable.  We  have  often  worked  a  furnace  where  the  matt  contained 
only  Tl  per  cent,  of  lead,  and  10  dwt.  10  grs.  silver  per  ton.  They  indicate,  when  rich, 
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either  imperfect  roasting  in  the  lead-compounds,  or  a  deficiency  of  the  reducing  agents, 
sulphides  of  iron,  barium,  or  calcium. 

Iron  Pyrites  as  Reducing  Agent. — This  mineral  should  be  previously  roasted  to 
expel  a  portion  of  the  sulphur,  when  it  is  to  be  used  in  the  blast-furnace,  but  its 
employment  has  a  tendency  to  increase  the  formation  of  matt.  The  same  effect  is 
produced,  to  a  greater  extent,  when  the  galena  employed  is  loaded  with  pyrites,  since 
these  two  sulphides  enter  into  combination  in  the  upper  zone  of  the  furnace,  and  tho 
matt  produced  does  not  act  so  vigorously  upon  the  silicates  as  the  sulphide  of  iron 
alone.  The  matt  therefore  partly  escapes  decomposition,  and  the  quantity  is  accordingly 
increased. 

Fume. — This  substance,  being  in  the  form  of  powder,  ought  not  to  be  charged  direct, 
but  it  should  undergo  a  preliminary  treatment  in  a  reverberatory  furnace.  It  is 
advisable  to  mix  it  with  some  lead-compounds  and  a  quantity  of  sand,  varying  from  15 
to  20  per  cent.,  according  to  its  contents  in  lead.  The  charge  is  rapidly  heated  to  the 
point  of  fusion,  and  about  8  per  cent,  of  fuel,  in  small  pieces,  added.  The  whole  is  then 
well  worked,  to  mix  the  fuel  as  intimately  as  possible,  which  promotes  the  separation 
of  the  lead  obtained  by  the  reduction  of  the  silicate  of  lead. 

ACTION  OF  THE  GANGUES.  Carbonate  of  iron. — This  substance  is  converted,  more 
or  less,  into  sesquioxide  of  iron  during  the  roasting  process,  and  only  interferes  with 
the  oxidation  of  the  galena  when  present  in  large  quantities.  It  acts  in  the  furnace 
in  the  manner  already  explained,  and  must  be  regarded  as  a  useful  impurity;  but 
when  present  in  larger  quantities  and  intimately  mixed  with  the  lead  ores,  it  prevents 
the  agglomeration  of  the  powder,  even  when  sand  is  added.  Under  such  circumstances, 
the  reducing  action  must  be  moderated  in  the  upper  zone  of  the  furnace,  and  the  union 
of  the  oxides  of  iron  and  lead  with  some  fusible  siliceous  slags,  must  be  promoted. 
The  furnace  ought  to  be  low,  and  driven  with  a  gentle  blast ;  but  with  all  precautions, 
there  is  a  tendency  to  gob  the  furnace. 

Iron  pyrites. — When  this  mineral  is  present,  the  roasting  requires  a  longer  time,  and 
it  is  difficult  to  prevent  the  agglomeration  of  the  ores,  with  an  undue  formation  of 
sulphates.  Towards  the  end,  the  heat  must  be  raised,  and  the  presence  of  an  excess  of 
sand  is  necessary.  The  loss  of  lead  and  silver  by  volatilisation  in  such  ores  is  less, 
however,  probably,  from  the  rapid  formation  of  sulphuric  acid  by  the  oxidation  of  the 
pyrites,  and  the  conversion  of  the  lead  and  silver  into  sulphates. 

When  the  roasting  is  complete,  the  only  reducing  agent  necessary  in  the  blast- 
furnace is  coke,  the  action  of  which  has  been  previously  explained. 

The  arsenical  pyrites  is  always  injurious  ;  the  formation  of  arsenious  acid  during  the 
roasting,  increases  the  volatilisation  of  the  silver,  but  the  greater  part  of  the  arsenic 
remains  behind  in  the  form  of  arsenates.  In  the  blast-furnace,  some  more  arsenic  is 
volatilised  in  the  upper  zone,  and  part  remains  combined  with  the  lead  and  in  the  matt 
in  the  form  of  arsenuret  of  iron. 

Sulphide  of  antimony. — During  the  roasting,  the  volatility  of  the  antimony  increases 
the  loss  of  lead  and  silver,  and  towards  the  end  of  this  operation,  it  is  impossible  to 
decompose  the  antimonates,  even  with  an  excess  of  gangues  and  fusible  silicates. 

In  the  blast-furnace,  the  antimonates  are  gradually  reduced  by  the  gases,  the  iron, 
and  the  solid  fuel,  with  the  same  facility  as  the  compounds  of  lead.  A  part  of  the 
antimony  is  volatilised,  by  which  the  loss  of  lead  and  silver  is  increased,  and  another 
portion  passes  into  the  lead  and  matt.  The  presence  of  this  substance  necessitates  the 
use  of  an  increased  proportion  of  iron  and  coke.  The  antimony  also  accompanies  the 
lead  in  all  the  subsequent  operations,  although  the  greater  portion  can  be  removed  in 
the  calcining  process. 

Copper  pyrites. — In  the  blast-furnace,  the  copper  is  nearly  all  reduced  at  the  same 
time  as  the  lead,  and  when  a  matt  is  formed,  a  portion  of  the  copper  is  always  present. 
The  lead,  however,  always  carries  away  some  copper,  which  reappears  in  all  the  sub- 
sequent operations,  after  giving  a  characteristic  appearance  both  .to  lead  and  litharge. 

Blende During  the  roasting,  the  blende  is  more  rapidly  oxidised  than  the  galena, 

being  converted  into  oxide  and  sulphate  of  zinc,  which  is  decomposed  with  difficulty 
in  the  second  period,  while  the  infusibility  of  the  oxide  impedes  the  melting  of  the 
other  materials.  It  is,  therefore,  necesssary  to  add  some  argillaceous  compounds  to 
such  galenas,  and  prolong  the  roasting  process.  These  compounds  of  zinc  are  not 
volatile,  but,  being  infusible,  are  more  liable  to  be  carried  off  with  the  current  of  fume, 
of  which  they  always  form  a  large  proportion ;  these  fumes  are  richer  in  silver 
than  those  formed  in  treating  similar  galenas  free  from  blende.  It  is  not  known 
in  what  state  of  chemical  combination  the  silver  exists  in  fume,  but  from  the  facts 
observed  in  treating  ores  with  different  gangues,  it  would  appear  that  the  presence  of 
silver  in  the  fumes  is  due  more  to  mechanical  than  to  chemical  causes. 

In  the  upper  zone  of  the  blast-furnace,  the  oxide  of  zinc  is  partially  reduced,  and  as 
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the  metal  descends,  it  is  volatilised,  when  it  acquires  a  dark  red  heat,  and  burns  at  the 
mouth  of  the  furnace,  spreading  its  oxide  on  all  sides.  This  metal  has  therefore  no 
beneficial  action  on  the  reduction  of  the  lead. 

In  the  lower/ -zone,  the>  oxide  of  zinc  combines  with  the  silica  and  retards  the  fusion, 
while  the  iron  does  not  easily  reduce  it,  and  the  metal,  once  formed,  is  volatilised 
without  any  appreciable  action  on  the  silicates  with  which  it  comes  in  contact. 

The  slags  contain  some  oxide  of  zinc,  which  render  them  of  a  refractory  character. 
The  lead  produced,  does  not  contain  much  zinc,  as  the  temperature  is  too  high  to  favour 
the  combination  of  the  two  metals. 

When  the  roasting  has  been  imperfect,  the  sulphide  of  zinc  is  partially  oxidised  by 
the  aqueous  vapour  in  the  upper  zone  of  the  furnace,  but  the  greater  portion  unites  with 
the  sulphide  of  lead,  and  forms  matt.  The  greater  porosity  of  these  roasted  materials, 
from  the  presence  of  the  infusible  zinc-compounds,  increases  the  reducing  action  of  the 
gases  in  the  upper  zone,  and  this  again  adds  to  the  quantity  of  matt  which  is  formed. 
This  zinc-matt  is,  however,  not  so  fusible  as  the  others,  and  consequently  remains 
longer  in  contact  with  the  silicate  of  lead,  on  which  it  exerts  a  reducing  action,  the 
only  benefit  derived  from  the  presence  of  blende. 

The  volatility  of  the  zinc  increases  the  loss  of  lead  and  silver  in  various  ways,  by  its 
direct  action,  as  well  as  by  its  rendering  the  roasted  materials  more  porous,  in  conse- 
quence of  the  infusibility  of  its  compounds  in  all  the  operations  of  roasting,  smelting. 
and  treatment  of  the  fume. 

The  great  object  therefore  in  treating  such  ores  is  to  diminish  the  chances  of  volati- 
lisation, by  perfect  roasting,  and  the  addition  of  fusible  slags  in  sufficient  quantity  to 
overcome  the  infusibility  of  the  zinc  compounds.  The  beneficial  action  of  iron  pyrites 
in  such  ores,  is  due  to  the  facility  with  which  it  melts,  thus  counteracting  the  opposite 
tendency  of  the  blende  ;  but  the  quantity  necessary  to  accomplish  this  effect  may,  if 
the  percentage  of  blende  is  great,  prove  so  large  as  to  render  the  ore  too  poor  for  any 
kind  of  metallurgical  treatment. 

ZZ.  The  Refining:  of  the  Lead. 

All  lead  ores  contain  more  or  less  silver,  and  as  the  latter  metal  is  reduced  along 
with  the  lead,  its  separation  becomes  an  object  of  commercial  importance.  The  cost  of 
separating  silver  by  the  old  plan  of  cupellation,  renders  it  impossible  to  refine  lead 
with  less  than  eight  ounces  of  silver  per  ton,  and  the  world  is  indebted  to  the  late  Mr. 
Pattinson  for  the  discovery  of  a  beautiful  process,  by  which  lead  with  no  more  than 
^  oz.  will  now  pay  for  its  extraction. 

The  separation  of  silver,  therefore,  now  involves  three  operations,  viz.  desilverisa- 
tion,  cupellation,  and  the  reduction  of  the  pot-dross  and  litharge. 

1.  DESILVEEISATION. — Pat  tin  son's  Process. 

This  process,  known  among  the  workmen  as  the  separating  process,  and  called  in 
France,  Pattinsonage,  consists  in  slowly  cooling  the  melted  lead  in  iron  pots,  during 
which  a  portion  of  the  contents  assume  a  crystalline  form,  and  sink  to  the  bottom. 
These  crystals  contain  less  silver  than  the  portion  which  remains  in  a  liquid  state. 

The  composition  of  this  desilverised  lead,  from  different  localities,  is  given  in  the 
table  below. 

Analyses  of  Desilverised  Lead. 


Locality  . 

Altenau. 

Stolberg. 

Billach. 

Eschweiler. 

Pirach  and  Jung. 

English. 

Analyst  . 

Streng. 

Streng. 

Streng. 

Streng. 

Streng. 

Streng. 

Lead    . 
Antimony 
Copper 
Iron     . 
Zinc     . 

99-957 
0-021 
0-016 
O'()06 
trace 

99-935 
0-007 
0-050 
0-006 
0-001 

99-975 
0-012 
0-007 
0-006 
'  trace 

99-907 
0-053 
0-026 
0-003 
0-011 

99-892 
0-061 
0-041 
0-004 
0-002 

99-980 
0-015 
trace 
0-008 
0-004 

100-000 

99-999 

100-000 

100-000 

100-000 

100-010 

The  pots  are  large  metal  pans,  and  are  generally  set  in  a  row  of  10  or  more,  those  to 
the  left  being  called  the  working  pots,  and  that  to  the  right,  which  is  smaller, 
the  market  pot,  from  the  circumstance,  that  the  poor  lead  is  ladled  from  it  into  the 
pig  moulds,  ready  for  market. 

The  mode  of  setting  a  range  of  these  pots  is  so  clearly  shown  in  fig.  61 1,  as  to 
supersede  the  necessity  of  any  description. 
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Fig.  611. 


Fig.  612. 
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The  operation  is  conducted  in  the  following  manner : — One  of  the  pots  about  the 
middle  of  the  range  is  filled  with  pigs  of  lead,  which  are  melted.  The  dross  which  forms 
on  the  surface  is  skimmed  off  by  a  small  perforated  ladle,  when  the  fire  is  withdrawn 
from  the  grates  below  this  pot.  The  lead,  as  it  cools,  is  constantly  stirred,  and  any 
portion  which  solidifies  round  the  edges,  is  removed  by  an  iron  paddle  or  slice,  and 
mixed  with  the  molten  lead.  In  a  short  time,  the  crystals,  above  mentioned,  make 
their  appearance,  and  continue  to  increase  in  quantity  as  the  cooling  progresses.  The 
workman  then  dips  a  large  perforated  ladle,  represented  in  fig.  612,  into  the  mass  of 
liquid  lead  and  crystals,  and  withdrawing  it,  allows  the  liquid  portion  to  drain  away, 
which  he  hastens  by  an  occasional  shake  of  the  ladle.  He  then  attaches  to  the  shank 
of  the  ladle,  a  hook,  which  is  suspended  at  the  end  of  a  chain  hanging  upon  the  joists 
of  the  roof,  and  holding  on  by  the  handle,  swings  the  ladle  full  of  crystals  over  the 
next  pot  to  his  right,  into  which  he  empties  the  crystals.  He  continues  this  operation 
until  the  necessary  quantity  of  lead  has  been  crystallised  out,  when  the  liquid  portion 
is  ladled  into  the  adjoining  pot  on  his  left.  The  same  operation  is  repeated  with  all 
the  intermediate  pots,  until  the  desilverised  lead  arrives  at  the  market-pot,  and  the 
enriched  lead  reaches  the  rich  pot,  whence  the  lead  is  taken  for  cupellation. 

The  proportion  of  lead  crystallised  out  in  each  pot  varies  very  much  with  the 
richness  of  the  lead  at  the  command  of  the  refiner,  and  especially  if  he  has  original 
leads  of  different  values,  by  which  he  can  keep  up  a  continuous  supply  of  lead  to  each 
pot.  When  the  original  lead  is  poor,  then  what  is  known  as  the  low  system,  is  adopted, 
where  as  much  as  seven-eighths  of  the  lead  is  separated;  but  with  richer  lead,  the  high 
system  is  followed,  and  as  little  as  two-thirds  is  removed  as  crystallised  lead. 

During  the  operation,  the  large  ladle  is  liable  to  cool  by  its  repeated  exposure  to  the 
air,  and  in  consequence  the  perforations  become  closed  by  the  adhesion  of  the  lead. 
This  difficulty  is  overcome  by  occasionally  dipping  the  ladle  into  the  small  intermediate 
pots  on  the  one  side,  which  are  kept  full  of  lead,  maintained  at  a  higher  temperature 
by  a  small  fire  beneath  them,  as  shown  in  fig.  611. 

The  shaking  or  jerking  of  the  large  ladle  by  the  workmen  when  draining  the  crystals, 
would  ultimately  injure  the  pot,  to  protect  which,  a  pig  of  lead  with  a  bar  of  iron  cast 

Fig.  613. 


in  its  upper  surface,  is  laid  on  the  broad  rim  of  the  pot,  and  this  serves  at  the  same 
time  as  a  fulcrum  on  which  the  shank  of  the  ladle  rests. 
These  pots  often  require  to  be  renewed,  and  as  a  large  weight  of  metal  in  the  rims 
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is  rendered  useless  in  each  renewal,  the  upper  portion  of  the  brickwork  is  covered  in 
some  works  with  a  circular  metal  slab,  on  which  the  narrow  rim  of  the  pot  rests,  by 
which  a  saving  of  expense  in  the  repairs  is  effected. 

This  process  is  also  accompanied  by  another  advantage  in  purifying  the  lead.  Each 
time  the  lead  is  melted,  the  surface  becomes  covered  with  a  scum,  whicli  contains  more 
or  less  impurity  along  with  the  oxide  of  lead,  and  this  dross  being  always  skimmed 
off,  the  quality  of  the  lead  is  continuously  improved  as  it  approaches  the  market-pot. 
This  circumstance  is  so  well  recognised,  that  leads  containing  only  one  ounce  silver  per 
ton,  and  even  less,  are  regularly  treated  by  this  process,  especially  when  the  lead  is  to 
be  used  in  the  manufacture  of  white  lead. 

An  average  cost,  founded  on  the  crystallisation  of  1,917  tons  of  lead  containing  24 
ounces  of  silver  per  ton,  was  found  to  be  as  follows  : 

Labour 

Coals,  6-2  cwt 

Kepairs 

Stagc/s  apparatus. — The  expense  of  labour  is  an  important  item  in  Pattinson's  pro- 
cess, and  none  but  powerful  men  are  capable  of  managing  the  crystallising  ladle.  This 
objection  attracted  the  attention  of  the  late  Mr.  I.  JD.  Stagg,  who  succeeded  in  con- 
structing an  apparatus  for  obviating  this  difficulty.  This  arrangement,  known  as  Stagy' s 
apparatus,  is  represented  injfy.  613 ;  it  consists  of  a  crane  and  windlass,  a  b;  a  chain 
attached  to  the  end  of  the  shank  of  the  ladle  is  wound  up  by  the  windlass,  and  draws 
up  the  ladle,  filled  with  crystals,  out  of  the  pot.  A  workman  guides  the  handle  of 
the  ladle,  which  is  afterwards  placed  under  a  catch,  c,  of  the  crane.  While  the 
crystals  are  draining,  the  ladle  is  occasionally  shaken  by  the  workmen,  and  by  moving 
the  crane,  the  ladle  is  easily  carried  over  the  adjoining  pot,  into  which  the  crystals 
are  emptied. 

Worsley's  apparatus. — This  gentleman  has  also  patented  arrangements  by  which  the 
labour  is  economised.  He  fixes  an  upright  shaft  in  the  centre  of  the  pans,  with  a  bear- 
ing at  top  and  bottom,  while  arms  radiate  from  the  shaft  to  the  sides  of  the  pans; 
with  this  apparatus  he  obviates  the  iise  of  the  slice. 

The  other  plan  consists  in  drilling  a  £  to  £  inch  hole  horizontally  through  the  side  of 
the  pan,  about  two  inches  above  the  bottom.  The  opening  inside  the  pan  is  covered  with 
a  sheet-iron  strainer  screwed  down  to  the  pan,  and  a  spout  is  set  in  an  opening  made 
through  the  side  wall  of  the  fire-hole  of  the  pan,  to  carry  off  the  liquid  lead  into  a  pot 
placed  outside.  The  hole  in  the  pan  is  made  tight  by  a  slightly  tapering  tapping  bar. 
The  crystals  remain  behind  for  further  treatment. 

Parkes'  Process. 

This  process  depends  upon  the  superior  attraction  of  silver  for  zinc  over  lead,  and 
is  applied  by  Mr.  Parkes  in  the  following  manner : 

The  silver-lead  is  melted  in  one  of  the  large  pans  already  described,  and  raised  to 
the  temperature  of  melted  zinc.  The  zinc  being  melted,  is  then  added,  and  the 
fluid  metals  are  stirred  for  a  period  of  one  to  two  hours.  The  fire  is  now  lowered 
and  the  metals  allowed  to  cool  down  until  the  lead  is  about  to  set.  The  zinc  and  silver 
rise  to  the  surface  during  the  interval,  and  are  removed  by  means  of  a  perforated 
ladle. 

This  alloy  is  afterwards  heated  in  a  sloping  iron  retort  to  remove  a  portion  of  the 
lead,  which  contains  1,000  ounces  of  silver  per  ton,  and  is  ready  for  cupellation.  The 
portion  left  in  the  retort,  is  heated  in  clay  pots  to  distil  off  the  zinc.  The  residue  con- 
tains silver  mixed  with  the  impurities  of  the  original  lead  and  zinc.  It  is  melted 
with  lead  and  cupelled  to  obtain  the  silver. 

Mr.  Parkes  also  proposed  to  roast  the  alloy  in  close  retorts  or  muffles,  by  which  it 
was  reduced  to  a  fine  powder,  which  was  then  to  be  treated  with  dilute  sulphuric  acid. 
The  foreign  oxides  dissolved  in  the  acid,  leaving  the  silver,  which  was  treated  in  the 
usual  way. 

The  quantity  of  zinc  required  to  desilverise  the  lead,  depended  upon  the  proportion 
of  silver  and  other  metals  present  in  the  lead,  and  he  gave  the  following  statement  in 
his  specification — viz.  for  20  cwt.  of  lead  containing 

14  oz.  of  silver  per  ton  .         .         .     22-4  Ibs.  of  zinc. 
21   „  „     '     „       .         .         .     33-6         „ 

28  „  „  44-8         „ 

The  loss  of  lead  in  this  process  is  said  to  be  about  1  per  cent.,  but  on  account  of 
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the  difficulty  in  treating  the  alloy  of  zinc  and  silver,  Messrs.  Neville  are  understood  to 
have  abandoned  the  plan. 

Separation  of  Copper  in  Crystallisation. 

Mr.  Baker  has  published  the  following  results  of  an  inquiry  to  ascertain  how  far  tha 
impurities  of  lead,  viz.  silver,  copper  and  iron,  are  removed  in  this  process  of  crystalli- 
sation. 
The  original  lead  contained  : 

1  2 

Silver        .        .        .  0-0046  0-0052 

Copper      .         .  0-0066  0-0154 

Iron.         .         .         .  0-0065  0*0068 

Sulphur     .         .         .    trace  trace. 

The  various  products  of  the  process  contained  : 

Rich  Pot: —                                                          Silver.  Copper.  Iron. 

Before  crystallising  ....  0-0108  0-0344  0-0312 

Crystals,  25  pts 0-0052  0-0152  0-0086 

Fluid  lead,  85  pts.    .         .       -.         .0-0140  0'0476  0'0122 

Second  Pot:  — 

Before  crystallising  ....  0-0052  0-0154  O'OOGS 

Crystals, '95  pts 0-0020  0'0066  O'OIJ.S 

Fluid  lead,  25  pts 0-0126  0'0286  0-0146 

Third  Pot:  — 

Before  crystallising  ....  0-0020  0-0102  O'OllS 

Crystals,  70  pts 0-0010  0-0038  0-0198 

Fluid  lead,  25  pts O'OIOO  0-0240  0'0082 

Fourth  Pot:  — 

Refined  lead 0-0014  0-0054  0-0112 

From  this  Mr.  Baker  very  naturally  draws  the  conclusion  that  there  is  an  alloy  of 
copper-lead  which  remains  fluid  when  crystals  of  lead  are  formed,  and  that  when  the 
former  metal  is  present  in  moderate  proportions,  it  may  be  separated  from  the  latter 
by  a  process  similar  to  that  of  Pattinson. 

This  statement  has  been  disputed  by  Reich  and  Streng,  who  deduce  from  their  ex- 
periments the  conclusion,  that  the  copper  is  not  separated ;  but  the  writer,  without 
having  analysed  the  different  leads,  inclines  to  believe  in  the  correctness  of  Mr.  Baker's 
conclusions. 

2.  CUPELLATION  OR  REFINING  OF  THE  RICH  LEAD. 

Although  it  may  be  difficult  to  assign  a  correct  interpretation  to  Hebrew  terms  of 
art,  yet  we  think  it  is  clear  that  the  use  of  lead  in  purifying  other  metals  was  known 
in  very  ancient  times.  Jeremiah  would  seem  to  allude  to  this  fact  in  the  passage  in 
ch.  vi.  ver.  29,  and  similar  reference  is  made  in  Ezekiel  xxii.  18-22,  Malachi  iii.  2,  3. 
The  first  notice  of  the  process  of  cupellation  among  the  ancients,  appears  in  the 
works  of  Dioscorides;  and  Pliny  and  Greber  describe  an  operation  which  is  a  true 
cupellation  by  means  of  lead.  In  1343,  Philippe  le  Bel  issued  an  ordinance  prescrib- 
ing the  use  of  cupels  for  testing  the  precious  metals.  In  1556,  Agricola  in  his  work, 
De  re  Metallica,  fully  describes  the  whole  process,  with  instructions  how  to  make  the 
tests ;  this  was  followed  by  the  work  of  Barba,  Arte  de  los  Metales,  in  1640,  where  the 
construction  of  the  refining  furnaces  is  minutely  explained. 

The  chief  object  is  generally  to  separate  the  silver  from  the  lead,  but  when  an  oxide 
of  lead  in  the  form  of  litharge  is  wanted,  then  the  former  becomes  a  secondary  operation. 

There  are  many  modifications  as  to  the  form  of  furnace,  mode  of  refining,  &c.,  but 
only  what  may  be  called  two  distinct  methods  of  cupellation — viz.  the  English  and 
German. 

The  English  System. 

The  peculiarities  of  this  system  consist  in  the  cupel  being  movable,  and  the  lead 
being  fed  at  intervals. 

The  furnace,  which  is  termed  a  Refinery,  is  represented  in  figs.  614,  615,  where  two 
cupels  can  be  worked  at  the  same  time  when  necessary  ;  a  a  are  the  positions  of  the 
cupels  or  tests,  one  of  which  is  shown  resting  on  an  iron  waggon,  b ;  cc,  the  pots  contain- 
ing the  rich  lead  in  a  melted  state,  which  is  ladled  into  an  iron  gutter,  d  d,  to  supply 
the  test ;  ee,  the  point  where  the  blast  enters,  and// the  opening  or  gate,  through  which 
the  litharge  is  blown  over  into  a  pot  below ;  gg,  the  fire  grates,  and  h  h  the  ash  pits ; 
t«,  the  flues,  and  k  k  the  chimneys. 
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Fig.  614. 
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The  bottom  or  sole  of  this  reverberatory  furnace  is  formed  of  bone-ash,  finely  ground, 
which  is  prepared  by  moistening  it  with  a  very  weak  solution  of  pearl-ashes.      Thia 


mixture  is  placed  within  an  oval  iron 
frame-work,  formed  of  an  iron  ring 
a  «,  (fig.  616)  about  four  inches  deep, 
called  the  test-ring,  and  iron  bars  cross 
the  bottom  b  b.  The  bone-ash  mixture 
is  then  carefully  and  firmly  beaten 
down  with  iron  rammers.  The  centre 
of  this  mass  is  then  scooped  out  by 
means  of  a  small  trowel,  as  seen  at  c, 
and  the  portion  round  the  sides  and 
ends,  d  d  d,  left  as  walls  to  retain 
the  melted  metals. 

As  the  success  of  the  cupellation 
depends  in  a  great  measure  on  the 
careful  preparation  of  the  cupel,  an 
apparatus  has  been  contrived  to  give 
a  proper  consistence  to  the  bone- 


Fig.  616. 


Fig.  617. 


ash.     A  longitudinal  section  of  this  apparatus  is  shown  in  fig.  617  in  such  detail  as  to 
render  any  description  unnecessary.    It  is  worked  by  hydraulic  pressure. 
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The  test  is  allowed  to  dry  in  the  air  for  some  time,  and  then  placed  on  the  waggon, 
which  is  run  into  position.  The  test  is  then  wedged  tight  up  against  an  iron  ring 
built  firmly  in  the  masonry.  The  fire  is  now  lighted  and  the  test  carefully  annealed, 
otherwise  it  is  liable  to  crack.  When  perfectly  dry,  it  is  heated  to  a  dull  redness,  and 
then  filled  with  the  melted  rich  lead. 

This  lead  soon  becomes  coated  with  a  greyish  dross,  but  as  the  heat  increases,  the 
surface  of  the  lead  appears,  and  the  formation  of  litharge  commences.  The  blast  is  now 
turned  on,  and  while  supplying  the  oxygen  necessary  for  the  oxidation  of  the  lead,  it 
drives  the  litharge  to  the  mouth  of  the  refinery,  where  it  flows  in  a  continuous  stream 
over  the  gate  into  a  little  iron  pot  placed  on  wheels  for  the  convenience  of  removal. 

When  there  is  only  enough  rich  lead  to  yield  a  small  cake  of  silver,  the  refining  is 
completed  in  the  same  test,  and  in  that  case,  the  workman  cuts  down  the  opening  in  the 
bone-ash  at  this  end  of  the  test,  which  is  called  the  gate,  to  the  level  of  the  melted  lead, 
until  the  fining  of  the  silver  commences. 

When  there  is  a  stock  of  rich  lead,  the  concentration  of  the  silver  is  confined  to  the 
first  test,  which  is  called  the  lead-test.  As  soon  as  the  silver  amounts  to  about  8  per 
cent,  of  the  contents  of  the  test,  a  small  hole  is  carefully  drilled  in  the  bottom,  and  the 
rich  alloy  is  run  into  moulds.  The  hole  is  then  closed  by  a  pellet  of  bone-ash,  and 
another  cupellation  commenced.  The  rich  alloy  is  afterwards  refined  in  the  same 
manner  in  another  test,  hence  called  the  silver-test. 

When  the  lead  has  been  nearly  all  oxidised,  the  film  of  silver  becomes  thinner  and 
thinner ;  it  then  exhibits  a  succession  of  the  beautiful  iridescent  tints  of  Newton's  rings, 
and  at  length  the  film  of  oxide  disappears,  revealing  the  brilliant  surface  of  silver 
beneath.  Such  is  Dr.  Miller's  admirable  description  of  this  beautiful  phenomenon, 
known  as  the  fulguration  of  the  metal,  or  as  the  men  call  it,  the  brightening  of  the 
'plate. 

At  this  point  the  blast  is  turned  off,  the  fire  withdrawn,  and  the  silver  allowed 
to  cool.  When  the  silver  has  set  and  begun  to  harden,  the  wedges  are  removed,  and 
the  test  with  its  cake  of  silver  falls  on  the  iron  waggon.  When  cold,  it  is  removed,  the 
impurities  adhering  to  its  under  surface  are  chipped  off,  and  the  silver  is  ready  for 
fusing  into  ingots. 

During  the  cupellation,  the  silver  absorbs  oxygen,  which  is  evolved  as  the  metal 
cools,  forming  crater-like  eruptions  on  the  surface,  and  the  extent  of  these  pro- 
tuberances is  a  very  good  indication  of  the  purity  of  the  silver. 

There  is  not  much  silver  lost  in  the  refinery  by  volatilisation,  but  a  com- 
paratively large  absorption  takes  place  in  the  test.  We  have  assayed  several  test- 
bottoms,  and  have  found  the  contents  in  silver  to  vary  from  74  oz.  to  115  oz.  per  ton 
of  test. 

Chambers'  Steam  Blast. — The  blast  employed  in  refining  must  be  soft,  and  is  best 
supplied  by  means  of  a  fan,  but  a  very  excellent  plan  of  Mr.  Chambers  was  tried  by 
the  writer,  and  furnished  very  good  results.  It  consisted  in  substituting  a  steam  jet 
for  the  blast  of  air,  and  as  the  steam  passed  through  a  wide  nozzle,  it  carried  sufficient 
air  along  with  it  to  oxidise  the  lead,  while  mixing  a  body  of  steam  with  the  lead  fume, 
•which  was  thus  more  completely  recovered  in  the  long  flues  by  the  condensation  of  the 
steam. 

A  more  simple  and  compact  form  of  refinery  is  shown  in  figs.  618,  619,  where  the  steam 
blast-pipe  is  represented  entering  the  furnace  at  a.  This  refinery  is  also  fitted  with  an 
iron  hood,  b,  placed  in  front  of  the  working  door,  where  occasional  puffs  of  fume  are 
blown  over  the  workman.  This  fume  is  carried  off  by  an  iron  pipe,  c,  into  the  chimney, 
and  this  protects  the  men  from  the  injurious  consequences  of  inhaling  the  lead  smoke. 

The  following  statement  as  to  the  cost  of  refining,  is  founded  on  the  cupellation  of 
rich  lead,  which  produced  upwards  of  60,000  oz.  of  fine  silver: 

s.    d. 
Labour  .         .        .        .        .        .        .        .        .3  10'3 

Coals     .        47  cwt 09-4 

Pearl-ashes    0*6  Ibs 04-0 

Bone-ashes  187  „ 3     3'8 

Kepairs 0     2*0 

Engine  Power:   Coals  cwt.  5-2  =  0  10-4         .       )     , 
Wages  ..10-3         .       J  = 

Per  ton  of  lead  10    4-2 

or  3s.  1'ld.  per  100  oz.  of  silver. 

When  the  silver  has  been  removed,  the  test  is  broken  up,  those  portions  of  the  bone- 
ash  which  are  free  from  lead,  being  removed  for  subsequent  use,  and  the  rest  is  generally 
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carried  to  the  slag-hearth  or  blast-funiaco,  where  the  bone-ash  of  course  is  lost.   Mr. 
Johnson  recovers  this  bone-ash  as  follows : — 

Johnson's  Process. — He  reduces  the  cupel  to  a  powder,  and  mixes  it  with  acetic  acid 
of  1*030  to  1*048  specific  gravity,  in  sufficient  quantity  to  render  the  mixture  of  a  thin 

Fig.  618. 


I.  t  I  .  I 


J*. 


consistence  to  admit  of  its  being  well  agitated  in  a  dolly  tub.  The  greater  part  of  the 
lead  dissolves,  and  by  renewing  the  acid,  a  further  quantity  is  removed,  so  that,  on  working 
the  residue  to  separate  all  the  solution,  the  bone-ash  is  sufficiently  pure  to  be  employed 
again  in  making  tests.  The  solutions  yield  the  lead,  in  the  form  of  sugar  of  lead,  by 
concentration. 

/^  <Y^ 
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The  German  System 

differs  from  the  English  in  forming  the  hearth  of  marl  instead  of  bone-ash ;  and  in 
making  it  of  large  dimensions,  and  charging  all  the  lead  at  one  time. 

The  form  and  construction  of  this  furnace  is  shown  in  fig.  620,  which  is  taken  from 
an  excellent  treatise  on  the  Metallurgy  of  Lead  by  Dr.  Lamborn.    The  corner  on  the 

Fig.  620. 


right  is  removed,  to  show  the  interior.  The  circular  portion  contains  the  hearth  and  a 
rectangular  fireplace.  The  foundations,  F  F,  are  built  of  stone,  cramped  with  iron  rods, 
and  pierced  with  openings  to  carry  off  the  moisture.  A,  represents  the  fireplace,  in 
which,  either  wood  or  coal  can  be  burnt.  The  hearth  is  formed  of  bricks  set  on  edge 
on  a  bed  of  scoriae  which  has  been  well  beaten  down.  A  layer  of  marl,  also  carefully 
beaten  with  iron  rammers,  is  formed  on  the  bricks,  and  this  bed  is  generally  renewed 
at  each  cupellation.  A  wall,  K  K,  surrounds  the  hearth,  and  serves  to  support  a 
movable  cap,  C,  which  is  formed  of  sheet  iron,  strengthened  by  bars  on  its  upper  side, 
and;  lined  with  clay  secured  by  numerous  iron  straps.  The  cap  is  suspended  by  chains 
from  the  crane,  E,  and  supported  by  a  lever,  L,  so  that  it  can  be  raised  or  removed  on 
one  side,  when  necessary.  The  opening,  Gr,  opposite  the  fire-bridge,  B,  serves  to  in- 
troduce the  materials  of  which  the  hearth  is  constructed,  as  well  as  the  lead  to  be 
refined,  and  acts  as  a  chimney  to  carry  off  the  products  of  combustion.  The  workman 
watches  the  operation  through  an  opening  in  the  corner,  which  is  removed  in  the  wood- 
cut, through  which  the  vapours  pass  away.  The  blast  enters  at  T,  through  two  tuyeres, 
whose  nozzles  are  frequently  covered  by  two  small  valves,  called  butterflies,  to  diffuse 
the  blast  over  all  the  surface  of  the  bath. 

"When  all  is  ready  for  work,  a  thin  bed  of  straw  is  laid  upon  the  hearth,  on 
which  the  pigs  of  rich  lead  are  piled.  The  cap,  C,is  then  lowered  on  the  walls,  and  fluted 
with  clay  all  round  the  edges.  .The  fire  is  then  lighted,  and  soon  after  the  lead  is 
melted,  its  surface  is  covered  with  a  dark  crust  called  abzugs,  consisting  of  the  oxides  of 
the  foreign  metals,  and  other  impurities  from  the  lead.  This  crust  is  drawn  off  through 
the  working  door,  opposite  T.  The  fire  is  kept  up  to  maintain  the  lead  at  a  dark-red 
heat,  while  the  impurities,  termed  abstrichs,  continue  to  separate.  The  table  which 
follows,  contains  the  analysis  of  some  of  these  products.  The  next  product  which 
appears,  is  known  under  the  name  of  cupreous  or  wild  Litharge,  and  at  the  end  of  some 
hours,  the  formation  of  the  true  litharge  commences.  The  heat  is  now  maintained 
between  a  cherry  and  a  bright  red,  until  the  operation  is  complete. 
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Analyses  of  the  Products  of  Cupellation. 


Technical  names    . 

Abtiricfu. 

Abzug: 

Locality  . 

Pn.il- 
laouen, 
1st. 

Poul- 
laouen, 
last. 

Holr- 
apfel, 
2nd. 

Ville- 
fort. 

Frei- 
berK. 

Katz- 
enthal, 
1st. 

Katz- 
enthal, 
last. 

Pont- 
gibaud. 

Poul- 
laouen. 

Pont- 

gi  1)311(1. 

Protoxide  of  lead     . 
Oxide  of  copper       .        . 
Oxide  of  zinc    . 

63'GO 

700 

84-40 
0-80 
5-20 

68-00 
trace 

4-00 
with  Sil. 
acid 
14-10 
14-00 

82-00 
1760 

95-50 
0-50 
HO 
0-30 

67-60 
0-40 
0-20 
4-40 
with  Sil. 
acid 
7-60 

88-80 

with  Sil. 
acid 
5-00  . 

8<>-f>0 
0'20 
I'M) 
2-60 

35-10 
460 
5'OU 

5  SO 

0'80 
0-70 

4-80 

*5-8*n 
6  80 
3>-40 

53-1 
1-1 
4-6 
5-4 

0-5 
3-0 

C,  5-6 
23-0 

j 

j 

Antimonic  acid 

28-60 

9-00 

Arsenic  acid      . 
Silicic  acid 

1-60 

•    • 

• 

2-30 

1970 

6-20 

0-70 

.0-40 

'•     • 

0'30 

Metallic  lead     . 

There  are  two  varieties  of  litharge  obtained,  distinguished  by  their  colour,  yellow 
and  red,  the  former  being  in  fused  pieces,  while  the  latter  is  in  flakes.  The  difference 
arises  from  their  mechanical  condition,  which  results  from  a  difference  in  the  cooling. 

Analyses  of  Litharge. 


Locality 

Freiberg, 
yellow. 

Halsbriicke. 

Clausthal. 

Unter- 
Harz,  last. 

red. 

black. 

Authority  . 

Kersten. 

Plattner. 

Rammelsberg. 

Briiel. 

Uirich. 

Protoxide  of  lead 

96-21 

96-35 

94-68 

99-69 

68-13 

„         of  copper    . 

0-82 

0-95 

1-35 

0-59 

0-40 

0-28 

Sesquioxide  of  iron     . 

0-41 

. 

0-66 

0-59 

trace 

35-25 

Oxide  of  bismuth 

t 

Protoxide  of  zinc 

1-31 

Protoxide  of  silver 

0-003 

.      . 

.     . 

t     . 

071 

Arsenious  acid    . 

1-21 

Teroxide  of  antimony- 

£      1  00 

Silicic  acid 

.     . 

.      . 

0-45 

0-59 

375 

Carbonic  acid 

m 

2-70 

2-00 

Lime  .... 

•     • 

'      ' 

0-49 

The  period  when  the  operation  approaches  a  termination  is  marked  by  the  brighten- 
ing of  the  melted  mass,  when  some  hot  water  is  thrown  over  its  surface,  and  as  soon  as 
the  silver  begins  to  solidify,  cold  water  is  used  to  harden  the  cake.  This  silver  contains 
2  or  3  per  cent,  of  lead,  and  is  refined  by  another  process. 

Separation  of  Lead  from  Bismuth. 

This  process  of  cupellation  has  been  employed  byPaterato  separate  the  two  metals, 
lead  and  bismuth.  At  Joachimsthal  in  Bohemia,  the  small  quantity  of  bismuth  in  the 
ore  gradually  accumulates  in  the  rich  lead,  and  when  the  latter  is  submitted  to  cupel- 
lation, a  green  litharge  makes  its  appearance  towards  the  end  of  the  operation.  This 
substance,  called  "  Black  Litharge,"  is  reduced  and  refined  in  the  usual  way.  The  lead 
is  first  oxidised,  and  leaves  the  bismuth,  nearly  pure,  on  the  test.  This  impure  metal 
is  refined  in  a  second  cupellation,  and  the  bismuth  so  obtained  is  very  pure,  as  indicated 
by  the  following  analysis : 

Bismuth     .     99-58 

Silver          .       0'42 

Lead  .         .     trace 

Iron    .        .     trace 
100-00 
The  original  alloy  obtained  by  reducing  the  black  litharge,  consists  of: 

Bismuth     .     34-5 

Lead  .        .     65-5 
100-0 
VOL.  in.  L  L 
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The  progress  of  the  cupellation  is  carefully  watched,  and  samples  of  both  the 
litharge  and  the  metal  on  the  test  are  analysed  from  time  to  time.  The  mixed  metals 
are  dissolved  in  nitric  acid,  and  an  excess  of  hydrochloric  acid  is  added  to  convert  the 
metals  into  chlorides.  Strong  alcohol  is  added,  which  precipitates  the  chlorides  of 
silver  and  lead,  and  the  bismuth  is  thrown  down  from  the  solution  by  carbonate  of 
ammonia,  then  filtered,  and  weighed. 

Manufacture  of  Litharge. 

An  oxide  of  lead  is  in  demand  for  the  preparation  of  acetate  of  lead  and  other 
purposes,  and  this  substance  is  produced  in  two  forms,  as  Flake  and  Levigated 
litharge. 

Flake  Litharge.  —  When  litharge  is  manufactured  for  sale,  the  purest  lead,  not  rich 
in  silver,  is  selected  for  cupellation.  The  refining  process  is  conducted  as  already 
described,  but  the  oxide  of  lead  at  the  commencement  and  termination  of  the  cupella- 
tion is  rejected. 

The  litharge,  as  it  flows  from  the  test,  is  received  in  large  pots  fitted  on  wheels,  in 
which  it  is  allowed  slowly  to  cool.  In  some  cases,  the  pots  are  heated  so  that  the 
cooling  may  be  more  gradual,  as  the  proportion  of  the  flake  litharge  depends  upon  this 
condition.  When  the  pots  are  emptied,  the  mass  of  litharge  falls,  and  the  whole  is 
passed  through  a  circular  temse,  working  in  a  close  wooden  erection  to  protect  the  men 
from  the  dust.  The  fine  flake  litharge  is  collected  and  packed  in  casks. 

.  Levigated  Litharge.  —  The  portion  of  litharge  which  does  not  fall,  but  remains  in  hard 
fused  pieces,  is  employed  for  the  manufacture  of  levigated  litharge. 

The  process  consists  in  simply  grinding  this  fused  litharge  between  horizontal  stones 
with  a  supply  of  water.  The  mill  employed  for  the  purpose  is  seen  in  %s.  621,  622. 


Fig.  621. 


Motion  is  communicated  to  the  driving  wheel,  a,  on  the  upright  shaft,  b,  which  works 
into  the  wheels,  c  c  c,  on  the  spindle  d  d  d,  turning  the  upper  stones  of  the  three 
pairs  e  e  e.  The  litharge,  along  with  a  small  stream  of  water,  is  fed  into  the  lower 
pairs,  as  it  is  seldom  necessary  to  pass  it  through  two  sets  of  stones.  The  ground 
mass  then  falls  into  the  dolly-tubs,  //,  which  are  agitated  by  means  of  the  sheaves, 
g  g  driven  by  the  belts,  h  h,  working  round  a  sheave, »,  on  the  upright  shaft  The  levi- 
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gated  litharge  flows  away  with  the  water  along  the  spouts,  k  k  k  k,  and  deposits  in  the 
large  tanks,  L  L,  which  are  kept  full  of  water.  The  overflow  escapes  at  m,  into  the 
cisterns,  n  n,  in  which  there  are  three  pumps,  o  o  and  p,  all  worked  by  gearing,  r,  s,  in 
connection  with  the  main  shaft.  The  water  from  the  pumps,  o  o,  supplies  the  dolly- 
tubs,  for  washing  the  litharge  and  promoting  the  separation  of  that  portion  which  is 
coarse,  which  separation  is  completed  in  the  broad  spouts,  k  k  k.  The  pump,  p, 
supplies  water  for  mixing  with  the  litharge  as  it  enters  the  eye  of  the  stones,  through 
the  pipe,  t,  and  for  washing  the  outside  cases  and  rims  of  the  stones,  through  the 
pipe  u. 

When  the  tanks  are  filled  with  litharge,  they  are  allowed  to  stand  for  some  time. 
The  litharge  subsides  and  the  water  is  run  off  by  plugs  or  siphons.  The  litharge  is 
then  removed  and  dried  at  a  very  low  heat  in  a  reverberatory  furnace.  It  is  afterwards 
packed  in  casks  lined  with  paper. 

3.  EEDUCTION  OF  THE  POT-DROSS  AND  LITHARGE. 

In  the  previous  operations,  more  or  less  of  the  lead  is  converted  into  an  oxide,  in  the 
form  of  dross  in  the  desilverising  pans,  and  as  litharge  in  the  cupellation. 

The  furnace  in  which  these  substances  are  reduced  resembles  the  smelting  furnace, 
and  is  of  the  ordinary  reverberatory  character.  The  sole  slopes  from  the  fire-bridge  to 
a  point  near  the  flue,  where  an  iron  gutter  is  inserted  in  the  brickwork,  which  is  never 
closed,  and  through  which  the  lead  runs  into  an  iron  pot  on  the  outside,  whence  it  is 
ladled  into  pig  moulds. 

This  furnace  is  shown  in  section  and  plan  in  figs.  623,  624,  where  A  represents  the 

Fig.  623. 


fireplace  ;  B,  ash-pit ;  C,  fire-bridge  ;  D,  hearth ;  E,  working  door;  F,  the  iron  spout; 
G,  the  pot  outside  heated  by  a  small  fire  below. 

The  sole  is  covered  with  a  small  quantity  of  coal,  on  which  a  mixture  of  the  oxides 
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and  coal  is  thrown  near  to  the  fire-bridge.  The  ignition  of  the  fuel  and  the  reducing 
gases  in  the  furnace  soon  causes  a  reduction  of  the  metallic  oxides,  and  the  liquid 
metal  trickling  down  through  the  porous  mass,  finds  its  way  to  the  point,  F,  whence  it 
flows  into  the  metal  pot,  GK  The  charge  is  frequently  turned  over  by  an  iron  rake  to 
present  fresh  surface  to  the  reducing  action  of  the  fuel,  and  to  facilitate  the  escape  of 
the  lead.  Fresh  charges  are  introduced  during  the  shift,  and  at  the  close  of  the  day, 
the  residual  matters,  termed  cinders,  are  raked  out 

In  smelting  works,  there  ought  to  be  at  least  three  of  these  reducing  furnaces,  in 
which  the  oxidised  products  of  the  different  operations  can  be  reduced,  viz.,  one  for  pot- 
drosses,  another  for  litharges,  and  a  third  for  calciner's  dross,  to  be  described  in  the 
next  section.  This  necessity  arises  from  the  difference  in  the  quality  of  the  lead  pro- 
duced, and  which,  by  being  mixed,  would  afterwards  entail  an  unnecessary  expense. 

The  dross  is  reduced  in  precisely  the  same  way  as  the  litharge,  but  when  it  is  very 
impure,  the  addition  of  a  little  soda-ash  facilitates  the  operation  and  increases  the  pro- 
duce of  metal.  The  dross  from  the  poor  pans  must  also  be  kept  distinct  from  that  of 
the  rich  pans,  as  the  difference  in  the  contents  of  silver  saves  some  expense  in  the  sub- 
sequent desilverisation  of  the  two  leads. 

The  same  remark  applies  to  the  litharge,  especially  that  which  flows  off  towards  the 
conclusion  of  the  cupellation. 

The  cost  of  reducing  litharge  and  pot-dross  is  nearly  the  same,  and  the  following 
details  may  be  taken  as  an  average : 

s.  d. 

Labour  .  .  .  2  87 
Coals,  4-1  cwt.  .  .08-2 
Kepairs  .  .  .01-0 

35-9  per  ton. 
IZZ.  Softening:  of  hard  Lead. 

All  the  lead  produced  at  the  blast-furnaces,  and  some  leads  obtained  from  poor  ores 
in  the  reverberatory  furnaces,  are  so  hard  from  the  presence  of  impurities  or  other  causes, 
as  to  render  them  unfit  for  treatment  in  the  desilverising  process.  The  lead  obtained 
from  the  English  slag-hearth  (p.  520)  is  also  of  the  same  character,  and,  until  within 
about  the  last  twenty  years,  was  sold  for  running  lead-joints,  &c.,  irrespective  of  its 
contents  in  silver.  The  composition  of  some  of  these  hard  leads  is  given  in  the  follow- 
ing table : 

Analyses  of  Hard  Leads. 


Authority  . 

fiie- 

wend. 

Mailer. 

Rich- 
ard- 
son. 

Ker- 

s  ten. 

Bi- 

schofF 

Streng. 

Rich- 
ard- 
son. 

Streng  and 
Overbeck. 

Locality    . 

Alien 
auer. 

Untet- 
harz. 

Oker- 
hUlte. 

!&• 

Frei 
berg. 

Holz- 
apfel. 

Katz- 
enthai. 

Ville- 
fort. 

Peze,. 

Pont- 
gibaud. 

Claus- 
thal. 

Snan- 
fsh. 

95-81 
3-66 

0-32 
0-21 

Lau 

terthal. 

83-65 
16-00 

0-13 

}0-30 

Andre- 
asberg. 

Lead. 
Antimony. 
Arsenic 
Copper      . 
Iron      .   1 

zinc    .  ; 

Sulphur 

83-91 
16-01 

0-04 
0-04 

84-72 
10-32 
2-00 
1-68 

0-88 

82-40 
10-04 
3-00 
2-28 

1-08 

99-27 
067 

b'12 

0-04 

91-51 
5-32 
1-02 
0-90 

0*62 
0-20 

81-27 
16-40 

2-29 
0-04 

91-40 
8-20 
0-40 

95-60 
2-40 

traces 

93-00 
7-00 

traces 

91*4 
8'2 
0-4 

85-34 
14-06 

0-10 

77'75 
2127 

016 

042 

The  writer  having  carefully  examined  the  "W  B  slag-lead,  found  that  its  hardness  was 
mainly  due  to  the  presence  of  antimony.  He  then  suggested  the  erection  of  furnaces  in 
which  this  lead,  in  a  melted  state,  could  be  exposed  to  a  current  of  hot  air.  The  result  was 
the  production  of  a  good  soft  lead,  at  so  reasonable  a  cost  as  to  render  the  process 
available  as  a  regular  operation  in  smelt  mills. 

Soon  afterwards,  the  first  cargoes  of  the  now  well-known  Spanish  hard  lead  arrived  at 
Liverpool;  but  the  smelters  there  would  not  purchase  them,  and  one  cargo  was  tran- 
shipped to  Newcastle-on-Tyne.  This  lead  could  not  be  softened  in  the  brick  furnaces, 
being  so  fluid  when  melted,  as  to  find  its  way  out  of  the  furnace  in  all  directions.  The 
late  Mr.  Gr.  Burnett,  who  consulted  the  writer  on  the  subject,  and  witnessed  the  treatment 
of  the  slag-lead  at  Mr.  Beaumont's  works  at  Blaydon,  then  proposed  the  simple  but 
admirable  plan  of  lining  the  furnace  with  a  metal  pan.  Thus  was  laid  the  foundation 
of  a  trade  with  Spain,  which  has  gone  on  increasing,  until,  it  is  said,  upwards  of  20,000 
tons  of  this  description  of  lead  are  annually  produced  in  that  country. 
Calcination  of  the  Lead. 

The  furnace  generally  employed  in  this  operation,  termed  calcining  or  improving  by 
the  workpeople,  is  represented  in  the  figs.  625,  626  in  elevation  and  vertical  section. 
A  is  the  fireplace ;  B,  ash-pit ;  C,  fire-bridge ;  D,  cast-iron  pan ;  E,  flue ;  F  F  F, 
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channels  for  the  escape  of  moisture ;  G,  a  working  door ;  and  H,  the  spout  for  running 
off  the  soft  lead. 

The  lead  is  either  thrown  into  the  pan  in  pigs,  or  previously  melted  d,nd  ladled  into 

Fig.  625. 


Fig.  626. 


a  spout,  which  carries  it  to  the  pan.  The  charge  varies  from  6  to  10  tons,  and  the 
time  required  for  calcination  depends  upon  the  quality  of  the  lead.  With  English  slag 
lead,  a  few  hours  are  sufficient,  and  the  writer  has  witnessed  a  charge  of  hard  lead, 
obtained  from  reducing  the  dross  of  previous  operations,  require  30  days  for  softening. 
As  soon  as  the  furnace  is  at  a  working  heat,  the  surface  of  the  lead  becomes 
coated  with  the  impure  dross,  which  is  removed  by  skimming,  and  withdrawn  through 
the  working  door.  If  the  lead  is  very  impure,  this  dross  floats  in  a  semi-fluid  state  on 

Fig.  627. 


the  surface  of  the  lead,  and  must  be  dried  up  with  a  little  lime  to  bring  it  into  a  con- 
dition capable  of  being  removed.  The  workman  dips  a  ladle  into  the  lead  when  he 
thinks  the  calcination  is  about  complete,  and  pours  it  into  a  mould.  The  sample  is 
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examined  when  cold,  and  if  it  is  soft  to  the  scratch,  with  a  flaky,  crystalline  appearance 
on  the  surface,  the  contents  of  the  pan  are  ready  to  be  run  off  through  the  iron  spout, 
into  a  pot  on  wheels,  whence  it  is  ladled  into  pig  moulds. 

An  improvement  has  been  made  on  the  above  simple  form  of  furnace,  which  is  shown 
in  figs.  627,  628,  representing  a  front  view  and  a  longitudinal  section.  The  hard  lead  is 
melted  in  the  pot,  a,  which  is  heated  by  the  fire,  b.  The  calcining  pan,  c,  is  supplied 
with  melted  lead  from  the  pot  by  raising  the  plug,  d.  The  soft  lead  is  run  into  the 
pot,  e,  and  then  cast  into  pigs.  This  form  of  furnace  possesses  great  advantages  when 
softening  extra-hard  lead,  as  the  calcining  pan  can  easily  be  kept  always  full,  with 
very  little  labour. 

The  produce  of  soft  lead  from  the  hard  leads,  of  course,  varies  greatly,  as  will  be  seen 
from  the  following  table,  which  contains  the  results  of  the  treatment  of  many  hundreds 
of  tons  of  most  of  the  descriptions  named : 


Good  Spanish  hard  lead 
Hard  lead  from  crystallising  dross 
Hard  lead  from  economic  furnaces 
English  slag  lead 
Slag  lead  from  Spanish  dross 
Slag  lead  from  refuse  products    . 
Tea  lead    , 

93-2  per  c< 
90-3 
84-3 
87-1 
66-9 
67-3 
76-4 

We  have  mentioned  tea  lead  as  among  the  hard  leads  which  can  be  treated  by  this 
process,  and  we  have  found  that  tin  is  as  easily  separated  thereby  as  antimony. 
The  following  hard  leads  were  mixed  and  submitted  to  calcination  : 


tons. 

cwt 

Ordinary  Spanish  hard  lead  . 
Ore  slag  lead 

.       1436 
100 
69 

9 
18 
12 

60 

9 

Mill        „     .        .        .        . 

128 

16 

75 

15 

Tea  hard  lead 

9 

15 

3 

19 

tons  1885 

~13 

n,  for  : 

s.    d. 

Labour 

.     2     5-3 

Coals,  cwt.  5 

.    o  10-0 

Repairs 

.     0     1-6 

3     4-9 

Pontifex  and  Glassford's  Process. — These  gentlemen  employ  the  ordinary  calcining 
pan-furnace,  and  when  the  charge  has  been  in  operation  for  a  few  hours,  the  dross  being 
removed  as  usual,  a  few  pounds  of  the  following  mixture  is  spread  evenly  over  the 
surface  of  the  bright  lead.  The  doors  are  closed,  and  in  about  10  to  20  minutes,  a 
brown  or  yellowish-brown  cake  collects  on  the  surface.  Fresh  fuel  is  then  thrown  on 
the  fire,  and  in  a  few  minutes,  when  the  smoke  has  cleared  away,  the  doors  are  opened, 
and  the  cake  is  removed.  This  is  repeated  until  the  cake  formed  possesses  a  bright  or 
brown  colour.  When  the  alkaline  mixture  is  used,  with  a  charge  of  9  or  10  tons  of 
lead,  about  55  Ibs.  are  required  during  the  24  hours'  operation.  When  the  other  mix- 
ture is  employed  under  the  same  circumstances,  the  quantity  required  varies  between 
40  and  60  Ibs. 

The  mixtures  recommended  are  as  follows : 

1.  For  lead  containing  from  3  to  15  per  cent,  of  antimony,  the  mixture  consists  of: 

3  parts  of  nitrate  of  soda. 

4  „        soda-ash. 

4       „        burnt  lime. 

2.  For  lead  containing  2  to  3  per  cent,  of  antimony,  and  from  £  to  1£  per  cent,  of 
silica,  the  mixture  consists  of  equal  parts  of  soda-ash  and  caustic  lime. 

We  understand  that  this  process  has  been  discontinued,  and  if  it  be  true  that  the 
antimony  exists  in  the  hard  lead  in  the  form  of  an  alloy  of  antimony  and  lead,  which 
when  the  whole  is  melted,  rises  to  the  surface  in  consequence  of  its  lower  specific  gravity, 
we  cannot  see  how  the  time  of  softening  should  be  shortened  with  advantage,  at  the  extra 
tost  of  so  expensive  an  oxidising  agent  as  nitrate  of  soda.  In  the  old  mode  of  working, 
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when  the  surface  of  the  lead  is  kept  constantly  clear  of  dross  by  the  calciner,  the  alloy, 
as  it  rises,  is  immediately  oxidised  by  the  current  of  hot  air,  whereas  in  this  process,  a 
considerable  time  is  lost  in  allowing  the  mixture  to  act,  and  before  the  crusts  are 
removed. 

Mr.  Barker  of  Sheffield  has,  however,  succeeded  in  using  the  nitrate  of  soda  and  bisul 
phate  of  soda  to  advantage  in  this  process,  possibly  from  the  fact  that  the  impurities  in 
his  lead  are  so  much  smaller  than  in  those  of  Spain,  and  by  performing  the  operation, 
it  is  said,  in  crucibles. 

Seduction  of  the  Dross. 

This  process  is  performed  in  an  ordinary  reducing  furnace,  of  smaller  dimensions 
than  usual,  as  the  charges  are  smaller  and  require  more  attention  to  prevent  the  loss  of 
antimony  by  volatilisation.  The  writer  also  introduced  the  use  of  a  little  soda-ash  with 
the  coal,  when  mixed  with  the  dross,  which  was  found  to  render  the  slag  which  is 
formed,  more  fusible,  and  enabled  the  workman  to  work  at  a  lower  heat.  The  following 
analyses  of  the  hard  lead  obtained  from  this  dross,  with  and  without  the  addition  of  this 
flux,  prove  the  advantage  of  its  employment : 

Without  the  With  2J  per  cent, 
soda-ash.  of  soda-ash. 

Lead 82-88  6870 

Antimony     .....     16-09  40-66 

Copper 0-68  0'32 

Iron 0-35  0-32 

100-00  100-00 

"With  the  use  of  this  flux,  and  continuing  the  calcining  operation  on  the  prodtice  of 
the  reducing  furnace,  the  metals  obtained  were  found  to  possess  the  following  com- 
position, according  to  the  analyses  of  the  writer : 


English  Hard  Lead. 


Lead  . 
Antimony  . 
Copper 
Iron    . 


Lead 
Antimony 
Copper 
Iron  . 


Original  lead. 
99-27 

1st  calcination. 
86-53 

2nd  calcination. 
52-84 

0-57 

11-29 

4716 

0-12 

traces 

traces 

0-04 

0-34 

traces 

100-00  98-16  100-00 

Spanish  Hard  Lead. 


Original  lead. 

1st  calcination. 

2nd  calcination. 

95-81 

64-98 

56-60 

3-66 

29-84 

43-40 

0-32 

5-90 

traces 

0-21 

0-20 

traces 

100-00  100-92  100-00 


It  was  found  impossible  to  separate  any  soft  lead  from  the  product  of  the  second  cal- 
cination, all  the  metal  becoming  oxidised.  This  alloy  is  found  of  great  use  in  casting 
type  furniture,  and  in  making  some  of  the  coarser  kinds  of  type. 

The  cost  of  reducing  the  dross,  per  ton  of  lead  produced,  is  as  follows : 

Labour  .... 
Coals,  7-6  cwt. 
Soda-ash,  34  Ibs.    . 
Repairs  ... 

~8     6-8 

Separation  of  the  Antimony. 

Instead  of  reducing  the  dross  which  yields  the  lead  of  the  second  calcination,  the 
writer  proposed  to  grind  it  to  powder,  and  treat  it  with  acetic  acid,  by  which  all  the 
lead  is  dissolved,  and  yields  sugar  of  lead  by  evaporation  and  crystallisation.  The 
insoluble* residuum,  when  reduced  in  the  usual  method  employed  for  antimony  ores, 
furnishes  this  metal  very  readily,  and  of  fair  quality. 

The  same  process  is  applicable  to  the  separation  of  the  oxide  of  tin  when  the  dross 
has  been  formed  by  treating  tea  lead. 
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Cost  of  treating  Spanish  Hard  Lead. 

The  Spanish  hard-lead  trade  has  assumed  such  an  important  development,  that 
in  concluding  this  account  of  the  treatment  of  hard  lead,  it  may  not  be  without  some 
interest  to  give  the  cost  of  extracting  its  silver,  and  preparing  the  soft  lead  for  market. 

The  cost  of  each  item  of  expense  is  calculated  on  20  cwt.  of  the  original  hard  lead : 
thus  the  second  item  is  on  5  per  cent  less  ;  the  third,  on  9  per  cent. ;  the  fourth,  on 
35£  per  cent;  the  fifth,  on  7  per  cent,  of  the  original  lead  ;  the  seventh,  eighth,  and 
ninth  items  are  an  average  on  the  whole  work  of  the  establishment.  A  similar  state- 
ment has  been  published  elsewhere,  but  in  the  absence  of  the  above  information,  it 
must  have  been  unintelligible  to  most  readers. 


Cost  of  Softening  and  Refining  Spanish  Lead. 


8. 

3 
0  10 

0     0 


1.  Calcining 0 

2.  Crystallising      .... 

3.  Refining  .... 

4.  Reducing  litharge  and  pot-dross          .       0     1 

5.  Reducing  calcining  dross     .         .         .00 

6.  Smelting  refuse  products     .         .         .00 

7.  Grinding  materials     .         .         .         .00 

8.  General  labour 02 

9.  General  charges         .         .        .        .03 


d. 
4-9 
4-4 
11-1 
2-8 
7-2 
4-2 
5-8 
4-1 
8-2 


£1     3    4-7 

IV.  Smelting:  of  the  Slags  and  other  Products. 

All  the  waste  products  resulting  from  all  the  previous  operations — viz.  ore  or  grey 
slags  from  the  reverberatory  furnace  and  ore-hearths,  test-bottoms,  litharge  and  dross 
cinders  from  the  reducing  furnaces,  &c.,  are  finally  submitted  to  a  process  of  re- 
duction, in  this  country  in  a  furnace  known  as  the  slag  hearth,  but  abroad  they  are 
generally  mixed  with  poor  lead-ores,  and  smelted  in  a  blast  furnace.  We  will  describe 
the  method  adopted  in  this  country,  and  then  select  one  of  the  continental  plans  as  an 
illustration  of  the  other  method. 

1.  The  English  Slag  Hearth 

is  known  among  the  Germans  as  the  Krummofen,  or  crooked  furnace,  and  among 
the  French  as  the  fourneau-a-manche,  or  elbow-furnace.  The  general  form  and 
construction  of  this  furnace  are  shown  in  figs.  629,  630,  &c.  It  somewhat  resembles  the 
ore-hearth. 

Fig.  629.  Fig.  630. 


Hearth — The  sole-plate,  a,  is  made  of  cast  iron,  and  slopes  slightly  down  to  the  fore- 
hearth,  b.  There  are  strong  cast-iron  pieces,  or  bearers,  c  c,  on  each  of  the  long  sides  of 
the  sole-plate,  which  support  the  side  walls  as  well  as  the  cast-iron  plate,  orforestone,  d, 
which  forms  the  front  of  the  shaft.  The  back  is  made  of  cast  iron  up  to  the  horizontal 
tuyere  in  the  middle,  above  which  it  is  built  of  sandstone.  A  cistern,  e,  stands  in 
front  of  the  fore-hearth,  and  a  stream  of  water  constantly  flows  through  to  granulate 
the  slag,  and  facilitate  the  subsequent  separation  of  any  pieces  of  lead  disseminated 
through  it  by  washing.  The  lead  flows  over  the  fore-hearth  into  an  iron  pot,  /,  heated 
from  below  by  a  fire. 

The  bottom  of  the  furnace  is  filled  with  small  cinders,  beaten  down,  and  reaching  to 
within  4  or  5  inches  of  the  tuyere.  The  pot  is  also  filled  with  similar  cinders,  which 
filter  the  lead  from  the  fusible  slags  which  sometimes  accompany  the  metal.  Peat  is 
then  piled  up  above  the  bed  of  cinders,  ignited,  and  the  blast  turned  on. 

When  the  peat  is  ignited,  some  coke  is  thrown  in,  and  a  layer  of  grey  slag  or  other 
refuse  lead  product  is  added.  This  is  continued  at  intervals  as  the  operation  proceeds, 
alternate  layers  of  slag  and  fuel  being  added,  metallic  lead  being  produced,  and  a  fusible 
flag,  free  or  nearly  free  from  lead.  The  smelter  occasionally  forces  a  bent  iron  bar 
through  the  layer  of  cinder,  to  liberate  the  slag,  which  flows  off  into  the  water  cistern. 
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The  lead  obtained  is  always  very  hard  and  impure,  and  is  afterwards  sent  to  the 
calcining  process  for  softening. 

When  cold  air  is  employed  in  smelting,  it  is  often  difficult  to  prevent  the  nose  of 
slag  at  the  tuyere  from  growing  too  long.  The  use  of  hot  air  prevents  this  inconvenience, 
and  also  economises  the  expense  of  this  operation,  as  the  following  comparative 
statements  will  prove : 

a.  28  tons  of  slag  smelted  with  cold  air  consumed  392  cubic  feet  of  air  per  minute, 
and  cost : 

£    s.   d. 

Labour 378 

Coke  7  tons  at  24s.  6d 8116 

11  19    2 

dth  hot  air,  consumed  300  cubic  feet  of  air  per  minute,  and 


b.  35  tons  of  similar  slag 
cost: 


Labour         

Coke,  5  tons.  17  cwt.  at  24s.  6d.    . 
Turf  for  heating  air,  11  loads  at  Is.  8d. 


£    s. 
3    7 

7     3 
0  18 


11     9     4 


The  saving  is  therefore  very  considerable  when  hot  air  at  500°  to  600°  F.  is  employed. 

2.  The  Clausthal  Blast  Furnace. 

This  furnace  varies  in  height  from  20  to  25  feet,  with  a  diameter  of  3  feet  in  the 
widest  part.  The  crucible  at  the  bottom  of  the  hearth  projects  beyond  the  blast  of  the 
furnace  into  a  small  elevated  platform  in  front.  The  lining  of  the  hearth  is  made  of 
fire-stone,  and  the  bottom  is  slightly  hollowed.  This  part  is  covered  to  some  depth  with 
a  mixture  of  fire-clay  and  charcoal,  with  a  gentle  slope  from  the  back  to  beyond  the 
front  wall  of  the  furnace.  A  tap-hole  enters  at  the  lowest  part  of  this  basin,  through 
which  the  contents  are  drawn  off. 

The  receiving  basin,  a,  is  placed  on  a  level  with  the  floor,  and  at  some  distance  from 
the  breast  of  the  furnace,  which  is  supplied  with  air  forced  through  the  tuyeres  at  t. 

Fig.  631. 


The  charge  of  mineral  is  thrown  towards  the  side  of  the  tuyere,  and  the  fuel  towards 
the  breast.  The  cold  air  from  the  tuyeres  cools  the  slags,  and  forms  channels  round 
their  nozzles,  six  or  seven  inches  long,  which  are  called  the  "nose  of  the  tuyere."  The 
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success  of  the  operation  greatly  depends  upon  the  proper  management  of  this  point,  as 
these  chanr-pls  prevent  the  oxidation  of  the  lead,  which  would  give  rise  to  the  formation 
of  fusible  silicates  of  lead. 

Under  all  circumstances,  a  large  quantity  of  lead  is  volatilised,  and  the  whole  of  the 
vapours  escaping  from  the  tunnel- bole,  T,  pass  through  a  series  of  chambers,  C  C,  before 
entering  the  chimney,  D.  The  fume  which  condenses  is  occasionally  removed  through 
the  doors,  d,  and  is  again  thrown  into  the  furnace  along  with  other  products. 

The  scoriae  flow  continuously  into  the  fore-hearth,  where  they  solidify  and  are 
drawn  down  the  inclined  plane,  p,  by  the  workman,  to  the  floor  of  the  mill.  When  the 
basin,  b,  becomes  filled  with  metal,  it  is  tapped  into  the  reservoir,  a. 

The  products  which  are  collected  in  the  outer  basin  consist  of  lead,  upon  which  a 
matt  floats.  This  matt  solidifies  first,  and  is  removed  for  further  treatment,  when  the 
lead  is  passed  through  a  metal  sieve,  and  cast  into  pigs. 

The  matt  contains  sulphides  of  lead  and  other  metals,  and  when  they  accumulate,  they 
are  roasted  in  heaps  to  expel  the  sulphur ;  but  so  imperfect  is  the  operation,  that  some 
portions  must  undergo  as  many  as  four  roastings. 

When  the  roasting  is  finished,  the  residue  is  smelted  in  the  German  slag-hearth, 
along  with  test-bottcms  and  other  waste  products.  The  lit  de  fusion  is  composed  of: 

32  parts  of  roasted  matt. 
80       „        rich  grey  slags. 

4-5    „        test-bottoms. 

2       „        abstrichs. 

2       „        litharge-cinders. 

1       „        granulated  cast  iron. 

The  furnace  used  in  the  smelting  of  these  products  is  shown  infigs.  632 — 634.    It  is 
Fig.  632. 


about  4£  feet  high,  and  Increases  in  size  in  the  upper  portion,  C.  Fig.  633,  represents  a 
horizontal  section  at  the  level  of  the  tuyere,  and  jig.  634,  a  vertical  section  in  the  line  XY. 
It  is  blown  with  one  tuyere,  T.  From  the  bottom  of  the  furnace,  which  is  brasquc,  the 
contents  are  drawn  off  by  a  tapping  hole  into  the  pot,  F. 
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The  fuel  employed  is  coke,  and  during  the  smelting,  part  of  the  iron  of  the  matt 
combines  with  the  silica  of  the  slags  and  cinders,  forming  a  new,  very  fusible  slag. 
Another  portion  of  the  iron  reduces  the  sulphide  of  lead,  producing  metallic  lead  and  a 
second  matt. 

The  following  table  contains  the  analyses  of  some  slags  made  in  smelting  cupel 
Bottoms,  &c. : 

of  Lead-slags  from  Blast  Furnace. 


Authority   . 

Briiel. 

Ber- 
thier. 

Kara 
ten. 

Berthier. 

Locality 

Claus- 
thal. 

Poullaouen. 

Haiz. 

Pontgibaud. 

Silica 

2875 

35-20 

34-80 

40-00 

38-70 

20-00 

22-00 

38-70 

Oxide  of  lead    . 

44-60 

26-80 

6-60 

34-80 

7-40 

traces 

35-60 

1600 

Protoxid  e  of  iron 

6-87 

19-40 

34-40 

5-60 

28-40 

37-90 

4-20 

2370 

Oxide  of  manganese  . 

0-42 

0-60 

0-60 

3-00 

2-40 

Suboxide  of  copper     . 

0-21 

. 

. 

1-60 

Alumina    . 

8-92 

4-60 

4-80 

12-90 

870 

10-00 

5-20 

1160 

Lime 

7-83 

4-40 

7'00 

1-00 

12-80 

4-40 

30-20 

9-00 

Magnesia  . 

0-53 

.     . 

.     . 

0-90 

0-60 

. 

1-00 

1-00 

Teroxide  of  antimony 

070 

Oxide  of  zinc 

. 

5-20 

0-50 

Protosulphide  of  iron 

.     . 

2-20 

9-00 

Sulphide  of  zinc 

.     . 

. 

.     . 

.     . 

10-20 

Baryta 

17-50 

This  matt  is  treated  in  the  same  manner  as  before,  but  in  the  fourth  matt  the  copper 
has  accumulated  to  such  extent,  that  it  is  called  the  copper  matt,  and  is  treated  for  that 
metal. 

This  accumulation  of  copper  is  always  observed,  however  small  the  percentage  of 
copper  in  the  original  ore.  The  copper,  having  a  stronger  affinity  for  sulphur  than  lead, 
goes  on  accumulating  in  these  matts,  and  generally  pays  for  its  extraction. 

The  mixture  smelted  in  these  Clausthal  furnaces,  consists  of: 

34  parts  of  ore  containing  24  of  galena. 
4  to  5       „        cupel  bottoms. 

1       „        the  abstrichs  from  the  refinery. 
39       „        ore  slags. 

4£     „        granulated  cast  iron. 

which  mixture  is  stated,  by  Regnault,  to  produce  19  pts.  of  metal,  and  7  or  8  pts.  of 
the  first  matt,  containing  2^  pts.  of  metal. 

V.  Condensation  of  the  Lead  Fume. 

Since  attention  has  been  drawn  to  the  great  loss  of  lead  in  smelting  its  ores, 
numerous  plans  have  been  proposed  to  recover  a  portion  of  the  metal  in  the  form  of 
fume,  no  fewer  than  sixteen  patents  having  been  enrolled  for  this  object. 

Where  sufficient  space  exists,  the  plan  most  generally  adopted  is  that  of  long  flues 
and  chambers.  In  some  cases  these  flues  extend  for  5  miles.  In  Mr.  Beaumont's  ex- 
tensive works,  his  able  engineer,  Mr.  Sopwith,  added  nearly  5  miles  of  flue  to  one  mill, 
the  flue  being  8  ft.  high  by  6  ft.  wide.  The  saving  in  lead  in  these  flues  of  Mr. 
Beaumont,  is  said  to  exceed  £10,000  per  annum. 

Of  the  many  plans  which  have  been  suggested,  we  will  select  two  which  are  in  suc- 
cessful operation. 

1.  Stokoe's  Condenser. 

This  apparatus  is  represented  in  fig.  635,  and  has  been  found  to  answer  remarkably 
well  at  Langley  mill,  as  the  details  of  an  experiment,  given  on  p.  525  amply  prove. 

A  is  the  top  of  the  fume-flue ;  B  is  a  wheel  fixed  in  a  metal  case,  set  in  motion  by 
steam  or  water  power,  with  a  speed  of  10,400  revolutions  per  minute,  by  which  the  fume 
is  withdrawn  from  the  flue  and  forced  through  the  condenser.  This  condenser  is  rect- 
angular, divided  longitudinally  by  wooden  rails,  A,  A,  laid  horizontally,  on  which  a 
layer  of  pebble-stones,  or  other  filtering  material,  is  placed.  The  condenser  is  further 
separated  into  compartments,  D.  D,  by  the  vertical  divisions,  C,  C,  which  alternately 
reach  the  top,  and  dip  below  the  surface  of  the  water.  The  water  flows  from  an  open 
troTigh,  M,  divided  crossways,  immediately  above  D  D,  into  the  compartments,  E,  E, 
each  of  which  is  again  subdivided  by  four  or  more  low  parallel  partitions.  The  bottom 
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of  these  cisterns,  E  E,  is  perforated.     The  water  is  supplied  by  a  pipe,  D  G,  and  the 
bottom  of  the  condenser  is  kept  filled  with  water  to  the  level  shown  at  F  F. 

The  fume  is  withdrawn  from  the  flue,  and  forced  up  and  down  through  the  filtering 
beds,  in  the  direction  of  the  arrows,  until  the  residual  gases  escape  at  H,  into  the 
chimney,  L.  These  fumes,  in  their  passage  through  the  condenser,  come  in  contact 
with  the  water  from  E  E,  which  is  constantly  falling  in  fine  showers  over  the  filtering 

Fig.  635. 


fceds.     The  water  carries  down  all  the  fume  into  the  reservoir,  F  F,  whence  it  is 
occasionally  drawn  off  at  K. 

The  following  table  (p.  525)  gives  the  results  of  an  experiment,  on  the  large  scale, 
with  one  of  these  condensers. 

Stagg's  Condenser. 

This  apparatus  is  represented  in  fig.  636,  in  which  a  is  the  fume  flue,  bbbb,&  cistern 
constructed  of  wood  or  any  other  material,  with  partitions,  dividing  it  alternately 


Fig.  636 


at  top  and  bottom ;  c,  one  or  more  air-pumps,  or  exhausting  machines ;  and  d,  the 
exit-flue  for  the  uncondensed  gases.  The  air-pumps  being  set  in  motion,  the  fume 
is  drawn  through  the  water  in  the  cistern,  in  which  the  metallic  vapours  are  con- 
densed, so  perfectly,  that  the  writer  has  walked  along  the  exit-flue  without  being  soiled 
with  a  single  particle  of  fume.  The  passage  of  the  vapours  under  the  water  creates  a 
great  agitation  and  spraying  of  the  water,  which  materially  assists  in  the  condensa- 
tion. When  the  water  becomes  charged  with  fume,  it  is  drawn  off  by  cocks  and  run 
into  tanks  to  allow  the  fume  to  subside. 

Mr.  Stagg  has  drawn  up  the  following  table  from  his  experiments,  to  show  the 
annual  saving  of  lead  which  may  be  effected  by  his  condenser,  and  the  volume  of 
gases  for  which  the  exhausting  apparatus  must  be  constructed : 


Nature  of  furnace. 

Quantity  of  lead 
operated  upon  or  pro- 
duced  per  annum. 

Volume  of   smoke 
emitted  from  such 
furnace  per  minute. 

Annual  saving 
effected  on  each  ope- 
ration in  lead. 

Ore  hearth   . 

tons. 
250 

cubic  feet. 
1,000 

tons. 
124 

Keverberatory 

500 

1,500 

AAJ 
20 

Refining  and  reducing. 
Siag  hearth  . 

500 
200 

1,500 
3,000 

35 
40 
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LEAD  :  ANALYSES  OF  FUME. 


The  composition  of  the  fumes  produced  from  different  operations  and  localities,  10 
given  in  the  following  tables : 

TABLE  I. — Analyses  of  Fumes  from  the  Reverberator^  Furnaces. 


Locality     ... 

Pontgibaud. 

Alston 
Moor. 

Conflans. 

Redruth. 

Freiberg. 

Authority  . 

Berthur. 

Rivot. 

Berthier. 

Rammelsberg. 

Protoxide  of  lead 
Sulphate  of  lead 

Arsenious  acid          , 
Sesquioxide  of  iron  . 

Oxide  of  zinc    . 
Carbonate  of  lead 

Sulphate  of  zinc 

Sulphide  of  lead 
Oxide  of  copper 
Alumina  .... 
Silicic  acid 
Clay 

11-00 
60-00 

2-00 
12-00 
15-00 

39-00 
1-50 

2-70 
35-00 

2-30 
4-50 

10-20 
65-60 

3-40 
13-80 

42-60 
39-00 

71-20 
traces 

34-93 

(  Arsenic  & 
-I  antimony 
I         0-60 

(Protoxide 
)          3-80 
27-15 
Lime  0'7l 
j  Magnesia 
j          0-39 

31-82 

1-40 

i 

0-20 
1-20 
20-60 

j  13-20 

5-60 

17-40 

TABLE  II. — Analyses  of  Fume  from  the  Refinery. 


Locality        .... 

Pontgibaud. 

Villefort. 

Freiberg. 

Protoxide  of  lead 
Sulphate  of  lead 

88-20 
9-00 

40-00 
20-00 

71-20 

48-30 

Arsenious  acid    . 
Oxide  of  antimony 
Oxide  of  zinc 

0-30 
4-40 

3-00 

17-80 

14-40 
3-90 
9*5-70 

Oxide  of  bismuth 

*     * 

0-*iO 

Carbonate  of  lime 

3-70 

17-00 

* 

Carbonic  acid 
Silicic  acid 

5-00 

4-50 

Clay 

[      3-40 

20-00 

4-60 

TABLE  III.— Analyses  of  the  Fumes  from  the  Blast  Furnaces. 


Locality      ..... 

Frei- 
berg. 

Pontgibaud. 

Hals- 
briicke. 

Pont- 
gibaud. 

Oxide  of  lead   . 

27-90 
13-00 
2-10 

10-00 

47-00 

66-50 

Yio 

3-00 
12-00 

3-70 
13-00 
1-50 
13-00 
3-10 

1-50 

95-00 

80-10 
9-00 
4-10 

2-80 
4-90 

Sulphate  of  lead 
Arsenious  acid          .... 
Sesquioxide  of  iron  . 

Oxide  of  zinc    .... 

49-50 

10-00 

Carbonate  of  lime     .... 

Carbonic  acid  .... 
Sulphuric  acid 

7-00 

17-00 

*8-90 
55-40 

1-50 

Silicic  acid       
Sulphur    .        .        . 

•     - 

33-00 

Metallic  lead    . 

T.E. 


LEAD:   ALLOYS.  527—533 

AX.T.OYS  OP.  Lead  forms  alloys  with  several  metals  by  simple  fusion, 
and  many  of  these  alloys  are  definite  chemical  compounds,  which  produce  mechanical 
mixtures  when  fused  with  either  of  the  constituents  in  excess.  This  latter  fact  has 
given  rise  to  the  metallurgical  operation  of  eliquation. 

1.  With  Antimony. — Lead  alloys  itself  with  this  metal  in  several  proportions, 
and  the  alleys  are  harder,  more  tender,  and  oxidise  more  easily  than  lead ;  they  are 
also  more  fusible,  as  well  as  harder  than  either  metal. 

An  alloy  of  equal  parts  of  the  two  metals  is  porous  and  brittle :  2  pts.  of  antimony 
with  1  pt.  of  lead  produce  a  very  hard  alloy,  capable  of  receiving  a  fine  polish,  and 
used  to  make  the  keys  of  wind  instruments ;  3  pts.,  and  even  4  pts.  of  antimony  to 
1  pt.  of  lead  produce  a  hard  but  malleable  alloy.  An  alloy  of  lead  and  antimony  is 
used  in  making  type-metal,  a  little  zinc  being  sometimes  added.  Some  type-founders 
add  |  pt.  of  tin,  but  this  addition  is  only  suitable  for  stereotype  plates.  The  plate  on 
which  music  is  printed  is  composed  of  12  pts.  tin,  7  lead,  and  1  antimony.  The 
ordinary  composition  of  type-metal  is  83  pts.  lead  and  17  antimony. 

Emery  wheels  and  grinding  tools  for  the  lapidary  are  formed  of  an  alloy  of  antimony 
and  lead. 

Mr.  Jas.  Nasmyth  has  suggested  the  use  of  lead  as  a  substitute  for  all  works  of  art 
hitherto  executed  in  bronze  or  marble.  He  states  that  the  addition  of  5  per  cent,  of 
antimony  gives  it  not  only  hardness,  but  greater  capability  to  run  into  the  most  delicate 
parts  of  the  work.  An  alloy  of  this  description,  analysed  by  Karsten,  and  correspond- 
ing with  the  formula  Pb9Sb,  was  found  on  the  hearth  of  a  smelting  furnace  at  the 
Mulder  Works:  it  contained  90-10  p.c.  Pb,  6'48  Sb,  1-42  Zn,  1-50  Cd,  0-24  Ag,  and 
traces  of  Ni,  As,  and  S. 

2.  With  Arsenic. — The  presence  of  this  substance  renders  lead  brittle,  greyish 
white,  and  very  fusible.     The  application  of  heat  expels  a  portion  of  the  arsenic,  but 
the  remainder  resists  the  highest  temperature. 

This  alloy  constitutes  the  metal  of  which  shot  are  cast,  40  Ibs.  of  metallic  arsenic 
being  mixed  with  20  cwt.  of  lead.  It  also  exists  native  at  Clausthal  in  the  Hartz, 
and  is  composed  of  67'63  p.c.  Pb,  24'19  As,  4*41  mispickel  FeAsS,  2*26  Fe,  0*54  S, 
and  0'7  Co. 

3.  With  Bismuth. — This  metal  unites  with  lead  in  all  proportions,  with  condensa- 
tion.    Some  of  the  alloys  are  more  malleable  than  lead,  but  the  malleability  diminishes 
as  soon  as  the  quantity  of  bismuth  equals  that  of  the  lead. 

When  3  at.  lead  are  united  to  2  at.  bismuth,  the  mixture  has  only  one  solidifying 
point,  viz.  129°  C.,  but  in  PbBi,  this  point  is  146°;  in  PbBi2  it  is  143°,  and  with 
PbsBi2  the  temperature  is  between  163°  and  171°. 

These  alloys  have  no  special  application  in  the  arts,  but  they  are  used  to  adulterate 
mercury.  An  alloy  of  1  pt.  lead,  1  pt.  bismuth,  and  3  pts.  mercury,  is  really  an 
amalgam,  which  is  sufficiently  fluid  to  pass  through  chamois  leather. 

An  amalgam  of  2  pts.  bismuth,  4  pts.  lead,  and  1  pt.  mercury,  is  solid  in  the  cold, 
but  when  pieces  of  it  are  rubbed  together,  they  immediately  melt. 

Lead  and  bismuth  occur  associated  in  nature,  in  the  mineral  Kobellite,  already  described 
(p.  448). 

4.  With  Bismuth  and  Antimony. — When  antimony  is  added  to  the  previous 
alloy  in  quantity  equal  to  the  bismuth,  a  metal  is  obtained  which  expands  on  cooling. 
Advantage  is  taken  of  this  in  casting  stereotype  plates.     This  alloy,  according  to 
Mackenzie,  contains  70  p.c.  lead,  15  antimony,  and  15  bismuth. 

5.  With  Chromium. — The  alloy  which  contains  0'25  of  chromium  is  fusible  at 
150°  C.,  ashy-grey,  but  whiter  than  lead.    It  can  be  hammered  into  thin  sheets,  which 
are  very  brittle.     Nitric  acid  dissolves  the  lead  without  attacking  the  chromium. 

6.  With  Copper. — The  alloys  of  lead  and  copper  are  difficult  to  prepare  and  to  pre- 
serve at  a  high  temperature.     The  copper  must  be  introduced  into  a  bath  of  lead 
heated  above  redness,  and  the  alloy  rapidly  cooled ;   even  then  some  portions  are 
reddish-coloured,  indicating  the  commencement  of  a  disunion  of  the  elements.     If  the 
alloy  is  heated  to  the  melting  point  of.  lead,  the  latter  abandons  the  copper,  which  is 
left  in  the  form  of  a  porous  mass. 

The  process  of  eliquation  is  founded  upon  this  fact,  and  as  the  silver  present  in  the 
copper  has  a  great  affinity  for  the  lead,  the  latter  carries  off  the  silver,  which  is  sepa- 
rated in  the  manner  already  described  (ii.  32). 

In  smelting  sulphide  of  copper  containing  sulphide  of  lead,  the  latter  metal  passes 
off  in  great  measure  in  the  scoriae  in  the  first  operations,  but  is  found  in  the  copper 
of  the  subsequent  treatment. 
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There  would  appear  to  be  two  alloys  of  these  metals,  one  containing  more  copper, 
and  melting  at  a  higher  point  than  the  other,  which  contains  more  lead. 

Small  quantities  of  lead  diminish  the  ductility  of  copper  at  ordinary  temperatures, 
and  at  a  red  heat  Copper  containing  even  O'l  per  cent,  of  lead,  may  still  be  used  for 
ordinary  purposes,  but  it  cannot  be  formed  into  thin  sheets  or  wire. 

The  alloy  of  4  pts.  of  lead  to  1  pt.  of  copper  is  employed  for  casting  large  movable 
types. 

7.  With  Manganese. — When  a  mixture  of  892  pts.  of  protoxide  of  manganese  and 
2789  pts.  of  litharge  are  heated  with  a  little  charcoal  in  a  charcoal-lined  crucible,  a 
homogeneous,  compact,  and  ductile  alloy  is  obtained,  which  can  be  rolled  into  thin 
sheets  of  great  lustre. 

8.  With  Mercury. — This  metal  is  easily  alloyed  with  lead,  either  by  introducing 
the  former  into  the  latter  in  a  melted  state,  or  by  triturating  lead  filings  with  the 
mercury. 

The  amalgam  possesses  a  brilliant  white  colour,  and  still  remains  liquid  even 
with  as  much  as  33  per  cent,  of  lead,  but  it  soils  the  fingers.  The  amalgam  of  equal 
parts  can  be  crystallised,  and  a  piece  of  lead  plunged  into  this  amalgam  is  found 
covered  with  crystals  when  it  is  withdrawn. 

The  amalgam  has  a  higher  specific  gravity  than  either  of  the  metals,  owing  to  the 
contraction  which  they  undergo  in  combining. 

The  presence  of  0-0002  to  0-00025  of  lead  improves  the  mercury  for  use  in  barome- 
ters and  thermometers,  as  the  latter  metal  has  then  not  so  great  a  tendency  to  form 
globules  on  the  convex  surface  of  the  glass. 

9.  With  Mercury  and  Antimony. — Wetterstedt  has  found  that  the  addition  of 
a  small  quantity  of  mercury  to  the  alloy  of  antimony  and  lead  removes  the  tendency 
of  this  metal  to  oxidation.     He  has  proposed  to  use  the  triple  alloy  as  a  sheathing  for 
ships.     It  is  composed  of  94*4  per  cent,  lead,  4-3  antimony,  and  1-3  mercury,  and  is 
said  not  to  be  so  rapidly  encrusted  with  barnacles,  &c.  as  copper  sheathing. 

10.  With  Potassium  and  Sodium. — The  alloys  of  lead  with  these  metals  are 
formed  when  a  reducing  alkaline  flux  is  fused  with  oxide  of  lead,  as  first  noticed  by 
Vauquelin  ;  and  Serullas  has  described  the  properties  of  one  of  these  alloys,  obtained 
when   100  pts.  of  litharge  are  strongly  heated  with  60  pts.  of  cream  of  tartar.     The 
alloys  can  also  be  prepared  directly ;  that  containing  25  per  cent,  of  its  volume  of 
potassium  is  brittle,  with  a  coarse-grained  fracture.     A  similar  alloy  with  sodium  is 
bluish  and  malleable,  but  that  with  one-third  of  sodium  is  brittle.     These  alloys, 
distilled  with  the  iodides  of  ethyl,  methyl,  &c.,  yield  the  lead-compounds  of  the  alcohol- 
radicles.     (See  LEAD -RADICLES,  ORGANIC,  p.  560.) 

11.  With  T  i  n. — Lead  may  be  fused  with  this  metal  in  all  proportions,  but  the  density 
of  the  resulting  mixtures  does  not  correspond  with  the  specific  gravities  of  the  two 
metals.    The  following  table  contains  the  results  of  Kupffer's  experiments: — 


Composition  of  the 

Specific  Gravity. 

Melting 

Alloys. 

Point. 

Found. 

Calculated. 

Difference. 

Lead,  pure 

11-3803 

. 

335° 

Tin,  pure 

7-2911 

e 

f 

230 

SnPpb* 

9-4263 

9-4366 

0-0103 

241 

SnPpb2 

10-0782 

10-0936 

0-0154 

SnPpb8 

10-3868 

10-4122 

0-0254 

239 

SnPpb4 
PpbSn2 

10-5551 
8-7454 

10-6002 
8-7518 

0-0431 
0-0064 

196 

PpbSn8 

8-2914 

8-3983 

0-0069 

186 

PpbSn4 

8-1730 

8-1516 

0-0096     ' 

189 

PpbSn5 

8-0279 

8-0372 

0-0093 

194 

PpbSn6 

7-9210 

7-9526 

0-0116 

The  lead,  so  soft  in  itself,  has  the  singular  property  of  increasing  the  hardness  of 
the  tin :  it  slightly  darkens  the  colour,  gives  a  grained  fracture,  and  causes  the  pecu- 
liar creaking  sound,  produced  on  bending  tin,  to  disappear. 

The  alloys  of  lead  and  tin  are  distinguished  by  the  facility  with  which  they  ignite 
and  burn.  The  alloy  of  4  or  5  pts.  of  lead  and  1  pt.  tin  burns  like  charcoal  at  a  red 
heat,  the  combustion  continuing  like  that  of  an  inferior  peat,  with  the  formation  of 

»  Sn  =  118  :  Ppb  =  207. 
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cauliflower  excrescences.  This  action  appears  to  be  due  to  the  affinity  which  exists 
between  the  two  oxides.  The  oxides  so  formed,  when  fused  either  alone  or  with  silica 
and  an  alkali,  produce  a  white  opaque  enamel  used  for  dial-plates,  &c.,  and  also  in 
earthenware. 

The  solders  used  by  plumbers  vary  much  in  composition,  but  there  are  three  com- 
monly known  as  fine  solder,  composed  of  2  pts.  of  tin  and  1  pt.  of  lead ;  common  solder, 
containing  equal  pts.  of  each  metal;  and.  coarse  solder,  composed  of  2  pts.  of  lead  to 
1  pt.  of  tin.  Tomlinson  gives  the  following  table  of  the  composition  of  these  alloys 
and  their  melting  points: — 


Tin.        Lead.    Melting  Point. 


No.  1. 
„  2. 
»  3. 
ii  4- 
,  5. 


25 
10 


558° 

541 

511 

482 

441\ 

370 


No. 


7. 

8. 

9. 
10. 
11. 
12. 


Tin.        Lead.    Melting  Point. 


334° 
340    v   . 

356 
365^ 
378 
381 


No.  5  is  also  called  plumber's  scaled  solder,  which  is  assayed  in  the  same  way  as 
pewter,  and  then  stamped  by  the  officer  of  the  Plumbers'  Company.  No.  8  is  used  for 
soldering  cast  iron  and  steel,  sal-ammoniac  or  common  resin  being  used  as  flux. 
This  alloy  is  also  used  for  tinned  iron,  with  chloride  of  zinc  or  resin  as  the 
flux.  Gold  and  silver  are  also  soldered  with  No.  8,  and  Venice  turpentine  for  a  flux. 
The  same  alloy  is  used  with  copper,  brass,  gilding  metal,  gun  metal,  &c.,  and  sal- 
ammoniac,  chloride  of  zinc,  or  resin  as  the  flux ;  with  zinc,  and  chloride  of  zinc  as  flux; 
with  lead  and  tin  pipes,  with  a  mixture  of  sweet  oil  and  resin  as  flux ;  with  Britannia 
metal,  and  chloride  of  zinc  or  resin  as  flux.  The  alloys  4  to  8  are  used  for  ordinary 
plumber's  work,  with  tallow  as  flux. 

Pewter  is  another  alloy  of  these  metals,  and  the  trade  in  this  article  is  so  important 
in  this  country,  that  the  pewterers  have  formed  an  incorporated  company  ever  since 
1474. 

Common  pewter  is  composed  of  80  pts.  of  lead  and  20  pts  of  tin,  but  other  metals 
are  sometimes  added,  such  as  copper,  antimony,  and  zinc.  The  manufacturers  of 
pewter  state  that  a  better  pewter  is  obtained  by  working  up  old  pewter  with  fresh 
ingredients. 

Iloltzapfel  gives  the  following  account  of  these  alloys  : — "Some  pewters  are  now 
made  as  nearly  as  common  as  that  of  equal  parts  of  the  metals :  when  cast  they  are 
black,  shining,  and  soft ;  when  turned,  dark  and  bluish.  Other  pewters  only  contain 
~  or  i  of  lead ;  these,  when  cast,  are  white,  without  gloss,  and  hard ;  such  are  pro- 
nounced very  good  metal,  and  are  but  little  darker  than  tin.  The  French  legislature 
sanctions  the  employment  of  18  per  cent,  of  lead  with  82  per  cent,  of  tin,  as  quite 
harmless  in  vessels  for  wine  and  vinegar.  The  finest  pewter,  frequently  called  tin  and 
temper,  consists  mostly  of  tin,  with  a  very  little  copper,  which  makes  it  hard  and 
somewhat  sonorous,  but  the  pewter  becomes  brown- coloured  when  the  copper  is  in 
excess.  The  copper  is  melted,  and  twice  its  weight  of  tin  is  added  to  it,  and  from 
about  ^  to  71bs.  of  this  alloy,  or  the  temper,  are  added  to  every  block  of  tin  weighing 
from  360  to  390lbs.  Antimony  is  said  to  harden  tin,  and  to  preserve  a  more  silvery 
colour,  but  is  little  used  in  pewter.  Zinc  is  employed  to  cleanse  the  metal,  rather  than 
as  an  ingredient.  Some  stir  the  fluid  pewter  with  a  thin  strip,  half  zinc  and  half  tin; 
others  allow  a  small  lump  of  zinc  to  float  on  the  surface  of  the  fluid  metal,  while  they 
are  casting,  to  lessen  the  oxidation." 

Plate  pewter  is  the  hardest,  and  is  used  for  making  plates  and  dishes.  The  pewter 
called  trifle  is  used  for  beer-pots,  and  ley  for  the  larger  wine  measures. 

Pewter  wares  are  formed  either  by  hammering  or  by  casting,  plates  and  dishes  being 
hammered,  while  measures  and  spoons  are  cast.  Pewter  is  also  made  in  the  form  of 
sheets  for  engraving  cheap  music,  the  softness  of  the  metal  allowing  the  notes  to  be 
formed  by  means  of  punches,  instead  of  engraving  with  a  burin. 

Lapidaries,  jewellers,  and  watchmakers  use  laps  and  polishers  of  pewter. 
Although  lead  is  so  poisonous  a  metal,  it  ctm  be  employed  in  domestic  utensils, 
when  alloyed  with  tin,  which  would  appear  to  neutralise  this  action  of  the  lead.  In 
an  alloy  of  3  pts.  of  lead  and  1  pt.  of  tin,  Proust  and  other  chemists  have  found  that 
vinegar  dissolves  out  nothing  but  the  tin ;  but  for  domestic  utensils,  Vauquelin  has 
shown  that  the  lead  ought  not  to  exceed  17  or  18  per  cent.  An  alloy  of  3  pts.  of  lead 
and  5  pts.  of  tin  is  used  for  tinning  certain  articles  of  copper. 

The  brilliants  of  Fahlun  are  made  with  an  alloy  of  19  pts.  of  lead  and  29  pts.  of 
tin,  which  are  fused  together  and  allowed  to  cool  for  a  short  time.     At  this  point  the 
alloy  adheres  to  a  glass  tube  cut  into  facets,  on  which  it  is  allowed  to  solidify,  and 
VOL.  III.  M  M 
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from  which  it  can  afterwards  be  easily  removed.    A  lens  plunged  into  this  alloy  forms 
a  brilliant  mirror. 

These  alloys  form  superior  baths  in  which  to  temper  various  articles  of  steel ;  the 
following  table  contains  all  the  information  on  the  subject : — 


Alloy. 

Temperature. 

Objects  to  be  tempered. 

Lead. 

Tin. 

C. 

F. 

14 

8 

213-4° 

415-4° 

Lancets. 

15 

•     8 

221 

429-8 

Other  surgical  instruments. 

16 

8 

225 

437 

Razors. 

17 

8 

240 

464 

Penknives,  scalpels,  cold-chisels. 

28 

8 

257 

494-6 

Shears,  gardeners'  tools. 

38 
60 

8 
8 

262 
275 

503-6 
527 

Hatchets,  axes,  planes,  dressmakers'  scissors. 
Table-knives,  large  scissors. 

96 

8 

284 

543-2 

Swords,  watch-springs,  &c. 

100 

8 

289 

552-2 

Strong    springs,    poniards,    augers,    small 

saws,  &c. 

For  higher  temperatures  recourse  must  be  had  to  other  baths. 

Alloys  of  lead  and  tin  are  also  employed  in  making  anatomical  injections. 

12.  "With  Tin  and  Bismuth. — These  ternary  compounds  are  well  known  under 
the  name  of  fusible  alloys.  They  melt  at  low  temperatures,  some  even  below  the  heat 
of  boiling  water.  This  is  one  cause  why  they  are  so  rarely  obtained  in  a  perfectly 
homogeneous  condition. 

There  are  several  of  these  alloys  known  by  the  name  of  the  first  observer ;  thus,  the 
following  all  melt  below  the  boiling  point  of  water : 


Observer. 
Homberg. 
Rose 

Newton    . 
Lichtenberg 
Krafft 


Lead. 

1 
1 
5 
2 
2 


Bismuth. 
1 
2 
8 
5 
5 


Tin. 
1 
1 
3 
3 
1 


Melting  point. 
122-00  C. 

93-75 
94-44 

104-00 


In  whatever  proportions  the  three  metals  are  mixed,  they  exhibit  one  fixed  solidifying 
point,  at  98°  C.,  and  two  higher  points  which  are  variable. 

When  120  Ibs.  of  an  alloy,  consisting  of  3  pts.  tin,  2  lead,  and  5  bismuth,  are  melted, 
they  yield,  on  cooling,  tolerably  definite  crystals,  which  melt  below  100°  C.,  and  con- 
tain nearly  equal  numbers  of  atoms  of  the  three  metals,  or  1576  per  cent,  tin,  26-56 
lead,  and  57'68  bismuth. 

The  melting  point  of  fusible  metal  is  raised  by  the  addition  of  potassium. 

This  alloy  presents  many  anomalies  in  its  dilatation  and  contraction ;  thus,  at  a 
temperature  from  zero  up  to  35°  C.,  the  volume  increases  in  the  proportion  of 
100  :  100-83,  and  it  diminishes  up  to  56°  C.  in  the  ratio  of  100-83  :  99-13,  which  is  its 
point  of  greatest  density;  it  then  begins  to  expand.  It  is  remarkable  that  its 
maximum  volume,  reached  at  35°  C.  is  the  same  as  that  which  it  possesses  at  95°  C., 
which  is  the  melting  point  of  Rose's  alloy. 

It  is  impossible  to  determine  the  melting  point  of  these  alloys  except  by  experiment ; 
thus,  in  Newton's  fusible  metal,  which  melts  between  198°  and  200°  F.,  the  theoretical 
point  ought  to  be  520°,  as  shown  by  the  calculation, 


8Bi  x  500°  +  6Pb  x  600  +  3Sn  x  442 
16 


=     520°  F. 


The  following  table  contains  the  melting  points  of  various  alloys  of  these  three 
metals: 


Bismuth. 
8 
8 
8 
8 
8 
8 


Lead. 

12 
5 

6 
8 
8 
8 


Tin. 
8 
3 
3 
3 
4 


Melting  point.    Bismuth. 


130-90°  C. 

94-44 

97.78 
109-64 
112-20 
116-05 


Lead. 

8 

10 
1(> 
16 
16 
16 


Tin. 
8 


10 
12 
14 


Melting  point. 
122-10°C. 
127-60 
147-40 
149-60 
141-90 
13970 
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Bismuth.      Lead. 


16 
16 
16 
16 
16 
18 
20 
22 
24 
26 


Tin. 
16 
18 
20 
22 
24 
24 
24 
24 
24 
24 


Melting  Point.    Bismuth.      Lead. 


140-80°  C. 

144-10 

147-40 

152-80 

154-00 

152-90 

151-90 

151-80 

152-90 

158-40 


28 
30 
32 
32 
32 
32 
32 
32 
32 
32 


Tin. 
24 
24 
24 
28 
30 
32 
34 
36 
38 
40 


Melting  Point. 
163-00°  C. 
170-50 
176-00 
165-00 
163-90 
158-40 
157-30 
158-40 
159-50 
160-60 


It  is  remarkable  that  the  tin,  which  melts  below  the  fusing  points  of  both  lead  and 
bismuth,  should  raise  the  melting  point  of  these  alloys. 

These  alloys  are  of  great  value  in  regulating  the  tempering  of  delicate  articles  of 
cutlery.  They  are  also  used  for  taking  impressions  of  medals,  bas-reliefs,  and  on 
the  Continent  for  producing  casts  of  metals  by  the  cliche  process.  They  can  also  be 
employed  to  take  casts  from  the  surface  of  wood  and  embossed  paper.  Beautiful 
casts  of  the  internal  ear,  showing  the  complexities  of  its  bony  cavities,  have  been  made 
with  them ;  also  cake-moulds  for  the  manufacture  of  toilet  soaps. 

Two  of  these  alloys  are  well  known  in  this  country  under  the  names  of  Britannia 
metal  and  Quccris  metal.  The  former  is  composed  of  equal  parts  of  brass,  tin,  anti- 
mony and  bismuth ;  the  latter  of  1  part  each  of  antimony,  lead  and  bismuth,  with 
9  parts  of  tin.  Both  are  used  for  making  teapots,  spoons,  &c. 

A  safer  and  better  alloy  is  said  to  be  made  by  adding  to  100  pts.  of  French  pewter, 
5  pts.  antimony  and  5  pts.  brass,  to  harden  it. 

In  Birmingham,  teapots,  milk-jugs,  &c.  are  made  into  form  by  a  process  called 
spinning,  which  consists  in  bringing  the  sheet  of  pewter  against  a  rapidly  revolving 
tool,  by  which,  with  a  little  dexterity  on  the  part  of  the  workman,  it  is  gradually 
fashioned. 

13.  With  Tin,  Mercury,  and  Bismuth. — The  addition  of  mercury  to  the  three 
metals  forming  the  previous  alloys  renders  them  much  more  fusible,  and  communicates 
some  new  properties. 

D' Arcet's  alloy,  similar  to  Newton's,  when  amalgamated  with  mercury,  melts  at  45°  C. 
This  alloy  or  amalgam  is  specially  valuable  in  making  anatomical  preparations.  It  is 
introduced  into  the  parts  of  the  body  in  the  liquid  state,  and  allowed  to  solidify.  The 
flesh  and  other  animal  matters  are  afterwards  dissolved  and  removed  by  a  strong 
solution  of  potash. 

The  interior  of  glass  tubes,  globes,  &c.  are  tinned  by  means  of  this  amalgam,  which 
is  poured  into  the  vessel  by  means  of  a  funnel,  in  the  liquid  state,  and  gently  agitated. 
The  surplus  is  then  poured  off,  and  the  operation  is  complete.  Glass  of  different 
colours  is  employed,  and  objects  of  great  beauty  are  thus  easily  prepared. 

The  best  compound  is  composed  of  1  pt.  lead,  1  tin,  2  bismuth,  and  10  mercury. 
The  first  three  are  fused  together,  and  then  the  mercury  is  added. 

14.  With  Tin  and  Copper. — An  alloy  of  these  metals  was  used  by  the  Eomans  for 
casting  statues,  &c.     It  was  formed  of  67-12  per  cent,  natural  bronze,  22'37  old  bronze, 
5-25  tin,  and  5 -26  lead. 

Bronze  is  made  of  copper  and  tin,  to  which  some  manufacturers  add  a  little  lead, 
and  in  the  analyses  of  several  ancient  coins  by  Phillips,  lead  appears  to  ha,ve  been  an 
important  constituent.  (See  Table,  vol.  ii.  p.  45.) 

When  lead  is  mixed  with  copper  in  the  proportion  to  6  to  1,  ordinary  pot-metal  is 
formed,  called  dry  pot-metal,  a  quality  which  is  characteristic  of  these  alloys. 

British  bell-metal  consists  of  5-6  per  cent,  zinc,  10-1  tin,  4'3  lead,  and  80'0 
copper. 

Biddery  ware  is  made  in  India  by  combining  2  pts.  of  tin,  4  pts.  lead,  and  16  pts. 
copper,  and  is  afterwards  melted  in  the  proportion  of  3  pts.  to  16  pts.  of  zinc. 

The  other  alloys  of  copper  to  which  small  quantities  of  lead  are  added  are  described 
in  another  part  of  this  dictionary. 

15.  With  Zinc. — This  metal  communicates  hardness  to  lead,  and  the  property  of 
receiving  a  fine  polish,  without  diminishing  the  malleability.     The  two  metals  may  be 
fused  in  any  proportion,  but  the  alloys  are  all  decomposed  at  a  white  heat,  the  zinc 
being  volatilised,  and  carrying  off  with  it  large  quantities  of  the  lead. 

The  presence  of  lead  in  zinc,  however,  is  said  to  be  injurious  to  the  latter  metal 
when  rolled  into  sheets,  diminishing  its  elasticity  and  probably  its  tenacity. 

When  equal  quantities  of  lead,  zinc,  and  bismuth  are  fused,  an  alloy  is  obtained  which 
melts  in  boiling  water. 

M  M  2 
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The  alloy  of  lead,  tin,  and  zinc,  ZnSn9Pb2  =  ZnSns.2PbSn3,  has  but  one  solidifying 
point,  viz.  at  168°  C.,  but  all  other  alloys  have  also  two  higher  points,  b  and  c. 

Atoms.  Solidifying  points. 

Zinc.   Tin.     Lead.*  a.  b.  c. 

3       11         2  168°       .    .         182° 


1  6  1 
191 
192 
1  12  2 
1  12  3 
1  18  4 
1  21  6 


168  171°  204 

168  178  183 

168 

168  .     .  178 

168  172 

168  172  178 

168  .     .  175 

168  .    .  178  T.  R. 


1       33       10 

X.EAD,  ASITIMOXflTiDE  OF.     (See  p.  532.) 

X.EAD,  ARSEKTDE  OF.     (See  p.  582.) 

XiEAD,  BROMIDE  OF,  PbBr2,  is  obtained  by  the  same  processes  as  the  chloride, 
which  it  resembles  in  crystalline  form.  It  is  somewhat  less  soluble  in  water,  and 
melts  out  of  contact  with  air,  at  about  the  same  temperature  as  the  chloride,  to  a  white 
horny  mass.  By  fusion,  in  contact  with  the  air,  it  is  converted  into  a  basic  bromide 
or  oxybromide.  It  unites  with  the  bromides  of  potassium  and  sodium,  forming  crys- 
talline double  salts,  which,  however,  are  decomposed  by  water. 


is  obtained  like  the  corresponding  chlorine-compound  (p.  539),  which  it  resembles  in  its 
properties  and  reactions.  (C  a  r  i  u  s.) 

IiSAiD,  BROXttOCARBOCTATE  OF.  An  insoluble  compound,  produced  by 
boiling  together  equivalent  quantities  of  bromide  and  carbonate  of  lead.  It  fuses 
readily,  and  when  further  heated  gives  off  carbonic  anhydride,  and  leaves  an  oxy- 
bromide of  lead. 

A  bromophosphate  and  bromophosphite  of  lead  may  be  formed  in  like  manner. 

XiEAD,  CHZiORIDS  OF.  PbCP,  Magisterium  plumbi,  sometimes  called  Horn- 
lead.  —  Lead  unites  but  slowly  with  chlorine,  the  combination  not  being  attended 
with  visible  combustion  ;  it  is  also  but  slowly  attacked  by  hydrochloric  aeid,  and 
only  when  in  contact  with  the  air;  on  the  application  of  heat,  it  dissolves  slowly, 
with  evolution  of  hydrogen.  The  chloride  is  prepared  by  boiling  the  protoxide,  or 
carbonate,  or  sulphide  of  lead,  with  water,  into  which  hydrochloric  acid  is  dropped  as  long 
as  the  resulting  chloride  of  lead  continues  to  dissolve,  or  by  adding  hydrochloric  acid 
or  chloride  of  sodium  to  a  concentrated  solution  of  a  lead-salt.  Chloride  of  lead  has 
also  been  found,  as  a  natural  product,  called  cotunnite,  in  the  crater  of  Vesuvius, 
after  the  eruption  of  1822,  mixed  with  chloride  of  sodium,  and  chloride  and 
sulphate  of  copper.  This  native  chloride  occurs  in  trimetric  crystals,  in  which 
ooP  :  ooP  =  99°  46';  oP  :  POT  =  149°  14';  and  the  ratio  of  the  principal  axis, 
brachydiagonal  and  macrodiagonal,  is  as  0'5953  :  1  :  1-1868.  The  observed  planes 
are  ooP,  ooPoo  ,  ooPco  2Poo  ,  JDO  .  Also  acicular  crystals.  It  is  soft  enough  to  be 
scratched  by  the  nail,  and  has  a  specific  gravity  of  5'238.  Lustre  adamantine,  inclin- 
ing to  silky  or  pearly.  Colour  white.  Streak  white.  (Dana,  ii.  97.) 

Chloride  of  lead  dissolves  in  135  pts.  of  cold  water,  hi  less  than  30  pts.  of  boiling 
water,  and  separates  from  the  solution  in  long,  flat,  needle-shaped  crystals.  It  dis- 
solves in  pure  water,  and  in  strong  hydrochloric  acid  more  easily  than  in  the  dilute 
acid,  and  therefore  separates  from  the  acid  solution  on  moderate  dilution  with  water, 
and  from  the  saturated  aqueous  solution,  on  addition  of  hydrochloric  acid.  It  is  also 
somewhat  soluble  in  weak  alcohol,  very  sparingly  in  alcohol  of  76  per  cent.,  and  in- 
soluble in  alcohol  of  94  per  cent.  Its  solubility  in  water  is  greatly  diminished  by  the 
presence  of  chloride  of  calcium.  In  solutions  of  alkaline  hyposulphites,  or  of  acetate 
of  sodium,  on  the  contrary,  it  is  much  more  soluble  than  in  water,  so  that,  on  mixing 
a  solution  of  190  pts.  acetate  of  lead  with  58'5  pts.  chloride  of  sodium,  only  43  to  48 
pts.  of  lead-chloride  are  precipitated,  whereas  139  pts.  are  formed.  A  solution  of  the 
chloride  in  strong  hydrochloric  acid  is  not  precipitated  by  sulphydric  acid,  but  on  ad- 
dition of  water,  precipitation  immediately  takes  place.  A  solution  of  lead-chloride 
mixed  with  aqueous  sulphydric  acid  containing  hydrochloric  acid,  forms  a  yellow  or 
reddish-brown  precipitate  of  sulphochloride  of  lead  (p.  559).  An  aqueous  solution  of 
the  chloride  mixed  with  sal-ammoniac  is  not  precipitated  by  sulphuric  acid* 

Chloride  of  lead  melts  when  heated  out  of  contact  with  air,  and  may  be  sublimed, 
though  with  difficulty  ;  the  fused  mass  solidifies  on  cooling,  to  a  white  translucent 

*  Atomic  weight  of  zinc  =  G5j  of  tin  =  118;  of  lead  =  207. 
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fissured  mass  of  specific  gravity  5'8,  formerly  called  horn-lead.  When  heated  in 
contact  with  the  air,  it  fumes  strongly  before  the  heat  rises  to  redness,  then  turns 
yellow,  and  is  converted  into  an  oxychloride  (p.  555).  When  it  is  heated  in  a  stream 
of  carbonic  oxide,  chloride  of  carbonyl  (phosgene)  OOC12,  is  formed,  and  metallic  lead 
is  separated  (Gob el).  It  quickly  absorbs  ammonia-gas.  When  it  is  moderately 
heated  in  phosphorettcd  hydrogen  gas,  hydrochloric  acid  is  given  off,  phosphorus  distils 
over,  and  metallic  lead  remains.  A  solution  of  kypochlorous  acid  converts  it  into 
peroxide  of  lead. 

Acetochloride    of    lead,    Pb"Cl2.Pb"(C2H302)2,     or    Plumbochloracetin, 

Pb  !  01'  is  °ktaine(*  in  monodinic  crystals,  by  mixing  recently  precipitated  chloride 
of  lead  with  acetate  of  lead,  and  a  sufficient  quantity  of  glacial  acetic  acid  to  form  a 
viscid  mass,  which  solidifies  in  a  short  time,  and  either  freeing  this  mass  from  excess 
of  acetic  acid  by  pressure,  or  heating  it  in  a  sealed  tube  to  130°  or  140°; — or  together 
with  acetate  of  ethyl,  by  the  action  of  acetate  of  lead  on  chloride  of  ethyl.  It  dissolves, 
though  with  difficulty,  in  acetic  acid  without  decomposition,  but  is  decomposed  by  water, 
with  separation  of  a  small  quantity  of  lead-chlorido.  and  formation  of  the  compound 

(C-H30)3  >  os 

Pb"Cl2.3Pb"(C2H802)2  or  «„  [ci'  wllich  dissolves  in  tne  water,  and  may  be  re- 
crystallised  without  decomposition.  It  is  decomposed,  however,  by  glacial  acetic  acid, 
which  leaves  the  original  compound.  The  compound,  p^,,  f  ^  is  analogous  to  glycolic 

chloracetin,  /n2TT4V'[ni  ("•  568),  and  may  therefore  be  called  plumbochloracetin. 

(Carius,  Ann.  Ch.  Pharm.  cxxvii.  87.) 

(COYS  HZ 
&BA.X>,  CHE.OSOC.&SiBOK'.ft.TE  OP.     2PbCl.Pb2C03,   or       „'   L^.— This 

compound  is  produced  as  a  white  insoluble  powder,  by  boiling  1  at.  carbonate  of  lead 
with  2  at.  (or  more)  of  the  chloride,  and  water.  It  also  occurs  native,  though  rarely, 
as  corneous  lead  or  kerasin,  in  acute  quadratic  pyramids  in  which  P  :  P  in  the 
lateral  edges  =  113°  48',  and  in  the  terminal  edges  =  107°  22'.  Observed  faces 
ooPoo  ,  P,  co  P,  P  and  others.  Cleavage  distinct  parallel  to  o>P.  The  mineral  likewise 
occurs  in  botryoidal  and  stalactitic  forms.  Hardness  =  2'5  to  3'0.  Specific  gravity 
=  6'0  to  6'1.  Colour  white,  grey,  and  yellow.  Streak  white.  Transparent  to  translu- 
cent. Fracture  conchoi'dal.  Bather  sectile.  It  occurs  at  Crawford,  near  Matlock  in 
Derbyshire,  in  minute  crystals  at  a  lead  mine  near  Elgin  in  Scotland,  and  at  Tarnowitz, 
in  Upper  Silesia,  where  also  large  pseudomorphs  of  lead-carbonate  (cerusite)  in  the 
form  of  this  mineral  are  found. 

Both  the  natural  and  the  artificial  compound  fuse  readily,  and  are  converted  at  a 
higher  temperature,  with  loss  of  7*5  per  cent.  CO2,  into  the  oxychloride,  PbCP.PbO. 

JLEAU,  CHXiORXODZBE  OP.  Obtained  in  pale  yellow  four-sided  needles,  from 
a  solution  of  the  iodide  in  boiling  hydrochloric  acid ;  it  is  gradually  decomposed  by 
water,  which  extracts  the  chloride  of  lead.  (Laboure,  J.  Pharm.  [3]  iv.  328.) 

XiEAD,  CISIiOKOI1IiUOIiI3>E  OP.  PbClF. — Formed  by  precipitating  aqueous 
fluoride  of  sodium  with  a  boiling  solution  of  chloride  of  lead,  or  with  a  mixture  of 
acetate  of  lead  and  chloride  of  sodium.  It  is  a  white  powder,  which  melts  when 
heated,  without  giving  off  water  or  acid.  Dissolves  in  water  without  decomposition, 
and  easily  in  nitric  acid.  (Berzolius.) 

IiEAU,  CHXiOROPHGSPKATE  OP.  When  a  boiling  solution  of  chloride  of 
lead  is  poured  into  a  boiling  solution  of  phosphate  of  sodium,  the  latter  being  in  excess, 
a  precipitate  containing  PbCl2.Pb3(P04)2.H20  is  formed,  insoluble  in  water,  but  soluble 
in  nitric  acid,  which  converts  it  into  a  nitrophosphate  (Heintz,  Pogg.  Ann.  Ixxiii. 
122).  When,  on  the  contrary,  a  boiling  solution  of  phosphate  of  sodium  is  poured 
into  an  excess  of  chloride  of  lead,  a  precipitate  is  formed  which,  according  to  Heintz, 
is  composed  of  PbCl2.2Pb3(P04)2,  but  according  to  Gerhardt  (Ann.  Ch.  Phys,  [3]  xxii. 
505),  of  PbCl2.Pb2H2(P04)2.  The  same  compound  is  formed  when  a  soluble  phosphate 
is  precipitated  by  a  lead-solution  in  presence  of  a  soluble  chloride. 

The  compound  PbCl2.3Pb3(PO')2 occurs  native  as  pyromorphite,  sometimes  pure, 
sometimes  having  part  of  the  phosphorus  replaced  by  arsenic,  sometimes  associated 
with  fluoride  and  phosphate  of  calcium.  (See  PYROMORPHITE.) 

XiEAiD,  CKIiOROPHOSPHITE  OP.  Lcad-s/ilts  added  to  a  solution  of  alkaline 
phosphite,  obtained  by  dissolving  trichloride  of  phosphorus  in  water,  and  neutralising 
with  an  alkali,  throw  down  a  precipitate  containing  a  compound  of  chloride  and  phosr 
phite  of  lead,  from  which  boiling  water  extracts  the  former. 
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Z.EAD,  DETECTION  AND  ESTIMATION  OP.  I.  Reactions  in  the 
dry  way.— Lead-salts  heated  on  charcoal  with  carbonate  of  sodium  or  cyanide  of  potas- 
sium, give,  in  the  inner  blowpipe  flame,  bluish-white,  malleable  beads  of  metallic  lead, 
surrounded  by  an  incrustation  of  oxide,  brownish-yellow  while  hot,  but  light  lemon- 
yellow  on  cooling.  Added,  in  rather  large  quantity,  to  a  bead  of  microcosmic  salt,  they 
give  on  eooling,  a  bead  having  an  en  am  el- white  colour,  or  yellow  if  quite  saturated. 

II.  Reactions  in   Solutions. 

Soluble  lead-salts  are'  colourless ;  the  metal  is  precipitated  from  their  solutions  by 
sine  or  iron. 

Sulphydric  acid  and  alkaline  sulphides  throw  down  sulphide  of  lead  as  a  black  or 
brownish-black  precipitate,  insoluble  in  cold  and  dilute  solutions  of  acids,  alkalis,  and 
alkaline  sulphides.  In  extremely  dilute  solutions,  only  a  brown  colouring  is  produced. 
If  the  solution  of  the  lead-salt  contains  free  hydrochloric  acid,  the  precipitate  is  red  or 
yellow,  and  a  large  excess  of  hydrochloric  acid  prevents  it  altogether. 

Hydrochloric  acid,  added  to  solutions  not  too  dilute,  throws  down  chloride  of  lead,  as 
a  white  precipitate,  slightly  soluble  in  cold  water,  but  more  so  in  boiling  water,  deposited 
in  needles  on  cooling  ;  less  soluble  in  dilute  hydrochloric  acid  than  in  water,  but  pretty 
freely  in  the  strong  acid ;  apparently  unaffected  by  ammonia,  but  rendered  insoluble  in 
water,  from  conversion  into  oxychloride. 

Sulphuric  acid  and  soluble  sulphates  throw  down  sulphate  of  lead  as  a  white  pre- 
cipitate, scarcely  soluble  in  cold  water,  (__!__  Fresenius),  and  in  dilute  sulphuric  acid 

(_i_.Fresenius),  almost  absolutely  insoluble  in  alcohol;  soluble  in  strong  hydro- 
chloric acid  on  heating ;  in  nitric  acid  more  readily  when  strong  and  hot ;  in  concen- 
trated sulphuric  acid,  slightly  ;  in  ammoniacal  salts,  mor.e  especially  the  acetate. 

Caustic  potash  or  soda  throws  down  the  hydrate  of  lead  as  a  white  precipitate, 
soluble  in  acids,  or  in  excess  of  the  reagent. 

Ammonia  throws  down  a  white  precipitate  of  basic  lead-salt,  insoluble  in  excess. 

Chromate  of  potassium  throws  down  chromate  of  lead  as  a  yellow  precipitate,  in- 
soluble in  water  (slightly  soluble  in  excess,  according  to  Conybeare),  soluble  in  potash, 
insoluble  in  dilute  nitric  acid,  converted  by  ammonia  into  a  red  basic  chromate. 

Iodide  of  potassium  produces  a  bright  yellow  precipitate  of  iodide  of  lead,  which 
dissolves  in  boiling  water,  and  separates  on  cooling  in  crystalline  spangles,  exhibiting  » 
beautiftil  play  of  colours. 

LIMITS   OF  REACTIONS   OF  TESTS   FOR  LEAD. 


One  part  of 

In  water, 

Jle;igent. 

Authority. 

Lead       . 
Lead,  as  nitrate 
Oxide  of  lead,  as  do. 
Nitrate  of  lead 
Oxide,  as  nitrate 

Lead, 
Oxide,        „ 

100,000  or  more. 
200,000 
350,000 
100,000 
20,000 

25,000 
70,000 

Sulphydric  acid. 

n 

Sulphuric  acid  in  exc. 
j  Sulphate  of  sodium  ) 
(     (in  15  minutes).     ) 
Chromate  of  potassium. 

A.  S.  Taylor. 
Lassaigne. 
Harting. 
Pfaff. 
Pfaff  and  Harting. 

Lassaigne. 
Harting. 

The  reactions  •  with  Sulphydric,  sulphuric  and  hydrochloric  acids,  taken  together, 
serve  to  distinguish  lead  from  all  other  metals.  The  reactions  with  iodide  and  chromate 
of  potassium  are  also  very  characteristic. 

III.  Quantitative  Estimation. 

1.  Gravimetric  methods.  —  Lead  is  generally  most  conveniently  estimated  as 
sulphate.  The  concentrated  solution  is  mixed  with  a  slight  excess  of  dilute  sulphuric  acid 
and  about  twice  its  volume  of  alcohol,  filtered  after  a  few  hours,  the  precipitate  then 
washed  with  alcohol,  and  dried,  and  the  filter  burnt  off.     Or,  a  considerable  amount  of 
sulphuric  acid  may  be  substituted  for  the  alcohol,  in  which  case  the  wash-waters  must 
be  also  acidulated  with  sulphuric  acid,  and  the  hist  washings  displaced  by  alcohol.  In 
burning  off,  as  much  of  the  precipitate  as  possible  is  to  be  detached  from  the  filter, 
which  should  be  burnt  separately,  to  guard  against  reduction  of  lead.     In  all  cases  it 
is  safest  to  employ  a  porcelain  crucible. 

2.  Lead  may  also  be  weighed  as  oxide,  into  which  it  may  be  converted  directly  by 
ignition,  or  after  previous  precipitation  as  oxalate  or  carbonate  (results  low),  or  as 
chromato  on  a  tared  filter. 
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Voltimetric  methods. — Many  methods  have  been  proposed  for  the  volumetric 
estimation  of  lead,  but  the  greater  number  give  only  approximate  results.  1.  Flores 
Domonte  adds  to  the  lead-solution  a  quantity  of  caustic  potash  or  soda  sufficient  to 
redissolve  the  lead-oxide  at  first  precipitated,  and  then  adds  to  the  boiling  liquid  from 
a  burette,  a  graduated  solution  of  sulphide  of  sodium  as  long  as  a  precipitate  is  thereby 
produced.  The  greater  part  of  the  sulphide  of  lead  cakes  together,  but  the  liquid 
remains  brownish,  so  that  it  is  difficult  to  see  when  the  precipitation  is  complete. 
The  method  is,  however,  useful  for  technical  purposes.  The  strength  of  the  solution 
of  sulphide  of  sodium  must  be  determined  every  two  days. 

2.  M  arguer  itte  adds  to  an  alkaline  lead-solution,  a  graduated  solution  of  perman- 
ganate of  potassium,  which  throws  down  the  peroxides  of  lead  and  manganese,  con- 
tiuuing  the  addition  till  the  liquid  exhibits  a  permanent  green  colour.     The  solution 
bumps  very  strongly  when  boiled,  and  the  ready  alterability  of  the  solution  of  the 
permanganate  necessitates  frequent  titration. 

3.  Pappenheim,  according  to  Mohr,  adds  to  the  lead-solution  a  graduated  solu- 
tion of  sulphate  of  potassium,  till  the  liquid  no  longer  produces  a  yellow  spot  of  iodide 
of  lead  on  paper  prepared  with  solution  of  iodide  of  potassium.     This  method  yields 
nearly  exact  results. 

4.  Strong  (Ann.  Ch.  Pharm.  xcii.  413)  supersaturates  a  solution  of  a  lead-salt, 
or  sulphate  of  lead  suspended  in  water,  with  potash ;  adds  an  excess  of  solution  of 
chloride  of  lime,  and  boils  for  a  while,  whereby  the  lead  is  entirely  converted  into  per- 
oxide.   The  precipitate  is  collected  on  a  filter  and  washed  with  hot  water ;  a  hole  is  then 
made  in  the  bottom  of  the  filter,  and  the  precipitate  washed  through  into  the  vessel  in 
which  it  was  formed  ;  solution  of  stannous  chloride  is  passed  through  the  filter  from  a 
burette  till  all  the  peroxide  of  lead  is  washed  off ;  the  filter  is  again  washed  with  hot 
water ;  and  an  excess  of  the  tin-solution  is  added,  whereby  the  peroxide  of  lead  is  con- 
verted into  chloride,  which  is  then  dissolved  by  heating  it  with  water  and  hydro- 
chloric acid.     If  the  excess  of  stannous  chloride  in  the  liquid  be  then  determined  by 
means  of  a  standard  solution  of  chromate  of  potassium,  the  whole  of  the  data  for  calcu- 
lating the  amount  of  lead  present  in  the  liquid  under  examination  will  be  obtained. 
This  method  is  exact  and  often  convenient. 

5.  The  following  process,  given  by  Hemp  el  (Jahresber.  1853,  p.  627),  is,  however, 
simpler,  and  has  the  advantage  of  admitting  of  a  double  verification.     The  lead  is 
precipitated  with  a  measured  quantity  of  a  graduated  solution  of  oxalic  acid  added  in 
excess ;   the  liquid  is  neutralised  with  ammonia,  and  the  precipitate  collected  on  a 
filter ;  the  amount  of  oxalic  acid  in  the  filtrate  is  then  determined  by  means  of  a 
standard  solution  of  permanganate  of  potassium,  and  by  deducting  this  amount  from 
the  total  quantity  of  oxalic  acid  used,  the  quantity  of  oxalic  acid  combined  with  the 
lead  is  found,  and  thence  the  amount  of  the  lead  may  be  calculated. 

The  result  may  be  checked,  either  by  digesting  the  precipitate  in  dilute  sulphuric 
acid,  which  sets  the  oxalic  acid  free,  and  estimating  the  amount  of  oxalic  acid  in 
the  filtrate  with  a  solution  of  permanganate  —  or  by  igniting  and  weighing  the 
precipitate. 

Mohr  completes  the  determination  without  filtration.  He  adds  to  the  solution,  in 
a  flask  holding  300  cubic  centimetres,  a  drop  of  tincture  of  litmus ;  then  adds,  from  a 
burette,  a  standard  solution  of  oxalic  acid  as  long  as  a  white  precipitate  is  formed ; 
saturates  with  ammonia  till  the  liquid  turns  blue ;  fills  the  flask  with  water ;  leaves  the 
liquid  to  stand  for  about  half  an  hour  till  it  is  sufficiently  clarified  to  allow  of  100  cubic 
centimetres  being  removed  clear  with  the  pipette ;  and  determines  the  free  oxalic  acid 
therein  by  means  of  a  solution  of  permanganate,  the  quantity  of  which,  multiplied  by 
3,  gives  the  data  required  for  determining  the  quantity  of  oxalic  acid  added  in  excess. 
It  appears,  however,  that  a  small  quantity  of  nitrate  of  lead  is  always  precipitated 
together  with  the  oxalate,  so  that  the  quantity  of  oxalic  acid  used  always  appears  too 
small.  Mohr  estimates  the  errors  thence  arising  at  2  per  cent.  (Handw.  d.  Chem. 
2te  Aufl.  ii.  [2]  33).  On  the  whole,  the  volumetric  methods  of  estimating  lead  do  not 
appear  to  be  so  advantageous  as  the  gravimetric  methods. 

IV.  Separation-  of  Lead  from  other  Metals. 

From  all  metals,  not  prccipitable  as  sulphides  in  acid-solution,  lead  may  be  sepa- 
rated, by  passing  sulphydric  acid  gas  to  saturation  through  the  solution,  previously  made 
moderately  acid  with  hydrochloric  or  nitric  acid.  The  solution  should  also  be  mode- 
rately dilute.  If  no  other  metal,  precipitable  by  the  gas,  be  present^  the  precipitate 
will  be  sulphide  of  lead  with  an  uncertain  quantity  of  sulphur.  If  this  is  deflagrated 
with  nitre,  and  the  sulphur  estimated  as  sulphate  of  barium,  the  difference  between 
its  weight  and  that  of  the  precipitate,  thoroughly  dried  at  100°,  will  give  the  lead.  Or, 
by  oxidising  the  precipitate  in  a  porcelain  vessel  with  fuming  nitric  acid,  after  detaching 
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it  as  much  as  possible  from  the  filter,  burning  the  filter,  nnd  adding  the  ash,  we  obtain 
a  mixture  of  sulphate  of  lead  with  a  little  nitrate.  This  may  be  converted  into  sulphate 
by  a  slight  excess  of  pure  concentrated  sulphuric  acid ;  the  precipitate  is  then  ignited 
and  weighed,  and  the  lead  calculated  therefrom. 

Of  the  metals  precipitable  by  sulphydric  acid,  gold,  platinum,  arsenic,  tin,  and 
antimony  may  be  further  separated  by  digestion  of  the  mixed  sulphides  in  sulphide 
of  ammonium  containing  an  excess  of  sulphur.  If,  after  this  treatment,  any  silver, 
mercury,  bismuth,  cadmium,  or  copper  be  left  with  the  lead-sulphide,  they 
may  be  separated  by  one  of  the  two  following  methods : — 

If  no  bismuth  is  present,  the  solution  containing  the  mixed  oxides,  is  treated  with 
carbonate  of  sodium,  and  then  digested  with  cyanide  of  potassium,  when,  on  filtering, 
carbonate  of  lead  will  remain  alone  on  the  filter. 

From  bismuth,  the  lead  may  be  separated  by  the  following  method,  applicable 
also  to  its  isolation  from  mercury,  copper,  and  cadmium,  but  not  from  silver,  if 
present  in  any  quantity : — Evaporate  with  excess  of  sulphuric  acid  until  fumes  of  acid 
appear,  cool,  and  dilute  with  water ;  filter  at  once  from  the  sulphate  of  lead ;  wash  with 
acidulated  water  and  alcohol ;  then  dry  and  weigh. 

The  method  of  precipitation  by  sulphuric  acid,  or  a  soluble  sulphate,  serves,  indeed, 
to  separate  lead  in  solution  without  any  preliminary  treatment,  from  all  metals,  ex- 
cepting barium,  strontium,  and  calcium  (and  perhaps  silver,  vid.  sup.\  and  from  these 
earth-metals  it  is  easily  separated  by  sulphydric  acid. 

In  alloys,  lead  may  be  very  conveniently  separated  from  bismuth,  tin,  and  antimony, 
and  with  rather  more  difficulty  from  arsenic,  by  converting  all  the  metals  into  sulphides, 
and  heating  the  sulphides  in  a  stream  of  dry  chlorine  gas  ;  all  the  other  metals  will 
then  be  volatilised,  the  lead  alone  remaining. 

V.  Valuation  of  Lead  Ores. 

a.  By  the  wet  way. — A  very  convenient  process  for  determining  lead  in  ores,  es- 
pecially in  galena,  consists  in  oxidising  them  with  fuming  nitric  acid,  adding  sulphuric 
acid  in  considerable  excess  to  the  slightly  diluted  solution,  filtering  and  washing  the 
residue,  as  before  directed,  and  after  weighing,  boiling  it  repeatedly  with  a  strong 
solution  of  aeetate  of  ammonium,  which  dissolves  the  lead -sulphate.     The  insoluble 
residue  deducted  from  the  first  weight  gives  the  amount  of  lead-sulphate,  from  which 
the  lead  may  be  calculated. 

b.  By  the  dry  way. — For  the  purposes  of  assaying,  lead  ores  may  be  divided  into 
two  principal  classes : — 

A.  Ores  &c.  which  contain  no  sulphur,  arsenic,  or  phosphorus. 

B.  Ores  containing  one  or  more  of  the  above  elements. 

A.  First  class. — In  the  assay  of  these  ores,  two  points  require  attention ;  heating 
with  a  reducing  agent  for  the  separation  of  the  lead,  and  with  an  alkaline  flux  to 
facilitate  the  formation  of  a  clean  button.  Charcoal  and  argol  are  among  the  best 
reducing  agents ;  carbonate  of  sodium,,  borax,  deprived  of  its  water  by  previous  fusion, 
and  salt,  are  useful  as  fluxes.  Black  flux,  or  a  mixture  of  carbon  in  a  fine  state  of 
division  with  carbonate  of  potassium,  may  also  be  employed.  The  following  mixtures 
will  give  some  idea  of  the  proportions  in  which  these  reagents  should  be  employed, 
but  they  must,  of  course,  vary  somewhat  for  different  ores : 


Sample.             Argol. 

Charcoal. 

Carbonate  of 
sodium. 

Borax  glass. 

Salt. 

No.l. 

200  gr. 

100 

. 

300 

200-250  grs. 

2. 

400, 

200 

.     . 

400 

200 

3. 

400, 

200 

. 

400 

200 

4. 

400, 

.     . 

50-60 

600 

5. 

400, 

200 

. 

400 

. 

6. 

400, 

600 

black  flux,  and  a  cover  of  borax 

99 

1.  Kecommended  by  Mitchell  for  oxides,  carbonates,  cupel-products,  &c. 

2.  „  „  cupel-bottoms  and  other  refractory  products. 

3.  „  „  fumes,  siliceous  slags,  &c. 

4.  6,  6.  Phillips: — The  salt  is  not  mixed  with  the  other  reagents,  but  employed 
to  cover  the  whole  mixture. 

Ores  of  this  class  may  also  be  assayed  by  the  following  process,  proposed  by  the 
writer :— Weigh  out_60  grs.  of  ore  on  a  counterpoise.  Fuse,  at  a  red  heat,  about  an 
ounce  of  crude  cyanide  of  potassium  in  a  crucible  capable  of  holding  at  least  double 
the  quantity;  when  fused  remove  it  from  the  furnace,  and  add  the  ore  in  small  portions 
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with  a  spatula ;  rinse  the  last  traces  off  with  a  little  more  cyanide,  and  replace  it  for 
a  minute  or  two  in  the  fire,  then  take  out  the  crucible,  and  tap  to  collect  the  lead  into 
a  button. 

B.  Second  class. — Galena,  pure,  and  mixed  with  gangue,  is  included  in  this  class, 
for  the  assay  of  which  several  methods,  more  or  less  accurate,  are  employed,  as — 

1.  Boasting  the  galena,  by  which  it  is  converted  into  oxide,  and  treating  the  pro- 
duct as  an  ore  of  the  first  class.     This  process,  besides  being  exceedingly  troublesome, 
gives  little  more  than  three-fourths  of  the  lead  actually  present. 

2.  Fusion  with  3-4  parts  of  alkaline  carbonate ;  the  mixture  to  be  heated  slowly 
till  fused,  which  gives  about  90  per  cent,  of  the  lead  present. 

3.  Fusion  with  carbonate  of  sodium  and  nitre,  by  which  the  sulphur  of  the  ore  is  re- 
moved as  sulphate  of  potassium ;  if  an  excess  of  the  nitrate  is  employed,  a  portion  of  the 
lead  is  oxidised  and  lost.     Several  assays  must  therefore  be  made  to  discover  the  best 
proportions.     This  process  answers  very  well  for  obtaining  a  button  to  be  afterwards 
assayed  for  silver,  in  which  case  a  slight  excess  of  nitre  must  be  used  to  ensure  com- 
plete oxidation  of  the  sulphur,  without  which  some  silver  is  liable  to  be  retained  as 
sulphide  in  the  slag. 

4.  Fusion  with  metallic  iron,  which  has  been  variously  modified  as  to  details.    The 
oldest  plan  is  that  given  by  Berthier,  in  which  the  galena  is  simply  mixed  with  about 
30  per  cent,  of  finely  divided  iron,  covered  with  a  layer  of  some  flux  and  heated ;  it 
gives  an  amount  of  metal  7-10  per  cent,  below  that  actually  present.     Small  iron 
nails  are  also  recommended  by  Berthier,  which  is  not  a  satisfactory  process,  as  the 
nails  become  fixed  in  the  button.      Mitchell  suggests  the  use  of  tenpenny  nails; 
Phillips,  of  iron  crucibles,  and  lastly,  a  mixture  of  iron-oxide  with  a  reducing  flux. 
Of  these  different  modifications,  the  process  of  Mitchell  is  especially  useful  on  account 
its  simplicity  and  accuracy.     We  extract  Mr.  Mitchell's  own  description  in  full: 

"  To  200  grains  of  finely  pulverised  galena  add  50  of  argol,  and  200  carbonate  of 
soda ;  place  the  mixture  in  a  crucible,  the  inside  of  which  has  been  smeared  with  black- 
lead;  introduce  three  tenpenny  nails  head  downwards;  tap  the  crucible  on  the  mixing 
bench,  so  that  the  contents  may  occupy  as  little  space  as  may  be ;  cover  with  about 
200  grains  of  salt,  over  that  200  grains  of  borax.  Prepare  two  crucibles  thus,  place 
them  in  the  furnace,  and  raise  the  heat  rapidly  to  nearly  a  bright  red ;  uncover  the 
furnace,  and  allow  the  crucibles  to  remain  for  8-10  minutes  ;  again  cover  the  furnace 
and  raise  to  a  bright  red:  the  crucibles  will  then  be  ready  for  removal.  Besides  the 
time  occupied,  the  termination  of  the  assay  may  be  judged  by  the  flux  flowing  smoothly. 
When  this  occurs,  seize  hold  of  the  crucible  with  the  large  longs,  and  with  a  smaller 
pair  take  hold  of  one  of  the  nails ;  rinse  it  well  in  the  flux  to  remove  any  small  glo- 
bules of  lead  ;  and  then  reject  it.  The  two  other  nails  are  to  be  treated  in  the  same 
way,  the  crucible  removed,  tapped  on  the  furnace-top  to  collect  all  globules,  and  set 
aside  to  cool.  So  also  with  the  second  crucible.  When  cold  they  are  broken,  &c.,  as 
usual ;  the  assays  should  correspond  within  one-eighth  of  a  grain." 

The  following  is  an  account  of  the  process  employed  in  the  lead-works  of  North  and 
South  Wales,  as  an  example  of  the  rougher  methods  often  adopted  in  smelting  works 
with  good  practical  results. 

In  the  Welsh  lead- works,  the  assa}*s  are  generally  made  on  10  ounces  of  the  ore  as 
received,  wet  or  dry.  This  is  melted  in  a  stout  iron  dish 
(fig.  637)  with  a  cover,  in  a  smithy  fire ;  when  melted,  the 
slag  is  skimmed  back  and  the  produce  weighed,  each 
ounce  representing  10  per  cent.,  and  each  dwt.  £  percent. 
In  the  assay  of  galenas,  some  modification  may  be  re- 
quired ;  according  to  Mitchell,  by  fusing  antimonial  ga- 
lenas with  carbonate  of  sodium,  pure  lead  is  obtained, 
but  with  black  flux,  the  lead  contains  much  antimony; 
and  if  iron,  either  alone  or  mixed  with  black  flux,  be  em- 
ployed, all  the  antimony  is  obtained  with  the  lead ;  but 
repeated  tentative  assays  must  be  made  to  obtain  the  best  possible  result.  When  a 
lead  ore  contains  oxidised  compounds  of  sulphur  and  arsenic,  reducers  alone  will  not 
answer ;  but  if  they  are  mixed  with  an  alkaline  carbonate  and  metallic  iron,  good 
results  are  obtained.  The  assay  may  be  conducted  as  in  Mitchell's  process  for  ga- 
lenas. 

A  notable  loss  of  lead  is  sustained  in  all  the  above  processes,  arising  chiefly  from 
the  volatility  of  this  metal  and  its  oxide :  hence  the  necessity  of  making  all  lead- 
assays  at  the  loWtst  temperature  compatible  with  perfect  fusion,  and  of  not  keeping 
the  assay  in  the  furnace  longer  than  is  actually  necessary.  An  error  in  the  opposite 
direction  may  arise  from  the  presence  of  foreign  metals  in  the  ore,  which  are  more  or 
less  completely  reduced  and  alloyed  with  the  lead,  increasing  its  weight ;  such,  for 
example,  as  silver,  copper,  tin,  or  antimony.  Zinc  is  completely  removed  if  the  heat 
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be  sufficient,  but  it  entails  a  loss  of  lead.  Iron  does  not  go  down  with  the  lead,  unless 
the  assay  be  much  overheated.  The  separation  of  most  of  these  metals  from  lead,  by 
the  dry  way,  is  impracticable,  with  the  exception  of  silver  in  argentiferous  lead,  which 
will  bed  escribed  under  Cupcllation  (see  below). 

Whatever  process  is  employed  to  determine  the  lead,  some  standard  is  adopted  by 
the  manufacturer,  to  which  to  refer  in  calculating  the  value  of  the  ores.  For  example, 
in  Wales  the  "standard"  is  77  per  cent,  or  7  oz,  14  dwts.  on  the  assay.  The  value  of 
this  standard  fluctuates  with  the  market  price  of  lead,  and  for  every  variation  of  a  dwt. 
or  half  a  per  cent,  an  established  addition  or  deduction  is  made  in  the  price.  Any 
silver  present  is  calculated  in  ounces  on  the  ton,  and  paid  for  per  ounce. 

The  following  tables  have  been  constructed  to  save  trouble  in  calculating  the  results 
of  assays : — 

Produce  of  Lead  per  ton  of  Ore,  calculated  from  Assay. 


Per  cent. 

cwt.  qrs.    Ibs. 

Per  cent. 

cwt.     qrs.       Ibs. 

Per  cent. 

cwt.    qrs.    Ibs. 

* 

0       0     11 

6 

1         0       22 

30 

600 

0       0     22 

7 

1          1       16 

40 

800 

2 

0       1     16 

8 

I         2       11 

50 

10       0       0 

3 

0       2     11 

9 

1         3         5 

60 

12       0       0 

4 

035 

10 

200 

70 

14       0       0 

5 

100 

20 

400 

80 

16       0       0 

Produce  of  Lead  per  Ung  of  Ore,  calculated  from  Assay. 


Per  cent. 

cwt.   qrs.    Ibs. 

Per  cent. 

cwt.    qrs.    Ibs. 

Per  cent. 

cwt.   qrs.    Ibs. 

•10 

0      0       '896 

1-00 

0       0      8-96 

10-00 

0     3      5-60 

•20    . 

0      0     1792 

2-00 

0       0    17-92 

20-00 

1     2    11-20 

•30 

0      0     2-688 

3-00 

0       0    26-88 

30-00 

2     1    16-80 

•40 

0      0     3-584 

4-00 

0       1      7-84 

40-00 

3     0    22-40 

•50 

0      0     4-480 

5-00 

0       1    16-80 

50-00 

400- 

•60 

0     0     5-376 

6-00 

0       1    2576 

60-00 

4     3      5-60 

•70 

0      0     6-272 

7-00 

0       2    26-72 

70-00 

5     2    11-20 

•80 

0      0     7-168 

8-00 

0       2    15-68 

80-00 

6     1    16-80 

•90 

0      0     8-064 

9-00 

0       2    24-64 

Estimation  of  the  Silver. — The  separation  of  lead  and  silver  in  the  dry  way,  by  the 
process  known  as  cupellation,  depends  on  the  fact,  that  while  lead,  when  exposed  to 
the  air  at  temperatures  above  its  melting  point,  is  rapidly  oxidised,  silver  remains  unal- 
tered. If,  therefore,  an  argentiferous  lead  is  heated  in  a  current  of  air,  on  a  support  of 
such  a  texture  that  the  litharge  formed  from  the  lead  shall  be  absorbed  as  fast  as 
produced,  the  silver  will  be  finally  left  in  the  form  of  a  button.  This  support  is  called 
the  "  cupel,"  a  flat,  slightly  hollowed-out  dish  of  pounded  bone-ash,  compressed  by  a 
mould  into  the  proper  form.  The  process  is  conducted  in  a  furnace,  such  as  is  shown  in 
figs.  638,  639,  where  a  is  the  ash-pit  door;  d'  and  /,  doors  for  supply  of  fuel;  d\  the  open- 
ing by  which  access  is  obtained  and  the  supply  of  air  regulated  to  the  muffle  m.  This 
muffle  is  a  small  fire-clay  oven,  situated  in  the  centre  of  the  fire,  and  pierced  by  slits  at  the 
sides  and  inner  end,  which,  when  the  door  is  opened,  establish  a  current  of  air  through 
the  apparatus,  while  it  is  maintained  at  any  desired  temperature  by  means  of  a  damper. 
In  using  the  apparatus,  the  muffle  is  first  raised  to  a  red  heat ;  4  to  8,  or  more,  well-dried 
cupels  are  then  introduced,  and  the  door  closed.  When  they  have  attained  a  clear 
red  heat,  the  door  is  opened,  a  button  of  lead  is  placed  in  each  cupel  by  tongs,  and  the 
door  again  closed.  On  opening  it  partially,  the  buttons  are  seen  "  uncovered,"  or  pre- 
senting a  bright  metallic  surface,  and  a  dark  ring  instantly  begins  to  form  round  the 
circumference  of  the  lead,  as  the  litharge  formed  by  its  oxidation  is  absorbed  by  the 
cupel,  the  rings  gradually  exten ding  as  the  buttons  diminish.  The  moment  when  the 
oxidation  is  completed  and  pure  silver  left,  is  recognised  by  a  peculiar  phenomenon 
known  as  the  "brightening"  of  the  silver  button,  which  appears,  for  an  instant, 
to  revolve  rapidly  on  its  axis,  while  covered  with  a  play  of  prismatic  colours.  The 
play  of  colours  disappears,  and  the  button  becomes  still  and  lustrous.  It  is  then 
withdrawn  from  the  furnace,  detached  from  the  cupel,  cleaned,  and  weighed  in  a 
balance  turning  with  -001  gr.  Simple  as  the  process  appears,  some  practice  is 
required,  and  many  points  demand  attention,  before  uniform  results  can  be  obtained. 
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The  temperature  should  be  the  lowest  at  which  the  assay  will  proceed  steadily,  as  a 
sensible  amount  of  silver  is  volatilised  with  the  vapour  of  lead.  The  temperature,  on  the 
other  hand,  must  not  be  reduced  too  low,  as  the  absorption  of  the  litharge  by  the  cupel 
is  then  impeded.  Again,  the  draught,  if  too  rapid,  cools  the  cupel  unduly,  and  if  too 
slow,  does  not  effect  the  oxidation  with  sufficient  rapidity,  thereby  increasing  the  loss 
by  volatilisation.  Further,  the  absolute  quantity  of  silver  remaining  the  same,  if  the 
quantity  of  lead  be  much  increased,  the  loss  in  silver  will  be  greater.  But,  if  the 
silver-lead  be  very  rich,  a  loss  will  arise  from  the  absorption  of  the  alloy  into  the  pores 
of  the  cupel.  When  the  heat  is  too  great,  the  cupels  are  whitish  and*  the  metallic 
matter  they  contain  can  scarcely  be  seen ;  the  fume  is  scarcely  visible,  and  rises  rapidly 


Fig.  638. 


Fig.  639. 


to  the  arch  of  the  muffle.  When  the  heat  is  not  strong  enough,  the  smoke  is  thick 
and  heavy,  falling  in  the  muffle,  and  the  litharge  can  be  seen  forming  lumps  and  scales 
about  the  assay.  When  the  heat  is  properly  managed,  the  cupel  is  red,  and  the  fused 
metal  luminous  and  clear. 

Lastly,  a  source  of  loss  arises  from  what  is  termed  "  vegetation  "  of  the  button, 
which  is  due  to  the  absorption  of  oxygen  by  the  molten  metal.  When  the  metal  is 
cooling,  in  a  button  of  any  size,  the  surface  cools  and  solidifies  before  the  centre  has 
abandoned  its  mechanically  dissolved  gas,  which,  when  it  is  liberated,  forces  its  way 
through  the  external  crust,  raising  it  into  fantastic  arborescent  forms,  which,  once  seen, 
sufficiently  explain  the  term.  But  as  portions  are  frequently  projected  outwards  by 
the  sudden  action,  it  is  necessary  to  cover  the  cupel,  while  still  hot,  with  a  previously 
heated  old  cupel  to  secure  its  very  gradual  cooling.  It  is  only,  however,  in  the  case 
of  buttons  much  larger  than  a  pin's  head  that  this  precaution  is  essential.  The 
weight  of  the  cupel  ought  to  be  about  one- third  greater  than  that  of  the  lead  to  be 
cupelled ;  a  good  cupel  will  absorb  its  own  weight  of  litharge  under  ordinary  circum- 
stances. 

Lead  is  not  the  only  metal  which  may  be  separated^  from  silver  by  this  process. 
Bismuth  may  be  perfectly  "  cupelled,"  and  copper,  antimony,  iron,  tin,  &c.,  may  be 
"  passed  "  by  the  addition  of  sufficient  lead  to  carry  their  oxides  into  the  cupel. 

The  following  tables  are  useful  in  an  assay  office,  where  numerous  assays  are  made 
from  time  to  time,  and  they  are  constructed  for  different  weights  of  lead  cupelled,  as 
well  as  the  produce  per  20  cwt.  or  ton  and  per  21  cwt.  or  fodder  of  lead : — 
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Yield  of  Silver  per  ion,  calculated  from  Assay  0/400  grs. 


400  grs.  give 

Yield  per  ton. 
oz.  dwts.    grs. 

400  grs.  give 

Yield  per  ton. 
oz.  dwts.   grs. 

400  grs.  give 

Yield  per  ton. 
oz.   dwts.   grs. 

O'OOl 

0       1     15 

0-05 

4        1      16 

0-8 

65       6     16 

•002 

036 

•06 

4     18       0 

0-9 

73     10      0 

•003 

0       4     21 

•07 

6     14      8 

i-o 

81     13       8 

•004 

0       6     12 

•08 

6     10     16 

2'0 

163       6     16 

•005 

084 

•09 

770 

3'0 

245       0       0 

•006 

0       9     19 

•10 

838 

4-0 

326     13       8 

•007 

0     11     10 

•20 

16       6     16 

6-0 

408       6     16 

•008 

0     13       1 

•30 

24     10       0 

6-0 

490       0       0 

•009 

0     14     16 

•40 

32     13       8 

7-0 

671     13       8 

•010 

0     16       8 

•50 

40     16     16 

8-0 

653       6     16 

•020 

1     12     16 

•60 

49       0       0 

9-0 

735       0       0 

•030 

290 

•70 

57       3       8 

10-0 

816     13       8 

•040 

358 

Yield  of  Silver  per  ton,  calculated  from  Assay  of  1  os. 


\  oz.  gives 
grs. 

Yield  per  ton. 
oz.dwts.  grs. 

1  oz.  gives 
grs. 

Yield  per  ton. 
oz.  dwts.  grs. 

1  oz.  gives 
grs. 

Yield  per  ton. 
oz.  dwts.   grs. 

0-001 

0     1  11-84 

0-05 

3  14  16-0 

0-8 

59  14  16-0 

•002 

0     2  23-68 

•06 

4     9  14-4 

0-9 

67     4     0-0 

•003 

0     4  11-52 

•07 

5     4  12-8 

1-0 

74  13     8-0 

•004 

0     5  23-36 

•08 

5  19  11-2 

2-0 

149     6  16-0 

•005 

0    7  11-20 

•09 

6  14     9-6 

3-0 

224     0     0-0 

•006 

0     8  23-04 

•10 

7     9     8-0 

4-0 

298  13     8-0 

•007 

0  10  10-88 

•20 

14  18  16-0 

5-0 

373     6  16-0 

•008 

0  11  22-72 

•30 

22     8     0-0 

6-0 

448     0     O'O 

•009 

0  13  10-56 

•40 

29  17     8-0 

7-0 

522  13     8-0 

•010 

0  14  22-40 

•50 

37     6  16-0 

8-0 

597     6  16-0 

•020 

1     9  20-80 

•60 

41  ^6     0-0 

9-0 

672     0     0-0 

•030 

2     4  19-20 

•70 

52     5     8-0 

10-0 

746  13     8-0 

•040 

2  19  17-60 

Table  of  Silver  per  Fodder  of  Lead,  calculated  from  Assay  of  I  02. 


\  oz.  gives  grs. 

oz.  dwts.  grs.      1 

1  oz.  gives  grs. 

oz.  dwts.  grs. 

loz.  gives  grs. 

oz.  dwts.  grs. 

o-ooi 

0     1  13-6 

0-009 

0  14     2 

0-08 

6     5  10 

•002 

0     3     3-2 

•010 

0  15  16 

•09 

7     1     2 

•003 

0     4  16-0 

•020 

1  11     8 

•10 

7  16     9 

•004 

0     6    6-0 

•030 

270 

•20 

15  13  14 

•005 

0     7  20-0 

•040 

3     2  17 

•30 

23  10     9 

•006 

0    9     9-0 

•050 

3  18     9 

•40 

31     7     4 

•007 

0  10  23-0 

•060 

4  14     1 

•50 

39     4     0 

•008 

0  12  13-0 

•070 

598 

VI.  Atomic  Weight  of  Lead. 

The  atomic  weight  of  this  metal  has  been  determined  chiefly  by  the  experiments  of 
Berzelius,  made  in  1830  and  1845  (Pogg.  Ann.xix,  300;  Lchrbuch,  5te  Aufl.iii.  1187). 
By  reducing  pure  protoxide  of  lead  with  hydrogen  gas,  he  found  that  100  pts.  of  the 
protoxide  contain  7' 1724  pts.  oxygen,  whence,  regarding  the  protoxide  as  Pb20,  and 
putting  oxygen  =  16,  the  atomic  weight  of  lead  is  103*54 ;  if,  however,  a  certain  number 
of  the  determinations,  which  do  not  agree  very  well  with  the  rest,  be  left  out  of  account, 
the  atomic  weight  is  found  to  be  103'57.  The  extreme  limits  of  the  determinations 
in  question  were  103-36  and  103'65.  Within  the  same  limits  also  are  comprised  the 
older  determinations  of  Berzelius  (1818),  which  gave  103*56;  also  those  of  Turner 
in  1835  (Ann.  Ch.  Pharm.  xiii.  14),  which  gave  103*61,  and  nearly  also  those  of 
Longchamp  in  1827  (Ann.  Ch.  Phys.  [2]  xxxiv.  105),  which  gave  numbers  ranging 
from  103-64  to  103*74.  The  mean  of  all  the  best  determinations  is  103-56  ;  or  if  lead 
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bo  regarded  as  diatomic,  and  the  protoxide  bo  represented  by  the  formula  Pb"0,  then 
the  atomic  weight  is  207'12.  T.  B. 

IiEAU,  FZiUOXtlDE  OF,  PbF2,  is  obtained  by  precipitating  acetate  of  lead  with 
hydrofluoric  acid,  or  by  decomposing  carbonate  of  lead  with  the  same  acid,  as  a  white 
powder,  sparingly  soluble  in  water,  easily  fusible,  soluble  in  hydrochloric  and  in  nitric 
acid,  by  which  it  is  decomposed  on  evaporation.  When  treated  with  aqueous  ammonia 
or  fused  with  oxide  of  lead,  it  is  converted  into  a  more  soluble  oxyfluoride,  the 
solution  of  which  has  an  astringent  taste,  and  on  standing  in  the  air,  deposits  carbo- 
nate of  lead,  mixed  or  combined  with  fluoride  of  lead. 

Achlorofluorido  of  lead  has  been  already  described  (p.  539). 
,  SZlTDROAXiUMXCTOUS.     See  PjLUMBORESINlTE. 

IODIDE  OF,  Pbl2,  is  obtained  by  precipitating  nitrate  of  lead  with 
iodide  of  potassium,  avoiding  an  excess  of  either  salt.  It  is  a  precipitate  of  a  fine 
light  yellow  colour;  soluble  in  1,235  pts.  of  cold  water  (Denort),  and  in  194  pts.  of 
boiling  water,  forming  a  colourless  solution,  whence  it  crystallises  on  cooling  in 
flexible,  six-sided,  laminar  crystals.  It  is  obtained  in  the  same  form  by  mixing  the 
solutions  of  iodide  of  lead  and  iodide  of  potassium  at  the  boiling  heat.  It  is  not 
more  soluble  in  water  containing  acetic  acid  than  in  pure  water.  According  to  Henry, 
it  is  not  quite  insoluble  in  alcohol.  Ether,  according  to  A.  Vogel,  extracts  iodine  from 
it,  leaving  oxyiodide  of  lead.  It  dissolves  in  cold,  and  still  more  in  warm  aqueous  sal- 
ammoniac,  and  crystallises  therefrom  on  cooling  in  yellowish1  white  needles  (Boullay). 
In  caustic  ammonia,  nitrate,  succinate,  carbonate,  and  sulphate  of  ammonium,  it  turns 
white  (Wittste  in).  When  boiled  with  the  carbonates  of  the  alkalis  or  alkaline  earths, 
it  yields  carbonate  of  lead  and  a  soluble  iodide. 

Iodide  of  lead,  when  heated,  turns  reddish-yellow  and  brick-red,  then  red-brown, 
and  melts  to  a  liquid  of  the  same  colour,  which  solidifies  to  a  yellow  mass.  When 
fused  in  contact  with  the  air,  it  gives  off  a  part  of  its  iodine,  and  leaves  an  oxyiodide 
of  lead.  It  is  easily  decomposed  by  chlorine.  Zinc  or  iron  boiled  with  it  under 
water  takes  up  the  iodine  and  precipitates  metallic  lead. 

Iodide  of  Lead  and  Hydrogen,  PbI2.2HI,  crystallises  from  a  solution  of  iodide  of  lead 
in  warm  aqueous  hydriodic  acid,  in  concentrically  grouped,  silky  needles,  which  give 
off  the  whole  of  the  hydriodic  acid  when  heated,  and  part  of  it  even  whea  exposed  to 
the  air  at  ordinary  temperatures.  The  acid  may  also  be  extracted  by  water. 

Ammonio-iodide  of  lead,  or  iodide  of  plumbammonium,  N2H6PbP,  is  obtained  as  a 
white  powder  by  passing  ammonia-gas  for  a  long  time  over  finely-pulverised  iodide  of 
lead,  or  by  digesting  it  at  ordinary  temperatures  with  sal-ammoniac.  It  gives  off  its 
ammonia  spontaneously  on  exposure  to  the  air,  and  even  in  an  atmosphere  of  ammonia 
when  heated. 


Accto-iodide  of  lead,  PbI.C2H3Pb02,  or     pj,"   [p  analogous  to  glycolic  iodacetin 

(ii.  568),  is  obtained  in  a  similar  manner  to  the  corresponding  chlorine-compound 
(p.  539),  with  which  it  is  isomorphous.     (Carius,  Ann.  Ch.  Pharm.  cxxv.  87.) 

An  iodochloride  of  lead,  Pb3Cl4!2,  has  been  already  described  (p.  539). 

An  iodide  of  lead  and  ammonium  is  formed,  as  a  white  precipitate,  on  adding  iodide 
of  ammonia  in  excess  to  nitrate  of  lead. 

A  compound  of  iodide  of  lead  with  chloride  of  ammonium,  3NH4Cl.PbI2,  is  obtained 
by  dropping  a  solution  of  neutral  acetate  of  lead  into  a  boiling  mixed  solution  of  iodide 
of  potassium  and  sal-ammoniac,  as  long  as  no  permanent  precipitate  is  formed.  On 
cooling,  the  double  salt  crystallises  in  slender  yellow,  shining  needles,  which,  however, 
are  decomposed  by  water,  the  sal-ammoniac  dissolving  out  first. 

Another  compound,  2NH4Cl.PbI2.2H20,  crystallises  in  white  silky  needles. 

Iodides  of  lead  and  potassium. — When  1  at.  iodide  of  lead  (Pbl2)  and  1  at.  iodide  of 
potassium  are  dissolved  in  the  smallest  possible  quantity  of  boiling  water,  the  solution 
yields  on  cooling,  large  yellow,  shining,  six-sided  laminae,  having  the  composition 
KI.PbF,  and  on  dissolving  these  crystals  in  a  hot  solution  of  iodide  of  potassium, 
white  silky  needles,  consisting  of  4KI.PbI2,  are  deposited  as  the  liquid  cools.  Both 
salts  are  decomposed  by  water  and  by  alcohol. 

IiSAD  O22.ES.    The  following  is  a  list  of  minerals  containing  lead  as  an  essential 
constituent,  and  available,  when  they  occur  in  sufficient  quantity,  for  the  extraction  of 
the  metal : 
Aciculite.  Aikinite.  Belonite.  Needle-ore.    Alumiuate  of  lead  (hydrated).    Plumbo- 


Patrinito. 


tt 

Alta'ite.    Telluride  of  lead.    PbTo. 


resinite.         h07.6H20 
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Anglesite.  Sulphate  of  lead.  Lead-vitriol. 
PbSO4. 

Antimonial  sulphides  of  lead :  see  Boulan- 
gerite, Bournonite,  Brogniardite,  Freis- 
lebenite, Geocronite,  Heteromorphito, 
Jamesonite,  Kobellite,  Plagionite,  Zink- 
enite. 

Antimonate  of  lead.  Bleinierite. 
PbsSb208.4H20. 

Araeoxene.  Zinkiferous  vanadate  of  lead. 

Arsenate  of  lead :  see  Mimetite. 

Arsonomelane.     2PbS.As2S3. 

Binnite.  A  mixture  of  Arsenomelane  and 
Scleroclase. 

Bleinierite.    Antimonate  of  lead. 

Boulangerite.     3PbS.Sb2S3. 

Bournonite  (to  which  is  related  Wolchite). 

(2PbS.Cu2S).Sb2S3  =  (Cu2)"U6. 

Sb2     ) 

Brogniardite.    PbAg2S2.Sb2Ss. 

Caledonite.     (Pb;Cu)C03.PbS04. 

Carbonate  of  lead.  Cerusite.  White  lead 
ore.  PbCO3. 

Cerasin.  Corneous  lead.  Horn-lead. 
Chlorocarbonate  of  lead.  Phosgenite. 
PbCKPbCO3. 

Cerusite :  see  Carbonate  of  lead. 

Chileite.  Vanadate  of  lead  and  copper. 
(Pb;Cu)3(V04)2.3(Pb;Cu)0. 

Chiviatite.     2PbS.3Bi2S3. 

Chloride  of  lead.     Cotunnite.    PbCl2. 

Chlorarsenate  of  lead :  see  Mimetite. 

Chlorocarbonate  of  lead :  see  Cerasin. 

Chlorophosphate  of  lead:  see  Pyromor- 
phite. 

Chromate  of  lead :  see  Croco'isite,  Moiano- 
chroi'te,  Ked  lead  ore,  Vauquelinite. 

Clausthalite.    Selenide  of  lead.    PbSe. 

Corneous  lead.     Syn.  with  Cerasin. 

Cotunnite :  see  Chloride  of  lead. 

Crocoisite.      Chromate    of   lead.      PbO. 

CW-gty* 

Cupreous  sulphate  of  lead :  see  Linarite. 
Cupreous  sulphatocarbonate  of  lead:  see 

Caledonite. 

Cuproplumbite.     2PbS.CuS. 
Dechenite.    Vanadate  of  lead.    PbV206. 
Descloizite.    Pb'V207  or  2PbO.V'03. 
Embrothite :  see  Boulangerite. 
Eusynchite.     Syn.  with  Dechenite. 
Freislebenite.    Pb3Ag4S5.2Sb2S3. 
Galena.    Lead-glance.    Sulphide  of  load. 

PbS. 

Geocronite.    Arseniferous  Schulzite. 
Heteromorphite.      Feather-ore.      Plumo- 

site.    2PbS.Sb2S3. 
Hydroaluminous  lead:  see  Aluminate  of 

lead. 
Kilbrickenite.    6PbS.Sb2S3. 


Kobellite. 


Lanarkite.      Sulphatocarbonate  of   lead. 
PbC03.PbSO«. 


Lead-glance :  see  Galena. 

Lead,  native. 

Lead  ochre.    Native  protoxide  of  lead. 

Lead  ore,  green  :  see  Mimetite  and  Pyro- 
morphite. 

Lead  ore,  red :  see  Minium. 

Lead  ore,  white :  see  Cerusite. 

Lead  ore,  yellow :  see  Molybdate  of  lead. 

Leadhillite.  Sulphatotricarbonate  of  lead. 
3PbC03.PbS04. 

Lehrbachite.  Selenide  of  lead  and  mer- 
cury. (Pb;Hg)Se. 

Linarite.  Cupreous  Anglesite.  Cupreous 
sulphate  of  lead.  CuH202.PbS04. 

Matlockite.    Pb2CPO. 

Melanochroite.       Phcenicite.      Phcenoco- 


chroite.    3Pb0.2Cr03 


Pb3 


O9. 


(Cr")2J 

Mendipite.    Pb3Cl202. 

Meneghinite.     4PbS.Sb2Ss. 

Mimetite,  Mimotesite,  Mimetene.  Green 
lead  ore.  PbCl2.3Pb3As208.  To  this 
is  related  Hedyphane,  containing  also 
calcium  and  phosphorus. 

Minium.     Red  oxide  of  lead  (p.  552). 

Molybdate  of  lead.     Wulfenite.    Yello\r 


lead  ore.     PbO.MoO3  = 


Mo' 

Pb 


0'. 


Muriocarbonate  of  lead.  Syn.  with  Ce- 
rasin. 

Nagyagite.  Foliated  Tellurium.  (Pb; 
Au2).(Te;Se). 

Needle  ore :  see  Aciculite. 

Oxides  of  lead :  see  Lead  ochre,  Minium, 
and  Plattnerite. 

Oxychloride  of  lead:  see  Matlockite  and 
Mendipite. 

Patrinite :  see  Aciculite. 

Phcenicite  or  Phcenicochroite :  see  Me- 
lanochro'ite. 

Phosgenite:  see  Cerasin. 

Phosphate  of  lead :  see  Pyromorphite. 

Plagionite.     4PbS.3Sb2S3. 

Plattnerite.  Peroxide  of  lead.  PbO2. 
A  doubtful  species. 

Plumboresinite :  see  Aluminate  of  lead. 

Plumbostib :  see  Boulangerite. 

Polysphserite.  Pyromorphito  containing 
calcium. 

Polytelite.     4(Pb;Ag2)S.Sb2S3. 

Pyromorphite.  Green  lead  ore.  Chloro- 
phosphate of  lead.  3Pb8P208  +  PbCl' 
or  PbP'. 

Schulzite.     5PbS.Sb2S3. 

Selenate  of  lead.    PbSeO4. 

Selenide  of  load:  see  Clausthalite  and 
Lehrbachite. 

Stolzite:    Tungstate  of    lead.     P'bWO4. 

Sulphate  of  lead :  see  Anglesite. 

Sulphatocarbonate  of  lead:  see  Lanark- 
ite. 

Sulphatotricarbonate  of  lead:  see  Lead- 
hillite, and  Sulzannite. 

Sulphide  of  lead :  see  Galena. 

Sulzannito.  Ehombohedral  Sulphatotri- 
carbonate of  lead.  PbS04.3PbC03. 
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Telluride  of  lead :  see  Altaite,  and  Nag-  Vanadinite.    3PbsV203.PbCl2. 

yagite.  Wolchite :  see  Bournonite. 

Tungstate  of  lead :  see  Stolzite.  Wulfenite.     Molybdate  of  lead. 

Vauquelinite.     ^uO  J  4CrQ3<  White  lead  ore :  see  Cerusite. 

Zinkenite.    PbS.Sb'S3  =  P"b  I S4. 
Sb2J 


Vanadate  of  lead :   see  Dechenite,  Des- 
cloizite,  and  Vanadinite. 


The  ores  which  are  actually  worked  for  lead  have  been  already  described  (pp.  480, 
481)  :  for  the  rest,  see  the  several  articles. — Kespecting  the  working  of  lead  ores,  see 
pp.  481 — 531 ;  methods  of  assaying  them,  p.  543. 

XiEAD,  OXIDES  OF.    Lead  forms  five  oxides,  viz. : 

The  Suboxide Pb20. 

The  Protoxide PbO. 

The  Bed  oxide Pb304. 

The  Sesquioxide Pb203. 

The  Dioxide  or  Peroxide  ....        PbO2. 

The  protoxide  is  a  strong  base ;  the  sesquioxide  and  peroxide  also  unite  with  acids. 
The  red  oxide  is  decomposed  by  most  acids.  All  the  oxides  of  lead  are  easily  reduced 
to  the  metallic  state  by  charcoal  at  a  red  heat. 

Suboxide.  Pb20. — This  oxide,  which  was  discovered  by  Dulong,  remains  when 
oxalate  of  lead  is  cautiously  heated  in  a  retort  from  which  the  air  is  excluded. 
According  to  Pelouze  (Ann.  Ch.  Pharm.  xlii.  209),  the  retort  should  be  heated  in  an 
oil-bath  to  a  temperature  not  exceeding  300°,  the  heat  being  continued  as  long  as  any 
gas  is  given  off:  the  gas  thus  evolved  is  a  mixture  of  1  vol.  carbonic  oxide  and  3  vol. 
carbonic  anhydride : 

2PbC204  =  Pb20  +  CO  +  3C02. 

The  whole  is  suffered  to  cool  before  the  suboxide  is  removed.  It  forms  a  black 
powder,  sometimes  dull,  sometimes  having  a  velvety  lustre.  It  contains  no  metallic 
lead,  for  mercury  extracts  nothing  from  it,  either  dry  or  under  water ;  neither  does  it 
contain  any  protoxide,  for  the  aqueous  solution  of  acetate  of  lead  does  not  extract  any 
protoxide  from  it  on  boiling.  But  when  heated  to  dull  redness,  out  of  contact  of  air,  it 
is  resolved  into  a  greenish-yellow  mixture  of  lead  and  protoxide  (Boussingault, 
Pelouze).  After  this  treatment,  mercury  extracts  lead  from  the  substance,  and  a 
boiling  solution  of  acetate  of  lead  or  acetic  acid  leaves  the  lead  in  the  form  of  a  net- 
work, which,  when  pressed  together  between  the  fingers,  forms  a  dense  mass  having  the 
metallic  lustre.  The  suboxide  heated  in  the  air  takes  fire,  burns  with  a  glimmering 
light,  and  is  converted  into  protoxide.  Dilute  sulphuric,  nitric,  hydrochloric,  or  acetic 
acid  resolves  it  into  protoxide,  which  combines  with  the  acid,  and  very  finely- 
divided  metallic  lead.  The  same  effect  is  produced  by  a  strong  solution  of  normal 
nitrate  of  lead  ;  a  dilute  solution,  on  the  contrary,  takes  up  the  whole  of  the  suboxide 
and  forms  basic  nitrate  of  lead.  The  suboxide,  when  moistened  with  water,  rapidly 
absorbs  oxygen  from  the  air,  and  is  converted  into  the  white  hydrated  protoxide,  the 
action  being  attended  with  rise  of  temperature.  A  mixture  of  finely- divided  lead  and 
litharge  does  not  yield  the  same  result. 

The  grey  pellicle  which  forms  upon  lead  exposed  to  the  air,  has  also,  according  to 
Berzelius,  the  composition  Pb20. 

Protoxide.  Lead-oxide.  PbO. — This  oxide  occurs  native  as  lead-ochre,  a 
massive  mineral,  sometimes  with  scaly  crystalline  structure.  Specific  gravity  8*0. 
Lustre  dull.  Opaque.  Colour  between  sulphur-  and  orpiment-yellow.  Streak  lighter 
than  the  colour.  It  does  not  soil.  It  is  said  to  occur  at  Badenweiler,  in  Baden,  and, 
according  to  Gerolt,  has  been  ejected  from  the  volcanoes  Popocatapetl  and,  Iztaccituall, 
in  Mexico.  It  is  found  also  at  other  localities  in  Mexico,  and  at  Austin's  mines,  Wythe 
county,  Virginia.  (Dana,  ii.  109.) 

Protoxide  of  lead  is  obtained  pure  by  igniting  the  basic  nitrate,  or  the  carbonate  or 
oxalate  of  lead,  in  a  platinum  crucible,  in  contact  with  the  air,  taking  care  that  the 
oxide  does  not  fuse,  otherwise  it  will  take  up  metal  from  the  crucible,  and  if  heated  in 
a  porcelain  crucible,  would  take  up  silica.  The  pure  oxide  thus  obtained  has  a  lemon- 
yellow  colour,  and  a  specific  gravity  of  9*4214. 

On  the  large  scale,  protoxide  of  lead  is  obtained  in  the  forms  of  massicot  and 
litharge. — 1.  Massicot  is  prepared  by  heating  lead  to  low  redness  on  a  flat  hearth,  and 
continually  removing  the  film  of  oxide  as  it  forms,  till  the  lead-ash  at  first  obtained  is, 
for  the  most  part,  converted  into  the  yellow  oxide  ;  the  latter  is  then  freed  from  the  still 
remaining  metallic  portions  by  grinding  and  levigation. — 2.  Litharge  is  obtained  in  the 
oxidation  of  pig-lead  containing  gold  and  silver— the  resulting  lead-oxide,  which  is 
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generally  contaminated  with  silica,  feme  oxide,  cupric  and  cuprous  oxide,  antimonious 
oxide,  and  other  oxides,  is  fused  by  the  high  temperature,  and  solidifies  in  a  scaly, 
shining  mass,  sometimes  of  a  yellowish  tint  (Argyritis,  Silbcr-qltitte),  sometimes  rather 
inclining  to  red  (Chrysitis,  Goldglatte).  The  oxide  of  copper  may  be  completely 
removed  by  digesting  the  levigated  litharge  with  aqueous  solution  of  carbonate  of  am- 
monia (Bis  ch of,  Schw.  J.  64,  65). — The  antimonious  oxide  is  left  behind  on  dissolving 
the  litharge  in  boiling  nitric  acid,  and  may  then  be  dissolved  in  hydrochloric  acid 
(Anthon,  Kepert.  58,  387.) — The  difference  between  red  and  yellow  litharge  is  attri- 
buted by  Leblanc  (J.  Pharm.  [3],  Sept.  8,  1845)  to  a  mere  diversity  of  physical 
structure,  not  of  chemical  composition ;  for  either  modification  may  be  obtained  at 
pleasure  by  properly  regulating  the  temperature  and  the  rate  of  cooling;  the  red 
variety,  which  is  specifically  lighter  than  the  yellow  and  more  crystalline  substance,  is 
formed  most  abundantly  when  the  cooling  is  slow.  (See  also  p.  514.) 

Properties. — Protoxide  of  lead  appears  to  be  both  dimorphous  and  amorphous, 
occurring  in  pale-yellow  rhombic  octahedrons  and  cubes,  and  regular  dodecahedrons, 
and  as  a  red  amorphous  powder.  By  the  following  processes  it  may  be  obtained  in  the 
crystalline  state: — 1.  By  slow  cooling  after  fusion.  Litharge,  when  quickly  cooled, 
solidifies  in  a  mass  of  crystalline  scales ;  but  the  portion  which  remains  on  the  muffle 
sometimes  crystallises  in  yellow,  translucent,  six-sided  tables  (Marx);  intrimetric 
octahedrons  with  a  distinct  plane  of  cleavage  (Hits cherlich) ;  in  regular  dodeca- 
hedrons, the  angles  of  which  are  indefinite,  in  consequence  of  the  curvature  of  the 
faces  (G-aultier  de  Claubry  and  Beudaut).  White  lead  fused  by  the  blowpipe- 
flame  on  a  copper  plate  or  other  non-reducing  support,  crystallises  in  scales  on  cooling ; 
but  from  the  middle  of  it  there  generally  shoots  out  a  mass,  half  a  line  long,  sometimes 
in  the  form  of  a  triangular  pyramid,  sometimes  in  that  of  a  nearly  perfect  rhombic 
dodecahedron,  of  a  hyacinth-red  tint  while  hot,  becoming  sulphur-yellow  and  trans- 
lucent as  it  cools,  and  opaque  and  dull  when  perfectly  cold.  This  alternate  fusion  and 
crystallisation  may  be  repeated  several  times. — 2.  By  fusion  with  hydrate  of  potassium. 
If  1  part  of  lead-oxide  and  from  4  to  6  of  hydrate  of  potassium  be  fused  for  a  short 
time  in  a  silver  crucible  at  an  incipient  red  heat,  and  the  mass  after  cooling  exhausted 
with  water,  the  lead-oxide  remains  in  the  form  of  cubes  and  square  tables  (Becquer  el, 
Ann.  Ch.  Phys.  [2],  li.  105). — 3.  By  treating  lead-oxide  with  potash  or  soda-ley.  From 
a  solution  of  lead-oxide  in  soda-ley,  saturated  while  hot,  placed  in  a  stoppered  bottle, 
and  then  left  to  itself  all  through  the  winter,  the  lead-oxide  crystallises  in  small,  white, 
translucent  rhombic  dodecahedrons  (Houton-Labillardiere,  J.  Pharm.  iii.  335). 
The  crystals  are  trimetric  octahedrons,  having  the  same  angles  as  those  obtained  by 
fusion  (Mitscherlich).  Strong  boiling  potash-ley  saturated  with  lead-oxide  yields, 
on  cooling,  yellow  scales  similar  to  those  of  litharge  ;  if  the  potash-solution  is  less  fully 
saturated  with  lead-oxide,  or  if  it  has  deposited  the  excess  of  that  oxide  in  scales,  no 
further  deposition  takes  place  till  after  perfect  cooling,  whereupon  red  scales  are  thrown 
down,  perfectly  soluble  in  acetic  acid,  and  therefore  free  from  minium ;  if  these  scales  are 
heated,  they  turn  yellow  on  cooling.  Hence  it  appears  that  litharge  may  have  a  red 
colour  without  containing  minium  or  red  oxide  of  copper  (Mitscherlich,  J.  pr.  Chem. 
xix.  451) — Boiling  soda-ley  of  40°— 41°  B.,  saturated  with  hydrate  of  lead,  yields 
rose-red  crystals  of  the  protoxide  on  cooling.  These  crystals  yield  an  orange-yellow 
powder,  similar  to  that  of  litharge.  At  about  400°  they  turn  black,  increase  in  bulk, 
decrepitate  with  loss  of  O'l  per  cent,  of  water — and  when  heated  to  low  redness, 
assume  a  sulphur-yellow  colour  without  changing  their  form.  While  still  in  the  red 
state,  they  dissolve,  though  very  sparingly,  in  nitric  acid,  either  concentrated  or  dilute 
(Calvert,  Cornpt.  rend.  xvi.  136).  If  hydrated  lead-oxide  be  boiled  with  a  quantity 
of  aqueous  alkali  not  sufficient  to  dissolve  it,  the  undissolved  portion  becomes  con- 
verted into  crystalline  anhydrous  oxide ;  the  resulting  solution,  when  evaporated,  yields 
more  crystals  of  the  anhydrous  oxide,  distinguished  from  the  former  portion  by  their 
easy  solubility  in  alkalis,  even  when  dilute  (Fremy,  J.  Pharm.  [3],  iii.  30). — 4.  By 
precipitating  a  lead-salt  with  excess  of  alkali.  Solution  of  neutral  acetate  of  lead 
mixed  with  excess  of  ammonia  and  exposed  to  the  sun  for  a  few  days,  yields  olive- 
green,  very  hard  crystals  of  anhydrous  oxide  (Tiinnermann,  Kastn.  Arch.  xix.  339). 
Behrens  (J.  Pharm.  [3],  iv.  4,  18)  supersaturates  the  sugar-of-lead  solution  with  a 
quantity  of  ammonia  sufficient  to  re-dissolve  the  precipitate ;  filters  to  separate  any 
carbonate  of  lead  that  may  have  been  formed ;  puts  the  filtrate  into  a  stoppered 
bottle ;  and  exposes  it  to  the  rays  of  the  sun.  After  a  few  hours,  transparent  crystals 
make  their  appearance,  colourless  at  first,  but  afterwards  becoming  yellowish,  and 
finally  yellowish-grey.  Their  powder  is  white,  but  assumes  a  dark  brown-red  colour 
after  long  trituration. — 4  measures  of  solution  of  lead-acetate,  saturated  at  30°,  mixed 
with  100  measures  of  boiling  water,  and  then  with  45  measures  of  aqueous  ammonia, 
deposit,  in  the  course  of  half  a  minute,  a  large  number  of  very  delicate,  yellowish-white 
rhomboidal  laminse,  having  a  silvery  lustre  and  united  in  tufts ;  these  laminae  must  be 
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separated  by  levigation  from  the  crystalline  granules  of  hydrated  oxide,  which  fall 
down  at  the  same  time,  then  washed  with  boiling  water,  and  dried  in  vacuo.  When 
ignited,  they  do  not  give  off  any  water — or  only  a  trace  of  it,  with  decrepitation — 
neither  do  they  lose  their  transparency.  They  may  be  obtained  without  admixture  of 
hydrate,  by  boiling  100  measures  of  a  saturated  solution  of  triplumbic  acetate  with  50 
measures  of  water,  adding  thereto  a  mixture  of  50  measures  of  water  at  80°,  and 
8  measures  of  aqueous  ammonia,  and  heating  the  mixture  in  the  water-bath.  In  the 
course  of  a  minute,  crystals  of  the  oxide  separate,  free  from  hydrate,  the  formation  of 
the  latter  being  prevented  by  the  high  temperature  (Pay en,  Ann.  Ch.  Phys.  [2], 
Ixvi.  54). — 5.  By  placing  lead  in  contact  with  air  and  water.  On  the  bottom  of  a 
leaden  vessel  filled  with  water,  there  are  first  formed  a  number  of  white  flakes  of 
hydrated  basic  carbonate  of  lead,  then  shining  grey  crystals  of  anhydrous  oxide,  partly 
in  scales  like  mica,  partly  in  rhombic  dodecahedrons  with  cube-faces.  When  heated, 
they  become  opaque  and  orange-coloured,  but  without  losing  weight  or  lustre  (York  e 
Phil.  Mag.  [3]  v.  82.) 

The  specific  gravity  of  protoxide  of  lead  is  9-20092  (Karsten),  9'277  (Herapath), 
9-363  (Playfair  and  Joule) ;  after  fusion  9'50  (Boullay).  According  to  Leblanc 
(Ann.  Ch.  Pharm.  Ivi.  235),  the  specific  gravity  of  litharge  is  greater  after  slow  than 
after  quick  solidification.  The  cubical  expansion  between  0°  and  100°  is  0-00795. 
At  a  red  heat  it  melts  to  a  clear  dark  red  liquid,  which  solidifies  to  a  reddish-yellow 
crystalline  mass. 

Protoxide  of  lead  unites  readily  with  acids,  forming  neutral  and  very  soluble  salts, 
and  likewise  exhibits  a  decided  chlorous  or  negative  reaction  towards  strong  bases. 
It  dissolves  readily  in  caustic  potash  and  soda.  Bary fa-water  and  lime-water  also 
dissolve  it,  and  the  lime-compound  is  said  to  crystallise  in  sparingly  soluble  needles. 
By  boiling  the  protoxide  with  milk  of  lime,  a  liquid  is  obtained  which  may  be  used 
for  producing  a  black  dye  on  hair,  nails,  horn,  and  -wood. 

An  oxide  of  lead  and  silver,  Ag20.2PbO  or  AgflPWO*,  is  obtained  by  adding  caustic 
potash  to  a  solution  of  a  lead-salt  mixed  with  a  silver-salt,  as  a  yellow  precipitate 
insoluble  in  excess  of  the  alkali,  and  thereby  easily  separated  from  admixed  lead-oxide. 
It  is  easily  soluble  in  nitric  acid ;  blackens  on  exposure  to  light ;  leaves,  when  ignited, 
a  mixture  of  lead-oxide  and  metallic  silver ;  and  when  quietly  heated  in  hydrogen 
gas  is  reduced  to  an  easily  fusible  alloy  of  the  two  metals.  (Wohler,  Pogg.  Ann, 
xli.  344.) 

Protoxide  of  lead  dissolves,  according  to  Bineau,  in  7,000  pts.  of  pure  water,  form- 
ing a  solution  which  decomposes  most  salts  of  the  alkali-metals.  The  solubility  is 
greatly  diminished  by  the  presence  of  certain  salts,  e.g.  sulphates,  phosphates  and 
carbonates,  and  increased  by  that  of  ammonia  and  its  salts  (p.  47). 

Hydrate,  or  Hydrated  Ox  i  deof  Le  a  d,  is  obtained  on  adding  a  solution  of  neutral 
acetate  of  lead  to  excess  of  ammonia,  as  a  white  amorphous  precipitate  containing 
3Pb0.2H20  (Pay en),  or  2PbO.H-0  (Schaf  f  ner),  or,  according  to  older  statements, 
PbO.H20  or  PbII-02.  If  the  solution  be  heated,  the  anhydrous  protoxide  is  formed 
at  the  same  time.  When  lead  is  immersed  in  pure  water,  hydrate  of  lead  is  formed, 
and  partly  di  ssolves  (v.  Bonsdorff).  The  hydrate  precipitated  on  treating  nitrate  or 
acetate  of  lead  with  caustic  potash  is  always  mixed,  according  toWinkelblech,  with  a 
certain  quantity  of  basic  salt.  According  to  other  statements,  however,  the  acid  which 
it  contains  may  be  completely  removed  by  digestion  with  a  slight  excess  of  alkali. 

The  hydrate  prepared  by  precipitation  with  ammonia,  as  above,  appears  under  the 
microscope  to  be  composed  of  prismatic  crystals.  It  must  be  protected  from  the  air 
during  washing,  otherwise  it  will  absorb  carbonic  acid.  It  retains  its  water  at  100°, 
but  gives  it  up  at  a  somewhat  higher  temperature,  and  is  converted  into  the  anhydrous 
protoxide,  which  is  red  while  hot,  yellow  after  cooling. 

Hydrate  of  lead  takes  up  ammonia,  forming  the  two  compounds  2NH3.PbO.H'*0  and 
2(NH3.4PbO).HX).  (Gal vert,  Compt.  rend.  xxii.  480.) 

Red  Oxide  of  lead.  Eed  Lead.  Minium.  Pbs04  =  2PbO.Pb02  or  PbO.Pb203.— 
This  oxide  is  formed  when  the  protoxide  is  kept  at  a  low  red  heat  for  a  considerable 
time  in  contact  with  the  air;  also,  after  previous  formation  of  hydrated  protoxide 
and  basic  carbonate  of  lead,  when  lead-shavings  are  strewn  upon  water,  the  vessel 
being  loosely  covered,  and  then  set  aside  for  some  months,  the  formation  of  red 
lead  taking  place  chiefly  on  those  surfaces  of  the  metal  which  are  exposed  to  the 
air.  In  like  manner,  drawings,  made  with  lead  turn  red  in  the  course  of  years. 
(v.  Bonsdorff.) 

The  red  oxide  also  occurs  native  in  certain  localities,  mixed  with  other  ores  of  lead, 
and  probably  resulting  from  their  oxidation,  viz.  at  Bleialf  and  Kail  in  the  Eifel,  at 
Baden weiler  in  Baden  ;  at  Brillon  in  Westphalia ;  on  G-rassington  Moor,  and  in  Weir- 
dale,  Yorkshire;  in  the  Isle  of  Anglesey,  and  at  Austin's  Mine,  Wythe  County, 
Virginia,  where  it  accompanies  cerusite. 
VOL.  III.  N  N 
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Red  lead  is  extensively  used  as  a  pigment,  and  in  the  manufacture  of  flint-glass. 
It  is  prepared  on  the  large  scale  in  this  country,  chiefly  in  Derbyshire,  by  oxidising 
lead  in  a  reverberatory  furnace  having  two  fire-hearths,  covered  by  an  elliptically 
arched  roof;  they  are  situated  at  the  extreme  end  of  the  furnace,  and  are  separated 
from  the  middle  hearth,  or  lead-hearth,  by  low  walls  or  fire-bridges.  The  fuel  used  is 
coke.  About  l,500lbs.  of  lead  (one-tenth  consisting  of  hard  lead)  are  placed  upon  the 
lead-hearth,  and  worked  about,  as  soon  as  it  is  melted,  with  an  iron  crutch,  the  oxide 
(massicot)  as  it  forms  being  pushed  to  the  side  of  the  hearth.  The  temperature 
must  not  be  raised  above  low  redness,  so  that  the  oxide  may  not  melt.  After  24 
hours,  the  massicot  is  taken  out,  reduced,  to  very  fine  powder  by  grinding  and  leviga- 
tion,  again  placed  upon  the  lead-hearth,  and  exposed  to  the  same  temperature  as 
before  for  48  hours,  or  till  a  sample  taken  out  appears  dark  red  when  hot,  and  bright 
red  on  cooling.  The  furnace  must  then  be  closed,  and  left  to  cool  slowly,  a  condition 
mainly  essential  to  the  success  of  the  operation.  In  Germany  the  conversion  of  the 
massicot  into  red  lead  is  effected  in  a  peculiar  furnace,  in  which  the  massicot  is  placed, 
not  on  a  hearth,  but  in  barrel-shaped  vessels  open  at  both  ends.  Sometimes  the 
operation  is  repeated  in  order  to  improve  the  colour.  Carbonate  of  lead  may  also  be 
used,  instead  of  massicot,  for  conversion  into  red  lead,  but  when  the  temperature  is 
properly  regulated,  another  pigment  is  obtained,  called  Orange  Lead.  Red  lead  thus 
prepared,  which,  however,  retains  a  little  carbonic  acid,  is  known  as  a  pigment  by  the 
name  of  Paris  red. 

To  free  commercial  red  lead  from  the  yellow  oxide  mixed  with  it,  Dumas  digests  it 
repeatedly  with  solution  of  lead-acetate ;  Berzelius  and  Dalton  recommend  treatment 
with  cold,  very  dilute  acetic  acid;  Phillips  recommends  144  pts.  at  most,  of  strong 
acetic  acid  diluted  with  a  large  quantity  of  water  to  100  of  minium,  inasmuch  as  if 
more  acid  be  used,  the  brown  peroxide  is  likewise  formed.  According  to  Dumas, 
however,  peroxide  of  lead  is  always  formed  in  the  purification  of  minium,  before  the 
whole  of  the  free  protoxide  is  extracted,  even  when  the  dilutest  acetic  acid  is  employed. 

Commercial  red  lead  likewise  contains  all  the  foreign  metallic  oxides — such  as  the 
oxides  of  copper,  iron,  and  silver — with  which  the  massicot  or  litharge  used  in  pre- 
paring it  is  contaminated.  Red  lead  is  likewise  often  adulterated  with  oxide  of  iron, 
red  bole  or  brick-dust;  these  substances  remain  undissolved  when  the  red  lead  is  di- 
gested in  warm  dilute  nitric  acid  ;  boiling  hydrochloric  acid  extracts  sesquioxide 
of  iron. from  the  residue.  When  red  lead  thus  adulterated  is  ignited,  there  remains  a 
mixture  of  yellow  lead-oxide  and  the  red  substances  that  have  been  added  to  it. 

On  the  small  scale,  red  lead  may  be  obtained  of  very  fine  colour  by  the  following 
processes : — 1.  When  4  pts.  of  lead-oxide,  prepared  by  igniting  white  lead,  are  heated 
in  a  silver  or  platinum  crucible  with  1  pt.  of  chlorate  of  potassium  and  8  pts.  of  nitre 
(the  latter  acting  as  a  flux  and  thereby  saving  the  chlorate),  brown  peroxide  of  lead  is 
first  obtained ;  but  this,  when  further  heated  to  dull  redness,  is  converted,  with  intu- 
mescence and  thickening  of  the  mass,  into  red  lead.  As  soon  as  the  red  lead  begins 
to  decompose  at  the  edge  of  the  crucible,  the  mass  is  suffered  to  cool,  and  the  red  lead 
well  boiled  with  water  containing  potash. — 2.  By  boiling  peroxide  of  lead  with  aqueous 
plumbate  of  potassium,  or  1  pt.  of  the  peroxide  with  5  pts.  of  lead-nitrate  and  a 
quantity  of  aqueous  potash  or  soda  sufficient  to  redissolve  the  hydrate  of  lead  first  pre- 
cipitated, till  a  brown-red  mixture  of  minium  with  a  small  quantity  of  the  peroxide  is 
produced,  and  digesting  this  mixture,  after  washing,  with  oxalic  acid,  which  decom- 
poses the  peroxide  without  acting  on  the  minium.  The  minium  obtained  by  this 
process  is  rather  dark-coloured,  but  becomes  brighter  when  rubbed  up  with  water ;  it 
has  the  same  composition  as  that  which  is  obtained  by  the  ordinary  method.  (Levol, 
Ann.  Ch.  Phys.  [3]  Ixxv.  108.) 

Properties. — Red  oxide  of  lead  is  a  scarlet,  crystalline- granular  powder;  when 
heated,  it  first  assumes  a  finer  red  colour,  and  then  turns  violet.  Specific  gravity  8 '62 
(Karsten),  8-94  (Muschenbroek),  9-082  (Herapath);  of  native  minium  4'6[?],  8'6. 
(Dana,  ii.  126.) 

Red  lead  was  formerly  supposed,  according  to  analyses  by  Richter,  Wiegleb, 
Thomson,  and  Berzelius,  to  be  a  sesquioxide,  Pb20s;  but  it  is  probable  that  the 
products  examined  by  these  chemists  contained  protoxide  or  carbonate  of  lead ;  for 
Dumas  has  shown  that  the  perfectly  pure  red  oxide  specially  prepared  for  analysis,  or 
the  commercial  product  freed  from  protoxide  by  digestion  with  solution  of  acetate  of 
lead,  contains  90-63  per  cent,  lead  and  9'37  oxygen,  numbers  agreeing  exactly  with  the 
formula  Pb304.  It  may  be  regarded  either  as  a  compound  of  the  protoxide  and  per- 
oxide of  lead,  2PbO.Pb02,  or  perhaps  of  the  protoxide  and  sesquioxide,  PbO.Pb'O3, 
analogous  to  magnetic  oxide  of  iron.  Jacquelain  (J.  pr.  Chem.  liii.  151)  found  that 
a  mixture  of  1  at.  PbO  and  1  at.  PbO2,  heated  to  450°,  assumed  a  fine  red  colour, 
gave  off  no  oxygen,  and  was  afterwards  perfectly  soluble  in  potash-ley  and  glacial 
acetic  acid.  It  is  possible,  however,  that  there  may  be  more  than  one  red  oxide  of 
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lead  intermediate  in  composition  between  the  proto-  and  peroxides ;  for  a  crystallised 
red  lead  from  a  minium  furnace,  analysed  by  Houton-Labillardiere,  exhibited  the 
composition  3PbO.Pb02. 

Decompositions. — 1.  By  rather  strong  ignition,  red  lead  is  resolved  into  the  prot- 
oxide and  2'4  per  cent,  of  oxygen  gas  (Dumas). — 2.  By  many  oxidable  bodies,  at 
various  temperatures,  it  is  reduced  to  the  protoxide.  Aqueous  sulphurous  and  nitrous 
acids,  at  ordinary  temperatures,  convert  it  respectively  into  sulphate  and  nitrate  of 
lead ;  sulphurous  acid  acts  very  slowly  in  the  cold,  but  rapidly  on  the  application  of 
heat,  bichloride  of  tin  converts  it,  with  a  rise  of  temperature  of  13°,  into  chloride  of 
lead  and  stannic  oxide  (A.  Vogel,  Kastn.  Arch,  xxiii.  84).  It  is  likewise  reduced 
by  boiling  with  a  solution  of  sugar,  and  oxidises  many  organic  acids.  When  2  pts.  of 
red  lead  and  1  pt.  crystallised  tartaric  acid  are  rubbed  up  to  a  thin  paste  with  a  small 
quantity  of  water,  the  mixture  becomes  hot  and  whitish,  and  the  odour  of  formic  acid 
is  given  off  (Bottger). — 3.  By  a  small  quantity  of  hydrochloric  acid,  red  lead  is  con- 
verted into  chloride  of  lead,  peroxide  of  lead,  and  water : 

Pb304  +  4HC1  =  2PbCl2  +  PbO2  +  2H20. 
By  a  larger  quantity  of  hydrochloric  acid,  into  chloride  of  lead,  chlorine  gas,  and  water : 

Pb304  +  8HC1  =  3PbCl2  +  Cl2  +  4H20. 
4.  By  chlorine-water,  into  chlorine  and  peroxide  of  lead  : 
Pb304  +  Cl2  =  PbCl2  +  2Pb02. 

Similarly  with  bromine-water  (Lowig).  Minium  is  not  decomposed  by  mercuroua 
nitrate  or  oxalic  acid.  (Levol.) 

Heated  with  strong  sulphuric  acid,  it  yields  sulphate  of  lead  and  free  oxygon.  By 
nitric  acid,  dilute  sulphuric  acid,  and  likewise  by  weaker  acids,  such  as  ordinary  acttio 
acid,  it  is  resolved  into  protoxide  and  peroxide,  the  former  dissolving  in  the  form  of  an 
ordinary  lead-salt,  while  the  latter  remains  undissolved.  In  glacial  acetic  acid,  however, 
it  dissolves  completely ;  and  when  considerable  quantities  of  it,  but  not  quite  sufficient 
for  saturation,  are  dissolved  in  that  acid  at  40°,  the  liquid  on  cooling  deposits  prismatic 
crystals  of  acetate  of  peroxide  of  lead,  while  an  acetate  of  the  sesquioxide  remains  in 
solution  (Jacquelain,  J.  pr.  Chem.  liii.  151).  According  to  Schonbein  (ibid. 
Ixxxiv.  315),  concentrated  acetic  acid  shaken  up  for  about  15  minutes  with  levigated 
minium,  takes  up  about  9  per  cent,  of  it,  forming  a  solution  which  is  quickly  decom- 
posed by  heat  or  by  dilution,  but  appears  to  be  stable  at  — 18°.  Sulphuric  acid  added 
to  this  solution  throws  down  all  the  protoxide  of  lead  contained  in  it,  leaving  a  pure 
solution  of  acetate  of  peroxide,  which  deposits  the  peroxide  slowly  at  ordinary  tem- 
peratures, quickly  when  warmed.  Potash  added  to  the  solution  of  minium  in  acetic 
acid,  throws  down,  not  minium,  but  a  mixture  of  the  proto-  and  peroxides,  which 
blues  tincture  of  guaiacum  and  iodised  starch-paste,  reactions  not  produced  by  pure 
minium.  The  solution  of  minium,  and  that  of  the  pure  peroxide  in  acetic  acid,  imme- 
diately decolorise  solution  of  indigo ;  when  shaken  up  with  finely  divided  zinc,  iron, 
lead,  copper,  or  even  silver,  they  form  acetates  of  these  metals  and  lose  their  oxidising 
properties.  The  same  solutions  convert  iodine  into  iodic  acid,  sulphurous  acid  into 
sulphuric  acid,  sulphide  of  lead  into  sulphate,  and  act  strongly  at  common  tem- 
peratures on  oil  of  turpentine.  (Schonbein.) 

Minium  likewise  dissolves  in  cold  concentrated  aqueous  phosphoric  and  arsenic  adds, 
forming  salts  of  the  peroxide.  (Jacquelain,  see  p.  555.) 

Sesquioxide  of  Lead.  Pb203. — Hypochlorite  of  sodium  throws  down  from 
lead-salts,  a  reddish-yellow  mixture  of  sesquioxide  and  chloride  of  lead,  which,  if 
warmed  or  left  to  stand  for  some  time,  turns  brown  from  formation  of  peroxide.  To 
obtain  the  sesquioxide  free  from  chloride,  nitrate  of  lead  is  supersaturated  with  potash 
in  sufficient  quantity  to  redissolve  the  precipitate,  and  then  treated  with  hypochlorite 
of  sodium.  The  yellow  precipitate,  when  washed  and  dried,  yields  a  soft,  non-crys- 
talline, reddish-yellow  powder,  which  may  be  dried  over  oil  of  vitriol.  At  a  red  heat, 
the  sesquioxide  is  resolved  into  6-47  per  cent,  of  oxygen  gas,  and  96-53  per  cent,  of 
protoxide.  By  oxalic  acid  and  by  formic  acid  it  is  reduced  to  protoxide,  with  evolution 
of  heat.  With  nitric,  sulphuric,  hydrofluosilicic  and  acetic  acids,  generally  without  the 
application  of  heat,  it  is  converted  into  peroxide  and  a  salt  of  the  protoxide.  It 
dissolves  in  cold  hydrochloric  acid,  forming  a  yellow  liquid  from  which  it  is  again  pre- 
cipitated by  alkalis  :  the  liquid,  however,  resolves  itself  in  a  few  minutes  into  chloride 
of  lead  and  free  chlorine.  (Winkelblech,  Ann.  Ch.  Pharm.  li.  175.) 

The  sesquioxide  may  also  be  obtained  by  precipitating  a  solution  of  the  red  oxide  in 
acetic  acid  (vid.  sup.)  with  caustic  alkalis  or  alkaline  carbonates.  If  the  fixed  alkalis 
are  used,  the  sesquioxide  always  retains  a  portion  of  the  precipitant,  which  cannot  be 
removed  by  washing ;  but  by  pouring  the  acetic  solution  into  very  dilute  ammonia, 
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separating  the  precipitate  quickly  from  the  liquid,  washing  it  with  hot  water  containing 
a  very  small  quantity  of  acetic  acid,  and  drying  at  100°,  the  sesquioxide  is  obtained 
pure,  having  the  colour  of  ferric  oxide,  and  differing  in  external  appearance  from  that 
obtained  by  Winkolblech,  but  agreeing  with  it  in  composition  and  reactions.  When 
heated  to  150°,  it  becomes  darker,  like  ignited  ferric  oxide,  but  does  not  decompose. 

The  acetic  solution  of  the  sesquioxide  may  be  mixed,  without  decomposition,  with 
from  4  to  6  times  its  volume  of  alcohol  of  96°  Tr.  (Jacquelain,  loc.  cit.) 

Dioxide  or  Peroxide  of  Xiead.  Brown  or  puce  Lead.  PbO2. — This  oxide 
is  obtained:  1.  By  exposing  the  protoxide  suspended  in  water  to  a  stream  of 
chlorine  gas.  Wohler  precipitates  a  solution  of  4  pts.  of  acetate  of  lead  with  a  solu- 
tion of  3  pts.  or  rather  more  of  crystallised  carbonate  of  sodium,  and  passes  chlorine 
gas  through  the  resulting  thin  pulpy  mass,  till  the  whole  of  the  carbonate  of  lead  is 
converted  into  brown  peroxide,  amounting  to  2£  pts,,  which  may  then  be  washed. 
No  chloride  of  lead  is  formed  in  this  reaction,  the  whole  of  the  chlorine  combining 
with  the  sodium,  while  acetic  and  carbonic  acid  are  set  free. — 2.  By  fusing  protoxide 
of  lead  with  chlorate  of  potassium  at  a  temperature  short  of  redness. — 3.  By  digest- 
ing the  red  oxide  in  dilute  nitric  acid,  which  dissolves  the  protoxide,  decanting  off 
the  nitrate  of  lead,  and  washing  the  remaining  powder  with  boiling  water. — 4.  By 
fusing  the  protoxide  for  a  -considerable  time  with  hydrate  of  potassium,  it  then  crystal- 
lises in  black  six-sided  tables  (Becquerel). — 5.  According  to  Schonbein  (J.  pr. 
Chem.  Ixxv.  88),  it  is  obtained,  but  always  mixed  with  protoxide,  when  basic  acetate 
of  lead  is  shaken  up  with  aqueous  peroxide  of  hydrogen  or  ozonised  oil  of  turpentine ; 
if,  however,  the  oil  of  turpentine  is  in  excess,  the  peroxide  is  reduced  to  protoxide 
with  separation  of  oxygen. — 6.  When  a  solution  of  a  lead-salt  (nitrate  or  acetate)  is 
electrolysed,  metallic  lead  is  deposited  on  the  negative,  and  peroxide  of  lead  on  the 
positive  electrode. 

According  to  Becquerel  (Ann.  Ch.  Phys.  [3]  viii.  405),  a  hydrated  peroxide  of  lead 
may  be  obtained  electrolytically. 

The  peroxide  is  also  said  to  occur  native,  asplattnerite,  at  Leadhills  in  Scotland, 
in  hexagonal  prisms  with  replaced  basic  edges,  pseudomorphous  after  pyromorphite. 
Cleavage  indistinct.  Lustre  metallic  adamantine.  Colour  iron-black.  Streak  brown. 
Opaque. 

The  artificially  prepared  peroxide  is  a  brown  powder,  which  when  heated  gives  off 
oxygen,  and  is  converted  into  red  lead  or  the  protoxide.  According  to  Suckow,  it  is 
also  reduced  to  the  red  oxide  by  exposure  to  bright  sunshine.  When  touched  with 
the  moist  hands,  it  gives  off  an  odour  of  chlorine  or  peroxide  of  hydrogen.  With 
hydrochloric  add,  it  yields  chloride  of  lead  and  free  chlorine ;  nitrous  acid  converts  it 
into  nitrate  of  lead.  In  an  atmosphere  of  pure  sulphurous  anhydride  it  becomes  red- 
hot,  and  is  converted  into  sulphate  of  lead,  and  therefore  serves  to  separate  sulphurous 
anhydride  from  other  gases.  With  ammonia  it  forms  water  and  nitrate  of  lead ;  and 
when  triturated  with  one-sixth  of  its  weight  of  sulphur,  it  takes  fire,  and  burns  with  a 
bright  flame,  forming  sulphide  of  lead  (Vauquelin);  the  addition  of  phosphorus  or 
of  strong  sulphuric  acid  causes  a  strong  detonation  (Grin del).  Organic  substances 
are  rapidly  oxidised  by  it ;  when  triturated  with  crystallised  tartaric  acid,  it  becomes 
red-hot,  and  eliminates  carbonic  anhydride  and  formic  acid  (Walker).  With  gth 
grape  sugar,  vivid  ignition  likewise  takes  place  ;  also  with  mannite,  or  with  |th  of  cane 
sugar.  Eacemic  acid,  and  especially  gallic  acid,  also  take  fire  in  contact  with  it ;  a 
less  violent  action  takes  place  with  mucic  and  oxalic  acids,  carbonic  anhydride  being 
formed  in  the  latter  case  (Bottger).  The  peroxide  likewise  oxidises  organic  com- 
pounds in  presence  of  water;  thus  it  converts  uric  acid  into  allantoi'n  and  urea, 
forming  at  the  same  time  oxalate  of  lead  and  carbonic  anhydride  (Lie big  and 
Wohler).  Boiled  with  grape-sugar  and  water,  it  oxidises  the  sugar,  producing 
formic  acid  and  carbonate  of  lead.  (Stiirenburg.) 

According  to  Munck  af  Eosenschold,  it  is  the  strongest  of  all  negative  electro- 
motors (ii.  421). 

Peroxide  of  lead  does  not  unite  readily  with  acids ;  compounds  of  this  oxide  with 
acetic,  phosphoric,  arsenic  acid,  &c.,  may  however,  be  produced  by  treating  red  lead 
with  the  respective  acids.  (See  p.  553.) 

The  prismatic  crystals  of  acetate  of  peroxide  of  lead,  or  peroxyplumbic 
acetate,  which  separate  from  a  solution  of  red  lead  in  glacial  acetic  acid  may  be  dried 
to  a  certain  extent  between  bibulous  paper,  but  if  the  paper  be  renewed  to  complete 
the  drying,  the  crystals  turn  yellow,  and  are  resolved  into  acetic  acid  and  the  brown  per- 
oxide ;  if  still  moist  with  acetic  acid,  they  may  be  kept  undecomposed  in  closed  vessels. 
They  melt  at  160°,  and  at  a  somewhat  higher  temperature,  decompose  quickly  and 
completely,  leaving  metallic  lead,  and  emitting  an  odour  of  acetone  and  acetic  acid. 
When  moistened  with  water,  they  are  resolved  into  acetic  acid  and  peroxide  of  lead  ; 
the  latter  may  be  obtained  pure  by  washing  them  with  hot  water.  This  reaction 
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affords  an  easy  means  of  distinguishing  between  the  solution  of  the  crystals  of  peroxy- 
plumbic  acetate  in  acetic  acid,  and  that  of  the  sesquioxide  in  the  same  acid,  as  the 
latter  yields,  besides  free  peroxide  and  acetic  acid,  a  certain  quantity  of  neutral  acetate 
of  lead,  which  may  be  detected  in  the  water.  (Jacq  uelain,  J.  pr.  Chem.  liii.  151.) 

A  solution  of  peroxyplumbic  phosphate  is  obtained  by  dissolving  minium  in 
moderately  concentrated  aqueous  phosphoric  acid,  and  precipitating  the  dissolved  pro- 
toxide with  dilute  sulphuric  acid.  The  solution  may  be  facilitated  by  mixing  the 
phosphoric  acid  with  sulphuric,  nitric,  or  acetic  acid.  Peroxyplumbic  phosphate  is 
more  stable  than  the  acetate,  but  on  boiling  the  solution,  oxygen  is  rapidly  evolved, 
and  protoxide  of  lead  remains  dissolved,  without  separation  of  peroxide.  The  same 
decomposition  takes  place  slowly  at  common  temperatures.  Phosphoric  acid  added  to 
a  solution  of  peroxyplumbic  acetate  increases  its  stability,  and  prevents  the  separation 
of  peroxide. — A  corresponding  arsenate  maybe  obtained  in  like  manner,  but  it  is 
more  prone  to  decomposition  than  the  phosphate. — A  concentrated  solution  of  tartaric 
acid  shaken  up  with  minium  takes  up  peroxide,  and  a  clear  solution  may  be  decanted 
from  the  residue,  but  the  dissolved  peroxide  is  quickly  decomposed,  its  oxygen  oxidis- 
ing a  portion  of  the  tartaric  acid,  and  a  precipitate  of  ordinary  tartrate  of  lead  being 
formed. 

With  bases,  peroxide  of  lead  unites  more  readily  than  with  acids,  behaving  towards 
alkalis  like  a  weak  acid,  and  may  therefore  be  called  plumbic  acid. 

Plumbate  of  potassium,  K*O.Pb02.3H20  or  K2Pb03.3H20,  is  obtained  in  small 
crystals  by  fusing  the  peroxide  with  excess  of  hydrate  of  potassium,  and  dissolving 
the  product  in  a  small  quantity  of  water.  The  solution,  evaporated  in  a  vacuum, 
yields  rhombohedral  crystals  (Fremy,  J.  Pharm.  [3]  iii.  32).  It  may  also  be  pre- 
pared by  boiling  the  peroxide  in  a  silver  dish  with  very  strong  potash-ley,  till  a  sample 
dissolved  in  water  yields  a  copious  precipitate  of  the  peroxide  on  addition  of  nitric- 
acid.  A  little  water  is  then  poured  upon  the  hot  mass,  and  the  resulting  solution  is 
decanted  and  left  to  cool;  it  then  deposits  plumbate  of  potassium  in  octahedrons 
(Eegnault).  The  crystals  are  decomposed  by  a  small  quantity  of  water,  yielding 
peroxide  of  lead,  and  a  solution  of  that  oxide  in  the  excess  of  alkali,  which,  however^ 
is  decomposed  by  a  larger  quantity  of  water,  the  whole  of  the  peroxide  being  precipi- 
tated as  a  brown  powder. 

The  solution  of  plumbate  of  potassium  forms  with  metallic  salts  precipitates  of 
analogous  composition. 

Plumbate  of  calcium  is  obtained  by  digesting  nitrate  of  lead  at  57°  for  five  hours, 
with  excess  of  lime  and  chloride  of  lime.  A  colourless  insoluble  compound  is  then 
formed,  from  which  acids  withdraw  the  lime,  leaving  pure  peroxide  of  lead.  (Crum, 
Ann.  Ch.  Pharm.  Iv.  218.) 

LEAD,  OXYBROTVIIDE  OP.  Pb2Br20  =  PbBr-.PbO.— This  compound,  is 
formed  by  igniting  bromide  of  lead  in  contact  with  the  air  till  it  ceases  to  emit  white 
fumes  (Balard);  by  heating  bromocarbonate  of  lead  (p.  540),  till  all  the  carbonic 
anhydride  is  expelled  (Lowig) ;  or  by  immersing  bromide  of  lead  for  some  days  in  a 
solution  of  the  acetate,  and  agitating  from  time  to  time.  It  is  a  yellow  powder,  which 
when  heated  to  fusion,  gives  off  dense  white  fumes,  and  solidifies  on  cooling  to  a 
yellowish-white,  translucent,  pearly  mass.  When  decomposed  at  a  high  temperature 
by  chlorine,  it  yields  94-9  per  cent,  chloride  of  lead. 

LEAD,  OXYCHZ.ORIDES  OP.  Chloride  of  lead  unites  in  five  different  pro- 
portions with  the  protoxide,  forming  the  following  compounds : 

a.  Pb4Cl«0  =  3PbCl2.PbO.— Four  parts  of  chloride  of  lead  ignited  with  one  part 
of  litharge  yield  a  fused  laminar  pearl-grey  mixture,  which  when  triturated  with  water 
swells  up  to  a  bulky  mass,  having  the  above  composition.     (Vauquelin.) 

b.  Pb2Cl20  =  PbCl2.PbO.  —  This   compound   occurs   native   as   matlockite,    in 
the  old  mine  of  Cromford,  near  Matlock  in  Derbyshire.     It  forms  dimetric  tabular 
crystals  exhibiting  the  combination,  oP  .  ooPoo  .  P  .  2Po> .     Angle  P  :  P  in  the  ter- 
minal edges  =  104°  6';  in  the  basal  edges  =  120°  52'.     Cleavage  basal,  not  perfect* 
Hardness   =   2'5    to    3.      Specific    gravity   =   7'21 — 5'3947.      Lustre    adamantine, 
occasionally  pearly.    Colour  clear  yellowish,  sometimes  a  little  greenish.   Transparent 
to  translucent.     (Greg,  Phil.  Mag.  [4]  ii.  120;  Eammelsberg,  Pogg.  Ann.  Ixxv. 
141.) 

The  same  compound  is  formed  by  igniting  chloride  of  lead  in  contact  with  the  air, 
till  it  no  longer  fumes,  or  by  fusing  chloride  and  carbonate  of  lead  together;  Carbonic 
anhydride  is  then  set  free,  and  a  compound  is  formed  which  is  deep  yellow  while 
fused,  but  on  cooling  assumes  a  lemon-yellow  colour,  and  becomes  nacreous  and  cry- 
stalline (Dobereiner).  It  is  also  obtained  as  a  hydrate,  2Pb*CltO.H*0,  when- 
recently  precipitated  chloride  of  lead  is  digested  in  a  cold  solution  of  neutral  acetate 
of  lead ;  alsp  when  a  solution  of  common  salt  is  dropped  into  the  neutral  acetate.  The 
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precipitate  when  heated  gives  off  its  water  and  melts  to  a  deep  yellow  mass,  becoming 
nearly  white  on  cooling. 

Pattinson  prepares  this  oxychloride  on  the  large  scale,  for  use  as  a  pigment,  by  the 
following  process  :  —  Finely  pulverised  galena  is  heated  with  strong  hydrochloric  acid, 
whereby  chloride  of  lead  is  formed,  and  sulphydric  acid  evolved  ;  this  gas  io  collected 
in  large  gasometers,  and  used  for  the  preparation  of  sulphuric  acid  by  combustion  in 
the  ordinary  lead-chambers.  The  liquid  is  allowed  to  cool  completely  in  contact  with 
the  undissolved  residue;  this  residue,  which  consists  chiefly  of  chloride  of  lead,  is  washed 
with  cold  water  to  remove  the  easily  soluble  chlorides  of  copper  and  iron,  and  then 
gradually  introduced  into  a  vessel  containing  boiling  water,  which  dissolves  the 
chloride  of  lead,  leaving  a  smaller  residue  consisting  of  gangue,  chloride  of  silver,  and 
undecomposed  galena.  By  melting  this  last  residue  with  lime,  a  quantity  of  silver 
containing  a  little  lead  is  obtained,  even  from  ores  in  which  the  proportion  of  silver  is 
too  small  for  profitable  extraction,  either  by  the  ordinary  process  of  calcination,  or  by 
Pattinson's  condensation  process.  The  hot  clear  solution  of  chloride  of  lead  obtained 
as  above  is  mixed  with  very  thin  milk  of  lime,  sufficient  to  neutralise  only  half  the  hy- 
drochloric acid  present.  A  precipitate  of  oxychloride,  Ppb2Cl20,  is  then  formed,  which 
may  be  used  advantageously  as  a  pigment  in  place  of  white  lead,  as  it  covers  well  when 
mixed  with  oil,  and  does  not  turn  yellow  in  the  dark,  or  blacken  from  exposure  to  air 
containing  sulphuretted  hydrogen,  more  quickly  than  white  lead. 

c.  Pb3Cl202  =  PbCl2.2PbO.  —  This  compound  forms  the  rare  mineral  mendipite 
(also  called  berzelite  and  cerasite)  found  on  the  Mendip  Hills  in  Somersetshire,  where 
it  occurs  in  yellowish-white,  trimetric  prisms  exhibiting  the  faces,  oP,  ooP,    oopoo  , 

ooPoo,  and  having  the  angle  ooP  :  o>P  =  102°  36'.  Cleavage  very  distinct,  parallel 
to  ooP;  less  distinct  diagonally.  Hardness  =  2'5  —  3.  Specific  gravity  =  7  to  7*1. 
The  crystals  are  translucent,  and  have  an  adamantine  lustre  on  the  cleavage-faces.  It 
occurs  in  a  state  of  greater  purity  at  Brilon,  near  Stadtbergen  in  Westphalia  ;  the 
crystals  there  found  are  white,  translucent,  and  have  a  mother-of-pearl  lustre  on 
the  cleavage-faces.  It  is  also  found  in  opaque  prismatic  crystals  at  Tarnowitz  in 
Silesia. 

d.  Pb'Cl'O8  =  PbCP.3PbO.—  This  compound  is  obtained  in  the  anhydrous  state  by 
fusing  1  at.  chloride  of  lead  with  3  at.  of  the  protoxide  ;  also  as  a  hydrate,  Pb4CPOs. 
H'O,  by  decomposing  chloride  of  lead  with  ammonia  ;  by  precipitating  basic  acetate 
of  lead  with  common  salt;   and  by  decomposing  a  solution  of  common  salt  with 
protoxide  of  lead.     The  hydrate  is  a  white  flocculent  mass,  and  when  ignited  leaves 
the  anhydrous  compound,  which  is  a  greenish-yellow  laminated  mass,  yielding  a  yellow 
powder,  known  as  Turner's  yellow.     It  is  prepared  as  a  pigment,  by  mixing  litharge 
with  £  to  |  of  its  weight  of  common  salt,  and  pouring  water  on  the  mixture  ;  it  then 
becomes  hot,  swells  up,  yields  a  solution  of  caustic  soda  containing  a  very  small 
quantity  of  lead,  and  a  residue  of  basic  chloride,  which  is  washed  and  ignited  at  a 
moderate  heat.     The  hydrated  compound  was  formerly  used  as  a  white  pigment  in 
place  of  white  lead,  being  known  as  Pattinson'  s  monobasic  chloride  ;  but  it  has  not  so 
much  body  as  white  lead. 

e.  Pb6Cl205  =  PbCl2.5PbO.—  Obtained  by  fusing  chloride  of  lead  with  5  at.  of  the 
protoxide.     Orange-yellow  substance,  yielding  a  deep  yellow  powder. 

/.  Pb"Cl207  =  PbCl2.7PbO.—  Produced  by  fusing  a  mixture  of  10  pts.  of  pure  oxide 
of  lead  and  1  pt.  of  pure  sal-ammoniac,  a  portion  of  the  lead  being  at  the  same  time 
reduced.  The  fused  product  affords  cubic  crystals  on  cooling  slowly.  It  forms  in  that 
state  a  beautiful  yellow  pigment,  known  as  Cassel  yellow. 

LEAD,  OX  YCYANIDE  OF.     See  ii.  253. 

LEAD,  OXYFX.UORXDE  OF.     See  p.  547. 

LEAD,  OXYGEI7-SAI.TS  OF.  Protoxide  of  lead  is  a  strong  base,  uniting 
readily  with  acids,  and  forming  salts,  the  general  characters  of  which  have  been  already 
described  (p.  540).  Those  which  are  soluble  have  a  sweetish  taste  and  are  poisonous. 
They  resemble  the  salts  of  barium  and  strontium  in  being  readily  precipitated  by  sul- 
phuric acid,  and  many  of  them  are  isomorphous  with  the  corresponding  salts  of  those 
metals.  Lead  has  a  very  great  tendency  to  form  basic  salts,  which  may  be  regarded 
either  as  compounds  of  the  normal  salts  with  oxide  or  hydrate  of  lead,  or  as  salts 
derived  from  two  or  more  molecules  of  water,  in  which  less  than  half  the  hydrogen  is 
replaced  by  an  acid  radicle:  thus,  there  is  a  basic  nitrate  of  lead  containing 

NO^ 

Pb(NOs)2.PbH20«  or  jJ'b  [  O2,  and  a  tribasic  acetate  containing  Pb(C2H302)2.PbO  or 
H  J 


«        LO4.     These  basic  oxygen-salts  are  analogous  to  the  oxychlorides,  oxy- 
iodides,  &c.     (For  descriptions  of  the  individual  salts,  see  the  several  ACIDS.) 
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The  sesquioxide  and  peroxide  of  lead  also  unite  with  acids,  but  the  salts  thence 
resulting  are  not  very  stable.  They  are  produced  by  the  action  of  certain  acids  on  the 
red  oxide  of  lead  (p.  553). 

LEAD,  OXYIODES  OP.     Five  of  these  compounds  have  been  described : 

a.  Pb2FO  =  PbF.PbO,  is  obtained,  according  to  Brandes  and  Kiihne  (Pharm. 
Centralbl.  1847,  p.  593),  by  precipitating  acetate  of  lead  with  iodide  of  potassium. 
Denot  (J.  Pharm.  xx.  1)  uses  a  solution  of  the  neutral  acetate  mixed  with  a  small 
quantity  of  basic  acetate,  and  dissolves  out  the  iodide  of  lead  contained  in  the  preci- 

Sitate  with  water.  The  same  compound  is  said  to  be  formed  when  iodide  of  lead  is 
igested  for  some  time  in  a  solution  of  the  neutral  acetate.  Acetic  acid  is  said  to 
dissolve  out  the  oxide  of  lead  from  this  compound,  leaving  the  iodide.  By  immersion 
in  solution  of  iodide  of  potassium  it  is  converted  into  iodide  of  lead.  It  contains  1  at. 
water,  which  is  given  off  at  100°  (Kiihne),  at  200°  (Denot).  It  melts  with  partial 
decomposition  at  300°,  and  solidifies  to  a  clear  yellow  glass  on  cooling. 

b.  PbsI2O.H20  =  PbI2.2PbO.H20,  is  obtained,  according  to  Kiihne,  by  digesting 
levigated  oxide  of  lead  with  a  boiling  solution  of  iodide  of  potassium  as  long  as  it  con- 
tinues to  increase  in  weight.     By  precipitating  basic  acetate  of  lead  with  iodide  of 
potassium,  Kiihne  obtained  nothing  but  the  compound  a,  whereas  Denot  states  that 
compounds  containing  2  at.  and  5  at.  oxide  of  lead  to  1  at.  iodide  are  obtained  by  pre- 
cipitating iodide  of  potassium  with  dibasic  or  pentabasic  acetate  of  lead. 

c.  PbP.3Pb0.2H20. — Obtained  by  treating  a  boiling  solution  of  iodide  of  lead  with 
caustic  ammonia.     (Kiihne.) 

d.  PbI2.2PbO.Pb-03  (?). — This  is  a  wine-red  compound,  obtained  by  triturating 
recently  precipitated  hydrate  of  lead  with  a  fourth  of  its  weight  of  iodine,  and  boiling 
with  water  as  long  as  fumes  of  iodine  are  given  off.     (Jamm  es.) 

e.  PbI2.5PbO. — Remains  in  the  form  of  a  yellow  powder  when  the  compound  d  is 
dried  anfl  heated.     (Handw.  d.  Chem.  2te  Aufl.  ii.  [2],  60.) 

XiEAD,  PHOSPHIDE  OP.  a.  When  phosphorus  is  thrown  upon  melted  lead, 
or  when  lead-filings  are  ignited  with  an  equal  weight  of  glacial  phosphoric  acid,  or 
chloride  of  lead  with  phosphorus,  a  compound  is  formed  containing  not  more  than 
15  per  cent,  of  phosphorus:  it  has  the  colour  of  lead;  may  be  cut  with  a  knife,  but 
splits  into  laminae  when  hammered  ;  tarnishes  quickly  when  exposed  to  the  air ;  and, 
when  heated  before  the  blowpipe,  yields  a  phosphorus-flame  and  a  globule  of  lead 
(Pelletier,  Ann.  Ch.  Phys.  [2],  xiii.  114). — b.  Phosphoretted  hydrogen  gas  passed 
for  two  hours  through  a  solution  of  neutral  acetate  of  lead,  yields  a  brown  precipitate, 
which  burns  before  the  blowpipe  with  a  small  phosphorus-flame,  forming  beautifully 
crystallised  lead-phosphate.  (H.  Hose,  Pogg.  Ann.  xxiv.  326.) 

LEAD,  SEX.EWIDE  OP.  Very  small  quantities  of  selenium  combined  with 
lead  render  it  harder  and  less  fusible. 

The  protoselenide,  PbSe,  is  formed  when  lead  and  selenium  are  heated  together, 
combination  then  taking  place  attended  with  incandescence,  and  a  grey  porous  mass 
being  formed,  which  becomes  silver-white  by  polishing.  When  ignited  in  an  open 
vessel,  it  first  gives  off  selenium,  then  a  small  quantity  of  selenide  of  lead  in  white 
fumes,  leaving  a  residue  of  basic  selenite  of  lead,  Cold  nitric  acid  dissolves  the  lead, 
leaving  red  selenium,  which,  on  heating  the  liquid,  dissolves  in  the  form  of  selenious 
acid.  (Berzelius.) 

Selenide  of  lead  also  occurs  native,  as  clausthalite,  sometimes  pure,  sometimes 
having  part  of  the  lead  replaced  by  other  metals,  as  cobalt,  copper,  mercury,  and  silver. 
It  is  found  in  fine-grained  masses,  sometimes  foliated,  with  cubic  cleavage.  Hardness 
=  2-5  to  3.  Specific  gravity  —7  to  8'8.  Lustre  metallic.  Colour  lead-grey,  some- 
times bluish ;  cupreous  varieties  yellowish.  Streak  darker.  Opaque.  Fracture  gra- 
nular and  shining.  Rather  sectile.  Before  the  blowpipe  it  emits  the  odour  of  horse- 
radish and  exhibits  various  other  reactions  characteristic  of  selenium  (j.  #.).  Heated 
in  a  tube  it  yields  a  sublimate  of  selenium. 

The  following  are  analyses  of  clausthalite  and  its  varieties: — a,  H.  Rose  (Pogg. 
Ann.  ii.  416;  iii.  281);  b,  Stromeyer  (ibid.  ii.  403);  c,  Selenide  of  lead  and  silver 
(Ramm  els  berg,  Miner  alchemie,  p.  34);  d,  Selenide  of  lead  and  cobalt;  e,  /,  Sele- 
nides  of  lead  and  copper  (H.  Rose,  Pogg.  Ann.  iii.  288) ;  g,  h,  The  same  (Kersten, 
ibid.  xlvi.  265) : 


Tilkerode.  Clausthal.  Tilkerode.  Clausthal. 
a.                b.                c.                d. 
Selenium  .     .     27'59       28-11       26-52       31-42 
Lead    .     .     .     71'81       70-98       60-15       63'92 
Silver  -    -         Il-fi7 

Tilkerode. 

34%  8       3(V26 
48-43       60-28 
1-32 

15-77        7-9*4 
.    .           0-78 
100-50       99-26 

Glasbach. 

32-09       29-97 
67-48      65-16 

0-05         0-08 
8-58         4-09 

Cobalt 

0-83         .    . 

3-14 
0-45 

Copper     .     .       .    . 

"9910 

99^92       gsll 

98-93 

98-20 

99-30 
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The  varieties  e,f,  g,  h,  which  contain  copper,  are  by  some  mineralogists  regarded  as 
distinct  species;  but  it  is  perhaps  better  to  regard  them  as  varieties  of  clausthalite,  in 
which  part  of  the  lead  is  replaced  by  copper ;  e  and  /  are  called  rapkanosmite  by 
Kobell ;  d  is  called  Tilkerodite  by  Haidinger ;  d,  e,  and /are  called  Zorgite  by  Brooke 

and  Miller ;  e  and  h  agree  nearly  with  the  formula  *Q    £  Se  ;  /  and  g  with  *^    £  Se. 

Clausthalite  and  its  varieties  occur  at  Harzgerode,  in  the  Hartz,  and  at  Clausthal, 
Tilkerode,  Zorge,  G-lasbach,  near  Hildburghausen,  and  Lehrbach ;  also  at  Ramsberg 
and  Freiberg  in  Saxony. 

Lehrbachite,  which  is  a  selenide  of  lead  and  mercury,  and  is  described  as  having  the 
structure  and  colour  of  clausthalite,  is,  perhaps,  a  mechanical  mixture  of  that  mineral 
with  selenide  of  mercury.  It  emits  the  odour  of  selenium  before  the  blowpipe,  and 
gives  mercury  with  soda.  H.  Kose  found  in  one  specimen  24-97  per  cent,  selenium, 
55-84  lead,  and  16'94  mercury  (  =  97*75);  in  another,  27'98  selenium,  27'33  lead,  and 
44-69  mercury  ( =  100). 

XiEAD,  SULPHIDES  OP.  There  are  four  compounds  of  lead  and  sulphur, 
namely,  the  protosulphide,  two  subsulphides,  and  a  persulphide  ;  but  the  protosulphide 
is  the  only  one  whose  constitution  is  accurately  known. 

Tetartosulphide.  Pb4S  ? — A  finely  divided  mixture  of  100  pts.  of  galena  and  84 
of  lead  heated  for  a  quarter  of  an  hour  in  a  well-closed  charcoal-lined  crucible,  placed 
in  a  wind-furnace  with  a  strong  draught,  yields  144  pts.  of  a  dull,  lead-coloured, 
fine-grained,  semi-malleable,  soft  mixture,  exhibiting  a  dark-grey  colour  on  the  cut 
surface.  When  oxidised  by  nitric  acid,  it  yields  36  per  cent,  of  lead-sulphate,  and 
must  therefore  contain  3'96  per  cent,  of  sulphur.  (Bredberg,Pogg.  Ann.  xvii.  274.) 

Hemisulphide.  Pb2S. — 1.  By  the  same  process  as  for  the  preceding  compound — 
excepting  that  the  mixture  is  fused  in  an  earthen  instead  of  a  charcoal -lined  crucible, 
and  covered  with  borax — 150  pts.  of  a  more  brittle  mixture  are  obtained,  having  a 
dark  leaden-grey  colour,  a  finely  laminar  fracture,  and  containing  7'207  per  cent,  of 
sulphur  (Bredberg). — 2.  Sulphate  of  lead  ignited  in  a  charcoal-lined  crucible  gives 
off  sulphurous  anhydride  and  leaves  hemisulphide  of  lead,  which  at  a  higher  tempera- 
ture, partly  volatilises  and  is  partly  decomposed,  leaving  a  residue  of  metallic  lead. 
(Berthier,  Ann.  Ch.  Phys.  [2]  xxii.  240.) 

Protosulphide.  PbS. —  This  compound  is  found  native  as  galena  (blue  lead, 
galene,  Bleiglanz},  the  most  abundant  and  important  ore  of  lead.  It  occurs  fre- 
quently in  very  fine  crystals  belonging  to  the  monometric  system,  with  cubic 
cleavage,  perfect  and  easily  obtained.  The  ordinary  forms  are  the  octahedron,  cube, 
and  rhombic  dodecahedron,  occurring  alone  or  in  combination  with  other  forms,  20  for 
example,  subordinate;  twins  like  fig.  320  (ii.  160),  and  others  in  which  the  intersec- 
ting cubes  are  of  different  sizes,  or  in  which  the  diagonals  do  not  exactly  coincide ; 
also  pseudomorphs  after  pyromorphite.  The  crystals  are  frequently  imbedded,  or  united  in 
granular  aggregations.  The  mineral  likewise  occurs  in  tabular,  reniform  or  botryoi'dal 
masses,  coarse  or  fine  granular,  sometimes  impalpable,  occasionally  fibrous.  Hardness 
=  2'5.  Specific  gravity  =  7' 25  to  7' 7.  Lustre  metallic.  Colour  and  streak  pure 
lead-grey ;  surface  of  crystals  occasionally  tarnished.  Fracture  scarcely  perceptible 
in  the  crystals,  on  account  of  the  perfect  cleavage  ;  in  the  massive  varieties,  flat  sub- 
conchoi'dal,  or  uneven.  Before  the  blowpipe,  it  decrepitates  strongly,  melts  and  yields 
a  globule  of  lead  as  soon  as  the  sulphur  is  volatilised. 

For  analyses  of  galena,  see  p.  480. 

Galena  is  found  abundantly  in  England  and  in  many  parts  of  Europe ;  in  the  Daouria 
Mountains,  Siberia ;  in  Algeria  ;  near  the  Cape  of  Good  Hope ;  in  Australia ;  and  in 
many  parts  of  North  America.  It  occurs  in  beds  and  veins,  both  in  crystalline  and 
uncrystalline  rocks,  often  associated  with  blende,  iron  and  copper  pyrites,  carbonate 
of  lead  and  other  lead  ores,  and  in  a  gangue  of  heavy  spar,  calcspar  or  quartz.  It 
often  suffers  decomposition,  and  gives  rise  to  the  formation  of  other  plumbiferous 
minerals. 

Breithaupt's  antimonial  galena  from  Freiburg  in  the  Breisgrau,  with  specific 
gravity  =  6-9  to  7'0,  is  perhaps  the  same  as  steinmannite  from  Przibram  in  Bo- 
hemia. "Whether  the  tetragonal  galena  of  the  same  mineralogist,  also  containing 
antimony,  is  a  dimetric  variety  of  galena,  is  not  exactly  known. 

Protosulphide  of  lead  is  produced  artificially: — 1.  When  sulphur  is  mixed  with 
melted  lead,  the  whole  becoming  red-hot.  Strips  of  lead  even  of  moderate  thickness, 
take  fire  in  sulphur-vapour,  and  burn  with  vivid  glow,  depositing  half-fused  globules 
of  the  protosulphide. — 2.  By  heating  the  protoxide  with  excess  of  sulphur. — 3.  By  the 
action  of  sulphydric  acid  or  an  alkaline  sulphide  on  the  oxide,  or  salts  of  lead. — 
4.  Becquerel,  by  immersing  cinnabar  in  a  solution  of  chloride  of  magnesium  contained  in  a 
glass  tube,  dipping  a  lead  plate  to  the  bottom,  and  leaving  the  tube  well  closed  for  six 
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•weeks,  obtained  grey,  metallic-shining,  regular  tetahedrons  of  the  protosulphide,  which 
formed  on  the  sides  of  the  tube. 

Sulphide  of  lead  obtained  by  fusing  its  elements  together  is  of  a  lead-grey  colour, 
with  granular  fracture  ;  that  which  is  precipitated  by  sulphydric  acid  is  a  brown-black 
powder,  and,  according  to  Karsten,  has  a  density  of  7 '5052  after  fusion.  Sulphide  of 
lead  melts  at  a  strong  red  heat,  volatilises  at  a  stronger  heat,  and  sublimes  undecom- 
posed  if  kept  from  contact  with  the  air. 

Decomposition. — 1.  Sulphide  of  lead,  when  gently  ignited  in  the  air,  gives  off  the 
greater  part  of  its  sulphur  in  the  form  of  sulphurous  anhydride,  while  metallic  load 
(amounting  to  about  half  the  total  quantity)  and  sulphate  of  lead  remain  behind 
(Descotils,  Ann.  Ch.  Phys.  [2]  Iv.  441).  — 2.  The  protosulphide  and  protoxide  of 
lead  decompose  one  another  when  heated  together,  evolving  sulphurous  anhydride  and 
leaving  metallic  lead : 

PbS  +  2PbO     =    Pb8  +  SO2. 

— 3.  The  protosulphide  heated  in  vapour  of  water  gives  off  sulphydric  acid  and  yields 
metallic  lead.  The  first  products  formed  are  sulphydric  acid  and  the  protoxide,  which 
then  reacts  on  the  remaining  sulphide  in  the  manner  just  described. — 4.  "When  sulphide 
of  lead  is  fused  with  alkaline  carbonates,  half  the  lead  is  separated  in  the  metallic  state, 
and  on  addition  of  metallic  iron,  the  whole. 

Protosulphide  of  lead  is  insoluble  in  dilute  acids,  in  caustic  alkalis,  and  alkaline 
sulphides.  When  boiled  with  dilute  nitric  acid  it  gradually  dissolves  as  nitrate,  with 
evolution  of  nitric  oxide,  and  separation  of  sulphur.  The  finely  divided  sulphide 
treated  with  fuming  nitric  acid  is  completely  converted  into  sulphate  of  lead ;  but  if  any 
portion  of  the  sulphur  remains  unoxidised,  a  corresponding  quantity  of  the  lead  is  con- 
verted into  nitrate.  By  strong  hydrochloric  acid  it  is  converted  into  chloride  of  lead 
with  evolution  of  sulphydric  acid.  Nitro-hydrochloric  acid  converts  it  into  chloride 
and  sulphate  of  lead.  Chlorine  decomposes  it  slowly,  forming  chloride  of  lead  and 
chloride  of  sulphur. 

Persulphide.  A  solution  of  a  lead-salt  mixed  with  pentasulphide  of  potassium 
yields  a  precipitate,  which  has  at  first  a  fine  blood-red  colour,  but  quickly  loses  this 
colour,  even  while  immersed  in  the  liquid,  and  is  resolved  into  the  protosulphide  and 
free  sulphur.  Higher  sulphides  of  lead  are  also  said  to  be  formed  by  the  action  of 
sulphydric  acid  on  the  sesqiiioxide  and  peroxide  of  lead  ;  but  their  composition  has  not 
been  made  out. 

LEAD,    SULPHOCARSOIVATE    OP.      See  SuLPHOCARBONATES. 

LEAD.  SUIiPHOCKIiORXBE  OP.  If  a  lead-salt,  e.g.  aqueous  chloride  of 
lead,  be  precipitated  by  a  mixture  of  aqueous  sulphydric  and  hydrochloric  acids,  there 
is  produced,  first  a  yellowish-red,  and  then  a  red  precipitate  containing  about  56  per 
cent.  (3  at.)  of  lead-sulphide,  and  agreeing  very  nearly  with  the  formula,  PbCP.SPbS. 
An  excess  of  sulphydric  acid  turns  it  black  and  converts  it  into  pure  sulphide  of  lead ; 
the  same  change  is  produced  by  boiling  with  water,  which  extracts  the  chloride ;  the 
compound  is  also  blackened  by  potash,  which  extracts  the  chlorine  (Hiinefeld,  J.  pr. 
Chem.  vii.  27)  —When  sulphydric  acid  gas  is  passed  through  a  solution  of  £  pt.  lead- 
acetate  in  100  pts.  of  water  mixed  with  10  pts.  of  hydrochloric  acid  of  specific  gravity 
1-168,  a  beautiful  carmine- coloured  precipitate  of  sulphochloride  of  lead  is  produced. 
If  the  solution  contains  1  pt.  of  lead-acetate,  112  pts.  of  water,  and  14  of  strong  hy- 
drochloric acid,  sulphydric  acid  produces  a  yellow  precipitate,  which  gives  up  chloride 
of  lead  to  boiling  water,  while  black  protosulphide  of  lead  remains  behind.  -  If,  instead 
of  14  pts.  of  strong  hydrochloric  acid,  we  use  14  pts.  of  a  mixture  of  2  pts.  of  strong 
hydrochloric  and  1  pt.  nitric  acid,  prepared  two  days  before  and  containing  perni  trie  oxide, 
the  sulphydric  acid  produces,  after  a  while,  first  a  yellowish-red  and  then  a  cinnabar- 
red,  granular  precipitate.  If  the  stream  of  sulphydric  acid  gas  were  continued  for  a 
longer  time,  the  precipitate  would  become  first  carmine-coloured,  then  brown,  and 
lastly  black.  The  red  granular  precipitate,  when  boiled  with  water,  gives  up 
a  considerable  quantity  of  chloride  of  lead,  and  is  converted  into  a  brown-red,  floc- 
culent  powder,  which  then  undergoes  no  further  change,  but  when  heated  alone  in  a 
glass  tube,  gives  off  sulphur  and  sulphydric  acid,  and  fuses  to  a  brown  mass. 
According  to  this  reaction,  the  pernitric  oxide  must  have  precipitated  sulphur  from  the 
eulphydric  acid,  and  the  red  precipitate  is  a  compound  of  the  chloride  with  a  poly- 
sulphide  of  lead.  (Reins  ch,  J.  pr.  Chem.  xiii.  130.) 

LEAD,    SUI.PHO  CYAN  ATE    OP.      See  SULPHOCYANATES. 

LEAD,  WHITE.  Hydrated  carbonate  of  lead  used  as  a  pigment  (ii.  786).  The 
native  anhydrous  carbonate  is  also  called  white  lead  ore. 

LEAD-GLANCE.    Syn.  with  galena  (see  p.  558). 
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IiEAlD-GIiASS.  Vitrum  plnmbi.  —  A  term  formerly  applied  to  perfectly  fused 
oxide  of  lead.  Oxide  of  lead  is  used  as  an  ingredient  in  various  kinds  of  glass,  as  in 
flint-glass,  crystal-glass,  strass,  &c.  (ii.  841). 

IE  AD-Gt  AZE.  The  glaze  of  the  more  common  kinds  of  earthenware  consists  of 
an  easily  fusible  silicate  of  lead,  prepared  from  a  mixture  of  finely  ground  red  lead, 
litharge,  white  lead,  or  galena,  with  clay  or  sand.  It  melts  more  easily  in  proportion 
as  it  is  richer  in  lead,  but  when  the  proportion  of  lead  is  very  large,  the  glaze  is  decom- 
posed by  dilute  acids,  which  dissolve  part  of  the  oxide  of  lead. 

Sulpkato-tricarbonate  of  lead,  PbSO«.3PbC08   =  (C0)4o8. 


Pb4 

—  A  crystallised  mineral  occurring,  together  with  other  ores  of  lead,  at  Leadhills  in 
Scotland  ;  said  also  to  be  found  in  Grenada,  in  the  island  of  Serpho,  Grecian  Archi- 
pelago, and  in  the  Newberg  district,  South  Carolina.  The  crystals  are  trimetric, 
exhibiting  the  planes  ooPoo  (greatly  predominant),  oo£oo  ,  ooP,  |  Poo  ,  f  P;  3  Poo  ; 
1  P  and  others.  Angle  ooP  :  ooP  =  103°  16'.  Ratio  of  principal  axis,  brachy- 
oiagonal  and  macrodiagonal  =  17205  :  1  :  T2632.  The  crystals  are  hemihedral 
in  ooP  and  some  other  planes  ;  hence  they  are  monoclinic  in  aspect,  or  rhombohedral 
when  in  compound  crystals.  Cleavage  very  perfect  parallel,  to  ooPoo  ;  in_  traces  parallel 
to  ooPoo  .  Twins  consisting  of  three  crystals,  with  face  of  composition  Poo  ;  also  paral- 
lel to  ooP.  Hardness  =  2'5.  Specific  gravity  =  6'2  —  6-5.  Lustre  of  ooPoo  pearly,  of 
the  other  faces  resinous,  somewhat  adamantine.  Colour  white,  passing  into  yellow, 
green,  and  grey.  Streak  uncoloured.  Transparent  to  translucent.  Conchoidal  frac- 
ture scarcely  observable.  Rather  sectile.  Before  the  blowpipe,  it  intumesces  at  first, 
then  turns  yellow,  but  becomes  white  on  cooling;  easily  reduced  on  charcoal.  It 
effervesces  briskly  in  nitric  acid,  and  leaves  a  white  residue  of  lead-sulphate. 

Berzelius  found  in  the  mineral  287  per  cent,  sulphate,  and  7  TO  carbonate  of  lead 
(=  99-7);  Stromeyer  found  28*3  sulphate,  and  727  carbonate  (=  100);  the  formula 
requires  27'44  sulphate  and  72'56  carbonate.  (Dana.  ii.  371.) 

XiE  AD-MATT.  Matte  deplombe.  JBhistein.  —  This  term  is  applied  to  the  mix- 
tures of  sulphide  of  lead  with  other  metallic  sulphides,  chiefly  sulphide  of  iron,  obtained 
in  the  metallurgic  treatment  of  lead-ores  (p.  492). 

LEAD-OCHRE.     Native  protoxide  of  lead  (p.  550). 

XiEAD-PXi  ASTER.  A  mixture  of  the  lead-soaps  of  fatty  acids,  used  in  medi- 
cine as  an  external  application.  It  is  prepared  by  heating  9  pts.  of  olive-oil 
(sometimes  also  lard  or  rape-oil)  nearly  to  its  boiling-point,  then  adding  by  degrees 
5  pts.  of  powdered  litharge,  incorporating  thoroughly  with  a  spatula,  adding  from 
time  to  time  small  portions  of  warm  water,  and  continuing  the  heating  and  incor- 
poration till  a  few  drops  of  the  mixture  harden  when  thrown  into  water,  and  form  a 
glutinous  mass  between  the  fingers.  Sometimes  a  mixture  of  litharge  and  white  lead 
is  used  instead  of  litharge  alone.  —  Well-prepared  lead-plaster  forms  a  whitish-yellow 
homogeneous  mass,  somewhat  flexible  and  tenacious  in  summer,  brittle  in  winter.  When 
gently  heated,  it  melts  to  a  thick  liquid,  which,  at  higher  temperatures,  turns  brown, 
and  finally  black,  giving  off  irritating  vapours. 

XiEAD-l&ADXCXfES,  ORGATJIC.  These  compounds,  the  series  of  which  is  at 
present  far  from  complete,  are  obtained  by  the  action  of  the  iodides  of  the  alcohol- 
radicles  on  lead  or  its  alloys  with  potassium  or  sodium,  or  of  zinc-  ethyl  on  chloride  of 
lead.  The  formation  of  ethyl-compounds  by  the  first  of  these  processes  was  first 
observed  in  1853  by  Lowig  (J.  pr.  Chem.  Ix.  304;  Ann.  Ch.  Pharm.  Ixxxviii.  318), 
soon  afterwards  by  Cahours  and  Riche.  (Compt.  rend,  xxxvi.  1002.) 

The  iodide  of  the  radicle  Pb2(C2H5)6  was  discovered  by  Lowig,  who  designated  the 
radicle  methplumbethyl,  and  studied  several  of  its  compounds,  but  did  not  obtain 
it  in  the  free  state.  It  has  since  been  isolated  (1860)  by  Klip  pel  (J.  pr.  Chem. 
Ixxxi.  287),  who  has  likewise  obtained  the  corresponding  amyl-compound.  —  The 
compound  Pb(C2H5)4  was  discovered  in  1858  by  Buckton  (Phil.  Mag.  [4]  xviii. 
212,  xvii.  282  ;  Ann.  Ch.  Pharm.  cix.  218,  cxii.  220)  ;  and  the  corresponding 
methyl-compound  by  Cahours  in  1861  (Ann.  Ch.  Phys.  [3]  Ixii.  257;  Ann.  Ch. 
Pharm.  cxxii.  48),  who  likewise  obtained  by  its  decomposition,  the  compound 
Pb2(CH3)6. 

A  my  I  -compounds. 

Plumbotriamyl.  Methplumbamyl.  Pb2(C5H")9  =  Pb2Am6.—  Prepared  (like  the 
corresponding  ethyl-compound)  by  distilling  an  alloy  of  lead  and  sodium  with  iodide 
of  amyl,  shaking  up  the  distillate  with  ether,  distilling  off  the  ether  alter  addition  of 
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a  little  alcohol,  and  treating  the  residue  with  a  large  quantity  of  water.  Plumbotri- 
amyl then  separates  as  a  yellowish,  oily,  non-volatile  liquid,  inodorous  in  the  cold, 
smelling  like  plumbotriethyl  when  warm  :  its  vapour  exerts  an  irritating  action  on  the 
mucous  membranes.  When  set  on  fire  it  burns,  with  separation  of  lead-oxide.  With 
fuming  nitric  acid  it  detonates,  with  emission  of  light  and  heat. 

The  chloride,  PbAm3Cl,  is  obtained  by  treating  the  oxide  (infra)  with  hydrochloric 
acid.  It  crystallises  in  white  needles. 

The  iodide,  PbAm3!,  is  obtained  in  white  needles  by  adding  iodine  to  the  ethereal 
solution  of  plumbotriamyl,  till  the  colour  becomes  permanent,  arid  evaporating  the 
filtrate.  It  is  more  stable  than  the  corresponding  ethyl-compound,  melting  at  100° 
without  decomposition,  and  solidifying  in  the  crystalline  form  on  cooling.  It  is  inso- 
luble in  water.  It  unites  with  mercuric  iodide,  forming  the  double  salt  PbAm3I.HgI2, 
which  crystallises  in  golden-yellow  laminae,  insoluble  in  water,  sparingly  soluble  in 
alcohol  and  ether. 

Oxide, — By  agitating  the  alcoholic  solution  of  the  iodide  with  recently  precipitated 
oxide  of  silver,  evaporating  the  filtrate,  and  treating  the  r.esidue  with  water,  oxide  of 
plumbotriamyl  separates  as  a  faintly  yellow  viscid  mass,  insoluble  in  water,  soluble  in 
alcohol  and  ether ;  the  alcoholic  solution  has  a  faint  alkaline  reaction,  and  precipitates 
ferric  salts,  but  not  copper  or  silver  salts. 

The  sulphate,  obtained  by  heating  the  oxide  with  dilute  sulphuric  acid,  is  a  viscid 
uncrystallisable  mass.  (Klippel.) 

Ethyl- compounds. 

Plumbotriethyl.  Pb2(C2H5)6  =  Pb2E6.  Lowig's  Methplumbethyl  — Lowig,  by 
acting  on  an  alloy  of  6  pts.  lead  and  1  pt.  sodium  with  iodide  of  ethyl,  obtained  a 
mixture  of  several  lead-compounds  of  ethyl,  which  he  was  not  able  to  separate.  The 
mixture  was  perfectly  colourless,  tolerably  mobile,  volatile,  and  had  a  powerful  odour  ; 
did  not  fume  in  the  air,  but  when  set  on  fire  burnt  and  gave  off  dense  clouds  of  oxide 
of  lead.  It  took  fire  when  strong  nitric  acid  was  poured  upon  it,  and  exploded  with 
great  violence  in  contact  with  iodine  or  bromine.  It  was  insoluble  in  water,  but  dis- 
solved readily  in  alcohol  or  ether ;  and  the  solutions,  when  exposed  to  the  air,  deposited 
an  amorphous  powder,  insoluble  in  water,  alcohol  and  ether,  but  capable  of  forming 
crystalli sable  salts  with  acids,  while  in  solution  there  remained  a  strongly  alkaline 
base,  the  oxide  of  plumbotriethyl,  the  radicle  of  which  appeared  to  constitute  the 
greater  part  of  the  product.  This  radicle,  however,  Lowig  did  not  succeed  in  isolating. 

Klippel  prepares  an  alloy  of  lead  and  sodium,  having  nearly  the  composition 
Pb2Na",  by  melting  3  pts.  of  lead  in  a  hessian  crucible,  and  after  removing  it  from  the 
fire,  adding  1  pt.  sodium  in  small  pieces  still  moistened  with  rock-oil,  and  stirring 
with  an  iron  rod.  Combination  then  takes  place,  attended  with  evolution  of  heat  and 
inflammation  of  the  rock-oil  (the  gases  evolved  by  which  protect  the  alloy  from  oxida- 
tion). When  the  action  is  completed,  the  crucible  is  filled  with  warm  sand  and  left  to 
cool  slowly  ;  the  crystalline  alloy  is  pulverised  in  a  warm  mortar,  with  addition  of  a 
small  quantity  of  dry  sand,  then  introduced  into  a  number  of  small  flasks  and  drenched 
with  iodide  of  ethyl,  and  the  flasks  are  immediately  connected  with  a  condensing  tube, 
to  prevent  loss  of  iodide  of  ethyl,  which  distils  over  in  consequence  of  the  heat  evolved 
by  the  violent  action  which  immediately  takes  place.  The  iodide  of  ethyl  is  allowed 
to  flow  back  into  the  flasks  as  long  as  any  action  goes  on,  and  when  it  is  completed 
the  excess  of  iodide  of  ethyl  is  distilled  off  over  the  water-bath  ;  the  remaining  liquid  is 
poured  out  of  the  flasks  into  a  dry  glass  cylinder  and  shaken  up  with  ether,  which 
dissolves  the  plumbotriethyl ;  and  the  ether  is  distilled  off  after  addition  of  a  little 
water :  the  plumbotriethyl  then  separates  as  an  oil  at  the  bottom  of  the  water. 

Plumbotriethyl  is  a  yellowish  mobile  oil,  of  specific  gravity  1*471  at  0°,  insoluble  in 
water,  easily  soluble  in  alcohol  and  ether.  It  volatilises  undecomposed  in  small 
quantity  with  ether-vapour,  but  cannot  be  distilled  alone.  By  the  action  of  light,  or 
by  prolonged  boiling  with  water,  it  decomposes,  with  separation  of.  metallic  lead 
(Klippel).  When  exposed  to  the  air  in  ethereal  solution,  it  is  converted  into  oxide 
(Lowig),  carbonate  (Klippel).  Chlorine-water  decomposes  it,  with  separation  of 
chloride  of  lead.  (Klippel.) 

Bromide  of  plumbotriethyl,  PbE3Br,  is  obtained  by  adding  an  alcoholic 
solution  of  bromide  of  potassium  to  a  solution  of  the  sulphate  in  alcohol  containing 
sulphuric  acid,  agitating  the  whole  with  ether,  then  with  water  to  separate  the 
ethereal  solution,  and  evaporating  the  ether;  it  then  crystallises  in  long  needles. 
(Lowig.) 

The  chloride,  PbE'Cl,  is  obtained  by  adding  chloride  of  barium  to  a  solution  of 
the  sulphate  in  alcohol  containing  hydrochloric  acid,  agitating  with  ether,  separating 
the  ethereal  solution  by  water,  and  leaving  it  te  evaporate  (.Lowig);  by  neutralising 
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the  oxide  or  carbonate  with  hydrochloric  acid  (Klippel);  or  by  the  action  of  hydro- 
chloric acid  gas  on  plumbotetrethyl  (Buckton,  p.  563).  It  crystallises  in  beautiful 
long  needles,  having  a  high  lustre,  and  giving  off  a  strong  odour  of  oil  of  mustard 
when  gently  heated.  When  heated  in  a  glass  tube,  they  detonate  slightly,  even  at  a 
moderate  heat,  yielding  chloride  of  lead  and  metallic  lead.  (Lowig.) 

The  chloromercurale,  PbE3Cl.HgCP,  separates  from  a  hot  alcoholic  solution  of 
the  component  salts  in  white  nacreous  scales;  the  chloroplatinate,  2PbE3Cl.PtCl4, 
in  copper-red  crystals,  sparingly  soluble  in  water,  more  easily  in  alcohol  and  ether. 
(Klippel.) 

The  cyanide,  C7H15NPb  =  PbE3Cy,  is  obtained  by  heating  cyanide  of  potassium 
with  an  alcoholic  solution  of  chloride  of  plumbotriethyl,  for  a  considerable  time,  in  a 
sealed  tube  placed  in  a  water-bath,  mixing  the  resulting  blood-red  liquid  with  water, 
and  recrystallising  the  resulting  white  precipitate  from  ether.  It  then  separates  in 
prismatic  crystals,  which,  when  heated  in  a  tube,  melt  and  decompose,  with  deflagration, 
separation  of  metallic  lead,  and  evolution  of  inflammable  vapours.  (Klippel.) 

The  iodide,  PbE3I,  formed  by  the  action  of  iodine  on  plumbotriethyl  (Klippel), 
or  by  the  reaction  of  iodide  of  potassium  and  sulphate  of  plumbotriethyl  (Lowig),  is 
soluble  in  ether  and  very  unstable,  the  ethereal  solution  quickly  yielding  a  deposit  of 
iodide  of  lead. — If  the  compound,  while  yet  undecomposed,  be  distilled  with  water,  iodide 
of  lead  separates  immediately,  and  the  water  which  passes  over  is  accompanied  by  a 
colourless,  mobile,  very  pungent  liquid,  no  longer  prone  to  spontaneous  decomposition, 
and  having  nearly  the  composition  (PbE3)4!3.  (Lowig.) 

Oxide  of  plumbotriethyl  is  obtained  in  the  hydrated  state  by  adding  a  solution 
of  nitrate  of  silver  mixed  with  alcohol  to  the  alcoholic  solution  of  the  mixed  radicles 
as  long  as  metallic  silver  is  precipitated ;  filtering  from  the  silver ;  agitating  the  result- 
ing solution  of  nitrate  of  plumbotriethyl  with  alcoholic  potash  and  afterwards  with  ether ; 
adding  a  sufficient  quantity  of  water  to  separate  the  ethereal  solution  of  the  oxide ;  and 
evaporating  the  ether  in  a  retort.  Hydrated  oxide  of  plumbotriethyl  then  remains  in 
the  form  of  a  thick  oily  liquid,  which  solidifies  after  a  while  in  a  crystalline  mass, 
slippery  to  the  touch,  like  hydrate  of  "potassium  (Lowig).  It  may  also  be  prepared  by 
gradually  adding  iodine  to  the  ethereal  solution  of  plumbotriethyl  till  the  colour  no 
longer  disappears,  and  immediately  agitating  the  liquid  with  moist  oxide  of  silver.  An 
alkaline  solution  is  thus  obtained  which,  on  addition  of  water  and  removal  of  the 
alcohol  and  ether  by  distillation,  deposits  hydrate  of  plumbotriethyl  as  a  nearly  colourless 
thickish  oil  (Klippel).  It  is  volatile,  and  forms  white  fumes  when  a  rod  moistened 
with  hydrochloric  acid  is  held  over  it.  When  heated,  it  gives  off  white  vapours,  which 
excite  powerful  sneezing — a  property  which  also  belongs  to  the  radicle  itself  and  many 
of  its  compounds.  The  hydrate  dissolves  sparingly  in  water,  readily  in  alcohol  and  in 
ether;  has  a  strong  alkaline  reaction,  and  a  sharp,  disagreeable,  caustic  taste  (Lowig, 
Klippel) ;  saponifies  fats ;  precipitates  the  oxides  of  iron,  copper  and  silver  from  their 
salts;  also  alumina  and  oxide  of  zinc,  both  of  which  it  redissolves  when  added  in 
excess.  (Klippel.) 

Oxygen-salts.     The  oxide  unites  readily  with  acids,  forming  crystallisable  salts. 

The  acetate,  benzoate,  and  butyrate  form  needle-shaped  crystals,  soluble  in  water, 
alcohol,  and  ether. 

Carbonate,  Pb'2E6C03. — The  hydrated  oxide  rapidly  absorbs  carbonic  acid  from 
the  air,  and  by  leaving  the  alcoholic  solution  to  evaporate  in  the  air,  the  carbonate  is 
obtained  in  small  hard  crystals  (Lowig) ;  or  it  may  be  prepared  by  passing  carbonic 
anhydride  into  the  solution,  and  separated  by  addition  of  carbonate  of  ammonia,  care 
being  taken  however  to  avoid  an  excess  of  the  latter,  which  would  give  rise  to  the  forma- 
tion of  an  easily  soluble  double  salt.  Carbonate  of  plumbotriethyl  has  a  strong  burning 
taste,  is  nearly  insoluble  in  water,  sparingly  soluble  in  alcohol  and  ether.  Alcohol 
containing  hydrochloric  acid  dissolves  it  with  effervescence.  (Lowig.) 

Formate  of  plumbotriethyl  resembles  the  acetate. 

The  nitrate,  PbE3N03,  is  obtained  by  decomposing  the  alcoholic  solution  of  the 
mixed  plumbejhyls  (Lowig,  p.  561),  or  the  ethereal  solution  of  pure  plumbotriethyl 
(Klippel)  with  nitrate  of  silver.  It  remains  on  evaporation  as  a  colourless,  viscid 
liquid,  which  smells  like  butter,  has  a  burning  taste,  and  solidifies  after  a  while  to  a 
crystalline  unctuous  mass.  It  is  decomposed  by  heat,  with  slight  detonation.  It 
dissolves  readily  in  alcohol  and  ether ;  the  alcoholic  solution  when  evaporated,  deposits 
a  small  quantity  of  nitrate  of  lead.  (L  6  w  i  g.) 

The  neutral  oxalate  forms  scaly  laminar  crystals,  which  when  dried  over  oil  of  vitriol, 
contain  C*(PbE3)204.H20.  (Klippel.) 

A.  phosphate  (PbE3)H2POi,  is  obtained,  by  saturating  the  oxide  or  carbonate  with 
phosphoric  acid,  in  stellate  groups  of  crystals  which  dissolve  readily  in  water,  alcohol, 
and  ether,  and  are  oxidised  with  vivid  deflagration,  when  treated  in  the  dry  state  with 
fumi  ng  ni  trie  acid.  (Klippel.) 
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Sill/Mate.  (P1>E3)2S04.— When  sulphuric  acid  is  added  by  drops  to  an  alcoholic 
solution  of  the  oxide,  leaving  the  base  in  excess,  a  dazzling  white  crystalline  precipi- 
tate of  the  sulphate  is  obtained,  which  must  be  washed  with  alcohol  and  afterwards 
with  ether.  The  salt  is  nearly  insoluble  in  water,  absolute  alcohol,  and  ether,  but  dis- 
solves readily  in  alcohol  mixed  with  sulphuric  or  hydrochloric  acid.  From  the  acid 
solution  it  crystallises  in  tolerably  large,  hard,  shining  octahedral  crystals  (Lowig). 
Klip  pel,  by  dissolving  the  carbonate  in  alcoholic  sulphuric  acid,  obtained  the 
sulphate  in  crystals  like  those  of  quartz.  B  u  ckto  n,  by  decomposing  the  chloride  with 
sulphuric  acid  or  sulphate  of  silver,  obtained  it  in  asbestiform  needles. 

The  acid  tartrate,  C4HA(PbE3)06  (at  100°),  forms  scaly  laminar  crystals. 

Sulphide  of  plumbotriethyl  is  obtained  by  treating  a  solution  of  the  oxide  or 
a  salt  of  plumbotriethyl,  with  sulphydric  acid  or  sulphide  of  ammonium,  as  a  white 
precipitate,  which  is  nearly  insoluble  in  water,  alcohol,  and  ether,  and  blackens  quickly 
with  separation  of  sulphide  of  lead.  (Klippel.) 

The  sulphocyanate  is  formed  by  heating  an  alcoholic  solution  of  the  chloride  with 
recently  precipitated  sulphocyanate  of  silver  to  100°  in  a  sealed  tube.  It  dissolves  in 
water,  alcohol,  and  ether,  and  crystallises  from  the  ethereal  solution  in  the  same  form 
as  sulphocyanate  of  potassium.  (Klippel:) 

Plumbotetrethyl.    Pb2C8H20  =  Pb(  C2H5)4  or  PbE4.     Diethylide  of  lead.    Plumbo- 
diethylide  (Buck ton). — Produced  by  the  action  of  zinc-ethyl  on  chloride  of  lead : 
2ZnE2  +  2PbCl2    =    2ZnCl2  +  PbE4  +  Pb. 

When  dry  chloride  of  lead  is  added  to  zinc-ethyl,  decomposition  takes  place  imme- 
diately, attended  with  separation  of  metallic  lead,  and  slight  rise  of  temperature ;  and 
on  adding  an  excess  of  the  lead-chloride,  and  warming  gently  for  a  few  minutes,  a 
clear  liquid  may  be  decanted,  apparently  consisting  of  several  lead-radicles  combined 
with  zinc-ethyl,  which  cannot  be  completely  removed  by  digestion  with  excess  of  lead- 
chloride,  but  may  be  expelled  for  the  most  part  by  distillation.  The  liquid  remaining 
in  the  retort  at  140°-150°  yields,  when  treated  with  water  and  hydrochloric  acid, 
heavy  colourless  drops  of  a  liquid,  the  greater  part  of  which,  consisting  of  plumbo- 
tetrethyl,  distils  over  between  198°  and  202° ;  but  the  compound  is  most  easily  obtained 
in  the  pure  state  by  distillation  in  a  rarefied  atmosphere.  (Buckton.) 

Plumbotetrethyl  is  a  transparent  colourless  liquid  of  specific  gravity  T62.  Under 
the  ordinary  pressure  it  boils  with  partial  decomposition,  at  a  few  degrees  above  200°, 
but  under  a  pressure  of  7*5  inches  of  mercury  it  boils  without  decomposition  at  152°. 
When  set  on  fire,  it  burns  with  pale-green-bordered  flame,  emitting  a  fume  of  lead- 
oxide.  In  a  stream  of  hydrochloric  acid  gas,  it  is  converted  into  chloride  of  plumbo- 
triethyl, with  evolution  of  hydride  of  ethyl: 

Pb(C2H5)4  +  HC1  =  Pb(C2H5)3Cl  +  C2H5.H.     (Buckton.) 

Methyl-compounds. 

Flumbotrimetliyl.  PbC3H9  =  Pb(CH3)3  =  PbMe3.— This  radicle  has  not  yet 
been  obtained  in  the  free  state,  but  its  salts  are  produced,  with  evolution  of  hydride 
of  methyl,  by  treating  plumbotetramethyl  with  acids :  e.g.  with  hydrochloric  acid,  the 
reaction  being  precisely  similar  to  that  which  takes  place  in  the  case  of  the  correspond- 
ing ethyl  compound,  as  represented  by  the  equation  just  given. 

Chloride  of  plumbotrimethyl,  PbMe'Cl,  thus  obtained,  separates  from  the  solution 
on  cooling  in  long  needles  very  much  like  chloride  of  lead.  If  the  boiling  of  the 
plumbotetramethyl  with  hydrochloric  acid  be  too  long  continued,  chloride  of  lead  is 
apt  to  be  formed. 

Bromide  of  Plumbotrimethyl  is  somewhat  more  soluble  than  the  chloride. 

The  iodide,  PbMe3!,  is  obtained  by  adding  iodine  to  plumbotetramethyl  till  the 
colour  becomes  permanent  (iodide  of  methyl  being  probably  formed  at  the  same  time : 

PbMe4  +  I2    =    PbMe3!  +  Mel). 

The  product  is  a  white  solid  mass,  mixed  with  yellow  iodide  of  lead,  sparingly  soluble 
in  water,  easily  in  alcohol,  and  crystallising  in  long  colourless  needles,  which  may  be 
sublimed.  By  distillation  with  caustic  potash,  it  yields  the  hydrate  of  plumbo- 
trimethyl, as  a  strong  basic  oil,  smelling  like  oil  of  mustard,  and  solidifying  in 
prismatic  needles.  (C  a  hours.) 

Plumbotetramethyl.  PbC4H"  =  Pb(CH3)4  =  PbMe4.— Produced  by  the 
action  of  iodide  of  methyl  on  an  alloy  of  5  pts.  lead  and  1  pt.  sodium,  or,  better,  by 
treating  chloride  of  lead  with  zinc-methyl.  It  is  a  colourless,  mobile  liquid,  having 
a  camphor-like  odour,  insoluble  in  water,  but  soluble  in  alcohol  and  ether.  It  boils  at 
160°,  decomposes  at  a  few  degrees  above  that  temperature,  but  may  be  distilled  with- 
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out  alteration  in  a  gas  which  does  not  act  upon  it  (Cahours).  According  to 
But  tie  row,  however,  it  smells  like  strawberries  or  mould,  not  at  all  like  camphor, 
boils  at  100°,*  and  when  free  from  zinc-methyl,  may  be  distilled  without  decompo- 
sition in  contact  with  air;  in  a  sealed  tube  containing  chlorocarbonate  of  ethyl,  it  may 
be  heated  to  200°  without  decomposition.  Its  vapour-density,  determined  by  Gay 
Lussac's  method,  is  9*66  at  115°,  and  9'52  at  130°;  calculation  =  9'25.  It  appears 
then  that  the  compound  is  converted  into  a  perfect  gas  at  a  temperature  very  little 
above  its  boiling  point.  (B  uttlerow.) 

Plumbotetramethyl,  like  the  corresponding  ethyl-compound,  does  not  unite  directly 
with  oxygen,  chlorine,  or  iodine,  but  is  decomposed  thereby,  yielding  compounds  in 
which  part  of  the  methyl  is  replaced  by  the  acting  elements,  but  belonging  tp  the.  same 
type  as  plumbotetramethyl  itself;  e.g.  iodide  of  plumbotriethyl,  Pb(CH3)8I,  by  the 
action  of  iodine.  Treated  with  acids,  it  yields  hydride  of  methyl  and  a  salt  of  plumbo- 
triethyl. (Cahours.) 

IiEAI>-SOAPS.  Lead-salts  of  the  fat-acids.  Common  lead-plaster  (p.  560)  is 
a  preparation  of  this  kind. — Palmer  in  1845  patented  the  preparation  of  a  lead-soap 
for  greasing  the  axles  of  railway  carriages,  &c.  It  is  prepared  by  heating  the  impure 
oleic  acid  obtained  from  the  manufacture  of  stearin-candles,  and  stirring  litharge  into 
it  as  long  as  the  litharge  is  dissolved.  Before  use  it  is  mixed  with  a  certain  quantity  of  oil 
or  tallow. — A  compound  of  lead-oxide  with  the  acids  of  linseed-oil,  prepared  by  decompos- 
ing the  potash-soap  of  linseed-oil  with  solution  of  acetate  of  lead,  serves,  when  dissolved 
in  oil  of  turpentine,  for  printing  on  wall-paper,  previous  to  gilding  it  with  gold-leaf  or 
Dutch  metal,  or  dusting  it  with  wool-shearings  for  the  production  of  flock-patterns. 

I.EAD-SPEISS.  The  metallurgical  name  of  certain  products  obtained  in  the 
working  of  lead-ores  containing  arsenic  or  antimony.  The  following  table  exhibits 
the  composition  of  two  lead-speisses  analysed  by  Bodemann :  a,  from  Clausthal ;  b, 
from  Andreasberg,  and  another ;  c,  by  Ahrend  from  the  Lower  Hartz : 

Pb  As  Sb  Cu  Ag  Fe  8           CoandNi. 

a.  68-2  .     .  30-3  trace  .     .  trace  1*5 

b.  90-5  O'l  1-3  0-3  0-1           2'6  5'0 

c.  26-1  13-0  5-2  44-5  0-1           5'5  2'8           2-3 

!LE  AD-VZTRIOIi.     Sulphate  of  lead  (see  SULPHATES). 

I.EAF-GREEW.    See  CHLOROPHYLL  (i.  922). 

iLEAF-RED.     See  ERTTHEOPHYLL  (ii.  506). 

LEAF-YEIiliOW.     See  XA.NTHOPHYLL. 

LEATHSR.  consists  of  the  skins  of  animals  prepared  by  a  process,  or  rather  series 
of  processes,  called  tanning,  by  which  they  are  preserved  from  putrefying  while 
moist,  and  rendered  soft  and  pliable  when  dry.  The  skins  are  first  freed  from  epider- 
mis, fatty  matter  and  hairs,  by  steeping  them  in  milk  of  lime,  or  in  an  acescent  in- 
fusion of  barley-  or  rye-meal,  or  spent  tan,  which  sets  up  a  slow  fermentation;  by 
either  of  these  modes  of  treatment,  the  epidermis  and  the  cellular  tissue  in  which  the 
hairs  are  rcoted,  are  disintegrated,  so  that  the  hair  and  epidermis  can  then  be  easily 
removed  by  scraping.  The  skins  thus  prepared  are  then  steeped  in  an  infusion  of  some 
substance  capable  of  uniting  with  the  true  skin  and  converting  it  into  leather.  The 
materials  used  for  this  purpose  are  : 

1.  Tannin  or  tannic  acid,  in  the  process  of  tanning  properly  so  called,  which  is 
applied  chiefly  to  the  stouter  kinds  of  leather,  made  from  the  hides  of  oxen  and  horses. 
The  true  skin  of  animals  is  a  gelatinous  tissue  (ii.  826)   and  gelatin  unites  with 
tannic  acid,  forming  a  tough  insoluble  substance  possessing  the  properties  of  leather 
(ii.  765).     Several  substances  are  used  by  the  tanner  as  sources  of  tannic  acid ;  but  the 
most  valuable  and  most  extensively  used  of  all   is  oak-bark.     The  following  sub- 
stances are  also  used,  sometimes  alone,  but  more  generally  as  additions  to  the  oak-bark : 
—  Sumach,  from  the  bark  of  Enus cotinus  or  Rhus coriaria ;  catechu,  or  Terra  Japo- 
nica,  chiefly  from  various  species  of  Acacia  (i.  816) ;  dividivi,  the  crushed  pods  of 
CfBsalpinia  coriaria',  mimosa,  from  the  bark  and  pods  of  various  kinds  of  Prosopis,  a 
genus   of  leguminous  plants;  valonia,  the  acorn  of  the  great  prickly-cupped  oak 
( Quercus  Mgilops) ;  and  nut-galls. 

2.  Alum  and  common  salt,  in  the  process  called  tawing,  which  is  applied  chiefly 
to  the  lighter  kinds  of  skin,  namely  these  of  sheep,  goats,  and  calves. 

*  This  boiling  point  differs  from  that  of  plumbotetrethyl  (about  200°)  by  90°,  or  22-5°  for  a  difference  of 
CH2  in  the  formula?,  whereas  the  boiling  point  of  plumbotetramethyl  found  by  Cahours,  viz.  160°,  differs 
from  200  by  only  40°,  or  by  10°  for  each  difference  of  CH2  in  the  formula.  Now  on  comparing  the  dif- 
ferences of  boiling  points  in  the  corresponding  methyl-  and  ethyl-compounds  of  phosphorus,  arsenic,  anti- 
mony, and  tin,  it  is  found  that  the  difference  always  amounts  to  20°  or  upwards  for  each  molecule  of  CH2 
added  to  the  compound.  The  boiling  point  of  plumbotetramethyl  found  by  Buttlerow  is  therefore  more 
in  accordance  with  analogy  than  that  determined  by  Cahours. 


LECANORIC  ACID.  565 

3.  Oil,  for  the  preparation  of  chamois,  shamoy,  or   wash-leather,  which  ia 
prepared  from  the  skins  of  the  goat,  doe,  or  chamois,  and  is  a  soft,  spongy  leather, 
capable  of  washing. 

4.  Limp.,  for  parchment,  which  is  prepared  from  calf  or  sheep  skins,  and  for  the 
stronger  kinds,  from  asses'  or  pig's  skin. 

For  the  details  of  all  these  processes  we  must  refer  to  Ure's  Dictionary  of  Arts,  $c. 
(ii.  674  —  686),  and  the  Handwortcrbuch  der  Chemie  (iv.  792—810). 

LECAltfORIC  ACID.  C16H1407  ?  Lecanorin.  a-Orsellic  acid.  (Schunck, 
Ann.  Ch.  Pharm.  xli.  157  ;  liv.  261  ;  Ixi.  72.—  Kochleder  and  Heldt,  ibid.  Ixviii.  1. 
—  Stenhouse,  ibid.  Ixviii.  61;  Ixx.  218.  —  Strecker,  ibid.  Lxviii.  13.  —  Laurent 
and  Gerhardt,  Ann.  Ch.  Phys.  [3],  xxiv.  315.—  Kobiquet,  Ann.  Ch.  Phys.  xlii. 
236  ;  Gin.  xii.  377.)—  This  substance,  which  was  discovered  by  Schunck  in  1842,  is 
extracted  from  several  lichens  belonging  to  the  genera  Lecanora  and  Variolaria.  The 
lichens,  in  the  state  of  fine  powder,  are  exhausted  with  ether  in  a  percolator,  and,  on 
evaporating  the  ether,  a  residue  is  obtained  which  is  to  be  washed  with  ether  on  a 
large  funnel  till  it  is  colourless,  then  exhausted  with  water,  and  crystallised  from 
alcohol  (Schunck).  Kochleder  and  Heldt  exhaust  the  lichen  (Evernia  prunastn) 
with  a  mixture  of  ammonia  and  alcohol,  dilute  the  alcohol  with  a  third  of  its  volume 
of  water,  and  saturate  with  acetic  acid.  Lecanoric  acid  then  separates  in  grey  flocks, 
which  are  washed,  dried  at  100°,  dissolved  in  a  small  quantity  of  boiling  absolute 
alcohol,  and  purified  by  recrystallisation. 

Stenhouse  macerates  the  lichen  (Boccella  tinctoria)  with  water  mixed  with  slaked 
lime,  precipitates  the  filtered  liquid  with  hydrochloric  acid;  washes  and  dries  tha 
gelatinous  precipitate,  and  digests  it,  when  nearly  dry,  with  absolute  alcohol,  taking 
care  not  to  boil  the  liquid,  which,  on  cooling,  deposits  the  acid  in  crystals. 

Lecanoric  acid  crystallises  in  colourless  stellate  needles,  sparingly  soluble  in  cold 
water  and  in  cold  alcohol  ;  moderately  soluble  in  boiling  alcohol,  soluble  in  ether  and 
in  acetic  acid.  According  to  Schunck,  1  pt.  of  lecanoric  acid  requires  for  solution 
2,500  pts.  of  boiling  water,  150  pts.  of  alcohol  of  80  per  cent,  at  15°  ;  5*15  pts.  of 
boiling  alcohol,  and  80  pts.  ether  at  15'5°.  The  solution  reddens  litmus.  The  crys- 
tallised acid  does  not  lose  weight  at  100°. 

Lecanoric  acid  gives  by  analysis  59'45  to  60'59  carbon,  and  4'40  to  5gOO  hydrogen, 
whence  Stenhouse  deduced  the  formula  C16H1607,  which  Gerhardt  altered  to 
C1KHI407  (60-37  per  cent.  C,  4'40  H,  and  36-23).  This  latter  formula  readily  explains 
the  conversion  of  lecanoric  into  orsellic  acid  (infra). 

Lecanoric  acid  yields  by  dry  distillation,  a  viscid  oil,  together  with  orcin.  It  dis- 
solves readily  at  ordinary  temperatures  in  lime-water  or  baryta-water,  and  is  precipi- 
tated therefrom  by  acids  in  the  form  of  a  jelly,  and  without  alteration  ;  but  if  the 
saturated  solution  be  boiled,  the  lecanorate  of  barium  or  calcium  changes  into  the  much 
more  soluble  orsellinate.  If  the  ebullition  be  prolonged,  carbonate  of  barium  or  calcium 
is  precipitated,  and  orcin  remains  in  solution: 

=     2C9H804     =     2C02  +   2C7H802. 


Lecanoric  OrselHnic  Orcin. 

acid.  acid. 

A  solution  of  lecanoric  acid  in  aqueous  ammonia  acquires  by  exposure  to  the  air  a 
fine  purple  colour,  due  to  the  formation  of  orcein.  In  contact  with  hypochlorite  of 
calcium,  lecanoric  acid  immediately  assumes  a  red  tint,  quickly  changing  to  brown  and 
yellow.  The  acid  heated  with  sulphuric  acid,  is  gradually  converted  into  orcin.  Boiling 
nitric  acid  converts  it  into  oxalic  acid.  Boiling  acetic  acid  dissolves  it  readily,  and 
deposits  it  in  small  needles  on  cooling.  By  boiling  with  akohol,  it  is  converted  into 
orsellate  of  ethyl.  The  same  change  is  produced  by  passing  hydrochloric  acid  gas  into 
a  solution  of  lecanoric  acid  in  absolute  alcohpl,  saturated  at  the  boiling  heat. 

The  ammoniacal  solution  of  lecanoric  acid  forms  white  precipitates  with  basic 
acetate  of  lead  and  nitrate  of  silver  ;  but  the  silver  precipitate  is  quickly  reduced.  The 
alcoholic  solution  gradually  produces,  with  an  alcoholic  solution  of  acetate  of  copper,  a 
light  apple-green  precipitate.  It  does  not  precipitate  the  alcoholic  solutions  of  neutral 
acetate  of  lead,  mercuric  chloride,  chloride  of  gold  or  nitrate  of  silver.  A  few  drops  of 
ferric  chloride  impart  to  it  a  deep  purple  colour. 

The  lecanorates  gradually  decompose,  especially  when  heated,  yielding  orsellinic 
acid,  and  ultimately  orcin.  The  barium-salt,  Cl6H'3BaO,  is  obtained  by  dissoh-ing  the 
acid  in  cold  baryta-water,  passing  carbonic  acid  into  the  liquid,  and  treating  the  pre- 
cipitate with  alcohol,  which  dissolves  the  lecanorate  of  barium,  and  deposits  it  in  small 
stellate  needles.  According  to  Stenhouse's  analysis,  it  contains  49  '27  per  cent.  C, 
3-81  H,  and  19'49  baryta;  the  formula  requires  49'87  C,  3'37  H,  and  1973  baryta. 
The  calcium-salt  is  a  gelatinous  precipitate,  slightly  soluble  in  water  and  alcohol, 
obtained  by  mixing  an  ammoniacal  solution  of  the  acid  with  chloride  of  calcium.  The 
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lead-salt  is  precipitated,  according  to  Rochleder  and  Heldt,  on  mixing  the  boiling  al- 
coholic solutions  of  lecanoric  acid  and  acetate  of  lead ;  the  precipitate  thus  obtained 
probably  consists  for  the  most  part  of  orsellinate. 

XiECAlTORXXfr.     Syn.  with  LECANOBIC  Aero. 

LECITHIN".  Gobley's  Matiere visqueuse.  (Gobley,  J.  Pharm.  [3]  ix.  1,  83, 
161;  xi.  409;  xii.  5;  xvii.  401;  xviii.  107;  xix.  406;  xxi.  241;  xxx.  241;  xxxiii. 
161.) — The  eggs  and  milt  or  soft  roe  of  the  carp  and  herring,  the  yolk  of  poultry-eggs, 
the  brain  of  the  domestic  fowl,  of  man  and  of  the  sheep,  venous  blood,  ox-bile,  and  the 
fat  of  the  garden-snail,  contain,  together  with  cholesterin,  olein  and  margarin,  a 
viscous  substance  which  is  decomposed  by  boiling  with  acidulated  water,  yielding 
cerebrin,  oleic  acid,  margaric  acid  and  phosphoglyceric  acid  (ii.  8  9 1 ).  Of  these  products, 
Gobley  regards  the  cerebrin  as  adventitious,  the  other  three  as  resulting  from  the 
decomposition  of  a  non-isolable  substance,  lecithin.  The  portion  of  pig's  bile  soluble 
in  alcohol  and  not  precipitable  by  ether  contains,  besides  cholesterin  and  ordinary  fats, 
a  phosphoretted  fat  corresponding  with  Gobley's  lecithin,  and  resolvable  by  boiling 
with  baryta-water  into  phosphoglycerate  of  barium  and  insoluble  barium-salts 
(St reciter,  Ann.  Ch.  Pharm.  cxxiii.  356).  A  constituent  of  yolk  of  egg,  resembling 
ear-wax,  described  by  Kodweiss  (Ann.  Pharm.  lix.  261),  agrees  also  in  properties  with 
the  substance  described  by  Gobley. 

When  carps'  eggs  are  exhausted  with  ether  or  boiling  alcohol,  and  the  solution  is 
evaporated,  there  remains  a  reddish-yellow  soft  mass,  which  when  redissolved  in  boiling 
alcohol,  leaves  a  small  quantity  of  oil,  and  separates  again  as  a  viscous  mass  on  cooling. 
It  may  also  be  obtained  in  the  same  manner,  but  less  pure,  from  yolk  of  egg  (ii.  364). — 
When  the  comminuted  and  partially  dried  milt  of  the  carp  is  shaken  up  with  ether, 
the  ether  takes  up  the  greater  part  of  the  viscous  matter,  and  the  rest  may  be  obtained  by 
repeated  boiling  with  alcohol.  On  evaporating  the  alcoholic  solution,  transferring  the 
viscous  matter  contained  in  the  residue  to  ether  by  agitation  therewith,  and  evaporating 
the  ether,  the  viscous  matter  is  obtained  free  from  the  salts  taken  up  by  the  alcohol, 
which  remain  in  the  lower  watery  layer  of  liquid. 

The  viscous  matter  is  colourless,  or  has  merely  a  faint  yellow  or  orange  tint ;  it  is 
soft,  neutral,  and  has  for  the  most  part  the  odour  of  the  material  from  which  it  has  been 
prepared.  It  is  frequently  contaminated  with  earthy  phosphates  and  albumin. 
It  swells  up  when  heated,  chars  without  melting,  gives  off  ammoniacal  vapours,  and 
leaves  an  acid  carbonaceous  residue  containing  phosphoric  acid.  When  exposed  to  the 
air,  it  does  not  turn  acid,  and  afterwards  yields  the  same  decomposition-products  as 
that  which  has  been  prepared  without  exposure  to  the  air.  When  shaken  up  with 
water,  it  forms  an  emulsion  which  does  not  become  sour  or  exhibit  the  presence  of 
phosphoglyceric  acid,  even  after  12  hours'  boiling,  but  on  boiling  it  with  water  contain- 
ing sulphuric  or  hydrochloric  acid,  oleic  and  margaric  acids  are  formed,  which  rise  to 
the  surface  as  an  oil,  and  phosphoglyceric  acid,  which  remains  dissolved  in  the  water. 
Addition  of  alcohol  accelerates  this  decomposition,  which,  in  viscous  matter  from  yolk 
of  egg,  takes  place  at  the  mere  heat  of  the  water-bath,  but  in  that  derived  from  other 
sources,  not  till  after  half  an  hour's  actual  boiling.  The  oxygen  of  the  air  has  no 
influence  on  the  decomposition.  Besides  the  products  above  mentioned,  there  are 
obtained  cerebrin,  and  sometimes  also  cholesterin,  olein  and  margarin,  which  however 
are  regarded  by  Gobley  as  accidental  admixtures. — Aqueous  alkalis  and  alkaline  car- 
bonates at  the  boiling  heat  produce  the  same  decomposition  as  the  mineral  acids.  When 
the  viscous  matter  of  yolk  of  egg  is  shaken  up  with  water  containing  potash  and  heated 
in  the  water-bath,  acetic  acid  separates  oleic  and  margaric  acids  from  it;  with  the  viscous 
matter  of  the  brain  or  from  any  other  source,  boiling  with  alcoholic  potash  is  necessary 
to  effect  the  decomposition.  Carbonate  of  potassium  also  does  not  decompose  the 
viscous  matter  merely  at  the  heat  of  the  water-bath,  but  only  on  actual  boiling. — Six 
hours'  boiling  with  acetic  (lactic  or  tartaric)  acid  does  not  produce  any  decomposition, 
12  hours'  boiling  only  an  imperfect  decomposition  of  the  viscous  matter;  but  by  24 
hours'  boiling,  it  is  completely  decomposed,  with  formation  of  phosphoric  acid  and 
glycerine.  (Gobley.) 

From  the  emulsion  formed  by  water,  which  froths  like  soap  (Gobley),  it  is  precipi- 
tated by  common  salt.  (Kodweiss.) 

The  viscous  matter  dissolves  sparingly  in  cold,  easily  in  boiling  alcohol ;  it.  is  also 
soluble  in  ether.  (Gobley.) 

I.ECO3XTTITE.  This  name  is  given  by  W.  H.  Taylor  (Sill.  Am.  J.  [2].  xxvi. 
273)  to  an  alkaline  sulphate,  found  by  Le  Conte  in  the  cavern  of  Las  Piedras,  near 
Comayagua  in  Honduras,  and  probably  formed  from  the  excrements  of  bats,  which 
frequent  the  cavern  in  large  numbers.  The  mineral,  when  freed  from  adhering  organic 
matter,  is  colourless,  permanent  in  the  air,  and  has  a  saline,  bitter  taste.  It 
forms  prismatic  crystals,  which,  according  to  Dana,  are  trimetric  combinations, 
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oP  .  coP .  00^2  .  \  £00  .  ooPoo  .  Anglo  ooP  :  ooP  =  103°  12';  ooP2  :  <xP2  =  115°; 
:*Pao :  I  Poo  over  the  principal  axis  =  127°  30'  to  128°.  Hardness  =  2  to  2'5. 
According  to  Taylor's  analysis,  it  contains  12-94  per  cent.  (NH4)20,  2'67  K20,  17'56 
]Sa20,  44-97  SO3,  19-45  water,  2'30  organic  residue,  and  a  trace  of  phosphoric  acid, 
agreeing  with  the  formula  M2S04.H20. 

The  form  of  this  substance  agrees  essentially  with  that  assigned  by  Mitscherlich, 

(Pogg.  Ann.  Iviii.  469)  to  the  salt   N^JS04.2H20.     (Jahresber.  1858,  p.  729.) 


X.EDERERITE.  A  mineral  from  Cape  Blomidon,  Nova  Scotia,  having  the  form 
of  gmelinite  (ii.  924)  and  the  same  formula,  but  with  only  one-third  the  amount  of 
water  Specific  gravity  =  2'169.  Analysis  by  Hayes  (Sill.  Am.  J.  [2],  xxv.  78): 
49-47  per  cent.  SiO2,  21-48  A1203,  11-48  CaO,  3'94  Na*0,  0'14  FeO,  3'48  P*05,  and 
8'58  water  (  =  98'57). 

LEBERITE.     Syn.  with  SPHENE. 


ACZXK  CfflHsop15  ?  (E.  Willigk,  Ann.  Ch.  Pharm.  Ixxiv. 
363.  —  Rotchleder  and  Schwartz,  ibid.  366.)—  A  variety  of  tannic  acid,  obtained 
from  the  leaves  of  the  marsh  wild  rosemary  (Ledum  palustre).  It  is  prepared  by  pre- 
cipitating the  alcoholic  decoction  of  the  leaves  with  water,  after  distilling  off  the  alcohol  ; 
precipitating  the  filtrate  with  neutral  acetate  of  lead  ;  dissolving  the  precipitate  ii) 
dilute  acetic  acid  ;  filtering  again,  precipitating  the  filtrate  at  the  boiling  heat  with 
basic  acetate  of  lead  ;  decomposing  the  precipitate  under  water  with  sulphydric  acid  ; 
and  evaporating  the  filtrate  in  a  stream  of  carbonic  anhydride  (Rochleder  and 
Schwartz).  Leditannic  acid  then  remains  as  a  reddish  inodorous  powder,  easily 
soluble  in  water  and  in  alcohol.  The  aqueous  solution  is  coloured  dark-green  by 
ferric  chloride,  and  forms  yellow  precipitates  with  acetate  of  lead  and  stannic 
chloride. 

XiEDIXANTHIN.  A  yellow  or  red  pulverulent  substance,  produced  by  boiling 
aqueous  leditannic  acid  with  sulphuric  or  hydrochloric  acid.  According  to  Willigk,  it 
contains  C7H603,  and  is  therefore  produced  from  leditannic  acid  by  elimination  of 
water:  C28H30015  -  3H20  =  4C7H603.  It  dissolves  easily  in  alkalis,  and  when  dis- 
solved in  alcohol,  forms  a  red-brown  precipitate  with  an  alcoholic  solution  of  neutral 
acetate  of  lead.  By  dry  distillation,  it  yields  an  oil  and  crystals  of  pyrocatechin. 
(Willigk.) 

XiEDUXVI,  OH  OP.  The  statements  of  different  observers  respecting  this  oil, 
which  is  obtained  by  distilling  the  leaves  of  Lcdum  palustre,  or  the  entire  plant 
at  flowering  time,  with  water,  exhibit  considerable  diversities.  According  to  Willigk 
(Wien.  Akad.  Ber.  ix.  302),  it  consists  for  the  most  part  of  a  hydrocarbon  isomeric 
with  oil  of  turpentine,  and  of  an  oxygenated  oil,  C80H12605.  According  to  Gra*ss- 
mann  (Kepert.  Pharm.  xxxviii.  53),  it  consists  of  1  pt.  volatile  oil  and  2  pts.  camphor 
or  stearoptene,  which  may  be  separated  by  slow  distillation,  the  volatile  oil  passing 
over  first.  The  camphor  forms  colourless,  slender,  transparent  prisms,  which  melt  at 
a  gentle  heat,  and  sublime  at  a  stronger  heat,  diffusing  a  pungent  odour,  which  pro- 
duces head-ache  and  giddiness.  The  camphor  consists,  according  to  Buchner 
(J.  Pharm.  [3]  xxix.  318),  of  a  hydrocarbon  isomerie  with  oil  of  turpentine,  and  a 
hydrate  of  that  hydrocarbon.  C50H8603  =  5C10H16.3H20.  It  is  nearly  insoluble  in 
water,  dissolves  easily  in  hydrochloric  acid,  less  in  acetic  acid,  and  is  quite  insoluble 
in  aqueous  ammonia,  but  dissolves  readily  in  alcohol  and  ether.  (Buchner.) 

According  to  A.  Frohde  (J.  pr.  Chem.  Ixxxii.  181),  the  oil  obtained  from  the  plant 
by  distillation  is  reddish-yellow,  has  an  acid  reaction,  smells  like  the  flowering  plant, 
is  slightly  soluble  in  water,  easily  in  alcohol  and  ether,  and  does  not  deposit  any  solid 
camphor,  even  when  cooled  to  a  very  low  temperature.  When  heated  with  strong 
potash-ley,  it  gives  up  to  the  alkali,  besides  small  quantities  of  acetic,  butyric,  and 
yalerianic  acids,  an  oily  acid,  having  the  penetrative  odour  of  the  plant,  and  consisting 
probably  of  C8H1004,  a  formula  closely  related  to  that  of  ericinone,  C8H803  (ii.  500), 
which  substance  likewise  exists  in  the  plant.  The  portion  of  the  oil  which  does  not 
unite  with  potash,  yields,  by  rectification  in  a  stream  of  hydrogen,  a  portion  boiling  at 
160°,  and  isomeric  with  oil  of  turpentine,  while  between  240°  and  242°  an  oxygenated 
oil  passes  over,  having  the  composition  of  ericinol,  C19H160. 

XiEEESXTE.  A  mineral  found  near  Leeds  in  Yorkshire,  containing,  according  to 
Thomson's  analysis,  71'9  per  cent,  sulphate  of  calcium  and  28*1  sulphate  of  barium. 
It  appears  to  be  merely  a  mechanical  mixture  of  the  two.  (Dana,  ii.  507.) 


The  bulbs  of  this  plant  yield  0-46,  the  stems  0'84  per  cent,  ash,  contain- 
ing, according  to  T.  Kichardson  (Ann.  Ch.  Pharm.  Ixvii.,  Appendix  to  Part  3): 
VOL.  III.  0  0 
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Ferric 

R2Q        Na*O       CaO       MgO     SQ3         SiQ2       P2Q5     phosphate.    NaCl 
Bulb    .  32-35       8-04     12-66     2'70     8'34       3'04     15'09       13-29       4'49   =   lOO'OO 
Stem    .  13-98     14-43     25-10    trace  16*50     1977       .    .         10'06     trace  =>     99'84 

Z.EEI.ITE.     Syn.  with  HELLEFLINTA  (p.  141). 

ZiEGirraXN*,  or  Vegetable  Casein,  was  discovered  by  Einhof  in  1805,  and  wag 
called  by  him  vkgeto-animale  (N.  allgem.  J.  d.  Ch.  v.  A.  Gehlen,  vi.  126,  548).  He 
found  it  in  peas,  beans,  and  lentils.  A  similar  nitrogenised  substance,  extracted  from 
sweet  and  bitter  almonds  and  termed  amandin,  has  been  investigated  by  Proust, 
H.  Vogel,  Boullay,  and  others,  who  considered  the  substance  in  question  to  be 
identical  with  animal  casein.  Braconnot,  and  afterwards  Lie  big,  have  arrived  at 
the  same  result ;  they  find,  indeed,  that  legumin  and  casein  are  perfectly  identical 
in  composition  and  properties.  Dumas  and  Cahourson  the  other  hand,  always  ob- 
tained a  substance  containing  less  carbon  and  more  nitrogen  than  casein,  and  pos- 
sessing somewhat  different  properties.  Their  analyses  agree  very  closely  with  one 
another,  but  it  is  highly  probable  that  the  substance  analysed  contained  some  foreign 
body,  perhaps  arising  from  the  partial  decomposition  of  legumin.  It  is  also  not  un- 
likely that  legumin  prepared  by  the  ordinary  methods  is  not  a  homogeneous  substance. 

Preparation. — Dumas  and  Cahours  employ  the  following  method  for  the  preparation 
of  legumin,  the  most  advantageous  source  of  which  are  peas  or  sweet  almonds : — The 
bruised  substance  is  digested  for  two  or  three  hours  with  tepid  water ;  the  product  is 
then  crushed  in  a  mortar  so  as  to  form  a  pulp ;  and  to  this  is  added  about  its  own 
weight  of  cold  water.  After  the  whole  has  been  macerated  for  an  hour,  it  is  thrown 
on  a  cloth  and  pressed,  and  the  liquid  portion  on  standing  deposits  a  certain  quantity 
of  starch.  The  solution  is  now  clarified  by  filtration,  and  acetic  acid,  diluted  with 
8  or  10  times  its  weight  of  water,  is  gradually  added.  Immediately  on  the  addition  of 
the  acid,  a  perfectly  white  flocculent  precipitate  is  formed,  which  may  be  easily  collected 
on  a  filter  and  washed  with  water.  Care  must  be  taken  to  avoid  an  excess  of  acetic 
acid,  in  which  legumin  is  readily  soluble.  The  legumin  is  then  washed  with  alcohol, 
dried,  pulverised,  and  digested  with  ether,  which  removes  all  fatty  matters.  The 
product  is  again  dried  in  vacuo  at  140°  (Grerhardt,  Traite,  iv.  491).  Haricot-beans 
cannot  well  be  substituted  for  the  above  substance,  since  they  contain  a  gummy 
matter  which  renders  the  filtration  and  washing  exceedingly  tedious.  According 
to  Lowenberg,  the  product,  obtained  as  above,  is  a  mixture  of  legumin  and  albumin, 
and  after  it  has  been  washed  with  boiling  water,  contains  a  decomposition-product 
of  legumin,  mixed  with  albumin.  The  separation  of  these  two  substances  may  be 
effected  by  dissolving  the  mixture  in  ammonia,  evaporating  off  the  excess  of  ammonia, 
adding  chloride  of  sodium,  boiling,  filtering,  and  precipitating  the  filtrate  with  acetic 
acid.  The  precipitate  is  washed  first  with  cold  water,  then  with  boiling  alcohol  and 
ether.  The  infusion  of  peas  and  almonds  also  contains  a  third  body,  which  is  preci- 
pitated by  acetic  acid ;  it  is  insoluble  in  excess  of  the  acid,  but  soluble  in  pure  water. 
The  ammoniacal  solution  is  partly  precipitated  by  boiling  with  chloride  of  sodium  after 
evaporating  the  excess  of  alkali. 

Kochleder  purifies  legumin,  prepared  by  the  first  method,  by  treating  it  with  con- 
centrated potash,  which  readily  dissolves  the  legumin,  and  leaves  a  flocculent  residue 
of  another  substance.  The  solution  is  allowed  to  stand,  decanted,  then  filtered  and 
precipitated  by  acetic  acid.  The  well-washed  precipitate  is  dissolved  in  ammonia, 
filtered  again,  and  reprecipitated  by  acetic  acid. 

Properties. — The  solution  of  legumin  does  not  coagulate  by  ebullition ;  but  when 
evaporated,  becomes  covered  with  a  pellicle,  like  milk  (Lie big).  Purified  legumin  is 
insoluble  in  cold  water ;  with  boiling  water  it  yields  a  product  richer  in  carbon,  soluble 
in  water  and  insoluble  in  acetic  acid,  together  with  a  less  carbonised  body,  insoluble  in 
water  (Lowenberg).  The  body  analysed  by  Dumas  and  Cahours  had  the  following 
properties : — When  precipitated  from  a  concentrated  solution  by  weak  acetic  acid,  it 
always  presented  a  nacreous  and  iridescent  appearance ;  from  a  weak  solution  it  is 
deposited  in  flakes.  It  is  insoluble  in  cold  alcohol  and  ether ;  also  in  boiling  water 
and  in  weak  boiling  alcohol.  It  dissolves  largely,  however,  in  cold  water,  and  when 
the  liquid  is  heated  almost  to  boiling,  it  coagulates,  and  gives  a  precipitate  of  cohering 
flakes  very  like  coagulated  albumin  (G-erh.  iv.  493).  Gerhardt  thinks  that  Liebig  may 
have  experimented  with  the  aqueous  extract  of  legumin  obtained  directly  from  peas,  &c., 
which  probably  contains  that  substance  in  combination  with  alkali,  forming  an  inco- 
agulable solution  like  the  alkaline  albuminates.  The  fresh  aqueous  extract  of  the  fruit 
of  the  leguminosae  is  always  neutral ;  the  legumin  precipitated  therefrom  by  an  acid 
always  reddens  litmus,  even  after  prolonged  washing.  When  this  solution  is  left  to 
itself,  it  coagulates  in  24  hours,  at  a  temperature  of  15  or  20°  C.,  yielding  a  gelatinous 
precipitate  like  the  coagulum  of  milk.  The  mother-liquor  is  decidedly  acid,  and 
appears  to  contain  lactic  acid.  (Liebig.) 
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In  the  followin 

Carbon     . 
Hydrogen 
Nitrogen  . 

*  analyses  the  ash  is  deducted  :  — 
Dumas  and  Cahours  *                 Rochleder.f 
Lentils.  Sweet  almonds.           _  Haricots. 

Riiling.|  Lowenberg.y 
Peas.           Peal. 

50-68         63-9 
6-74          7'2 
16-50 
0-48          0-3 

1_       /T>    .    .  1-  1    _    3            \ 

50-46         50-93 
6-65           6-70 
18-19        18-77 

54-0 
7-5 
147 

54-3 
7-4 
14-6 

53-9 
73 
15-0 

Oxygen    . 

.  «,!%    «.«    ^. 



Purified  legumin  sometimes  contains  as  mnch  as  7'1  percent,  ash  (Rochleder). 
The  ash  is  perfectly  white,  has  an  alkaline  reaction,  and  contains  a  large  quantity  of 
potash,  partly  in  combination  with  phosphoric  acid.  The  insoluble  portion  of  the  ash 
is  composed  of  phosphate  of  calcium  and  magnesium,  as  well  as  a  little  phosphate  of 
iron.  (Lie  big.) 

Volcker  (Rep.  Brit.  Assoc.  1857,  pr.  60  ;  J.  p.  Chem.  Ixxv.  320)  found  in  legumin 
prepared  from  peas  and  beans,  the  following  percentage  of  ash,  phosphorus,  and 
sulphur : 

Phos-  Sul- 

Legumin.  Ash.  phorus.          phur. 

From  green  peas 1-100         1-383        0'870 

The  same,  precipitated  with  a  small  quantity  of  acetic  acid      .     .          1-880         0'571 
The  same,  precipitated  with  excess  of  acetic  acid      .         ...          2-180         0'851 

From  white  peas 1'45  T520 

From  white  French  beans 071  1780        0'590 

Norton  (Pharm.  Centr.  1847,  p.  466  ;  1848,  p.  240)  also  found  in  legumin  prepared 
from  peas,  sweet  almonds,  and  oats,  from  0-8  to  2-3  per  cent,  phosphorus.  The  large 
amount  of  phosphorus  found  by  Volcker  and  Norton  renders  it  probable  that  legumin 
contains,  or  is  associated  -with,  a  compound  of  phosphoric  acid,  perhaps  phosphoglyceric 
acid. 

Decompositions. — When  legumin  is  subjected  to  dry  distillation,  it  swells,  yields  a 
yellowish  distillate  containing  carbonate,  sulphide,  and  acetate  of  ammonium,  and 
leaves  a  residue  of  shining  charcoal,  (Braconnot.) 

Legumin  distilled  with  acid  chromate  of  potassium  and  dilute  sulphuric  acid  yields 
an  acid  liquid  which  smells  of  prussic  acid  and  bitter  almond  oil,  contains  a  consi- 
derable quantity  of  prussic  acid,  with  a  small  quantity  of  formic  acid,  but  does  not  give 
the  reactions  of  the  aldehydes  with  potash  or  with  nitrate  of  silver.  When  rectified  over 
mercuric  oxide,- the  first  portion  of  the  distillate  exhibited  a  more  aromatic  and  ethe- 
real odour  than  the  original  liquid  ;  the  second  portion,  which  was  covered  with  a  thin 
layer  of  oil,  contained  benzoic  acid  (4  pts.  to  1,000  of  legumin)  valerianic,  butyric,  pro- 
pionic,  acetic,  caproic,  and  probably  also  caprylic  acid  (Frohde,  J.  pr.  Chem.  Ixxvii. 
290).  In  a  second  series  of  experiments,  Frohde  found  among  the  products  of  oxidation 
of  legumin,  valeronitrile,  acetonitrile  (not  distinctly  recognised),  and  a  third  nitrile, 
probably  propionitrile. 

All  acids  coagulate  the  solution  of  legumin ;  the  precipitates  redissolve  in  excess  of 
the  acid. 

When  iegumin  is  boiled  with  dilute  sulphuric  acid,  leucine  is  formed.  Dry  legumin 
saturated  with  concentrated  sulphuric  acid  dissolves  slowly  and  forms  a  brown  solution, 
but  no  glycocine  is  produced. 

Concentrated  nitric  acid  dissolves  dry  legumin,  with  evolution  of  nitrous  fumes. 

Dilute  hydrochloric  acid  precipitates  legumin  like  acetic  acid.  The  concentrated 
acid  dissolves  it  with  the  characteristic  blue  tint. 

When  gelatinous  legumin  is  placed  in  contact  with  concentrated  acetic  acid  it  absorbs 
the  acid,  and  swells,  becoming  semitransparent.  The  product  is  completely  soluble 
in  boiling  water.  A  gummy  residue  of  legumin,  soluble  in  water,  is  obtained  on  eva- 
poration. A  solution  of  legumin  is  immediately  precipitated  by  dilute  acetic  acid,  and 
the  precipitafe  is  redissolved  by  an  excess  of  the  acid,  forming  a  perfectly  clear  solution. 
This  is  reprecipitated  by  adding  ammonia ;  the  precipitate  dissolves  in  an  excess  of  the 
acid  (Dumas  and  Cahours).  Liebig  found  legumin  insoluble  in  weak  acetic  acid; 
Lowenberg's  legumin,  which  is  insoluble  in  water,  dissolves  in  an  excess  of  acetic  acid. 

Solution  of  legumin  is  precipitated  by  tribasic  phosphoric  acid,  also  by  oxalic,  tar- 
taric,  malic,  and  citric  acids ;  the  precipitates  are  readily  soluble  in  excess  of  acid. 
Legumin  is  dissolved  in  the  cold  by  potash,  soda,  and  ammonia.  Heated  with  fixed 
alkali,  it  evolves  ammonia,  and  sulphide  of  ammonium  is  formed  in  the  solution. 

*  The  carbon  and  nitrogen  in  the  other  analyses  of  MM.  Dumas  and  Cahours  fall  between  these  two 
analyses. 

f  Previously  purified  by  Rochleder's  method. 

$  The  substance  was  redissolved  in  ammonia,  precipitated  by  acetic  acid,  and  exhausted  by  boiling 
alcohol  and  ether. 

y  PuriBed  by  Lb'wenberg's  process. 
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Baryta  and  lime  form  insoluble  compounds  with  legumin,  as  with  casein.  Like  casein, 
solution  of  legumin  precipitates  many  earthy  and  metallic  salts,  but  does  not  precipi- 
tate sulphate  of  magnesium,  or  the  acetate,  or  other  salts  of  calcium  in  the  cold ;  on 
applying  a  slight  heat,  the  liquid  rapidly  coagulates.  Braconnot  attributes  the  harden- 
ing of  vegetables  cooked  in  selenitic  waters  to  the  formation  of  these  lime-compounds. 

A  concentrated  solution  of  legumin,  to  which  rennet  has  been  added,  does  not  begin 
to  coagulate  for  several  hours ;  after  24  hours  all  the  legumin  is  precipitated.  The 
coagulation  does  not  appear  from  this  to  be  due  to  the  free  acid  contained  in  the  rennet 
(Dumas  and  Cahours).  Putrefying  legumin  acts  as  a  powerful  ferment. 

Dry  beans,  peas,  lentils,  &c.,  contain,  on  an  average,  about  25  per  cent,  of  nitro- 
genised  matter  (legumin,  albumin,  &c.),  and  are  the  most  nutritive  of  vegetables.  At 
the  same  time,  they  are  deficient  in  starch  and  fat.  They  are  not  generally  a  very 
wholesome  food  in  large  quantity,  except  for  men  enjoying  robust  health  and  engaged 
in  severe  labour.  Legumin  appears  to  be  much  more  indigestible  than  insoluble  casein, 
as  casein  is  far  more  indigestible  than  the  fibrin  of  meat.  C.  E.  L. 

X.EHMAOTNXTE.     Native  chromate  of  lead  (i.  934). 

XiEHRBACHXTE.  Selenide  of  mercury  and  lead  from  Tilkerode,  near  Lehrbach ; 
probably  a  mechanical  mixture  of  the  two  selenides,  inasmuch  as  specimens  from  dif- 
ferent parts  of  the  same  vein  exhibits  very  different  proportions  of  lead  and  mercury 
(see  p.  558). 

LEHUNTITE.      Syn.  with  NATEOLITB. 

XiEXDENFROST'S  PHENOMENON.  This  term  is  sometimes  applied  to  the 
spheroidal  state  of  liquids  (p.  88),  first  observed  by  Leidenfrost. 

XiEXKNA.  Duckweed. — Plants  of  this  genus  are  very  rich  in  inorganic  substances, 
and  have  accordingly  been  recommended  for  use  as  manure.  In  a  specimen  of  Lemna 
minor  growing  in  the  river  Eure,  in  France,  Herv6  Mangon  (Instit.  1861,  p.  107) 
found : 

Combustible  matter  Phosphoric      Other  mineral 

(without  nitrogen).    Nitrogen.        Silica.  Lime.  acid.  constituents. 

61-1  3-6  6-7  8-2  1-1  19-3   =  100 

Lie  big  (Ann.  Ch.  Pharm.  cv.  109)  obtained  from.  Lemna  trisulca  growing  in  a  marsh, 
16'6  per  cent,  ash,  and  from  a  litre  of  the  surrounding  water  0-415  grm.  of  saline 
residue.  100  pts.  of  the  slightly  ignited  plant-ash,  a,  and  of  the  saline  residue  of  the 
water,  b,  contained : 

CaO       MgO        NaCl         KC1  R2Q        Na2Q       F«2O3»     P2O»         SQ3  SiQ2 

a.  16-82       5-08       5'90       1-45       13-16       .     .       7'36       8*73       6-09       12-85 

b.  35-00     12-26     10-10       .     .         3-97      0'47      072      2'62      8'27        3-34 
lEMNTAN    EARTH.      Sphragide. — The  Atj^vta  afypayis  of  the   Greeks.     A 

yellowish-grey  earth  or  clay  frequently  marbled  with  rusty  spots.  Dull.  Fracture 
fine  earthy.  Meagre  to  the  touch.  Adheres  slightly  to  the  tongue.  When  plunged 
in  water  it  falls  to  pieces,  with  disengagement  of  air-bubbles.  Its  constituents 
are,  66  silica,  14-5  alumina,  0'25  magnesia,  0'25  lime,  3 -5  soda,  6  oxide  of  iron,  8 '5 
water  (Klaproth).  It  has  hitherto  been  found  only  in  the  Island  of  Stalimene 
(ancient  Lemnos).  It  is  reckoned  a  medicine  in  Turkey ;  and  is  dug  up  only  once  a 
year,  with  religious  solemnities,  cut  into  spindle-shaped  pieces,  and  stamped  with  a 
seal.  In  ancient  times  it  was  esteemed  an  antidote  to  poison  and  the  plague.  U. 

X.EMON.     See  CITBUS  (i.  1003). 

XiENTZXi.  Ervum  Lens.  The  air-dried  seed  of  this  leguminous  plant  contains, 
according  to  Krocken  (Ann.  Ch.  Pharm.  Iviii.  224),  from  34  to  35  per  cent,  starch. 
Horsford  (ibid.  199)  found  in  100  pts.  of  the  seed,  30*4  pts.  of  non-azotised  matter, 
to  2-6  ash  and  13'0  water. 

Poggiale(J.  Pharm.  [3].  xxx.  180,  255),  and  Fresenius  found  in  100  pts.  of 
air-dried  lentils,  the  following  constituents : 

Cellulose, 
Starch.       Gum.      Sugar.  Legumin.      Fat.    Pectin,  &c.     Ash.       Water. 

44  .  .        29-0        1-5          7-7        2-4         15'4        Poggiale. 

35-5         7*0         1-5         25-0         2'5         12-0         2-3         14-0        Fresenius. 
Levi  found  in  lentil-seeds  from  Worms  2-06  per  cent,  ash  of  the  composition  given 
below. 

The  straw  of  lentils  contains  O'Ol  per  cent,  nitrogen  (Boussingault);  the  air- 
dried  straw  contains  27  per  cent,  water  and  34  per  cent,  substances  soluble  in  dilute 
alkaline  ley,  67  per  cent,  woody  fibre,  and  3 -9  per  cent,  ash,  having  the  following 
composition : 

*  With  traces  of  alumina. 
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Potash    . 

Soda 

Lime       ... 

Oxide  of  manganese 

Ferric  oxide    .        . 


Composition  ( 
Seed.     Straw. 
34-6     10-8 
9-5 
6-3     52-3 
2-5       3-0 
2-0       0-9 

f  Lentil-ash. 

Silica     . 
Phosphoric  acid 
Sulphuric  acid 
Chloride  of  sodium 

Seed.  Straw. 

1-3  17-6 

36-2  12-3 

.  .  TO 

7-6  2-1 


According  to  Schwarz,  a  hectare  of  ground  yields  about  1,360  kilogrammes  of 
seed  and  3,700  kilogrammes  of  straw ;  the  former,  therefore,  containing  30,  the  latter 
144,  and  the  whole,  174  kilogrammes  of  mineral  constituents  (Handb.  d.  Chem.  ii. 
[3]  832). 

XiENZXNXTE.  A  variety  of  kaolin  from  the  pegmatite  of  La  Vilate  near 
Chanteloupe  (Haute  Vienne),  of  a  clear  brown  colour,  tender,  but  not  plastic. 
Before  the  blowpipe  it  becomes  reddish,  but  does  not  fuse.  It  is  decomposed  by  hot 
sulphuric  acid.  Contains,  according  to  Salvetat  (Ann.  Ch.  Phys.  [3]  xxxi.  102), 
36-36  per  cent,  silica,  36'00  alumina,  1'95  ferric  oxide,  and  21'50  water  (agreeing 
nearly  with  the  formula  2Al203.3Si02.3H20),  besides  0'18  magnesia,  0'50  alkalis, 
2-0  gelatinous  silica,  and  1'64  quartz  (  =  101-62). 

liEONHARDITE.  A  hydrated  silicate  of  calcium  and  aluminium,  occurring  at 
Schemnitz  in  Hungary,  and  at  Copper  Falls,  Lake  Superior,  in  monoclinic  crystals,  in 
which  ooP  :  ooP  =  83°  30'  and  96°  30';  oP  :  ooP  =  114°.  Cleavage  parallel  toooP, 
very  perfect ;  basal  imperfect.  Also  columnar  and  granular.  Hardness  =  3  to  3'5. 
Specific  gravity  =  2 -25.  Lustre  on  cleavage-faces  pearly ;  elsewhere  vitreous. 
Colour  white,  sometimes  yellowish,  seldom  brownish.  Subtranslucent.  It  usually 
whitens  on  exposure,  like  laumontite ;  but  the  variety  from  Lake  Superior  does  not. 
Before  the  blowpipe  it  exfoliates,  froths,  and  easily  melts  to  an  enamel.  It  dissolves 
in  acids. 

Leonhardite  from  Schemnitz  has  been  analysed  by  D  elf  fs  and  v.  Babo  (Pogg.  Ann. 
lix.  336,  339),  that  from  Copper  Falls  by  Barnes  (Sill.  Am.  J.  [2]  xv.  440) : 

Schemnitz.  Falls. 


Silica     . 
Alumina 
Lime 
Water    . 


54-92 

22-49 

9-05 

13-54 

100-00 


55-00 
24-36 
10-50 
12-30 
ld27l6f 


55-50 
21-69 
10-56 
ll/93_ 
99-68 


The  analyses  do  not  agree  well  together.  The  first  analysis  of  the  Hungarian  mine- 
ral agrees  approximately  with  the  formula  (3Ca0.4Si02).4(Al203.3Si02)  +  15H20, 
which,  however,  is  improbable ;  that  of  the  American  mineral  may  be  represented  by 
the  much  simpler  formula  (CaO.Si02).(Al203.3Si02)  +  3H20,  or  2CaArSi206.3H20, 
which  is  that  of  a  metasilicate,  and  differs  from  the  formula  of  laumontite  (p.  472) 
only  in  the  amount  of  water.  According  to  Brooke  and  Miller,  leonhardite  agrees  in 
form  also  with  laumontite.  Delffs  found  in  the  mineral  13'55  to  13'81  per  cent,  water ; 
it  gave  off  1T64  per  cent,  at  100°.  According  to  Kenngott,  leonhardite  is  identical 
with  caporcianite.  (Dana,  ii.  308;  Kammelsberg,  Mineralchemie,  p.  806.) 

XjEOPARDlTE.  A  spotted  felspathic  rock,  occurring  at  Charlotte,  Mecklen- 
biirgh  County,  and  in  the  Steele  Mine,  Montgomery  County,  North  Carolina,  and  re- 
cognised by  Grenth  (Sill.  Am.  J.  [2]  xxxiii.  197),  as  a  true  porphyry,  spotted  with 
iron-  and  manganese-compounds.  The  crypto-crystalline  felspathic  base  is  inter- 
spersed with  small  crystals  of  orthoclase  and  quartz.  Analysis  gave : 

Loss  by 

SiQ2         AP03       Fe2Q3       MgO        CaO        NaaO       K'O      ignition. 
75-92       14-47       0-88       0-09       0'02       4-98       4-01       0'64  =  100-00 

agreeing  very  nearly  with  the  composition  of  Bunsen's  normal  trachytic  substance. 

LEPAlVTIltfE.  A  volatile  base  containing  the  elements  of  1  at.  diamylaniine  and 
1  at,  lepidine ;  CWH-'8N.C10H9N  =  C^H^N2,  produced  by  the  action  of  iodide  of 
amyl  on  lepidine  (p.  573). 

XiEFARG-YXiXC  ACID.  Syn.  with  ANCHOIC  ACID  (i.  289).  Arppe  has  lately 
shown  (Ann.  Ch.  Pharm.  cxxiv.  86)  that  Laurent's  Azdaic  acid  (i.  477)  has  the  same 
composition  as  lepargylic  or  anchoic  acid:  it  appears,  however,  to  differ  so  much  from 
the  latter  in  melting  point,  solubility,  and  the  properties  of  some  of  its  salts,  that  the 
two  acids  can  scarcely  be  regarded  as  identical  (which  is  Arppe's  view),  but  only  as 


Azelaic  acid  is  most  easily  obtained  by  heating  castor-oil  with  2  pts.  of  nitric  acid, 


572  LEPIDINE. 

of  specific  gravity  1'2 — 1*3,  added  by  small  portions,  continuing  the  operation  for  12 
hours,  then  separating  the  acid  liquid  from  the  remaining  oil,  adding  fresh  acid,  and 
continuing  the  oxidation  for  another  day.  The  acid  liquid  is  then  to  be  separated  from 
the  oil  and  added  to  the  former  portion,  the  whole  evaporated,  with  addition  of  water, 
and  freed  from  oil,  which  then  separates,  by  means  of  a  tap-funnel.  The  clear  acid 
solution  duly  concentrated  yields  a  white  granular  mass,  which,  when  freed  from  oxalic 
acid  by  washing  with  cold  and  recrystallisation  from  warm  water,  and  from  other  more 
soluble  acids  by  melting  the  crystals,  pulverising  the  fused  mass,  and  treating  the 
powder  with  water,  leaves  a  mixture  of  azelaic  and  suberic  acids  ;  and  on  treating  this 
residue  with  cold  ether,  the  azelaic  acid  is  dissolved,  while  the  suberic  acid  remains 
behind.  The  ethereal  solution  is  evaporated,  the  residue  is  dissolved  in  hot  water,  and 
the  solution,  freed  from  any  oil  that  may  still  remain,  is  evaporated  to  the  crystallising 
point. — Azelaic  acid  is  also  obtained  in  a  similar  manner,  together  with  several  other 
acids,  from  almond-oil,  spermaceti,  and  oleic  acid  (Arppe,  Ann.  Ch.  Pharm.  cxx. 
288  ;  Jahresber.  1861,  p.  357). 

Azelaic  acid,  prepared  as  above,  has  the  composition  C9HI604.  It  crystallises  on 
cooling  from  a  moderately  concentrated  aqueous  solution,  sometimes  in  large  laminae, 
sometimes  in  long  flattened  needles  several  inches  long;  the  crystals  are  transparent 
and  colourless,  with  vitreous  lustre,  but  of  no  determinate  form.  From  a  very  dilute 
solution,  it  separates  in  smaller  laminae,  which  under  the  microscope  exhibit  several 
forms,  viz.  oblique  rhombic  prisms  with  acute  angles  of  about  22°,  square  tables,  and 
thin  flattened  prisms.  It  dissolves  in  700  pts.  water  at  15°  (lepargylic  or  anchoic 
acid,  according  to  Buckton,  in  217*4  pts.  at  18°);  it  is  more  soluble  in  ether,  and 
still  more  in  alcohol.  It  melts  at  106°  (lepargylic  acid  at  114 — 116°,  Buckton ;  par- 
tially at  115°,  completely  at  124°,  ~Wirz) ;  and  volatilises  with  partial  decomposition  at 
higher  temperatures ;  the  vapours  excite  coughing,  but  not  so  strongly  as  succinic 
acid.  Heated  with  caustic  baryta,  it  is  resolved  into  carbonic  anhydride  and  hydride 
of  heptyl,  C7H18,  together  with  small  quantities  of  other  hydrocarbons ;  C9HI604  = 
2C02 -i- C7H16.  (R.  S.  Dale,  Chem.  Soc.  J.  xvii.  261.) 

The  azelaates  of  the  alkali-  and  alkaline-earth-metals  are  soluble  in  water,  the 
calcium-salt  being  the  least  soluble ;  those  of  the  heavy  metals  are  insoluble.  They 
are  all  decomposed  by  dilute  nitric  acid,  with  separation  of  crystalline  azelaic  acid. 
The  neutral  salts  form  with  chloride  of  calcium  a  copious  crystalline  precipitate,  with 
ferric  chloride  a  brick-red,  and  with  cupric  sulphate  a  blue-green  precipitate. 

Barium-salts. — The  acid  salt,  ClsH:i0Ba"08,  is  obtained  by  neutralising  a  hot  solution 
of  the  acid  with  carbonate  of  barium.  [Buckton  did  not  succeed  in  preparing  an  acid 
anchoate  of  barium.] — A  warm  concentrated  solution  of  the  acid  neutralised  with 
hydrate  of  barium  yields  a  granular  precipitate  of  the  salt  2C9H14Ba"04.C18H30Ba"08, 
which  may  be  crystallised  from  water,  but  when  washed  with  hot  water  is  converted 
into  the  neutral  salt,  C9H14Ba"04. 

The  calcium-salt,  C9H14Ca"04,  is  very  sparingly  soluble.  The  copper-salt,  C9H14Cu"04, 
is  a  blue-green  precipitate;  the  lead-salt,  C9H14Pb"04,  a  white  precipitate.  The 
magnesium-salt,  C9H14Mg"04.3H20,  is  efflorescent,  and  separates  from  solution  in  warm 
water  by  evaporation  in  crystalline  crusts.  The  manganese-salt,  C9HI4Mn"04,  is  a 
white  fusible  precipitate ;  the  nickel-salt,  an  apple-green  crystalline  precipitate;  the 
silver-salt,  C9H14Ag204,  a  white  powder.— The  strontium-salt,  C9HHSr"04.2IPO,  sepa- 
rates by  evaporation  from  its  warm  aqueous  solution  in  crystalline  crusts,  which  when 
dried  in  the  exsiccator,  give  off  half  their  water,  leaving  granular  crystals  containing 
C9H14Sr"0'.H20.  (Arppe.) 

LEPIDINE,  C10H9N.  (Gr.  Williams,  Edinb.  Phil.  Trans,  xxi.  [3]  377 ;  Gm. 
xiv.  103.) — A  volatile  organic  base  homologous  with  chinoline,  and  obtained,  together 
with  that  base,  and  several  others  of  the  series,  by  distilling  quinine  or  cinchonine 
with  water  and  hydrate  of  potassium  (i.  809).  The  bases  are  first  separated  by 
fractional  distillation, — the  portion  which  distils  above  199°,  especially  that  between 
216°  and  243°,  consisting  of  chinoline  and  lepidine,  the  latter  being  found  chiefly  in  the 
portion  boiling  above  270°, — and  the  separation  is  completed  by  fractional  crystal- 
lisation of  their  platinum-salts. 

A  base  isomeric,  and  originally  supposed  to  be  identical,  with  lepidine  is  contained 
in  coal-tar  oil,  and  may  be  separated  by  collecting  and  rectifying  the  portion  which 
distils  between  250°  and  267°,  and  completing  the  purification  by  fractional  crystalli- 
sation of  the  platinum-salt  as  above.  This  base,  now  called  iridoline,  is  distinguished 
from  lepidine  by  its  lower  boiling  point,  by  certain  differences  in  the  characters  of 
its  salts,  some  of  which  crystallise  less  easily  than  the  corresponding  salts  of  lepidine, 
and  in  particular  by  the  reaction  of  its  amyl-derivative  with  ammonia  (p.  573). 

Lepidine  is  an  oily  base  resembling  chinoline,  of  specific  gravity  1*072  at  15°, 
Ixnling  between  266°  and  271°  (iridoline  boils  between  252°  and  257°).  Vapour- 
density,  obs.  =  5-14,  calc.  =  4*96. 
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Lepidine  is  somewhat  decomposed  by  boiling,  yielding  pyrrhol  and  carbonate  of 
ammonia.  By  iodide  of  methyl,  ethyl  and  amyl,  it  is  converted  into  iodide  of  methyl-, 
ethyl-  and  amyl-lepidyl-ammonium  (p.  573). 

Both  lepidine  and  iridoline  form  crystallisable  salts;  the  iridoline-salts  smell  of 
naphthalene.  The  hydrochlorates  of  both  bases,  C10H9N.HC1,  form  small  colourless 
needles,  which  do  not  melt  at  100°.  They  form,  with  chloride  of  cadmium,  crystalline 
double  salts  containing  C10H9N.HCl.CdCP ;  and  with  tetrachloride  of  platinum,  the  salt 
2(C10H9N.HCl).PtCl4,  which  is  insoluble  in  alcohol.  The  platinum-salt  of  iridoline 
crystallises  less  readily  than  that  of  lepidine. 

The  nitrates,  C'°H7N.N03,  form  hard  prisms  which  are  permanent  in  the  air,  and  do 
not  melt  at  100°. 

Acid  chromate  of  lepidine,  2C10H9N.H20.2Cr03,  crystallises  in  long  golden-yellow 
needles  which  decompose  at  100°  when  moist,  but  not  when  dry,  and  leave  chromic 
oxide  when  ignited. — Acid  chromate  of  iridoline  is  an  oily  compound  which  does  not 
crystallise. 

Derivatives  of  Lepidine. 

fC3H» 
Amyl-lepidine.     C15HI9N  =N  \  C'°H7.— The  hydriodate  of  this  base,  or  iodide  of 

I    H 

amyl-lepidyl-ammonium,  C15H20NI  =  N[(C5Hn)(C10H7)H2]I,  is  obtained  by  heating 
lepidine  with  iodide  of  amyl,  in  small  crystals,  slightly  soluble  in  water.  This  iodide 
treated  with  potash  or  ammonia  is  converted  into  a  splendid  blue  compound  (Gr.  Wil- 
liams), called  iodide  of  pelamine  ;  the  reaction  is, 

2C15H20NI  +  KEO     =     C3UH39N2I  +  KI  +   H20. 

Iodide  of  amyl-  Iodide  of 

lepidyl-ammonium.  pelamine. 

When  treated  with  moist  oxide  of  silver,  it  yields  the  base,  and  from  this  the  other 
salts  of  pelamine  may  be  obtained  (see  PELAMINE).  The  crude  distillate  from  cin- 
chonine  treated  with  iodide  of  amyl  and  potash  yields  a  similar  blue  compound  (known 
commercially  as  chinoline  blue  or  cyanine  (i.  873),  which  consists  mainly  of  iodide  of 
pelamine,  together  with  a  small  quantity  of  the  homologous  compound  C28H35N2I, 
derived  in  a  similar  manner  from  chinoline.  (Hofmann,  Compt.  rend.  Iv.  849; 
Proc.  Koy.  Soc.  xii.  410). 

Diamyline-lepidine  or  X-epamine.  C20H32N2  =  CIOH23N.C10H9N,  or  perhaps 
(C5Hn)2) 

(C'°H8)"  IN2.   (G-r.  Williams,  Chem.  Soc.  J.  xvi.  375.)— When  lepidine  is  cohobated 
H2      J 

with  iodide  of  amyl,  a  brown  syrupy  liquid  is  obtained,  which  solidifies  to  a  mass  of 
crystals  on  cooling.  On  repeatedly  boiling  this  mass  with  water,  the  greater  part  dis- 
solves, yielding  a  solution  of  iodide  of  amyl-lepidyl-ammonium.  A  considerable  portion 
however  remains  undissolved,  and  this  portion,  if  subjected  to  prolonged  ebullition  in  a 
retort  with  caustic  alkalis,  decomposes,  yielding  a  distillate  consisting  of  water  and  an 
oil.  The  latter  dissolves  for  the  most  part  in  hydrochloric  acid,  and  the  solution, 
evaporated  to  a  moderate  bulk,  forms  two  layers,  the  upper,  which  appears  like  a 
colourless  oil,  solidifying  on  cooling  to  a  mass  resembling  paraffin,  while  the  lower  is 
merely  a  saturated  aqueous  solution  of  the  same  substance.  The  paraffin-like  hydro- 
chlorate,  treated  with  alkalis  and  distilled,  yields  diamyline-lepidine  as  a  volatile  base, 
which  may  be  dried  with  sticks  of  potash,  and  rendered  nearly  colourless  by  rectifica- 
tion. It  has  a  fragrant  odour,  and  when  perfectly  dry  distils  at  about  175°.  Vapour- 
density,  obs.  =  10-40 ;  calc.  =  10-38. 

Hydrochlorate  of  lepamine,  C20H32N2.2HC1,  melts  below  100°,  is  sparingly  soluble  in 
water,  and  must  be  dried  in  a  vacuum  before  being  heated  over  the  water-bath. 

Chloroplatinate. — On  adding  an  excess  of  strong  hydrochloric  acid  to  a  solution  of 
the  base,  so  as  to  obtain  the  hydrochlorate  as  an  oil  floating  on  the  surface,  and  then 
a  considerable  excess  of  tetrachloride  of  platinum,  an  adhesive  yellow  mass  is  formed, 
which  may  be  washed  by  agitation  with  cold  water,  dried  over  oil  of  vitriol  for  a  day 
or  two  and  then  over  the  water-bath.  It  is  perfectly  soluble  in  alcohol,  and  has  the 
composition,  2(C2°H32N2.2HCl).PtCl4. 

Gold-salt. — On  adding  trichloride  of  gold  to  a  solution  of  the  hydrochlorate,  a 
chocolate-coloured  precipitate  is  formed,  which  quickly  changes  to  bright  green ;  it  is 
soluble  in  alcohol,  forming  a  green  solution. 

Lepamine  dissolved  in  strong  nitric  acid  yields  a  red  solution,  from  which  on  dilu- 
tion,ia  red  oil  separates,  probably  a  nitro-compound. 

By  heating  lepamine  with  iodide  of  ethyl  in  a  sealed  tube,  a  syrupy  liquid  is  obtained 
which  when  distilled  with  potash,  yields  a  volatile  oily  base,  probably  ethyl-lepamine. 
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It  dissolves  readily  in  hydrochloric  acid,  forming  a  salt  which  is  much  more  difficult 
to  crystallise  than  hydrochlorate  of  lepamiLe. 

Etbyl-lepidine.  C12H13N  =  CIOH8(C2H5)N.—  The  hydriodate  of  this  base,  or 
iodide  of  ethyl-lepidyl-ammonium,  [(C2H5)(C'°Hr)H2]NI,  is  obtained  by  heating  lepi- 
dine  with  iodide  of  ethyl,  in  brown  needles,  which  after  recrystallisation,  exhibit  a 
beautiful  canary-yellow  colour,  becoming  transiently  blood-red  at  100°.  Treated  with 
moist  oxide  of  silver,  it  yields  the  corresponding  hydrate,  which  when  treated  with 
hydrochloric  acid  and  tetrachloride  of  platinum,  yields  the  platinum-salt,  2C12HHNC1. 
S  soft  at  first,  but  soon  becoming  crystalline. 


Metbyl-lepidine,  C!1H»N  =  C10H8(CHS)N.—  The  hydriodate,  or  iodide  of  methyl- 
lepidyl-ammonium,  CUH12NI,  is  obtained  in  crystals  by  heating  lepidine  with  iodide  of 
methyl. 

XiEPIDOCROCITE.  Needle  Iron  ore.  —  A  hydrated  ferric  oxide  of  the  same 
composition  as  gothite,  Fe203.H20  (ii.  940),  occurring  at  Spring  Mills,  Montgomery 
County,  Pennsylvania,  in  minute  radiating  crystals  or  granular  scales,  and  feathery 
aggregations,  imbedded  in  fibrous  red  oxide  of  iron,  and  in  nodules  of  chalcedony. 

LEPIDOLITE.  Lithia-mica,  found  at  Eogena  and  Iglau  in  Moravia,  in  the 
island  of  Uton,  Sweden,  and  in  other  localities.  (See  MICA.) 

IjEPIDOHTEI.AN'E.  A  variety  of  mica,  so  called  from  its  scaly  structure  and 
black  colour  (  \ciris  and  /weAos),  consisting,  according  to  Soltmann's  analysis  (Pogg. 
Ann.  1.  664)  of  37'40  silica,  11-60  alumina,  27'66  ferric  oxide,  12-43  ferrous  oxide, 
9'20  potash,  0'26  lime  and  magnesia,  and  0'60  water,  corresponding  with  the  formula 
(FeO;  K20).(A1203  ;  Fe203).2Si02,  which  is  reducible  to  that  of  an  orthosilicate, 


The  mineral  forms  crude  masses  of  granular  scaly  structure,  consisting  of  small 
scales,  sometimes  exhibiting  the  form  of  six-sided  tables;  according  to  Wo  hie  r,  it  is 
completely  decomposed  by  hot  hydrochloric  or  nitric  acid,  the  silica  separating  in 
crystalline  scales  like  those  of  the  mineral  It  is  found  only  in  one  locality  in  Sweden, 
probably  at  Persberg,  "Wermland. 

XiEPOXiXTE.     See  ANOKTHITE  (i.  308). 

XiEPT  YNTTE.  Granulite  or  Eurite.  A  granular  compound  of  felspar  with  quartz, 
sometimes  containing  garnet. 

3.EUC  ANILINE.  C20H2IN3.  (A.  W.  Hofmann,  Proc.  Roy/Soc.  xii.  2  ;  Jahres- 
ber.  1862,  p.  34.)  —  A  base  produced  by  the  action  of  reducing  agents  on  rosaniline, 
and  related  to  it  in  the  same  manner  as  indigo  -white  to  indigo-blue  : 


+         H2        =        C20H2'N3. 

Rosaniline.  Leucaniline. 

It  may  be  obtained  by  leaving  hydrochlorate  of  rosaniline  in  contact  with  metallic  zinc, 
or  more  easily  by  digesting  a  salt  of  rosaniline  (or  commercial  fuchsine  or  magenta)  with 
sulphide  of  ammonium.  A  yellow  resinous  mass  is  then  formed,  which  is  to  be  finely 
pulverised,  washed  with  water  and  dissolved  in  dilute  hydrochloric  acid.  The  solution 
forms  with  concentrated  hydrochloric  acid,  a  copious,  crystalline,  brown  or  yellow 
precipitate,  of  impure  hydrochlorate  of  leucaniline,  which  may  be  purified  by  repeated 
solution  in  dilute,  and  precipitation  by  concentrated  hydrochloric  acid.  It  crystallises 
from  boiling  dilute  hydrochloric  acid  in  very  small  rectangular  plates,  which  are 
obtained  quite  pure  by  recrystallisation  from  water,  or  by  precipitation  of  the  alcoholic 
solution  with  ether. 

Leucaniline  is  precipitated  from  the  solution  of  the  hydrochlorate  as  a  white  powder, 
acquiring  a  faint  rose  tint  on  exposure  to  the  air.  It  is  nearly  insoluble  in  cold, 
sparingly  soluble  in  boiling  water,  whence  it  separates  in  small  crystals,  slightly  soluble 
in  ether,  easily  in  alcohol.  It  turns  red  when  heated,  and  melts  at  100°  to  a  dark-red 
transparent  liquid,  which  solidifies  to  a  lighter-  coloured  mass  on  cooling.  By  oxidising 
agents,  such  as  peroxide  of  barium,  ferric  chloride,  and  especially  chromate  of  potassium, 
it  is  easily  converted  into  rosaniline.  It  unites  with  sulphide  of  carbon,  chloride  of  ben- 
zoyl,  and  several  other  bodies,  forming  compounds  which  have  not  yet  been  examined. 

The  salts  of  leucaniline  crystallise  well,  especially  the  sulphate  ;  they  are  all  soluble 
in  water,  and  are  precipitated  by  acids.  The  hydrochlorate,  C20H2IN3.3HC1.H20,  gives 
up  its  water  only  when  heated  for  a  long  time  in  a  stream  of  hydrogen.  On  boiling 
its  solution  with  excess  of  leucaniline,  the  latter  separates  out  in  splendid  crystals, 
without  forming  a  less  acid  salt.  The  chloroplatinate,  2(C20H21N3.3HCl).3PtCl4.2H2O, 
is  sparingly  soluble  in  cold  water,  decomposible  by  boiling  water,  and  gives  up  its 
water  with  difficulty,  even  when  heated  above  100°.  Tho  nitrate,  C-°HJ1N3.3HN03.H-O, 


LEUCHTENBERGiTE  —  LEUCIC  ACJD.  575 

forms  white  needles  soluble  in  water  and  in  alcohol,  but  not  in  ether,  only  sparingly  in 
nitric  acid,  and  decomposing  at  100°. 

Triphenyl-leucaniline.  C20H18(C6H5)3N3.  —  Obtained  by  the  action  of  reducing 
agents  on  triphenyl-rosaniline.  The  blue  solution  of  the  hydrochlorate  of  this  base 
is  decolorised  by  zinc  and  hydrochloric  acid,  and  the  clear  liquid  treated  with  water 
yields  a  precipitate  which  may  be  purified  by  solution  in  ether.  The  same  compound 
is  obtained  as  a  brittle,  non-basic  resin,  by  the  action  of  sulphide  of  ammonium  on 
hydrochlorate  of  triphenyl-rosaniline.  It  is  anhydrous,  and  when  treated  with  oxi- 
dising agents,  is  reconverted  into  triphenyl-rosaniline.  (Hofmann,  Compt.  rend. 
Ivii.  25.) 

LEITCAZOIiITlVEIKr.      See  LlTMTJS. 

S.EUCHTEUBERGITE.  A  variety  of  chlorite  (i.  914)  from  Slatoust  in  the 
Ural.  Breithaupt  regards  it  as  an  altered  chlorite.  Komonen  found  in  it  only  8'62 
per  cent,  water  instead  of  12'62,  the  percentage  in  normal  chlorite.  Kenngott  regards 
it  as  a  distinct  species. 

LEUCIC  ACID.  C6H1203.  (Strecker,  Ann.  Ch.  Phann.  Ixviii.  55;  Gossman, 
ibid.  xci.  135  ;  Waage,  ibid,  cxviii.  295  ;  Thudichum,  Chem.  Soc.  Qu.  J.  p.  xiv.  307  ; 
Frankland,  Proc.  Koy.  Soc.  xii.  396  ;  Frankland  andDuppa,  ibid.  xiii.  140.)  — 
An  acid,  homologous  with  lactic  acid,  produced  :  —  1.  From  leucine.  —  o.  When  nitric 
oxide  gas  is  passed  through  a  solution  of  leucine  in  strong  nitric  acid,  nitrogen  is 
evolved  and  leucic  acid  is  formed  (Strecker).  The  same  reaction  takes  place  when 
nitrous  acid  is  passed  through  a  solution  of  leticine  in  warm  water  (Thudichum),  or 
water  slightly  acidulated  with  nitric  acid  (Waage): 

=     C6H1203  +   N2  +   H20. 


Leucine.  Nitrous  Leucic 

acid  •  acid. 

Cahours  had  previously  observed  (Compt.  rend,  xxvii.  368)  that  a  peculiar  acid  is 
formed  when  an  aqueous  solution  of  leucine  is  left  to  itself.  —  /3.  When  chlorine  gas 
not  in  excess  is  cautiously  passed  through  a  solution  of  leucine  in  caustic  soda,  leucic 
acid  is  formed  and  may  be  separated  from  the  mixture  in  the  same  manner  as  benzo- 
glycollic  acid  (i.  548)  from  hippuric  acid.  (Grossmann.) 

2.  From  oxalate  of  ethyl,  by  the  action  of  zinc-ethyl.  The  direct  product  of  this 
action  is  probably  zincoleucic  ether,  a  body  not  isolated,  thus  [zn  =  32'5=|  zn]  : 

C6H'°0*  +   j™C2JEP    =    CflH'°(znC8H5)0«  +  zn(C2H5)0. 

Oxalate  of        Zinc-ethyl.  Zincoleucic  Ethylate 

ethyl.  ether.  of  zinc. 

The  zincoleucic  ether  is  converted  by  the  action  of  water  into  leucic  ether  : 

C6H10zn(C2H5)08  +  H20     =     C6H»(C2H5)03  +  znHO; 
Zincoleucic  ether.  Leucic  ether. 

and  from  this,  the  barium-salt,  and  thence  the  acid  itself,  is  easily  obtained.  (Frank- 
land.) 

Preparation.  —  1.  Pure  leucine  is  dissolved  in  boiling  water  slightly  acidulated  with 
nitric  acid  ;  nitrous  acid  gas  is  passed  through  the  warm  solution  as  long  as  nitrogen 
continues  to  escape  ;  the  liquid,  which  turns  brown  and  gradually  deposits  brown  flakes, 
is  left  to  cool,  then  agitated  several  times  with  ether  ;  and  the  ethereal  extracts  are 
evaporated.  The  residue  is  a  brown  oily  liquid  not  miscible  with  water,  which 
gradually  solidifies  to  a  radio-  crystalline  mass.  The  aqueous  solution,  freed  from  leucic 
acid  by  repeated  agitation  with  ether,  left  on  evaporation  a  considerable  quantity  of 
nitro-leucic  acid.  —  To  purify  the  crude  leucic  acid  thus  obtained,  it  is  dissolved  in  a 
large  quantity  of  water  (a  smaller  quantity  dissolves  it  but  imperfectly)  ;  the  boiling 
liquid  is  mixed  with  an  aqueous  solution  of  acetate  of  zinc  ;  and  the  precipitated  leucate 
of  zinc  is  washed  o-n  the  filter  with  water  (which  dissolves  but  a  small  quantity  of  it), 
purified  by  recrystallisation  from  alcohol,  then  suspended  in  water,  and  decomposed  by 
sulphuretted  hydrogen.  The  filtered  solution  is  but  very  slightly  coloured,  and  when 
evaporated  to  a  syrup  and  left  to  stand,  yields  leucic  acid  in  colourless  needles.  If,  on 
the  other  hand,  the  zinc-  salt  be  suspended  in  alcohol  and  decomposed  by  sulphuretted 
hydrogen,  the  acid  is  obtained  in  hard,  brittle  prisms.  (Waage.) 

2.  Thudichum  passes  nitrous  acid  gas  through  a  warm  aqueous  solution  of  leucine  ; 
evaporates,  with  addition  of  leucine,  to-  neutralise  the  free  nitric  acid,  and  prevent  it 
from  oxidising  the  leucic  acid  ;  agitates  the  syrupy  residue  with  ether  (or  extracts  the 
leucic  acid  from  the  aqueous  solution  by  agitation  with  ether,  without  previous  evapora- 
ration  ;  in  which  case,  however,  the  treatment  with  ether  must  be  repeated  a  great 
number  of  times)  —  and  purifies  the  crude  leucic  acid  from  adhering  brown  oil,  either 
by  solution  in  cold  water,  filtration  and  recrystallisation,  —  or  by  strongly  pressing  the 
coloured  crystals  between  bibulous  paper—  or  by  precipitating  the  aqueous  solution 
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with  acetate  of  lead,  decomposing  the  washed  precipitate  with  sulphuretted  hydrogen, 
and  evaporating  the  filtrate  either  over  the  water-bath  at  a  very  moderate  heat,  or 
over  sulphuric  acid. 

3.  Oxalic  ether  is  mixed  with  its  own  weight  of  zinc-ethyl,  in  a  vessel  sur- 
rounded by  cold  water,  to  prevent  rise  of  temperature  and  the  consequent  occurrence  of 
a  secondary  reaction,  attended  with  the  evolution  of  large  quantities  of  ethylene  and 
hydride  of  ethyl;  towards  the  end,  however,  the  reaction  requires  to  be  assisted  by  the 
application  of  a  gentle  heat.  The  mixture,  which  generally  remains  fluid,  is  mixed  after 
cooling,  with  its  own  volume  of  water  (whereupon  torrents  of  hydride  of  ethyl,  derived 
from  excess  of  zinc-ethyl,  are  evolved),  and  subsequently  distilled  in  a  water-bath. 
Weak  alcohol  containing  an  ethereal  oil  in  solution  then  passes  over,  and  a  further 
quantity  of  the  oil  may  be  obtained  by  adding  water  to  the  residue  in  the  retort,  and 
continuing  the  distillation  on  a  sand-bath.  The  oil  is  precipitated  from  the  alcoholic 
distillate  by  water,  added  to  that  which  floats  on  the  surface  of  the  watery  distillate, 
then  dried  over  chloride  of  calcium,  and  rectified.  The  principal  portion,  which  distils 
between  174°  and  176°,  consists  of  leucic  ether.  (Frankland.) 

The  process  may  be  greatly  simplified,  and  a  larger  product  obtained,  by  generating 
the  zinc-ethyl  during  the  reaction,  namely  by  heating  a  mixture  of  amalgamated  zinc, 
iodide  of  ethyl,  and  oxalic  ether  to  the  necessary  temperature.  The  operation  may  be 
considered  complete  when  the  mixture  has  solidified  to  a  resinous-looking  mass ;  and 
this,  when  treated  with  water  as  above,  and  distilled,  yields  a  considerable  quantity  of 
leucic  ether.  (Frankland  and  Duppa.) 

The  leucic  ether  heated  with  hydrate  of  barium,  is  converted  into  leucate  of  barium, 
and  this  when  decomposed  by  dilute  sulphuric  acid,  yields  a  solution  of  leucic  acid. 

Properties. — Leucic  acid  forms  colourless  needles  (Strecker);  needles  or  hard, 
brittle  prisms,  of  the  trimetric  or  monoclinic  system,  according  to  the  mode  of  prepa- 
ration (Waage);  radiary  group  of  needles,  having  a  mother-of-pearl  lustre,  with  a 
beautiful  variety  of  concentric  markings,  like  those  of  some  kinds  of  larch-agaric 
(Thudichum);  it  is  heavier  than  water,  and  cuts  like  hard  soap,  almost  like  stearic 
acid  (Thudichum) ;  it  has  an  acid  taste,  and  reddens  litmus  (Thudichum);  a  bitter 
taste,  and  strong  acid  reaction  (Waage).  It  melts  below  100°  and  solidifies  on  cooling 
(Thudichum);  melts  at  73°,  and  sometimes  solidifies  at  a  few  degrees  below  the 
melting  point,  sometimes  remains  liquid  even  when  cooled  to  0°  (Waage).  It  is 
easily  soluble  in  water  and  in  alcohol,  soluble  also  in  ether. 

Decompositions. — 1.  Leucic  acid  volatilises  at  100°,  apparently  without  decomposi- 
tion. When  it  is  placed  on  a  watch-glass  and  heated  over  the  water-bath,  the  sides  of 
the  glass  become  fringed  with  crystals  of  the  sublimed  acid,  which  dissolve  easily  in 
water,  leaving,  however,  a  few  flocks,  probably  consisting  of  the  anhydride.  The  mass 
which  remains  in  the  middle  of  the  watch-glass  is  syrupy,  dissolves  in  water  only 
after  prolonged  boiling,  but  is  easily  soluble  in  alcohol  and  ether;  it  probably  also  con- 
gists  of  leucic  anhydride  (Waage).  The  acid  heated  for  some  time  in  the  water-oven, 
continually  gives  off  acid-smelling  vapours,  and  does  not  afterwards  solidify  on  cooling, 
but  remains  in  the  form  of  an  uncrystallisable,  dark -brown,  smeary  syrup  ;  the  anhy- 
dride, which  has  a  very  disagreeable  odour,  remains  unchanged,  even  when  left  over 
oil  of  vitriol  for  weeks,  and  is  nearly  insoluble  in  water,  separating  from  it  like  an  oil 
and  sinking  to  the  bottom.  A  small  quantity  of  this  insoluble  compound  is  likewise 
formed,  when  the  aqueous  solution,  even  if  dilute,  is  heated  to  the  boiling  point  or 
evaporated  (Thudichum).  Leucic  acid  may  be  boiled  with  water  without  decompo- 
sition, and  traces  only  of  it  distil  off  with  the  water  (Frankland). — 2.  Leucic  acid 
strongly  heated  in  the  air,  gives  off  thick  fumes  and  blackens,  then  takes  fire  and  burns 
with  a  yellow  smoky  flame,  leaving  a  small  quantity  of  charcoal,  which  is  quickly  and 
easily  consumed.  (Thudichum.) 

Zieucates.  Leucic  acid  forms  crystallisable  salts,  the  composition  of  most  of 
which  may  be  represented  by  the  formulae,  M'C6!!1^8  and  M"(CBH1J03)2.  They  are 
analogous  in  composition  to  the  lactates,  the  acid  being  diatomic  and  monobasic.  An 
acid  silver-salt  has,  however,  been  obtained,  having  the  composition  C6HnAg03.C6Hl203. 
The  leucates  are  for  the  most  part  obtained  by  boiling  the  aqueous  solution  of  the 
acid  with  the  corresponding  carbonates  (Thudichum).  They  are  less  soluble  than 
the  lactates  in  water,  more  soluble  in  alcohol.  (Waage.) 

Leucate  of  Ammonium. — The  acid  slightly  supersaturated  with  ammonia,  and 
evaporated,  leaves  a  thick  homogeneous  residue,  in  which  no  trace  of  crystallisation  can 
be  observed,  even  after  drying  for  several  weeks  over  oil  of  vitriol.  (Thudichum.) 

Leucate  of  Barium,  Ba"(C6H."02)2. — Obtained  by  digesting  the  aqueous  acid 
with  carbonate  of  barium,  or  by  heating  leucic  ether  with  hydrate  of  barium,  separating 
the  excess  of  baryta  by  carbonic  acid,  filtering  and  evaporating  (Frankland, 
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Waage,  Thudichum).  It  dissolves  with  moderate  facility  in  warm  water  and  dilute 
alcohol,  and  separates  from  boiling  alcohol  in  beautiful  colourless,  silky,  laminar 
crystals,  which,  like  most  leucates,  retain  something  of  the  appearance  of  leucine. 
(Waage.) 

Leucate  of  Gale  ium,  Ca"(C6H"03)2. — An  aqueous  solution  of  the  acid  neutralised 
with  chalk  or  milk  of  lime,  and  left  to  evaporate,  yields  the  calcium-salt  in  fine  needles, 
easily  soluble  in  water  and  in  alcohol. 

Leucate  of  Cobalt,  Co"(C6HI1Os)2.—  The  dilute  aqueous  acid  boiled  with  excess 
of  carbonate  of  cobalt,  then  filtered  and  evaporated,  deposits  light  crusts  of  a  pink 
colour  while  moist,  but  of  a  very  pale  rose-colour  or  almost  white  when  dry.  The 
salt  is  but  sparingly  soluble  in  cold  water,  and  not  much  more  soluble  at  the  boiling 
heat.  It  crystallises  in  needles,  which,  under  the  microscope,  appear  to  be  arranged 
in  globular  masses.  (Thudichum.) 

Leucate  of  Copper. — When  a  dilute  aqueous  solution  of  leucic  acid  is  treated  -with 
a  dilute  solution  of  ammonio-sulphate  of  copper,  the  colour  of  the  copper-salt  changes 
to  light-green.  On  boiling  the  liquid,  it  becomes  paler,  and  on  cooling  deposits  light 
green  granules  of  leucate  of  copper.  Under  high  powers  of  the  microscope,  these 
granules  appear  as  balls,  formed  by  a  radiary  arrangement  of  needles  (Thudichum). 
A  solution  of  leucic  acid  mixed  with  acetate  of  copper,  forms  a  green  flocculent  precipi- 
tate, very  sparingly  soluble  in  water,  even  at  the  boiling  heat,  but  easily  crystallised 
from  boiling  alcohol,  from  which  it  separates  in  very  beautiful  light  blue,  shining, 
bulky  scales,  which  do  not  undergo  any  diminution  in.  weight  at  100°.  (Waage.) 

Leucate  of  Lead. — On  adding  acetate  of  lead  to  a  solution  of  leucic  acid  or  a 
leucate,  a  copious  white  flaky  precipitate  is  formed,  which  on  boiling  dissolves  almost 
entirely  in  the  liquid.  Any  portion  remaining  undissolved  melts  into  a  white  mass, 
which  is  soft  like  resin  while  warm,  but  becomes  brittle  and  hard  on  cooling.  This 
substance  is  insoluble  in  water  and  alcohol,  even  on  boiling,  and  seems  to  be  a  basic 
salt. 

If  the  solution  of  lead  is  added  to  a  boiling  solution  of  the  acid,  no  precipitate 
ensues,  acid  vapours  are  evolved,  and  the  liquid  becomes  milky  on  cooling.  In  a  short 
time,  it  deposits  the  lead-salt  as  a  light,  granular,  white  mass,  which,  under  the  micro- 
scope, appears  to  be  made  up  of  a  multitude  of  strongly  refracting  spherical  masses,  of 
the  size  of  human  blood-corpuscles.  This  salt  is  more  easily  soluble  in  an  excess  of  the 
acetate  than  in  water.  It  is  easily  soluble  in  spirit  of  wine,  particularly  in  boiling 
spirit.  Even  in  these  solutions,  basic  salts  are  easily  formed.  The  addition  of  water 
to  these  solutions  produces  a  precipitate.  (Thudichum.) 

Leucate  of  Magnesium. — Sparingly  soluble  in  water,  deposited  in  crusts  on 
evaporation.  (Thudichum.) 

Leucates  of  Mercury. — Mercuric  Leucate  may  be  prepared: — a.  Directly,  by 
dissolving  freshly-precipitated  moist  mercuric  oxide  in  aqueous  leucic  acid.  A  flaky 
precipitate  gradually  ensues,  which  on  heating  becomes  red  and  granular,  and  adherea 
to  the  sides  of  the  glass.  On  cooling,  a  new  precipitate,  consisting  of  whitish  globules, 
is  deposited. — b.  By  adding  mercuric  nitrate  to  an  aqiieous  solution  of  leucic  acid,  a 
whitish-red  precipitate  is  formed,  which  dissolves  on  boiling,  and  on  cooling  is  again 
deposited  in  reddish  granules. — c.  By  adding  the  mercurial  solution  to  the  leucate  of  an 
alkali-metal. 

Mcrcurous  Leucate. — When  a  solution  of  mercurous  nitrate  is  added  to  a  solution  of 
leucic  acid  a  slight  turbidity  ensues.  The  addition  of  carbonate  of  sodium  produces  a 
copious  reddish- white  precipitate,  which,  on  boiling,  becomes  red,  then  dull  grey,  and 
deposits  metallic  mercury.  (Thudichum.) 

The  leucates  of  mercury  have  a  great  tendency  to  become  reduced.  The  mercuric 
salt  easily  passes  into  the  mercurous  salt.  The  mercuric  salt,  moreover,  has  a  great 
tendency  to  become  basic  and  insoluble.  (Thudichum.) 

Leucate  of  Potassium  is  produced  by  the  action  of  aqueous  potash  on  leucic 
ether,  and  separates  as  a  semi-solid  soap  on  the  surface  of  the  potash-solution,  if  the 
latter  is  concentrated.  (Frankland.) 

Leucates  of  Silver. — a.  The  neutral-salt,  C6HnAgOs,  is  obtained  by  adding 
nitrate  of  silver  to  the  solution  of  the  acid  neutralised  with  ammonia,  or  by 
boiling  the  acid  with  oxide  of  silver,  and  may  be  rendered  quite  colourless  by  recrys- 
tallisation  from  boiling  water,  in  which  it  is  moderately  soluble.  It  is  anhydrous 
(Waage).  Nitrate  of  silver  added  to  a  warm  solution  of  leucate  of  ammonium,  potas- 
sium, or  sodium,  forms  a  copious  white  crystalline  precipitate,  which  increases  as  the 
liquid  cools,  and  blackens  if  left  in  the  mother-liquor  (Thudichum).  It  contains 
45'2  per  cent,  silver  (Waage);  44'14  (Thudichum);  calc.  4/rl9  per  cent. 

Acid  salt,  C6H"AgOs.C6Hl20*. — A  hot  dilute  solution  of  leucic  acid  decomposes  recently 
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precipitated  carbonate  of  silver,  with  effervescence.  The  excess  of  the  carbonate  of  silver 
and  the  undissolved  portion  of  the  leucate  become  blackish-grey,  but  the  acid  is  not 
entirely  neutralised.  The  hot  filtrate  forms  no  deposit  on  cooling.  The  attempt  to 
evaporate  it  over  the  water-bath  produces  a  black  precipitate  of  reduced  silver.  It 
must,  therefore,  be  evaporated  in  vacuo  over  oil  of  vitriol.  After  prolonged  standing, 
a  few  crystals,  of  a,  glassy  lustre  and  appearing  under  the  microscope  as  groups  of 
rhombic  plates,  are  deposited  at  the  margin  of  the  dish.  The  liquid  then  becomes 
covered  with  a  pellicle,  and  evaporation  is  impeded.  At  a  later  stage  conglomerates  of 
needles  are  deposited,  which,  when  carefully  dried  over  sulphuric  acid  in  vacuo, 
appear  a  little  blackened,  like  most  silver-salts,  but  are  not  decomposed.  Silver  by 
analysis  26*97  per  cent. ;  the  formula  requires  29'1  per  cent.  (Thudichum.) 

Leucate  of  Sodium. — The  aqueous  acid  neutralised  with  carbonate  of  sodium,  and 
evaporated,  leaves  a  syrupy  residue  covered  with  a  crystalline  crust.  When  this  syrup 
is  left  over  oil  of  vitriol,  crystals  form  in  it,  which  under  the  microscope  exhibit  a  cha- 
racteristic tub-shape,  with  rhombic  plates  interspersed  here  and  there.  (Thudichum.) 

Leucate  of  Zinc,  Zn"(C6Hu08)*. — This  salt  is  obtained  by  neutralising  the  dilute 
acid  at  the  boiling  heat  with  carbonate  of  zinc,  and  filtering  at  the  same  temperature. 
The  solution  deposits  a  thin  crust  on  cooling.  Evaporated  over  the  water-bath,  it 
soon  becomes  covered  with  u  crust,  and  on  cooling  deposits  bulky  masses  of  needles, 
which  must  be  separated  by  filtration,  pressed  between  bibulous  paper,  and  dried  by 
exposure  to  the  air  or  over  the  water-bath.  The  best  crystals  are  obtained  from  a 
solution  containing  excess  of  leucic  acid  (Thudichum).  For  Waage's  mode  of  pre- 
paration, see  page  575. 

The  salt  is  snow-white,  with  splendid  silky  lustre ;  exhibits  under  the  microscope 
the  appearance  of  masses  of  needles  (Thudichum);  extremely  light  scales,  o; 
dazzling  whiteness  and  silky  lustre  (Waage).  It  is  sparingly  soluble  even  in  boiling 
water,  less  in  cold  water  (Thudichum);  dissolves  in  300  pts.  water  at  16°,  and  in 
204  pts.  boiling  water  ;  more  soluble  in  alcohol  (Waage).  The  air-dried  salt  contains 
Zn"(C6HHOs)2.H20,  and  gives  off  its  water  (5*1  per  cent.)  at  100°  (Waage).  The 
anhydrous  salt  gives  by  analysis,  43*87  per  cent,  carbon,  6*39  hydrogen,  and  20'10 
zinc,  the  formula  requiring  44*01  carbon,  6*72  hydrogen,  and  19*92  zinc  (Thudichum). 
Sulphydric  acid  precipitates  the  zinc  completely  (Waage) ;  according  to  Thudichum, 
on  the  contrary,  the  precipitation  is  only  partial,  even  after  the  solution  has  been 
repeatedly  saturated  with  the  gas. 

Z.EUCIC  ETHER.  Leucate  of  Ethyl,  C8H60S  =  C6H1I(C2H5)08.— The  formation 
and  preparation  of  this  compound  by  the  action  of  zinc-ethyl  on  oxalic  ether  have 
already  been  described  (p.  575).  It  is  a  colourless,  transparent,  somewhat  oily  liquid, 
possessing  a  peculiar  penetrating  ethereal  odour,  and  a  sharp  taste.  It  is  insoluble  in 
water,  but  dissolves  readily  in  alcohol  and  ether.  Specific  gravity  0-9613  at  18*7°. 
Boiling  point,  175°.  Vapour-density,  obs.  =  5'241 ;  calc.  5*528.  Treated  with 
hydrate  of  barium  or  potassium,  it  yields  the  corresponding  salts  of  leucic  acid. 
(Frankland.) 

IiETTCIwrDIHr-SUIiPHTTRIC  ACID.     See  INCUT-SULPHURIC  ACID  (p.  268). 

lEZTCIWE.  C6H13N02.  Formerly  called  Aposepedine  and  Caseous  Oxide.  (Proust, 
Ann.  Ch.  Phys.  [2]  x.  40 ;  Braconnot,  ibid.  xiii.  119;  Mulder,  J.  pr.  Chem.  xvi. 
290;  Bopp,  Ann.  Ch.  Pharm.  Ixix.  20;  Laurent  and  Gerhardt,  Ann.  Ch.  Phys. 
[3]  xxiv.  321 ;  Cahours,  Compt.  rend,  xxvii.  265;  Limpricht,  Ann.  Ch.  Pharm.  xciv. 
243;  G-ossmann,  ibid.  xc.  184;  xci.  129;  Strecker,  ibid.  Ixviii.  54;  Gin.  xi.  426.) 
— This  substance  was  first  observed  by  Proust,  in  1818,  as  a  product  of  the  putrefaction 
of  cheese ;  and  Braconnot  in  1820  found  it  among  the  products  of  decomposition  of 
animal  substances  by  sulphuric  acid ;  Mulder,  in  1838,  showed  that  the  two  substances 
thus  obtained  were  identical. 

It  is  homologous  with  glycocine  (C2H5N02)  and  alanine  (C3H7N02),  and  may  bo 

H2       1N 
regarded  as  lactamic  acid,  (C8H100)"|    ,  being  related  to  leucic  acid  in  the  same 

manner  as  glycocine  to  glycollic  acid,  and  alanine  to  lactic  acid. 

Occurrence.—-  In  old  cheese  (Proust).  In  fresh  calf  sliver  (Liebig,  Chem.  Briefe, 
3  Aufl.  453) ;  also,  together  with  tyrosine,  in  the  human  liver,  in  certain  cases  of 
disease,  but  not  in  the  healthy  liver  (Fr eric hs  and  Stii dele r,  Jahresber.  1854,  p. 
675).  According  to  later  researches  by  these  chemists  (ibid.  1856,  702;  1858,  550),  leu- 
cine  and  tyrosine  are  very  widely  diffused  in  the  animal  organism.  Leucine  also  exists, 
together  with  taurine,  inosite,  and  uric  acid,  in  the  tissue  of  the  lungs  (A.  Cloetta, 
Ann.  Ch.  Pharm.  xcii.  289).  According  to  G-orup-Besanez,  Ann.  Ch.  Pharm. 
xcviii.  7),  it  occurs  in  many  parts  of  the  glandular  system,  viz.,  in  the  thymoi'd  and 
thyroid  glands,  in  the  liver,  and  especially  in  the  pancreas.  It  has  been  found  also  in 
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the  brain  of  oxen  (W.  Miiller,  Ann.  Ch.  Pharm.  ciii.  131);  in  the  pancreas  of  oxen 
(Scherer,  Jahresber.  1859,  p.  610);  in  the  stomach  and  intestines  of  the  pupae  of 
butterflies  (Schwarzenbach,  «foW.  1857,  p.  538),  and  in  the  fly-agaric,  Agaricus  mus- 
carius.  (Ludwig,  ibid.  1862.  p.  516.) 

Formation.  —  1.  In  the  decomposition  of  gelatin,  muscular  flesh,  legumin  or  wool  (or 
white  of  egg,  according  to  Mulder),  by  sulphuric  acid  (Bra  con  not);  together  with  a 
small  quantity  of  glycocine  (Mulder).  Grorup-Besanez  also  (Ann.  Ch.  Phann. 
cxviii.  230),  by  treating  wool  with  sulphuric  acid,  obtained,  together  with  volatile  acids 
and  a  large  quantity  of  ammonia,  about  3  per  cent,  of  tyrosine,  and  a  rather  large 
quantity  of  leucine  containing  sulphur.  The  leucine  was  obtained  free  from  sulphur 
by  dissolving  it  in  rather  dilute  potash-ley,  boiling  it  with  a  solution  of  lead-oxide  in 
potash,  filtering  from  sulphide  of  lead,  neutralising  the  filtrate  with  sulphuric  acid, 
evaporating  to  dryness,  boiling  the  pulverised  residue  with  alcohol,  and  leaving  the 
solution  to  crystallise. 

2.  By  heating  horn  with  dilute  sulphuric  acid  (Hinterberger),  also  together  with 
tyrosine,  by  heating  elastic  tissue,  especially  the  cervical  ligament  (Zollikofer),  or 
feathers,  hedge-hogs'  spines,  human  hair,  the  wing-cases  of  cockchafers,  or  globulin  and 
haematin  from  ox-blood  (Leyer  and  Koller,  Ann.  Ch.  Pharm.  Ixxxiii.  332),  or  silk 
(Hint  erberger,  "Wien.  Akad.  Ber.  xi.  450)  or  conchiolin  (Schlossberger,  Zeitschr. 
Ch.  Pharm.  1860,  p.  424),  with  dilute  sulphuric  acid.    Erlenmeyer  and  Schoffer 
(Zeitschr.  Ch.  Pharm.  1859,  p.  315).  by  boiling  1  pt.  of  various  albuminous  and  gela- 
tinous substances  with  5  pts.  of  a  mixture  of  1  pt.  sulphuric  acid  (H2S04)  and  1^  pts. 
water,  obtained  the  following  quantities  of  leucine  and  tyrosine:   Cervical  ligament 
yielded  5-  per  cent,  tyrosine  and  38  to  45  per  cent,  leucine;  blood-fibrin,  2  per  cent. 
tyrosine  (on  evaporating  the  neutral  liquid  to  about  1*08  to  1*10  specific  gravity),  then 
14  per  cent,  leucine;  flesh-fibrin,  not  quite  1  per  cent,  tyrosine,  and  about  18  per  cent. 
leucine  ;  white  of  hen's  egg,  1  per  cent,  tyrosine  and  about  10  per  cent,  leucine  ;  horn 
(treated  with  10  pts.  of  the  above  acid  mixture),  3'6  per  cent,  tyrosine,  and  about 
10  per  cent,  leucine.    The  several  substances  were  decomposed  by  three  hours'  boiling 
with  the  acid  as  completely  as  when  the  boiling  was  continued  for  36  or  40  hours. 

3.  By  the  action  of  dilute  acids  upon  indican.     (Schunck,  p.  247.) 

4.  By  boiling  white  of  egg,  gelatin,  or  flesh,  with  potash-ley,  glycocine  being  formed 
at  the  same  time  (Mulder).     Hence  also,  when  the  juice  of  mangold-  wurzel  is  boiled 
with  lime.     (Ho  chs  tetter,  J.  pr.  Chem.  xxix.  36.) 

5.  By  melting  albumin,  fibrin,  casein  (Bopp),  or  horn  (Hinterberger)  with  hydrate 
of  potassium. 

6.  In  the  putrefaction  of  casein  or  gluten  under  water  (Proust,  Mulder);  some- 
times abundantly,  sometimes  only  in  traces  (C  ah  ours).     Also,  together  with  tyrosine, 
ammonia,  butyric  acid,  and  lactic  acid,  by  the  putrefaction  of  yeast  (A.  Miiller,  J.  pr. 
Chem.  Ivii.  162,  447).    But  according  to  Hesse  (J.  pr.  Chem.  Ixx.  34),  the  substance 
regarded  by  Miiller  as  leucine  contains  3  or  4  per  cent,  sulphur,  and  is  more  soluble 
in  alcohol  than  leucine  (see  PSEUDOLEUCINE,  p.  582). 

7.  By  the  action  of  hydrocyanic  acid  and  dilute  hydrochloric  acid,  with  the  aid  of 
heat,  on  valeral-  ammonia  (Parkinson,  Ann.  Ch.  Pharm.  xc.  144;  Limpricht,  ibid. 
xciv.  243)  : 

+   CNH  +  HC1  +  H20     =     C6H13N02  +  NH4C1. 


It  was  stated  by  Gossmann,  that  thialdine  is  converted  into  leucine  by  the  action  of 
moist  silver-oxide,  according  to  the  equation  : 

C6HI3NS3  +   2Ag20     =     C6H13N02   +   2Ag2S; 

but  according  to  Hofmann  (Chem.  Soc.  J.  x.  193),  thialdine  thus  treated  gives  off 
the  whole  of  its  nitrogen  in  the  form  of  ammonia. 

Preparation.  —  1.  Finely-chopped  beef,  washed  with  water  and  then  strongly 
pressed,  is  mixed  with  an  equal  weight  of  oil  of  vitriol,  and  gently  heated  till  it  is 
completely  dissolved  ;  the  fat  is  skimmed  off  after  cooling  ;  the  mixture  diluted  with 
water  amounting  to  3£  times  the  weight  of  the  meat  ;  the  liquid  boiled  for  9  hours, 
with  frequent  renewal  of  the  water  ;  the  sulphuric  acid  removed  by  chalk  ;  the  filtrate 
evaporated  to  an  extract  ;  this  extract  repeatedly  boiled  with  alcohol  of  34°  Bm.  ;  the 
resulting  alcoholic  tincture  evaporated  ;  the  dry  residue  exhausted  with  cold  alcohol  ; 
the  residual  mixture  of  leucine  and  a  small  quantity  of  matter  precipitable  by  tannin 
dissolved  in  water  ;  a  solution  of  tannin  carefully  added  to  it  by  drops  as  long  as  any 
precipitate  ensues;  and  the  liquid  filtered  after  a  few  seconds,  then  evaporated 
(Braconnot).  The  leucine  prepared  by  Braconnot  appears  still  to  have  contained 
glycocine.  (Mulder.) 

2.  1  pt.  of  dry  albumin,  fibrin,  or  casein,  free  from  fat,  is  boiled  with  4  pts.  of  oil  of 
vitriol  and  12  pts.  of  water,  in  an  open  vessel,  the  ebullition  being  continued  for  a  day 
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and  the  water  continually  renewed.  Or,  better:  1  pt.  of  the  substance  is  dissolved  in 
4  pts.  of  strong  hydrochloric  acid  ;  the  liquid  mixed  with  3  or  4  pts.  of  oil  of  vitriol  and 
evaporated  over  the  water-bath  till  the  greater  part  of  the  hydrochloric  acid  is  expelled, 
and  the  remaining  black -brown  pitchy  or  syrupy  mass,  in  which  minute  crystals  form, 
is  dissolved  in  hot  water.  Either  of  these  acid  liquids  is  boiled  with  excess  of  milk  of 
lime  to  expel  ammonia,  then  strained  through  a  linen  bag;  the  clear  filtrate  treated  with 
sulphuric  acid  to  precipitate  the  lime  which  is  held  in  a  solution  by  a  product  of  de- 
composition; the  excess  of  acid  precipitated  by  acetate  of  lead,  and  the  excess  of  lead 
'  by  sulphydric  acid ;  and  the  filtrate  evaporated  to  a  syrup,  from  which  in  a  few  days 
leucine  and  tyrosine  crystallise.  The  crystals  are  freed  from  the  syrupy  mother-liquor 
by  digestion  in  86  per  cent,  alcohol,  and  the  leucine  separated  from  the  tyrosine  and 
brown  matter  by  treatment  with  water,  hydrated  oxide  of  lead,  and  animal  charcoal, 
as  in  the  fifth  mode  of  preparation. 

3.  1  pt.  of  cow-horn  shavings  is  boiled  with  4  pts.  of  oil  of  vitriol  and  12  pts.  of  water 
for  36  hours,  the  water  being  renewed  from  time  to  time,  the  liquid  then  supersaturated 
with  milk  of  lime ;  the  whole  boiled  for  24  hours  in  an  iron  pot,  then  strained  through 
a  conical  bag  and  squeezed,  and  the  liquid  mixed  with  a  very  slight  excess  of  sulphuric 
acid,  filtered,  and  evaporated ;  it  then  yields  at  first  spherical  crystalline  masses  of 
tyrosine,  and  afterwards  laminated  masses  of  leucine.     The  latter  are  pressed  between 
paper,  freed  from  brown  matter  by  washing  with  absolute  alcohol,  and  crystallised  from 
solution  in  a  small  quantity  of  hot  water, -tyrosine  then  separating  first,  and  the  mother- 
liquor  afterwards  yielding  leucine,  tolerably  pure  but  not  quite  white.   It  must  therefore 
be  dissolved  in  hot  water ;  digested  with  a  small  quantity  of  hydrated  oxide  of  lead ;  the 
liquid  filtered;  the  filtrate  freed  from  lead  by  sulphydric  acid,  and  the  crystallised  leucine 
further  treated  with  animal  charcoal  (Hinterberger,  Ann.  Ch.  Pharm.  Ixxi.  72). 
H.  Schwanert  (ibid.  cii.  221)  boils  2  Ibs.  of  horn-shavings  with  6  Ibs.  sulphuric  acid 
and  1 3  Ibs.  water  for  24  hours,  renewing  the  water  as  it  evaporates,  then  supersaturates 
with  lime,  and,  after  filtering  off  the  gypsum,  evaporates  the  filtrate  to  12  Ibs.  and  mixes 
it  with  a  quantity  of  oxalic  acid  sufficient  to  produce  a  slight  acid  reaction.    The  liquid 
filtered  from  calcic  pxalate,  and  evaporated  till  a  crystalline  film  forms  upon  its  surface, 
deposits  groups  of  yellowish  laminse  of  leucine  mixed  with  tyrosine,  more  of  which  crystals 
may  be  obtained  by  evaporating  the  mother-liquor.     The  crystalline  mass  is  then  dis- 
solved in  such  a  quantity  of  hot  water  that  the  solution  on  cooling  yields  crystals  of 
tyrosine  only ;  the  leucine  solution  is  "then  decolorised  with  animal  charcoal,  evaporated, 
and  the  leucine  which  separates  is  purified  by  pressure  and  recrystallisation  from  hot 
alcohol.  Waage  (Ann.  Ch.Pharm.  cxviii.  295)  proceeds  in  the  same  way  as  Schwanert, 
excepting  that,  after  precipitating  the  last  portions  of  lime  with  oxalic  acid,  he  mixes  the 
filtrate  with  sulphate  of  copper,  precipitates  the  copper  with  sulphydric  acid  ;  evaporates 
the  filtered  liquid  which  is  then  nearly  colourless,  to  the  crystallising  point;  recrystal- 
lises  the  separated  leucine  from  water  and  dilute  alcohol ;  and  finally  decolorises  it  by 
boiling  with  a  small  quantity  of  hydrate  of  lead,  and  removing  the  lead  by  sulphy- 
dric acid.   The  leucine  thus  prepared  still  retains  2  per  cent,  ash  and  a  trace  of  sulphur. 

4.  White  of  egg,  gelatin,  or  flesh,  is  boiled  with  potash-ley  till  it  is  completely  de- 
composed; the  liquid  neutralised  with  sulphuric  acid,  and  evaporated ;  and  the  leucine 
extracted  with  alcohol.     (Mulder.) 

5.  1  pt.  of  the  powder  of  dry  albumin,  fibrin,  or  casein  free  from  fat,  is  added  to  1  pt. 
of  hydrate  of  potassium,  heated  to  fusion  in  an  iron  crucible  of  25  times  the  capacity ; 
and  water  carefully  added  after  half  an  hour,  when  the  violent  frothing  arising  from 
the  escape  of  water  and  ammonia  has  subsided,  and  the  brown  colour  which  the  mix- 
ture at  first  exhibits,  is  changed  to  yellow ;  if  the  liquid  be  then  saturated  with  acetic 
acid,  filtered  hot,  and  gradually  cooled,  it  yields  tufts  of  needles  consisting  of  tyrosine. 
These  crystals  completely  fill  the  filtrate,  when  the  process  is  well  conducted ;  on  the 
other  hand,  they  are  less  abundant  the  longer  the  fusion  has  been  continued. — The 
liquid  decanted  from  the  crystals  of  tyrosine  is  evaporated  till  a  crystalline  film  appears 
on  the  surface ;  then  set  aside  for  24  hours  and  exhausted  with  strong  alcohol,  which 
leaves  crystals  of  leucine  and  the  still  remaining  tyrosine ;  the  liquid  is  mixed  with 
alcoholic  sulphuric  acid,  and  decanted  from  the  crystallised  sulphate  of  potassium ;  the 
alcohol  separated  from  it  by  evaporation,  the  sulphuric  acid  by  lead,  and  then  the  lead 
by  sulphydric  acid ;  and  the  solution  finally  evaporated,  whereupon  it  yields  crystals  of 
leucine  and  a  greasy  syrup,  the  quantity  of  which  is  less  in  proportion  as  the  fusion 
has  been  longer  continued.     To  purify  the  leucine  from  tyrosine  and  a  small  quantity 
of  brown  colouring  matter,  it  is  dissolved  in  such  a  quantity  of  hot  water  that  only  a 
small  quantity  of  leucine  may  separate  on  cooling,  together  with  the  tyrosine ;  the 
mother-liquor  is  digested  with  hydrated  oxide  of  lead,  which  removes  the  colouring 
matter  together  with  a  small  quantity  of  leucine ;  the  filtrate  is  treated  with  sulphydric 
acid;  and  the  filtrate  thus  obtained,  which  has  merely  a  yellowish  colour,  is  evaporated 
iu  a  flask  till  a  crystalline  film  forms  on  its  surface.   It  then,  on  cooling,  yields  crystals 
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of  leucine,  which  must  be  washed  with  cold  water  and  alcohol,  and  decolorised  by 
treatment  with  animal  charcoal  and  recrystallisation. — If  the  object  be  merely  to  obtain 
leucine,  and  not  tyrosine,  it  is  sufficient  to  heat  the  potash-mixture  till  the  strongest 
intumescence  is  over.  At  that  stage  of  the  process,  the  same  quantity  of  leucine  is 
formed,  but  no  tyrosine.  (Bo  pp.) 

6.  One  pt.  of  cheese,  muscular  flesh,  or  white  of  egg,  is  left  to  putrefy  with  50  pts. 
of  water  for  six  weeks  at  a  temperature  somewhat  above  20° ;  the  resulting  turbid 
solution  boiled  with  a  small  quantity  of  milk  of  lime ;  the  lime  precipitated  by  a  very 
slight  excess  of  sulphuric  acid ;  the  filtrate  boiled  down  and  precipitated  by  neutral 
acetate  of  lead ;  the  decanted  liquid  treated  with  sulphydric  acid  ;  the  filtrate  evaporated 
to  a  syrup  ;  and  the  leucine  which  crystallises  therefrom,  is  freed  from  the  remaining 
syrup  by  means  of  alcohol,  and  purified  by  solution  in  water,  treatment  with  hydrated 
oxide  of  lead  and  sulphydric  acid,  crystallisation,  and  washing  with  cold  water  and 
alcohol.     When  the  above-mentioned  alcoholic  solution  of  the  syrup  is  evaporated  to 
complete  dryness,  and  the  residue  dissolved  in  absolute  alcohol,  the  solution  still 
deposits  a  small  quantity  of  leucine.     (Bo pp.) 

7.  The  cervical  ligament  of  the  ox,  after  being  freed  from  the  surrounding  fibrous 
tissue  by  boiling  with  water  containing  acetic  acid,  and  subsequent  scraping  with  a 
knife,  and  (if  necessary)  from  fat  by  digestion  in  ether,  is  boiled  for  48  or  50  hours 
with  dilute  sulphuric  acid  (8  pts.  oil  of  vitriol  to  12  pts.  water),  the  water  being  re- 
placed as  it  evaporates.     The  resulting  solution  is  mixed  with  a  slight  excess  of  thin 
milk  of  lime,  and  boiled  for  some  hours ;  the  filtrate  exactly  neutralised  with  sulphuric 
acid  and  evaporated ;  and  the  liquid,  after  filtration  from  the  separated  sulphate  of 
calcium,  is  again  evaporated:  it  then  yields,  especially  on  cooling,  impure  leucine, 
which  may  be  purified  by  recrystallisation  from  hot  alcohol.    This  process  is  peculiarly 
advantageous,  as  the  acid  mother- liquors  crystallise  to  the  last  drop,  yielding  nothing 
but  leucine.     (Zollikofer,  Ann.  Ch.  Pharm.  Ixxxii.  162;  compare  G-6'ssmann,  ibid. 
xci.  130.) 

8.  Valeral- ammonia  is  boiled  in  a  retort  with  hydrocyanic  and  hydrochloric  acids 
till  the  oily  layer  consisting  of  the  fused  ammonia-compound  has  completely  dis- 
appeared ;  the  solution  is  then  left  to  itself  till  the  greater  part  of  the  resulting 
chloride  of  ammonium  has  crystallised  out ;  the  hydrochloric  acid  removed  by  means 
of  hydrated  oxide  of  lead,  and  the  lead  by  sulphydric  acid ;  the  filtrate  is  evaporated 
over  the  water-bath,  and  the  residue  dissolved  in  hot  dilute  alcohol :  the  solution  thus 
obtained  yields  crystals  of  pure  leucine.     (Limpricht.) 

Properties. — Leucine  crystallises  from  alcohol  in  soft  nacreous  scales,  lighter  than 
water  and  resembling  cholesterin.  It  sublimes  completely  at  170°,  in  cotton-like 
flocks  without  fusion  or  decomposition  (Mulder) ;  according  to  Schwanert,  on  the 
contrary,  it  melts  at  170°.  It  is  sparingly  soluble  in  cold,  but  dissolves  easily  in 
hot  water ;  sparingly  in  alcohol  of  ordinary  strength  (in  658  pts.  of  cold  alcohol  of 
specific  gravity  0'828  according  to  Mulder),  very  sparingly  in  absolute  alcohol. 
According  to  Zollikofer,  it  dissolves  in  about27  pts.  of  cold  water,  in  1040  pts.  of  cold 
alcohol  of  96  per  cent.,  and  in  800  pts.  hot  alcohol  of  98  per  cent.  It  is  insoluble  in 
ether.  Its  solubility  in  water  and  alcohol  is  increased  by  the  presence  of  acetic  acid, 
or  an  alkaline  acetate. 

Decompositions. — 1.  Leucine  heated  to  180°,  yields  a  yellow  distillate  having  an 
ammoniacal  odour,  and  solidifying  in  the  cold,  while  a  brown  resinous  mass  re- 
mains in  the  retort.  The  alcoholic  solution  of  the  distillate  has  an  alkaline  reaction, 
and  when  treated  with  hydrochloric  acid,  gives  off  carbonic  anhydride,  and  yields  a 
solution  containing  hydrochlorate  of  amylamine,  together  with  sal-ammoniac.  The 
resolution  of  the  leucine  into  carbonic  anhydride  and  amylamine,  which  is  the  princi- 
pal reaction,  is  similar  to  that  of  phenyl-carbamic  acid  into  carbonic  anhydride  and 
phenylamine,  and  shows  that  leucine  may  be  regarded  as  amyl-carbamic  acid : 

C6Hi3N02     „     C02   +   C5H13N.     (Schwanert.) 

Leucine.  Amylaraine. 

—2.  Leucine  heated  in  contact  with  the  air  burns  readily,  and  with  a  white  flame. 
— 3.  An  alkaline  solution  of  leucine  exposed  to  the  action  of  ozone,  yields  carbonic  acid, 
butyric  acid,  and  other  volatile  fatty  acids,  ammonia,  and  probably  also,  in  the  earlier 
stage  of  the  decomposition,  cyanic  acid  and  valeraldehyde  (Grorup-Besanez, 
Ann.  Ch.  Pharm.  cxxv.  210). — 4.  Leucine  is  decomposed  by  chlorine,  forming  a  hard 
brown  body,  similar  to  that  obtained  with  glycocine  (ii.  903),  and  a  red  volatile  liquid 
(Mulder).  When  chlorine  is  passed  into  water  in  which  leucine  is  suspended,  car- 
bonic anhydride  is  evolved,  and  a  turbid  solution  is  formed,  from  which  an  oily  liquid 
separates,  consisting  of  a  mixture  of  valeronitrile  and  chloro-valeronitrile  (C5H8C1N) : 
the  solution  contains  hydrochlorate  of  leucine  (S  c  h  w  a  n  e  r  t).  —  5.  Sulphuric  anhydride 
is  rapidly  absorbed  by  leucine,  forming  a  brown  viscid  liquid,  which  at  100°  gives  off 
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carbonic  and  sulphurous  anhydrides,  and  If  then  distilled  with  water,  yields  a  fra- 
grant liquid  boiling  at  97°,  and  forming  crystalline  compounds  with  the  acid  sulphites 
of  the  alkali-metals;  probably,  therefore,  valeraldehyde  (Schwanert).  —  6.  Leucine 
heated  for  some  time  with  a  sufficient  quantity  of  nitric  acid,  is  completely  resolved 
into  gases,  but  so  long  as  the  decomposition  is  incomplete,  the  still  remaining  portion 
exhibits  the  characters  of  nitrate  of  leucine  (Mulder).  —  7.  When  nitric  oxide  is 
passed  into  a  solution  of  leucine  in  nitric  acid,  nitrogen  is  evolved,  and  leucic  acid, 
C6H12CP,  is  formed  (Strecker,  p.  575).  The  same  acid  is  formed  when  chlorine  is 
passed,  not  in  excess,  into  a  dilute  solution  of  leucine  in  caustic  soda  (Gross  m  an  n). 

—  8.  Chlorine  gas  passed  to  saturation  into  a  solution  of  leucine  in  carbonate  of  potas- 
sium, forms  chloride  of  cyanogen,  valerianic  acid,  and  valeronitrile  (Gossmann). 

—  9.  Leucine  distilled  with  peroxide  of  manganese  and  dilute  sulphuric  acid  yields 
valeronitrile  and  carbonic  anhydride  :^ 

2  +   O2     =     C5H9N  +   CO2  +   2IFO. 


When  stronger  sulphuric  acid  is  used,  valerianic  acid  passes  over,  and  the  residue  con- 
tains ammonia.  When  leucine  is  distilled  with  peroxide  of  lead  and  water,  only  a 
trace  of  valeronitrile  passes  over,  but  a  large  quantity  of  butyral  and  then  ammonia, 
which  crystallise  together  in  the  form  of  butyral-ammonia.  —  10.  By  permanganic  acid 
it  is  resolved  into  ammonia,  oxalic  acid,  and  valerianic  acid  (Neubauer,  Ann.  Ch 
Phann.  cvi.  59).  —  11.  Leucine  fused  with  hydrate  of  potassium,  gives  off  ammonia  and 
hydrogen  and  forms  valerate  of  potassium  (Liebig,  Ann.  Ch.  Pharm.  Ivii.  127). 
12.  An  aqueous  solution  of  leucine  emits  a  very  offensive  odour,  and  forms  a  peculiar 
acid,  perhaps  leucic  acid  (Cahours).  —  In  a  vacuum,  the  aqueous  solution  of  leucine 
appears  to  remain  undecomposed  (Gross  mann).  —  13.  When  a  solution  of  1  pt.  of 
leucine  in  water  is  set  aside  for  some  weeks  in  contact  with  a  quantity  of  moist  fibrin, 
which  in  the  dry  state  would  weigh  £  pt.,  putrefaction  takes  place,  the  greater 
part  of  the  leucine  is  decomposed,  and  ammonia  is  produced,  together  with  such  a 
quantity  of  valerianic  acid  as  cannot  be  wholly  produced  from  the  fibrin.  (Bo  pp.) 

Combinations.  —  1.  With  acids.  Leucine  dissolves  easily  in  acids,  forming  crystallis- 
able  salts.  The  hydrochlorate,  C6H1SN02.HC1,  forms  crystals  very  soluble  in  water.  The 
nitrate,  C<H1SNC)2.HN03,  called  also  nitroleucic  acid,  forms  colourless  needles.  Nitrate 
of  leucine  and  iarmwicontains  4T01  per  cent,  baryta  (Mulder).  Nitrate  of  leucine 
and  calcium  forms  niammellated  groups  containing  water  of  crystallisation.  Nitrate  of 
leucine  and  magnesium  forms  small  granular  crystals.  Leucine  also  forms  a  crystalline 
salt  with  nitrate  of  silver.  These  salts  have  probably  the  formula  C6H13N02.MN03. 

2.  With  bases.  Leucine  dissolves  readily  in  caustic  alkalis,  but  without  neutralising 
them.  The  aqueous  solution  of  leucine  does  not  precipitate  the  solution  of  any  metallic 
salt  excepting  basic  acetate  of  lead. 

Cupric  salts.  —  Eecently  precipitated  cupric  oxide  dissolves  readily  in  aqueous  leucine, 
forming  a  bluish  liquid,  which,  on  cooling,  deposits  crystalline  grains  or  laminse 
having  the  colour  of  ammoniacal  sulphate  of  copper,  and  containing  Cu0.2C6H13N02 

or  C12H24CuN204.H20.    (Gossmann.) 

Lead-salts.  —  On  cautiously  adding  ammonia  to  a  boiling  aqueous  solution  of  leucine 
and  neutral  acetate  of  lead,  nacreous  scales  are  deposited  containing  Pb0.2C6H13N02  or 
Cl2H24Pb"N204.H20  (Strecker,  Ann.  Ch.  Pharm.  Ixxii.  89).  Gossmann  obtained  a 
salt  of  the  same  composition  ;  but  in  one  experiment,  perhaps  in  consequence  of  a 
peculiar  degree  of  concentration,  he  obtained  laminated  groups  of  crystals  resembling 
lepidolite,  and  containing  9Pb0.2C6H13N02. 

Mercuric  salt.  —  Eecently  precipitated  mercuric  oxide  dissolves  very  readily,  and  in 
considerable  quantity  in  aqueous  leucine;  and  the  solution,  when  evaporated,  deposits, 
first  crystalline  granules  and  afterwards  laminae  containing  47'3  per  cent,  mercuric 
oxide:  therefore  Hg0.2C6NHI302  or  CI2H24Hg"N204.H20.  (Gossmann.) 

Aqueous  leucine  is  not  precipitated  by  mercuric  nitrate  or  chloride  ;  but  on  addition 
of  potash  or  ammonia,  a  white  bulky  precipitate  is  formed,  which  dissolves  in  excess 
of  potash  :  the  precipitate  gradually  becomes  gelatinous  and  decomposes  during  washing 
(Gossmann).  According  to  R.  Hoffmann,  on  the  contrary  (Ann.  Ch.  Pharm.  Ixxxvii. 
123),  pure  leucine  is  precipitated  by  mercuric  nitrate  in  white  flakes,  without  red 
colouring  of  the  supernatant  liquid,  the  production  of  such  a  colour  indicating  the 
presence  of  tyrosine. 

Aqueous  leucine  added  to  a  solution  of  mercurous  nitrate  throws  down  an  abun- 
dance of  white  flocks,  the  supernatant  liquid  acquiring  a  red  colour.  (Braconnot.) 

Pseudoleucine.  This  name  is  applied  by  Hesse  (J.  pr.  Chem.  Ixx.  34)  to  a 
sulphuretted  compound  nearly  related  to  leucine,  found  by  A.  Miiller  among  the 
products  of  the  decomposition  of  yeast  (p.  579).  It  contains  3  or  4  per  cent,  sulphur, 
and  is  perhaps  C36H78N60I2S.  It  is  more  soluble  in  alcohol  than  leucine,  and  when 
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purified  as  completely  as  possible,  forms  a  white  spongy  mass  composed  of  shining 
laminae.  When  cautiously  heated,  it  sublimes  almost  without  decomposition.  It 
melts  at  210°,  and  when  distilled  in  an  atmosphere  of  carbonic  anhydride,  yields, 
together  with  more  volatile  compounds  containing  nitrogen  and  sulphur,  a  woolly 
mass  of  acicular  crystals  resembling  phlorizin,  having  the  composition  C6HnNO,  and 
dissolving  in  dilute  soda-ley  with  evolution  of  ammonia ;  this  substance  is  designated  by 
Hesse,  leuconitrile.  The  other  products  of  the  dry  distillation  of  pseudoleucine 
are  sulphydric  acid,  hydrocyanic  acid,  a  brownish,  tarry,  fetid  substance,  and  several 
volatile  bases,  including  ammonia,  methylamine,  dimethylamine,  tritylamine,  and  a 
considerable  quantity  of  amylamine. 

LEUCITE.  A  silicate  of  aluminium  and  potassium,  (KAl)Si206,  occurring  in 
monometric  crystals,  the  usual  form  being  the  ikosi-tetrahedron  or  trapezohedron, 
hence  called  leucitohedron  (fig.  180,  ii.  125).  Cleavage  cubic,  very  imperfect;  surface 
of  crystals  even,  but  seldom  shining.  The  mineral  often  occurs  disseminated  in  grains, 
rarely  in  granular  masses.  Hardness  =  5'5  to  6.  Specific  gravity  =  2-483  to  2-49. 
Lustre  vitreous.  Colour  ash-grey  or  smoke-grey,  white.  Streak  uncoloured.  Translu- 
cent to  opaque.  Fracture  conchoi'dal.  Brittle.  Infusible  before  the  blowpipe,  except 
with  borax  or  carbonate  of  calcium,  with  which  it  melts  with  difficulty  to  a  clear 
globule.  Gives  a  fine  blue  with  cobalt-solution. 

Analyses. — a.  From  Albano  near  Eome  (Klaproth,  Beitr.  ii.  39). — b.  From 
Pompeii  (Klaproth,  ibid.). — c.  From  Somma  (Awdejew,  Pogg.  Ann.  Iv.  107). — 
d.  From  Vesuvius,  eruption  of  1811  (Earn  me  Is  berg,  ibid,  xcviii.  143). — e.  From 
Vesuvius,  eruption  of  1845  (Eammelsberg,  ibid.).—f.  From  Eieden  on  Lake  Laach 
(Bischof,  Chem.  Geologic,  ii.  2288): 


Silica 
Alumina  . 
Potash     . 
Soda 

a. 
54 
23 
22 

b. 
54-5 
23-5 
19-5 

56-05 
23-03 
20-40 
1-02 

d. 
56-25 
23-26 
20-04 
0-43 

57-84 
22-85 
12-45 
6-04 

56-22 
23-07 
13-26 
6-40 

0-32 

0-20 

0-23 

Ferric  oxide 
Loss  by  ignition 

•     « 

•     • 

0-14 
0-59 

0-48 

99         97'5       100-50       100-30       100-11         99'66 

The  formula  (KAl)Si206  or  K2O.Al2Os.4Si02  requires  55-58  silica,  23'16  alumina,  and 
21-26  potash.  The  potash  is  sometimes  replaced  to  a  considerable  extent  by  soda,  as 
in  e.  and/.  Abich  found  in  a  specimen  from  Vesuvius  a  still  greater  amount  of  soda. 

Leucite  occurs  in  volcanic  formations,  both  ancient  and  modern ;  it  is  abundant  in 
trachyte  between  Lake  Laach  and  Andernach  on  the  Ehine ;  the  finest  and  largest 
crystals  are,  however,  obtained  from  Vesuvius.  Near  Eome,  at  Borghetta  on  the 
north,  and  Albano  and  Frascate  to  the  south,  some  of  the  older  lavas  appear  to  be 
almost  entirely  composed  of  it.  This  leucitic  lava  is  used  to  form  millstones,  and 
millstones  made  of  it  have  been  discovered  in  the  excavations  at  Pompeii. 

Leucite  occurs  altered  to  felspar,  nephelin,  and  kaolin.  Leucite  altered  to  glassy 
felspar  has  been  observed  on  Somma  byScacchi.  (Dana,  ii.  231 ;  Eammelsberg, 
Mtneralchemie,  p.  645.) 

LEUCOCYCIiITE.     Syn.  with  APOPHTLLITB. 

lEUCOHARMINE.     Syn.  with  HABMINE. 

X.EUCOXiXNX:.  An  organic  base  obtained  from  coal-tar,  isomeric  with  chinoline, 
C9H7N.  The  two  bases  having  this  composition,  the  one  obtained  by  the  dry  distil- 
lation of  quinine  and  cinchonine,  the  other  among  those  of  the  distillation  of  coal, 
were  formerly  thought  to  be  identical,  and  the  name  chinoline  was  applied  to  both. 
Subsequent  researches,  however,  having  pointed  out  important  differences  between  the 
two,  especially  in  their  behaviour  with  iodide  of  amyl,  the  base  obtained  from  ciucho« 
nine  is  now  distinguished  as  chinoline,  and  the  coal-tar  base  (originally  called  leucol 
by  Eunge,  who  discovered  it)  as  leucoline  (see  i.  869). 

Each  of  these  bases  has  a  series  of  homologues  corresponding  with  it,  and  differing 
in  a  similar  manner  from  their  isomers  in  the  other  series.  The  following  namea 
have  been  proposed  byGreville  Williams  (Chem.  Soc.  J.  xvi.  377)  to  distinguish 
the  isomeric  bases  of  the  two  series : 

Coal  series.  Cinchonine  series. 

Leucoline  .  .  C9HTN  .  .  Chinoline 
Iridoline.  .  .  C10H9N  .  .  Lepidine 
Cryptidine  .  .  C'^'N  .  .  Dispoline 

The  higher  homologues  of  chinoline,  as  far  as  C16H2IN,  have  also  been  obtained;  the 
corresponding  bases  in  the  leucoline  series  are  at  present  unknown.     (Proc.  Eoy.  Soc. 
xiii.  312.) 
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ZiEUCOIiXTE.     Syn.  with  PYCNITE. 

X.EUCONE.  Si4H*05.  —  A  white  substance  obtained  by  the  decomposition  of 
silicone,  Si4H408,  under  the  influence  of  light  and  water  (Wohler,  Ann.  Ch.  Pharm. 
cxxvii.  268).  See  SILICIUM. 

X.ET7COWIC  ACID.  Oxycroconic  acid,  C5H809.  (Will,  Ann.  Ch.  Pharra.  cxviii. 
117;  Lerch,  ibid,  cxxiv.  20.)—  An  acid  produced  from  croconic  acid  (ii.  110)  by 
oxidation  and  assumption  of  water  : 

C&H20S  +   0+   3H'0     =     C5H80". 

When  a  solution  of  croconate  of  potassium  is  treated  with  chlorine  or  nitric  acid,  it  is 
decolorised  and  converted  into  leuconate  of  potassium,  in  the  latter  case  with  evolu- 
tion of  nitric  oxide. 

The  acid  [?  prepared  by  decomposing  the  barium-salt  with  sulphuric  acid]  forms  a 
colourless  syrup,  which  when  heated  above  100°  turns  yellow,  and  is  converted  into 
croconic  acid.  It  is  tribasic,  and  forms  white  or  pale  yellow  salts,  which  are  unstable, 
being  easily  converted  into  croconates,  especially  in  presence  of  alkalis.  (Lerch.) 

The  barium-salt,  C10H10Ba3018,  is  obtained  as  a  flocculent,  yellowish-white  precipi- 
tate by  adding  baryta-  water  to  the  solution  of  the  potassium-salt,  prepared  as  above, 
till  it  becomes  alkaline.  (Will.) 

The  lead-salt,  CIOH10Pb8018,  and  the  silver-salt,  C5H5Ags09,  are  light-yellow  precipi- 
tates. 

Potassium-salt.  When  a  solution  of  croconate  of  potassium  decolorised  as  above 
with  chlorine  or  nitric  acid,  is  neutralised  with  caustic  potash  or  carbonate  of  potassium, 
the  liquid,  just  at  the  point  of  saturation,  exhibits  a  transient  play  of  colours,  from 
colourless  to  purple-  red,  bluish-red  and  yellowish  ;  and  if  the  solution  is  concentrated, 
an  abundant  yellowish-white  precipitate  is  formed  at  the  same  time,  which  redissolves 
in  a  large  quantity  of  water.  This  precipitate  was  found  by  analysis  to  have  the  com- 
position C5H'K09,  but  the  lead-salt  obtained  from  it  by  precipitation  with  acetate  of 
lead  exhibited  the  normal  composition  C10H10Pb8018.  whence  it  is  probable  that  the 
sparingly  soluble  potassium-salt  with  1  at.  metal  really  consisted  of  the  tripotassic  salt 
mixed  with  free  leuconic  acid  (Will).  According  to  Lerch,  the  solution  01  the  normal 
potassium-salt  is  decomposed  by  neutralisation  with  potash,  yielding  a  small  quantity 
of  a  black  salt,  probably  dihydrocarboxylate  of  potassium  (p.  190),  together  with 
oxalate  and  a  colourless  crystallised  potassium-salt. 

LEUCONTTRIIiE.     A  product  of  the  decomposition  of  pseudoleucine  (p.  583). 

XiEUCOPHAKTE.  A  silicate  of  glucinum  and  calcium,  occurring  in  syenite, 
together  with  albite,  elseolite  and  yttrotantalite,  on  a  small  rocky  islet  near  the  mouth 
of  the  Langesundfiord  in  Norway,  where  it  was  found  by  Esmark.  It  is  trimetric,  with 
imperfect  cleavage  in  three  directions  inclined  to  one  another  at  angles  of  53^°  and  36^°, 
but  usually  occurs  massive  and  columnar.  Hardness  =  3'5  to  4.  Specific  gravity  = 
2'974.  It  is  more  or  less  translucent,  with  pale  dirty  green  or  light  wine-yellow  colour, 
and  yields  a  white  powder,  strongly  phosphorescent  when  heated  or  struck.  It  like- 
wise becomes  electric  when  heated.  It  is  optically  biaxial.  Before  the  blowpipe  it 
melts  to  a  clear  bead  with  a  tinge  of  violet,  becoming  turbid  by  flaming.  Dissolves 
easily  in  borax  to  an  amethyst-coloured  glass;  in  phosphorus-salt  it  leaves  a  skeleton  of 
silica  ;  and  with  a  small  quantity  of  carbonate  of  sodium,  it  melts  to  a  turbid  bead, 
which,  with  a  larger  quantity  of  carbonate  of  sodium,  sinks  into  the  charcoal.  With 
fused  phosphorus-  salt  in  an  open  tube,  it  gives  the  reaction  of  fluorine.  According  to 
an  analysis  by  Kammelsberg  (Mineralchemie,  p.  764),  it  contains: 

SiO"  F  GO  Al'03  CaO  MgO  Na'O  KaO 

47-03        6-57         1070         1-03        23-37        0-17         11-26        0-30    =     100-43 
with  traces  of  ferric  and  manganous  oxides,  a  composition  which  may  be  represented 
by  the  formula,  4NaF.3(2Ca0.2G0.3Si02). 

Mdinophane,  from  the  zircon-syenite  01  Norway,  is  nearly  related  in  composition  to 
leucophane. 


A  colourless  substance,  isomeric  with  chlorophyll,  supposed  by 
Sacc  (Jahresber.  1859,  p.  561)  to  be  contained  in  those  parts  of  plants  which  are 
capable  of  turning  green,  and  to  undergo  this  change  under  the  influence  of  oxygen 
rendered  active  by  the  agency  of  light.  The  existence  of  such  a  substance  is  rendered 
probable,  according  to  Sacc,  by  the  fact  that  the  plasma  of  those  vegetable  cells  which 
quickly  turn  green  on  exposure  to  light,  contains  a  substance  which  instantly  assumes 
a  bright  verdigris-green  colour  when  brought  in  contact  with  strong  sulphuric  acid, 
and  that  the  same  reaction  is  exhibited  by  the  ready-formed  light  green  granules  of 
chlorophyll  itself,  whereas  the  plasma  of  cells  which  do  not  turn  green  in  light,  does 
not  exhibit  it* 
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liEUCOPYRXTE.  Native  di-arsenide  of  iron,  FeAs2,  also  called  arsenosiderite 
(see  p.  368). 

LEUCORCEITJ.  An  ammoniacal  solution  of  orcei'n  slightly  acidulated  with  hy- 
drochloric acid,  is  completely  decolorised  by  immersing  a  piece  of  zinc  in  it.  If  am- 
monia be  then  added,  a  white  precipitate  called  leucorcei'n  is  formed,  which  on 
exposure  to  the  air  becomes  'violet,  and  finally  purple.  (See  ORCEIN.) 

LEUCOTURIC  ACID.  Laurent's  Oximide.  (Schlieper,  Ann.  Ch.  Phann. 
Ivi.  i.) — Formed  when  an  aqueous  solution  of  alloxanic  acid  (i.  138)  is  rapidly  boiled 
down  to  a  syrup  :  cold  water  is  then  added,  which  leaves  the  leucoturic  acid  undissolved. 
It  is  a  white  crystalline  powder,  insoluble  in  cold  water,  slowly  but  rather  abundantly 
soluble  in  boiling  water,  whence  it  crystallises  on  cooling.  It  is  readily  soluble  in 
aqueous  alkalis,  whence  it  is  precipitated  by  mineral  acids,  and  by  the  aid  of  heat  de- 
composes alkaline  carbonates.  The  potash-solution  is  decomposed  by  keeping  or  by 
gentle  heat,  ammonia  being  evolved,  and  oxalic  acid  formed  abundantly.  The  am- 
monia-solution yields  on  evaporation  crystals  of  the  ammonium-salt,  whose  solution 
precipitates  nitrate  of  silver.  Leucoturic  acid  is  not  decomposed  by  boiling  with 
strong  nitric  acid.  It  appears  to  be  monobasic.  Schlieper  found  it  to  contain  31-16 
per  cent,  carbon,  2-80  hydrogen,  and  24-51  nitrogen,  whence  he  deduced  the  for- 
mula C8HSN20S,  requiring  31*30  carbon,  2'61  hydrogen,  24'35  nitrogen,  and  4174 
oxygen.  Gerhardt  pointed  out  the  improbability  of  this  formula,  as  it  contains  an 
uneven  number  of  atoms  of  hydrogen  and  nitrogen.  Baeyer  suggests  the  formula 
C6H4N405,  which  requires  33'98  per  cent,  carbon,  T89  hydrogen,  26'41  nitrogen,  and 
3772  oxygen.  F.  T.  C. 

IiEVOXiUSAN  or  IiJEVTTIiOSAlxr.  A  product  of  the  decomposition  of  cane- 
sugar  by  heat,  having  a  laevo-rotatory  power  of  15°  for  the  transition-tint  (ii.  864). 

XiEVXCrATXOST.  The  mechanical  process  of  grinding  the  parts  of  bodies  to  a 
fine  paste,  by  rubbing  them  between  the  flat  face  of  a  stone  called  the  muller,  and  a 
table  or  slab  called  the  stone.  Some  liquid  is  always  added  in  this  process.  The 
advantage  of  levigation  with  a  stone  and  muller  over  that  of  triturating  in  a  mortar 
is,  that  the  materials  can  more  easily  be  scraped  together  and  subjected  to  the  action 
of  the  muller,  than  in  the  other  case  to  that  of  the  pestle ;  and,  from  the  flatness  of  the 
two  surfaces,  they  cannot  elude  the  pressure.  U. 

A  figure  and  description  of  a  mill  for  levigating  litharge  are  given  under  LEAD 
(p.  514). 

XiEVYNE.  A  hydrated  silicate  of  calcium  and  aluminium,  occurring  in  rhombo- 
hedral  crystals  truncated  by  the  basal  face  oE,  which  greatly  predominates,  and  always 
in  twins  compounded  parallel  to  oE.  Angle  E  :  E  =  106°  4' ;  oE :  E  =  136°  1' ;  ratio 
of  principal  to  secondary  axes  =  0'8358  :  1.  The  crystals  are  often  striated  and  often 
in  druses.  Hardness  =  4  to  4-5.  Specific  gravity  =  2'09  to  2'16.  Lustre  vitreous. 
Colourless,  white,  reddish  or  yellowish.  Transparent  to  translucent.  Before  the  blow- 
pipe it  melts  to  an  opaque  blebby  glass.  When  pulverised  it  dissolves  in  acids  with- 
out gelatinising. 

Analyses,  a.  b.  from  Faroe,  by  Berzelius  ;  c.  from  Skye,  by  Connel ;  d.  from  Ireland, 
by  Damour  (Bammelsberg 's  Mineralckemie,  p.  802) : 

SiO*  A1»OS  CaO  Na'O  K'O  Mg'O  H»O 

a.  48-00  20-00  8'35  2'86  0-41  0'40  19-30  =     99-32 

b.  47*50  21-40  7-90  4'80  .     .  .     .  18'19  =     9979 

c.  46-30  22-47  972  1-55  1-26  .     ..  19'51  =  100-81 

d.  44-48  23-77  1071  1-38  1-61  .     .  17-41  =    99-36 

Berzelius'  analysis  gave  the  formula  of  chabasite.  Damour' s,  which  contains  less 
silica  than  the  rest,  leads  to  the  formula : 

CaO.Al208.3Si02  +  4H20  or  (Ca"(Al2)*H4)SisO'2.2H20, 
which  is  that  of  a  hydrated  orthosilicate. 

Levyne  is  found  in  amygdaloid  at  G-lenarm ;  on  Hatfield  Moss,  Eenfrewshire  ;  at  Da- 
lanyfren,  Faroe ;  at  Godhavn,  Disco  Island,  Greenland;  and  at  Skagastrand  in  Iceland. 

XiHERZOXiXTE.  A  variety  of  augite  from  Lake  Lherz  in  the  Pyrenees,  where  it 
occurs  both  crystallised  and  lamellar,  and  of  a  deep-green  or  olive-green  colour. 

IiZATRIS.  According  to  W.  Procter,  jun.  (Am.  J.  Phann.  xxxi.  556),  cumarin 
occurs  in  microscopic  prisms  on  the  dried  leaves  of  Liatris  odoratissima,  a  plant 
growing  in  the  Southern  States  of  North  America. 

X.IBETHEIVXTE.  A  native  phosphate  of  copper,  4CuO.P205  +  aq.  or  Cu8(P04)2. 
CuH202,  found  at  Libethen  in  Hungary,  and  other  localities.  (See  PHOSPHATES.) 
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LICHENIC  ACID.     See  FUMARIC  ACID  (ii.  741). 

LICHEBTIN.  CaH'°05.  (Gr m.  xv.  11 9.)— A  substance  isomeric with  starch,  occurring 
in  several  species  of  moss  and  lichen,  especially  in  the  so-called  Iceland  moss  (Cetraria 
islandica),  which  is  really  a  lichen.  According  to  Ma  schke  (J.  pr.  Chem.  Ixi.  7),  it  is 
formed  from  starch  by  the  action  of  the  free  acid  in  the  plant.  It  is  extracted  from 
Iceland  moss  by  macerating  the  chopped  lichen  for  twenty-four  hours  with  a  large  quan- 
tity of  cold  water  containing  a  small  quantity  of  carbonate  of  sodium,  and  continuing 
the  treatment  till  the  liquid  no  longer  tastes  bitter.  It  is  then  boiled  with  water,  and 
the  boiling  decoction  is  strained  through  a  linen  cloth.  The  liquid  on  cooling  coagulates 
to  a  kind  of  jelly,  which  dries  up  to  a  hard  brittle  mass  (Berzelius).  Pay  en  removes 
the  bitter  matter  by  washing  the  lichen  successively  with  ether,  alcohol  of  specific 
gravity  0'83  and  0"90,  cold  water,  very  weak  solution  of  carbonate  of  sodium,  aqueous 
hydrochloric  acid  of  the  strength  of  1  per  cent.,  and  pure  water.  Davidson  (Ed. 
N.  PhiL  J.  xxviii.  260)  macerates  1L2  Ibs.  of  Iceland  moss  for  a  fortnight  with 
potash-ley  prepared  from  4  Ibs.  of  pearlash,  or  for  six  days  with  milk  of  lime  prepared 
from  6  Ibs.  of  lime,  then  washes  with  dilute  hydrochloric  acid,  and  finally  with 
water.  Chloride  of  lime  may  also  be  used  for  the  maceration.  K  n  o  p  and  S  c h  n  e  d  e  r- 
mann  (Ann.  Ch.  Phann.  Iv.  164)  treat  Iceland  moss  with  a  large  quantity  of  hydro- 
chloric acid,  and  precipitate  the  solution,  after  dilution  and  straining,  with  alcohol. 
The  precipitated  lichenin  is  then  freed  from  water  and  rendered  friable  by  repeated 
treatment  with  absolute  alcohol,  and  freed  from  adhering  hydrochloric  acid  by  im- 
mersion in  running  water. 

Lichenin  in  the  dry  state  forms  a  hard  brittle  mass,  tasteless,  but  having  a  faint 
odour  resembling  that  of  lichens.  In  cold  water  it  swells  up  without  dissolving, 
dissolves  in  boiling  water,  and  is  deposited  in  'the  form  of  a  jelly ;  by  prolonged  boiling, 
however,  it  loses  the  property  of  gelatinising,  and  is  converted  into  a  gummy  sub- 
stance, probably  dextrin.  When  the  solution  in  boiling  water  is  left  to  evaporate,  the 
lichenin  separates  as  a  rough  pellicle  on  the  surface.  Lichenin  is  insoluble  in  alcohol 
and  ether. 

Dilute  acids  dissolve  lichenin  and  convert  it  into  glucose.  Nitric  acid  heated  with 
it  converts  it  into  oxalic  acid.  Pure  lichenin  is  merely  coloured  yellow  by  iodine ;  but 
a  green  or  blue  colour  is  often  produced,  from  admixture  of  starch. 

LICHENS.  The  following  enumeration  of  the  proximate  constituents  of  lichens 
is  given  byRochlederin  Ghnelin's  Handbuch,  viii.  94 : 

Baomyces  roseus,  Pers.     See  analysis  by  Brandes.     (Berl.  Jahrb.  xxv.  1,  38.) 

Biatora  lucida,  Fr.  Contains  usiiic  acid.  (Knop,  Getting,  gelehrte  Anzeigen, 
1843,  2  u.  3  Stuck,  16 ;  and  Ann.  Ch.  Pharm.  xlix.  103.) 

Cetraria  aculeata,  Fr.  Contains  no  cetrarin,  but  moss-starch  (lichenin)  and  lichenic 
(fumaric)  acid.  (Weppen,  Pharm.  Centr.  1838,  No.  12.) 

Cetraria  islandica,  Ach.  Contains:  fumaric  acid  (Schodler,  Ann.  Ch.  Pharm. 
xvii.  87)  and  cellular  substance ;  starch  not  deposited  in  granules,  but  uniformly  dis- 
tributed among  the  cells  (lichenin) ;  cetraric  acid,  lichenstearic  acid,  tallochlore,  fat, 
sugar,  gum,  yellow  extractive  matter,  a  brown  substance  formed  from  cetraric  acid, 
and  a  body  not  exactly  determined  (Knop  and  Schnedermann,  Iv.  144).  This 
lichen  always  contains  alumina  (Knop,  J.  pr.  Chem.  xxxviii.  347).  It  contains  a  large 
quantity  of  a  carbohydrate  (lichenin)  convertible  into  sugar.  (C.  Schmidt,  Ann.  Ch. 
Pharm.  li.  29). 

Cladonia  digitata,  Hoffm.  \ 

Cladonia macilenta,  Hoffm.  ^contain  starch.    (Knop,  loc.  tit.) 

Cladonia  uncinata,  Hoffm. ) 

Cladonia  pyxidata,  Spr.  Contains  a  large  quantity  of  a  carbohydrate  convertible 
into  sugar.  (C.  Schmidt,  loc.  tit.) 

Cladonia  rangifcrina,  Hoffm.  (Lichen  rangiferina,  L.)  Contains  usnic  acid 
(Rochleder  and  Heldt,  Ann.  Ch.  Pharm.  xlviii.  13),  and  a  large  quantity  of  carbo- 
hydrate convertible  into  sugar.  (C.  Schmidt,  loc.  tit.) 

Evernia  furfuracea,  Mann.  (Parmelia,  Ach.)  Contains  usnic  acid  (Rochleder 
and  Helot,  loc.  tit.).  See  an  analysis  of  this  lichen  grown  on  a  pine-tree  by  John. 
(Chem.  Schr.  vi.  41.) 

Evernia  ochroleuca,  Fr.  (Parmelia sarmentosa,  Ach.)  Contains  usnic  acid.  (Knop, 
loc.  tit.) 

Evernia prunastri,  Ach.  Contains  usnic  and  evernic  acids(Stenhouse,  Phil  Mag 
[3]  xxxil  300).  Rochleder  and  Heldt  found  lecanoric,  but  not  a  trace  of  usnic 
acid. 

Evernia  vulpina.  The  experiments  of  Bebert  (Ann.  Ch.  Pharm.  ii.  342)  on  the 
so-called  vulpulin,  seem  to  show  that  this  lichen  contains  chrysophanic  acid  (Berze- 
lius,  Jahresber.  xii.  256.) 
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Gyrophora  pustulata,  Ach.  (Umbelliaria,H.offm.)  From  Norway.  Contains  gyro- 
plane acid.  (S tollhouse,  Phil.  Trans.  1849,  p.  458.) 

Isidium  corallinum,  Ach.  Contains  a  large  quantity  of  oxalate  of  calcium.  (B  r  a  c  o  n  - 
not,  Anr.  Ch.  Phys.  [2]  xxviii.  319.) 

Lccanora  Parella,  Ach.  (Parmelia,  Schaer.)  Contains:  three  fats,  tannin,  parel- 
lic  acid,  lecanoric  acid,  chlorophyll,  and  gum,  which  gives  a  greenish-blue  colour  with 
iodine  (Schunck,  Ann.  Ch.  Pharm.  liv.  257).  The  several  species  of  Lccanora  con- 
tain lecanoric  acid.  (Schunck,  ibid.  xli.  157.) 

Lecidia  Candida,  Ach.  (Psora,  Dec.)  Contains  a  large  quantity  of  oxalate  of 
calcium.  (Braconnot,  loc.  cit.) 

Lecidia  geographica,  Schaer.  From  the  Brocken.  Contains  usnic  acid.  (Knop, 
loc.  cit.) 

Parmelia  ciliaris,  Ach.  (Borrera  ciliaris.)  See  analysis  by  John.  (Chem.  Schr.  vi.  39.) 

Parmelia  parietina,  Ach.  Contains  chrysophanic  acid,  a  yellow  non-crystallisable 
colouring  matter  (Kochleder  and  Held t,  loc.  cit.),  and  a  carbohydrate  convertible 
into  sugar  (C.  Schmidt,  loc.  cit.)  This  lichen  contains  :  a  yellow  and  a  red  colouring 
matter,  wax,  crystalline  stearin,  chlorophyll,  soft  resin,  gum,  lichenin,  vegetable  mu- 
cilage, sugar,  extractive  matter,  traces  of  volatile  oil,  and  phosphate  of  calcium  (Hes- 
berger,  Buchn.  Repert.  xlvii.  179);  compare  Sander  (Ueber  die  Wandflcchte, 
Sondershausen,  1815;  andKastn.  Arch.  viii.  431);  Monnhardt  (Dissert,  sist.  Lobarice 
parietince  Analysin  chem.  Kielonise,  1818);  Schroder  (Berl.  Jahrb.  1819,  p.  44); 
Markowitz  (Scher.  Ann.  i.  438);  Thomson  (Ann.  Ch.  Pharm.  liii.  252  and  260). 

Parmelia  physodes,  Ach.  Contains  crystallised  physodin.  (G-erding,  Arck, 
Pharm.  Ixxxvii.  1.) 

Parmelia  saxatilis,  Ach.  Contains  a  small  quantity  of  carbohydrate  convertible 
into  sugar.  (C.  Schmidt,  loc.  cit.) 

Patellaria  hcematoma,  Hoffm.  (Parmelia,  Ach. — Patellaria  rubra,  Hoffm.--P«r- 
melia,  Ach. — Patellaria  ventosa,  Dec. — Parmelia,  Ach.)  Contain  large  quantities  of 
oxalate  of  calcium  (Braconnot,  foe.  cit.).  P.  h&matoma  and  P.  ventosa  contain  usnic 
acid.  (Knop,  loc.  cit.) 

Patellaria  tartarea,  Dec.  (Parmelia,  Ach.)  Contains  large  quantities  of  oxalate 
of  calcium  (Braconnot,  loc.  cit. )  In  a  specimen  from  Norway,  Stenhousef  loc.  cit. ) 
found  gyrophoric  acid.  See  analysis  by  N.  v.  Eserbeck  (Ber.  Arch.  xvi.  135). 

Peltigera  canina,  Hoffm.  Contains  a  carbohydrate  convertible  into  sugar. 
(C.  Schmidt,  loc.  cit.) 

Pertusaria  communis,  Dec.     Contains  a  large  quantity  of  oxalate  of  calcium. 

Piacodium  ochroleucum,  Dec.  (Parmelia  saxicola,  Ach.)  and  Placodium  radiosum, 
Dec.  (Parmelia  radiosa,  Ach.)  Contain  very  large  quantities  of  oxalate  of  calcium. 
(Braconnot,  loc.  cit.) 

Ramalina  calicaris,  Fr.  var.  fastigiata.  Contains  large  quantities  of  starch,  colour- 
ing matter  and  bitter  substance,  and  a  small  quantity  of  saccharic  acid  (Berzelius, 
Scher.  Ann.  iii.  97).  Contains  usnic  acid.  (Kochleder  and  Heldt,  loc.  cit.) 

Ramalina  calicaris,  Fr.  var.  fraxinea.  The  ash  contains  a  large  quantity  of  ferrio 
oxide,  but  scarcely  a  trace  of  potash  (John,  Chem.  Schr.  vi.  37);  soluble  and  coagu- 
lable  albumin  (Berzeliu  s,  Scher.  Ann.  iii.  208) ;  lichenin,  and  usnic  acid  (Kochleder 
and  Helot,  loc.  cit.) 

Roccella  Montagnei,  Belen.     Contains  erythric  acid.     (S  ten  ho  use,  foe.  cit.) 

Roccella  tinctoria,  Ach.  This  lichen  (var.  fuciformis,  from  Angola  and  Madagas- 
car) contains  erythric  acid  (Heeren's  erythrin,  Kane's  erythrilin,  ii.  502),  a  fatty 
substance,  roccellic  acid,  a  brown  substance  extractable  by  potash,  chlorophyll,  and 
ash- constituents  (Schunck,  Phil.  Mag.  J.  [3]  xxix.  194).  Roccella  tinctoria  from 
South  America  was  found  by  Stenhouse  (Phil.  Mag.  [3]  xxxii.  300)  to  contain 
a-orsellic  acid ;  the  same  lichen  from  the  Cape  of  Good  Hope  contained  j8-orsellic  acid 
and  roccellinin.  Stenhouse  and  S  c  o  u  1  e  r  are  of  opinion  that  the  Roccella  tinctoria, 
var.  fuciformis  analysed  by  Schunck,  was  really  R.  Montagnei. 

Squamaria  eleganst  Fee.  Contains  chrysophanic  acid.  (Thomson,  Ann.  Ch. 
Pharm.  liii.  266.) 

Squamaria  lentigera,  Dec.  (Parmelia,  Ach.)  Contains  a  very  large  quantity  of 
oxalate  of  calcium.  (Braconnot,  loc.  cit. ) 

Sticta  pulmonacea,  Ach.  Contains  lichenin  and  a  bitter  principle  (W  e  p  p  e  n,  Pharm. 
Centr.  1838,  No.  12)  very  near  cetraric  acid  in  composition,  and  named  stictic  acid 
by  Knop  and  Schnedermann  ( J.  pr.  Chem.  xxxix.  303);  compare  John  (Chem. 
Schr.  vi.  39). 

Ulceolaria  esculenta,  Ach.  Contains  a  large'  quantity  (13  per  cent.)  of  gum. 
(Kirchhoff,  Scher.  Ann.  iii.  213.) 

Ulceolaria  scruposa  contains  a  large  quantity  of  oxalate  of  calcium  (Braconnot, 
loc.  cit.) 
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Usnea  bc.rbata,  Fr.  Contains  usnic  acid  (Roclileder  and  Heldt,  loc.  cit.),  and 
lichenin.  (Berzelius,  Scher.  Ann.  iii.  205.) 

Usnea  barbata,  FT.  var.  florida.  (Usnea  florida,  Hoffm.)  Contains  usnic  acid 
(Knop,  loc.  cit),  and  a  small  quantity  of  carbohydrate  convertible  into  sugar. 
(C.  Schmidt,  loc.  cit.) 

Usnea  hirta,  Hoffm.  (U.  barbata  var. plicata,  Fr.)  Contains  usnic  acid  (Knop, 
loc.  cit.),  bitter  principle,  gum-sugar,  lichenin  and  a  soft  skeleton  (Berzelius,  Scher. 
Ann.  iii.  203).  Contains  a  large  quantity  of  carbohydrate  convertible  into  sugar. 
(C.  Schmidt,  loc.  cit.) 

Variolaria  amara,  Ach.  Contains  picrolichenin  (Alms,  Pharm.  Zeit.  1832,  No.  2, 
17 ;  Ann.  Ch.  Pharm.  1.  61.)  Contains  chlorophyll,  and  a  colourless,  crystallisable, 
bitter  substance,  forming  with  ammonia  a  red  non-bitter  resin  (Gregory,  J.  Pharm. 
Juin  1835,  p.  314;  Pharm.  Centr.  1835,  No.  39).  Contains  picrolichenin,  two  resins, 
chlorophyll,  gum-sugar,  bitter  extractive  matter,  oxalate  of  calcium,  silicic  acid,  iron 
and  cellulose  (A.  Miiller,  Pharm.  Centr.  1844,  No  47);  compare  Filhol  and  Bou-, 
chardt.  (J.  de  Med.  de  Toulouse,  vii.  201,  and  Pharm.  Centr.  1844,  No.  39.) 

Variolaria  communis,  Ach.  (grown  on  a  lime-tree).  Contains  waxy  matter,  green 
colouring  matter,  a  bitter  and  acrid  principle,  uncrystallisable  sugar,  oxalate  of  calcium 
(4'7  per  cent.),  a  substance  resembling  animal  gelatin,  &c.  (Braconnot,  Ann. 
Chim.  Phys.  [2]  vi.  132.) 

Variolaria  dealbata,  Dec.  (Lichen dealbatus,  Ach.)  See  analysis  byEobiquet  (Ann. 
Ch.  Phys.  [2]  Ixii.  236),  who  found  variolarin  in  this  lichen,  and  prepared  orcin  from  it 

On  the  colouring  matters  of  lichens,  see  ARCHIL,  ERYTHRIC  ACID,  EVERNIC  ACID, 
GrYROPHORIC  ACID,  LECANORIC  ACID,  LlTMUS,  OfiSELLIC  ACID,  ORCIN,  USNIC  ACID, 
VARIOLARIN. 

lICHEiVSTEARIC  ACID.  C14H2403.  (Schnedermann,  and  Knop,  Ann.  Ch. 
Pharm.  Iv.  149.) — An  acid  existing  in  Iceland  moss  (Cetraria  islandica),  and  probably 
also  in  the  fly-agaric  or  toadstool  (Agaricm  muscarius)  (Bolley,  Ann.  Ch.  Pharm. 
Ixxxvi.  50).  To  prepare  it,  Iceland  moss  is  boiled  for  a  quarter  of  an  hour  in  alcohol 
containing  carbonate  of  potassium ;  the  strained  decoction  is  mixed  with  excess  of  hydro- 
chloric acid ;  and  the  whole  is  diluted  with  4  or  5  volumes  of  water.  The  precipitate 
thereby  formed  is  washed  with  water,  and  afterwards  boiled  tlxree  or  four  times  with 
alcohol  of  42  to  45  per  cent.  On  cooling  the  alcoholic  solution,  a  mixture  of  lichen- 
stearic  and  cetraric  acids  with  a  third  substance,  is  separated,  from  which  the  lichen- 
stearic  acid  is  taken  up  by  boiling  rock-oil,  and  again  deposited  on  cooling,  or  more 
completely  on  partial  distillation.  Purification  is  effected  by  recrystallising  from 
alcohol,  with  the  help  of  animal  charcoal. 

Proper  ties.— The  acid  forms  a  loose,  white  mass,  consisting  of  delicate  crystalline 
laminae  having  a  pearly  lustre.  From  a  solution  in  very  dilute  alcohol  it  is  obtained 
in  small  rhombic  tables ;  on  concentrating  the  solution,  partly  in  oily  drops.  It  is  in- 
odorous, has  a  rancid,  harsh,  not  bitter  taste,  melts  at  about  120°  without  loss  of 
weight,  and  solidifies  to  a  crystalline  mass ;  is  not  volatile. 

It  is  perfectly  insoluble  in  water,  but  dissolves  readily  in  alcohol,  ether,  and  oils,  both 
fixed  and  volatile. 

The  salts  of  lichenstearic  acid  are  permanent  in  the  air,  and  are  decomposed  by 
acids,  with  separation  of  lichenstearic  acid.  Their  solutions  froth  up  on  boiling. 

Ammonium-salt. — The  easily  prepared  solution  of  the  acid  in  warm  aqueous  ammo- 
nia forms,  on  cooling,  a  white,  elastic  jelly,  appearing  under  the  microscope  to  contain 
a  quantity  of  long,  extremely  delicate  crystals.  The  salt,  when  dry,  is  white  and  silky, 
and  only  partially  soluble  in  warm  water,  with  loss  of  ammonia. 

The  barium'Salt,  C28H46Ba"Oa,  is  obtained,  on  precipitating  the  aqueous  lichenstearate 
of  sodium  with  a  soluble  barium-salt,  as  a  greyish  white  precipitate,  which  cakes  to- 
gether in  boiling  water. 

The  lead-salt,  C28H46Pb"08,  is  obtained,  by  precipitating  the  aqueous  sodium-salt  with 
neutral  acetate  of  lead,  in  white  flakes,  which,  on  boiling  the  liquid,  melt  to  a  yellow, 
semi-fluid  mass.  It  is  brittle,  softens  between  the  fingers,  and  becomes  semi-fluid  at 
100°,  at  which  temperature  also  it  appears  to  decompose. 

Potassium-salt. — A  solution  of  the  acid  in  aqueous  carbonate  of  potassium  throws 
<lown,  when  concentrated  by  evaporation,  yellowish  flakes,  which  are  soluble  in  water, 
but  insoluble  in  alkaline  liquids.  If  the  solution  be  evaporated  to  dryness,  and  the 
residue  extracted  with  boiling  absolute  alcohol,  a  part  of  the  salt  is  obtained,  on 
cooling,  as  an  indistinctly  crystalline  powder;  and  the  remainder,  on  concentrating  the 
solution,  in  the  form  of  a  syrup.  It  dissolves  easily  in  water,  forming  an  alkaline 
liquid,  which  tastes  like  soap,  and  froths  up  on  boiling. 

The  silver-salt  is  thrown  down  from  a  solution  of  the  sodium-salt,  by  nitrate  of  silver, 
as  a  greyish- white  precipitate,  turning  violet  on  exposure  to  light,  and  caking  together 
in  boiling  water.  It  decomposes  below  100°. 
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The  sodium-salt  is  obtained  in  the  same  manner  as  the  potassium-salt.  A  concen- 
trated aqueous  solution  throws  down  white  granules  on  standing. 

LIEBENERITE.  A  silicate  found  in  a  red  felspar  porphyry  on  Mount  Viesena, 
Fleimser  valley,  Tyrol,  crystallised  in  six-sided  prisms,  without  distinct  cleavage. 
Hardness  =  3'5.  Specific  gravity  =  2'18.  Colour  greenish-grey.  Fracture  splintery. 
Before  the  blowpipe  it  whitens  and  intumesces,  but  does  not  fuse.  Contains,  according 
to  Marignac  (Bibl.  univ.  iv.  157),  44'66  per  cent,  silica,  36*51  alumina,  1'94  ferric 
oxide,  1-40  magnesia,  9'90  potash,  0-92  soda,  and  5'05  water  (=  100'38).  Marignac 
regards  it  as  pinite  (q.v.) ;  according  to  Blum,  Breithaupt,  and  Haidinger,  it  is  a  pseu- 
domorph  of  nephelin.  It  has  also  been  regarded  as  an  altered  dichroite.  (Dana,  ii. 
226  ;  Kammelsberg's  Minerakhemie,  p.  837.) 

XiXEBXGXTXi.     Calcio-uranic  carbonate.     See  CARBONATES  (i.  798). 

LIEBTIW.  A  substance  containing  5371  per  cent,  carbon,  8-95  hydrogen,  4'82 
nitrogen,  and  32-52  oxygen,  found  by  Scherer  (Jahresber.  1851,  p.  597)  in  the  fluid 
of  the  spleen. 

XiXEVRXTE.  Ilvaite.  Yenite. — A  silicate  of  iron  and  calcium,  occurring  in  tri- 
metric  crystals  in  which  ooP  :  o>P  =  110°  12';  oP  :  ? oo  =  146°  20';  ratio  of  principal 
axis,  brachydiagonal  and  macrodiagonal  =  0'66  :  1  :  1*46.  Observed  combination, 
ooP  .  P  .  <xP2  .  oo£2  .  oop"3  .  »p4  .  oopoo  .  ooPoo  .  P  .  3? oo  .  2Poo  .  ^  .  2f»  2. 
Lateral  faces  usually  striated  longitudinally.  Cleavage  parallel  to  the  longer  diagonal, 
indistinct.  Also  columnar  or  compact  massive.  Hardness  =  5'5  to  6.  Specific 
gravity  =  3  8  to  4*2.  Lustre  submetallic.  Colour  black,  of  various  shades.  Streak  black, 
inclining  to  grey  or  brown.  Fracture  uneven.  Brittle.  Before  the  blowpipe  it  melts  easily 
to  a  magnetic  globule.  It  is  easily  and  completely  decomposed  by  hot  hydrochloric  acid. 

Analyses:  1.  Stromeyer  (Eammclsberg1  s  Mineralcheinie,  p.  740).  —2.  Eammels- 
berg  (ibid.}.— 3.  Wackernagel  (ibid.)  : 

SiO2  Fe'O3  FeO  MnO          fCaO  AlaO3          H2Q 

1.  Elba.     29-28         23-00         31-90         2-43         13'78         0-61         1-27     =     101'27 

2.  „         29-83      '  22-55         32-40         1'50         12-44         .      .         1'60     =     100'32 

3.  „        29-45         25-79         28'60         0-94         15'49         .      .         .      .     =     100-27 
These  results  do  not  agree  very  closely  with  any  simple  formula,  but  they  may  be  ap- 
proximately represented  by  9M0.2Fe-03.6Si02. 

Lievrite  occurs  in  the  Island  of  Elba,  in  large  solitary  crystals  and  aggregated  crys- 
tallisations in  compact  augite.  It  is  also  found  at  Fossum  and  Skeen  in  Norway ;  in 
Siberia  ;  near  Audreasberg  in  the  Hartz  ;  near  Predazzo,  in  the  Tyrol,  in  granite  ;  at 
Schneeberg,  in  Saxony ;  and  near  Bytown,  Canada. 

Kobell's  Wehrlite,  a  massive  granular  mineral  from  Szurrasko  in  Hungary, 
containing  34'60  per  cent,  silica,  0'12  alumina,  42'38  ferric  oxide,  1578  ferrous  oxide, 
0'28  manganous  oxide,  5'84  lime,  and  1-00  water,  is  sometimes  regarded  as  lievrite. 
It  is,  however,  harder  (hardness  =  6  to  6*5),  fuses  with  difficulty  and  only  on  the  edges, 
and  is  but  imperfectly  soluble  in  acids.  (Dana,  ii.  263.) 

XiXGHT.  Light  is  the  agent  which  makes  us  acquainted  with  the  existence  of  bodies 
through  the  organ  of  sight.  It  is  likewise  one  of  the  most  important  agents  of  chemical 
change.  Plants,  with  few  exceptions,  are  absolutely  dependent  upon  it  for  their  exis- 
tence and  development;  the  greater  number  of  animals  are  incapable  of  living  in  health 
and  vigour  unless  subjected  to  its  influence ;  and  a  variety  of  chemical  processes  both 
natural  and  artificial  depend  in  great  measure  upon  its  agency. 

The  several  views  which  have  been  entertained  respecting  the  nature  of  light  may 
be  ranged  under  two  heads,  the  system  of  emission,  and  the  system  of  undulations. 
The  former,  suggested  in  ancient  times  by  Empedocles  and  Democritus,  afterwards 
adopted  by  G-assendi,  and  brought  to  the  utmost  degree  of  completeness  of  which  it  is 
susceptible  by  Newton,  supposes  light  to  consist  of  minute  particles  emitted  from 
luminous  bodies,  and  travelling  through  space  with  immense  rapidity  till  they  reach 
the  eye.  The  latter  theory,  the  germ  of  which  may  be  found  in  the  writings  of 
Aristotle,  supposes  that  objects  are  rendered  visible  by  vibrations  excited  by  luminous 
bodies  in  an  elastic  medium,  called  the  ETHER,  pervading  all  space,  and  filling  up  the 
intervals  between  the  molecules  of  ponderable  bodies.  Ideas  similar  to  this  were 
advocated  by  Descartes,  Mallebranche,  and  Grimaldi ;  but  it  was  in  the  hands  of 
Huyghens  that  the  theory  first  assumed  a  definite  shape,  and  was  rendered  capable  of 
affording  an  exact  explanation  of  known  facts ;  and  by  the  subsequent  labours  of 
Young,  Fresnel,  Cauchy,  and  others,  it  has  been  brought'  to  such  a  state  of  perfection 
that  it  is  capable  of  accounting  for  most  of  the  phenomena  of  light  in  their  minutest 
details,,  and  has  even  anticipated  many  important  results,  subsequently  confirmed  by 
observation  ;  whereas  the  theory  of  emission,  though  it  gave  a  satisfactory  account  of 
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most  of  the  phenomena  known  in  Newton's  time,  is  altogether  unable  to  account  for  a 
vast  number  of  facts  which  have  since  been  discovered.  The  wave-theory  is  therefore 
now  universally  accepted  as  the  true  representative  of  the  phenomena. 

The  existence  of  a  fluid  or  medium,  such  as  the  theory  supposes  to  exist  in  the 
celestial  spaces,  may  be  regarded  almost  as  a  matter  of  certainty :  for  the  motions  of 
comets  are  found  to  be  retarded  in  a  manner  which  cannot  be  accounted  for  on  any 
other  hypothesis.  This  phenomenon  has  been  particularly  studied  in  the  case  of  Encke]s 
comet,  which  revolves  about  the  sun  in  a  period  of  three  years.  Now  this  period  is 
found  to  be  continually  diminishing,  showing  that  the  comet  is  gradually  approaching 
the  sun,  an  effect  which  can  only  be  accounted  for  by  supposing  its  motion  to  be 
retarded  by  the  action  of  a  resisting  medium.  Moreover,  as  the  light-waves  are 
transmitted  freely,  not  only  through  the  celestial  spaces,  but  also  through  air,  water, 
glass,  and  other  transparent  media,  we  must  likewise  suppose  that  the  spaces  between 
the  molecules  of  these  bodies  are  filled  up  by  the  ether.  It  will  hereafter  be  shown 
that  the  elasticity  of  the  ether  is  different  in  different  media. 

In  the  present  article,  after  speaking  of  the  sources  of  light,  we  shall  endeavour  to 
show  how  the  wave- theory  is  applied  to  explain  the  several  phenomena  of  Kadiation, 
Interference,  Reflection,  Refraction,  Absorption,  and  Polarisation. 

The  chemical  action  of  light  will  be  treated  in  a  separate  article. 

Sources  of  Light. 

The  sun,  the  fixed  stars,  certain  meteors,  and  terrestrial  bodies  in  the  states  of 
incandescence  and  phosphorescence,  shine  by  their  own  light ;  all  other  bodies,  ter- 
restrial or  celestial,  are  visible  only  when  the  light  of  a  self-luminous  body  falls  upon 
them.  Our  knowledge  of  the  peculiar  conditions  which  render  bodies  self-luminous 
is  not  very  exact;  but  assuming  that  vision  is  produced  by  undulations  in  an  all- 
pervading  elastic  medium,  we  must  suppose  that  these  undulations  are  excited  by 
vibratory  movements  in  the  particles  of  luminous  bodies.  This  supposition  is  more- 
over in  accordance  with  the  conclusions  deduced  from  the  phenomena  of  heat  (p.  131). 
The  particles  of  all  bodies  are  supposed  to  be  in  a  state  of  constant  motion,  and  it 
depends  upon  the  intensity  and  rapidity  of  this  motion  whether  the  effect  produced  on 
our  senses  by  the  undulations  thereby  excited  in  the  surrounding  ethereal  medium,  is 
that  of  heat  alone,  or  of  heat  accompanied  by  light.  We  shall  see  hereafter  that 
the  non-luminous  heat-waves  are  of  less  rapid  vibration  than  those  which  likewise  pro- 
duce light.  Accordingly  when  the  temperature  of  a  body  is  gradually  raised,  it  first 
gives  out  heat  unaccompanied  by  light;  but  at  a  certain  temperature,  the  vibrations 
become  rapid  enough  to  excite  in  the  ethereal  medium,  waves  which  produce  in  our 
organs  the  sensation  of  red  light,  and  at  still  higher  temperatures  vibrations  are 
produced  of  a  rapidity  corresponding  to  those  which  excite  the  sensation  of  yellow  and 
of  blue  light,  which,  together  with  the  red,  produce  the  combined  sensation  of  white 
light.  (See  RADIATION  OF  HEAT.) 

A  body  may  be  raised  to  the  temperature  necessary  to  render  it  luminous,  either  by 
chemical  action  (combustion)  going  on  within  its  own  mass  (e.  g.  the  burning  of  metals, 
wood,  hydrocarbons,  &c.),  or  by  heat  imparted  to  it  from  without,  as  by  the  combustion 
of  a  neighbouring  body,  by  the  electric  current,  by  mechanical  agency  such  as 
friction  or  percussion,  or  by  the  sun's  rays  concentrated  upon  it  by  a  lens  or  mirror. 
Matter  in  either  of  the  three  states  of  solid,  liquid,  and  gas,  may  be  brought  to  the  in- 
candescent or  self-luminous  state ;  flame,  indeed,  is  merely  incandescent  gas ;  but,  as 
explained  in  the  article  COMBUSTION  (i.  1094),  solids  become  luminous  at  a  much  lower 
temperature  than  gases,  and  give  out  much  more  light  at  any  given  temperature : 
hence  the  brightest  flames  are  those  which  contain  suspended  particles  of  solid  matter 
raised  to  a  very  high  temperature  by  the  heat  of  the  combustion. 

The  Vght  of  the  sun  and  of  the  fixed  stars  is  in  all  probability  due  to  incandescence; 
indeed  recent  observations  have  shown  that  the  luminous  atmosphere  of  the  sun 
contains  many  of  the  metals  which  exist  in  our  own  globe,  and  similar  observations 
have  been  made  on  several  fixed  stars. 

Phosphorescence. — Many  bodies,  under  peculiar  circumstances,  are  thrown  into 
such  a  state  of  vibration  that  they  emit  light  without  perceptible  evolution  of  heat. 
Phosphorus,  in  the  state  of  slow  combustion  which  takes  place  on  exposing  it  to  the  air 
at  ordinary  temperatures,  gives  off"  acid  vapours,  which  shine  in  the  dark  with  a  faint 
bluish  light:  hence  the  term  phosphorescent  has  been  extended  to  all  bodies  which  ex- 
hibit a  similar  luminosity,  from  whatever  cause  it  may  arise.  The  phosphorescence 
of  decayed  bodies  of  plants  and  animals,  as  of  dead  wood  and  putrid  sea-fish,  is 
familiar  to  every  one.  The  flowers  of  certain  living  plants,  especially  those  of  a  bright 
yellow  or  red  colour,  as  Calendula  officinalis,  Tropaolum  majus,  Heliantkus  annuus,  and 
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Papaver  orientals,  have  been  observed  to  emit  a  sudden  flashing  light  on  fine  summer 
evenings,  a  little  after  sunset.  Some  plants  also  emit  in  the  dark  a  faint  continuous 
light,  probably  arising  from  the  combustion  of  some  substance,  such  as  a  hydrocarbon, 
emitted  from  them ;  this  phenomenon  has  been  observed  in  the  leaves  of  Phytolacca  de- 
candra,  which  shine  at  night,  sometimes  with  bluish-green,  sometimes  with  yellowish-green 
light.  The  acrid  milky  juice  of  Cipo  de  Cananum  (a  Brazilian  plant,  probably  of  the 
euphorbiaceous  order)  emits  light  for  several  hours,  after  flowing  from  a  wound  in  the 
plant.  Rhizomorpha  subterranca,  a  plant  which  grows  in  mines,  emits  light  from  its 
whole  surface,  but  especially  from  the  whitish  growing  points,  and  a  similar  pheno- 
menon has  been  observed  in  other  subterranean  plants. 

A  more  familiar  kind  of  phosphorescence  is  that  exhibited  by  many  living  animals, 
as  by  the  glow-worm  and  fire-fly,  and  the  numberless  small  marine  animals,  such  as 
Crustacea,  medusae,  polypora,  and  infusoria,  which  give  rise  to  the  phosphorescence  of 
the  sea  at  night.  In  many  animals  the  phosphorescence  is  an  act  of  the  will ;  in 
others  it  takes  place  at  a  particular  period  of  life. 

In  nearly  all  phosphorescent  plants  and  animals,  the  phosphorescence  appears  to  be 
due  to  chemical  action,  in  fact  to  a  slow  combustion :  for  it  increases  in  brightness  in 
pure  oxygen  gas,  and  ceases  altogether  in  a  vacuum  or  in  nitrogen  or  carbonic  acid 
gas ;  the  phosphorescence  of  decaying  fish,  however,  takes  place  in  nitrogen  as  well  as  in 
air  or  oxygen. 

Phosphorescence  may  be  excited  artificially  in  a  large  number  of  bodies  by  any  cause 
which  sets  their  particles  in  rapid  vibration ;  viz.,  by  heat,  by  the  electric  discharge,  by 
mechanical  action,  and  by  insolation. 

1.  Many  solid  bodies  become  phosphorescent  when  thrown  upon  a  heated  surface ; 
such  is  the  case  with  diamond,  chalk,  certain  varieties  of  fluor-spar,  oyster-shells, 
paper,  flour,  especially  that  of  maize,  and  indeed  with  most  well-dried  organic  sub- 
stances.    This  effect  is  not  to  be  confounded  with  incandescence,  for  it  takes  place  at 
temperatures  much  below  an  ordinary  red  heat ;  and  the  light  emitted  is  generally  of 
a  blue  or  violet  tint,  instead  of  the  dull  red  of  incipient  incandescence.' 

2.  A  lump  of  sugar  through  which  a  powerful  electric  discharge  is  passed,  shines  for 
several  seconds  afterwards  with  a  beautiful  violet  light ;  and  a  similar  effect  is  pro- 
duced on  many  non-conducting  minerals,  but  not  on  metals  or  other  substances  of  good 
conducting  power.     Substances  which  have  lost  the  faculty  of  becoming  phosphorescent 
by  heat  or  by  insolation,  recover  it  after  they  have  been  subjected  to  repeated  electric 
discharges.     There  can  be  but  little  doubt  that  the  immediate  effect  of  the  discharge 
is  to  throw  the  particles  of  the  body  into  a  state  of  rapid  vibration,  which  is  then 
communicated  to  the  surrounding  ethereal  medium. 

3.  The  phosphorescence  produced  by  friction,  percussion,  and  other  mechanical 
actions,  generally  lasts  only  as  long  as  the  disturbing  cause  continues  to  act.    In  many 
cases  a  development  of  electricity  takes  place  at  the  same  time,  and  to  this  the  light 
may  be  partly  or  in  some  cases  wholly  due ;  sometimes,  however,  the  light  emitted 
appears  to  be  a  direct  consequence  of  the  vibratory  motion  communicated  to  the 
particles  by  the  mechanical  disturbance.     Adularia  struck  with  a  hammer  so  as  to 
split  it,  emits  at  each  crack  a  light  which  may  last  for  several  minutes ;  and  when 
ground  in  a  mortar,  it  appears  all  on  fire.     Quartz,  fluor-spar,  rock-salt,  and  sugar 
likewise  exhibit  light  when  broken  or  pounded.  • 

Light  is  often  emitted  during  the  change  of  state  of  bodies,  especially  in  the  passage 
from  the  amorphous  to  the  crystalline  state,  and  the  separation  of  crystals  from  a  solu- 
tion (i.  200). 

4.  Insolation,  or  exposure  to  the  sun's  rays,  develops  phosphorescence  most  easily  in 
substances  which  are  bad  conductors  of  heat.     Most  calcareous  substances  are  capable 
of  becoming  phosphorescent  by  insolation :  e.  g.  carbonate  and  sulphate  of  calcium, 
fluor-spar,  petrifactions,  shells,  and  pearls. 

Canton  s  phosphorus,  prepared  by  heating  calcined  oyster-shells  with  sulphur,  emits 
after  insolation  a  yellow  light  bright  enough  to  show  the  time  by  a  watch.  The 
phosphorescence  may  even  be  excited  by  exposure  to  the  light  of  a  candle.  The 
Bolognian  phosphorus,  prepared  by  strongly  igniting  heavy  spar  with  gum-tragacanth, 
emits,  after  insolation,  a  bright  light  which  lasts  for  more  than  a  day.  JBaudoin's 
phosphorus  (fused  nitrate  of  calcium)  emits  a  white  light.  Diamonds  sometimes 
remain  phosphorescent  for  an  hour,  after  exposure  to  the  sun  for  a  few  seconds  only. 
Certain  organic  substances,  e.g.  flour,  sugar,  gum,  white  wax,  and  resin,  also  shine 
after  insolation. 

From  recent  researches  by  E.  Becquerel,  it  appears  that  the  number  of  bodies 
rendered  phosphorescent  by  insolation,  is  much  larger  than  has  hitherto  been  supposed, 
phosphorescence,  lasting  for  a  few  seconds,  or  rarely  for  a  few  minutes,  being  exhibited 
by  numerous  minerals  and  salts,  chiefly  with  alkaline  or  earthy  bases.  (See  Dagmri* 
Traite  de  Physique,  iv.  250.) 
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For  numerous  details  relating  to  phosphorescence,  see  Gmclin's  Handbook 
(i.  181—209). 

The  Electric  Light. — The  passage  of  electricity,  when  it  meets  with  a  certain  resist- 
ance, is  accompanied  by  light,  more  or  less  bright  in  proportion  to  the  strength  of  the 
charge  and  the  degree  of  resistance.  As  the  discharge  in  all  cases,  even  in  the  most 
highly  rarefied  atmospheres,  such  as  Gassiot's  tubes  (ii.  391),  takes  place  through  the 
medium  of  material  particles,  we  may  suppose  in  this  case  also  that  the  light  owes  its 
origin  to  vibrations  excited  in  these  particles  by  the  electric  action. 

Radiation. 

To  understand  the  manner  in  which  the  vibrations  of  luminous  bodies  are  trans- 
mitted in  waves  or  undulations  through  the  surrounding  ether,  it  will  be  necessary  to 
consider  shortly  the  nature  of  undulations  in  general.  A  wave  or  undulation  is 
a  disturbance  excited  in  one  part  of  a  body,  and  communicated  to  the  other  parts  in 
regular  succession.  For  example,  a  stone  thrown  into  water  depresses  the  water  at 
the  part  where  it  is  thrown  in  ;  the  portion  so  depressed  exerts  a  lateral  pressure  on 
those  immediately  surrounding  it ;  and  these  again  exert  an  upward  pressure  on  the 
particles  external  to  them,  and  form  a  raised  circle ;  afterwards  these  portions  fall,  and 
in  falling,  push  up  other  particles,  situated  external  to  them,  and  thus  the  undulation 
continually  spreads  outwards  in  concentric  circles  till  it  extends  to  the  whole  surface  of 
the  liquid.  Now  it  is  important  to  notice  that  these  particles  have  no  progressive 
motion  ;  they  merely  move  up  and  down,  as  may  be  seen  by  observing  the  motion  of 
a  light  body  floating  on  them :  there  is  an  appearance  of  progressive  motion,  but  it  is 
only  an  appearance,  arising  from  the  same  form  or  state  of  motion  being  successively 
communicated  to  the  different  parts  of  the  liquid.  The  wave  travels  onwards,  perhaps 
for  miles,  or,  as  in  the  case  of  the  ocean  tide-wave,  all  round  the  globe ;  but  the 
individual  particles  of  water  merely  move  in  vertical  lines  through  spaces  not  exceed- 
ing a  few  feet.  Again,  in  the  case  of  the  waves  in  air  which  produce  sound,  the 
individual  particles  of  air  merely  move  backwards  and  forwards  through  small  intervals, 
the  motion  being  first  excited  in  the  particles  immediately  in  contact  with  the  sounding 
body,  afterwards  communicated  by  these  to  the  next,  and  so  on,  and  this  communica- 
tion of  the  vibratory  motion  from  particle  to  particle  constitutes  a  wave  of  sound. 
Here  again  the  progress  of  the  wave  must  be  carefully  distinguished  from  the  motion 
of  the  individual  particles.  Sound  travels  through  the  air  at  the  rate  of  about  1100 
feet  in  a  second ;  now  if  the  individual  particles  of  air  whose  vibration  produces  the 
sound  were  to  rush  onwards  at  that  rate,  every  sound  would  be  accompanied  by  a  dis- 
turbance of  the  air  amounting  to  a  hurricane. 

Thus  it  is  also  in  the  case  of  light.  The  motions  of  the  individual  particles  of  the 
ether  take  place  through  immeasurably  small  spaces,  but  are  communicated  with 
immense  rapidity  to  the  next ;  from  these  to  those  beyond  them,  and  so  on,  even 
through  the  vast  distances  between  the  heavenly  bodies.  *  So  long  as  the  ether  through 
which  the  light- wave  travels  is  of  uniform  density — as  we  must  suppose  it  to  be  in  free 
space,  and  in  media  of  uniform  constitution,  such  as  water,  glass,  and  other  uncrys- 
tallised  bodies — the  wave  spreads  with  equal  velocity  in  all  directions ;  consequently, 
all  the  particles  to  which  the  motion  extends  at  the  same  instant  are  situated  on  the 
surface  of  a  sphere  having  the  luminous  body  in  its  centre,  and  the  illumination  extends 
in  lines  at  right  angles  to  this  wave-surface,  that  is  to  say,  in  straight  lines  radiating 
from  the  luminous  >»ody :  these  lines  are  called  rays  of  light.  When  any  change  of 
density  takes  place  in  the  medium,  the  wave-surface  is  no  longer  perfectly  spherical,  and 
the  rays  are  broken  or  curved  according  as  the  change  of  density  is  sudden  or  gradual. 

The  vibrations  of  the  particles  of  an  elastic  medium  may  be  of  two  kinds  :  1.  Direct 
or  longitudinal,  when  the  line  of  vibration  coincides  with,  or  is  parallel  to,  the  direction 
in  which  the  wave  travels  onwards,  as  in  the  case  of  sound-waves  in  air. — 2.  Transverse 
or  normal,  when  the  particles  vibrate  in  directions  at  right  angles  to  the  motion  of  the 
wave,  as  is  the  case  with  waves  in  water,  and  with  the  vibrations  of  a  stretched  cord 
set  in  motion  by  drawing  a  bow  across  it. 

Suppose  a  particle  of  an  elastic  medium  to  be  disturbed  in  any  direction  whatever. 
This  direction  will  in  general  be  oblique  to  the  line  joining  this  particle  with  the  next, 
and  the  actual  velocity  of  the  particle  may  be  resolved  into  three  others,  one  in  the 
direction  of  the  line  of  junction  between  the  two  particles,  that  is  to  say,  in  the 
direrlion  in  which  the  wave-motion  proceeds,  the  other  two  in  a  plane  at  right  angles 
to  it.  The  first  component  determines  the  longitudinal,  the  other  two  the  lateral 
motion  or  vibration  of  the  particle ;  and  the  relative  distances  to  which  these  two  kinds 
of  vibration  are  propagated  depends  upon  the  peculiar  constitution  of  the  medium. 
When  the  air  is  set  in  motion  by  the  vibrations  of  a  sounding  body,  it  is  the  longi- 
tudinal vibrations  which  travel  onwards,  producing  a  series  of  compressions  and 
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dilatations  of  the  air  along  the  line  of  the  wave,  and  these  motions  ultimately  reaching 
the  ear,  produce  the  effect  of  sonnd :  the  lateral  vibrations,  on  the  other  hand,  appear 
to  be  quickly  extinguished  ;  at  all  events,  they  produce  no  effect  upon  the  ear.  With 
the  vibrations  of  the  luminiferous  ether,  however,  the  case  is  exactly  reversed ;  for,  as 
will  be  seen  hereafter,  the  phenomena  of  polarised  light  show  plainly  that  the  transverse 
vibrations  of  the  ether  are  the  only  ones  which  affect  our  visual  organs.  With  regard 
to  many  phenomena,  however,  the  particular  directions  of  the  vibrating  particles  may 
be  left  out  of  consideration. 

To  explain  more  clearly  the  mode  of  transmission  of  the  transverse  vibrations  of  the 
ether-molecules,  suppose  that  a  row  of  these  particles,  a,  b,  c,  d  (fig.  640),  situated  in  a 
homogeneous  medium,  is  brought  by  any  disturbing  force  into    " 
the  position  a  b'  c  d'.     The  sum  of  the  forces  which  hold  the  *W'  b4U' 

particles  m,  n,  of  the  contiguous  rows  in  their  places  will  then  be    •       •      «a    •       • 
altered.     If  the  displacement  itself  is  small  in  comparison  with  a* 

the  distances  between  the  molecules,  the  forces  at  right  angles    •       •      •&    •       • 
to  the  line  of  displacement  will  remain   unaltered;  but  the  *• 

repulsion  exerted  by  b  upon  n  in  the  direction  of  displacement    •   •»*•       »c    0n    9 
has  increased,  while  that  of  d  upon  n  is  diminished.     The  same         m>*    c'*      •""' 
is  true  with  respect  to  m,  and  all  the  particles  in  the  same    *       *      ?      •       * 
horizontal  row,  which,  therefore,  soon  move  in  the  same  direc- 
tion as  a,  b,  c,  d.     This  latter  row  of  particles  is,  however,  i;rged  back  to  its  original 
position,  with  a  force  equal  to  that  with  which  it  set  the  other  particles  in  motion; 
so  that  its  velocity  in  the  primary  direction  is  gradually  destroyed,  and  it  returns  to 
its  original  position,  which,  however,  it  passes  beyond,  in  consequence  of  the  momentum 
which  it  has  acquired,  thus  performing  a  succession  of  small  oscillations  like  those 
of  a  pendulum.     Similar  oscillations  are  performed  successively  by  the  second,  third, 
and  other  rows  of  particles ;  and  if  by  the  time  that  the  first  row  of  particles,  a  a' 
(fig.  641),  has  completed  a  single  oscillation,  backwards  and  forwards,  the  vibratory 
motion  has  extended  as  far  asi,  the  BT     /»,, 

rows  of  particles  between  a  a    and  *' 

b  b'  inclusive  will  exhibit  all  pos-  £    •    *    *    *   •  c  +  a 

sible  phases  of  the  movement.     The  ••••  *  ••  .<f  •  .  *  « 

distance  a  b  between  two  layers  of  •        »•«       *••«•* 

corresponding  phase  is  the  length  •    *  *  •    ^  .  * 

of  a  complete  wave;  the  ray  r  s,   s  <       « — **,***  —     *          ^f 

or  the  wave-surface  normal  to  it,  ,•****•        *••      •  9 

traverses  this  distance  in  the  time  ••***•*****. 

in  which  the  row  of  particles  a  a'  fc  •  •  •  .  «t  .•        *•••* 

performs  a  complete  oscillation.  The  •/  c'  •»..•*' 

greatest   distance  attained  by   any  » 

particle  from  its  position  of  equilibrium  during  the  time  of  a  complete  oscillation,  is 
called  the  amplitude  of  the  vibration.  It  is  proportional  to  the  greatest  velocity  of 
the  particle  during  its  passage  through  its  position  of  equilibrium.  The  intensity  of 
the  light  is  proportional  to  the  vis  viva  of  the  vibratory  particles,  and  therefore  to  the 
square  of  the  amplitude  of  the  vibration. 

Velocity  of  Light.     The  rate  at  which  a  wave  travels  through  an  elastic  medium 
is  a  function  of  its  elasticity  and  density,  and  when  these  are  known,  as  in  the  case  of 

sound,  the  rate  of  propagation  may  be  calculated  a  priori,  by  the  formula  v  =      /  -5 

(see  p.  41).  But,  in  the  case  of  light,  these  elements  are  unknown,  and  therefore 
the  velocity  can  only  be  determined  by  observation.  The  following  methods  have  been 
adopted : — 

1.  By  Observations  of  the  Eclipses  of  Jupiter's  Satellites. — This  method  was  proposed 
and  carried  out  by  the  Danish  astronomer  Homer  in  1676.     He  found  that,  when  the 
earth  is  between  the  sun  and  Jupiter,  that  is  to  say,  at  its  least  distance  from  that 
planet,  the  nearest  of  Jupiter's  four  moons  enters  the  shadow  of  the  planet  at  intervals 
of  42  h.  28'  35".    Now,  calculating  from  this  the  time  at  which  the  100th  eclipse  should 
take  place,  observation  showed  a  retardation  of  15  minutes  behind  the  calculated 
time.    But  in  the  same  interval,  the  earth  had  travelled  about  half  round  its  orbit,  and 
had  therefore  increased  its  distance  from  Jupiter  by  nearly  half  the  diameter  of  that 
orbit.     This  then  was  the  distance  which  the  light  from  Jupiter  had  passed  over  in 
15  minutes ;  and  thence  the  velocity  of  light  was  found  to  be  77,000  leagues,  or  167,600 
geographical  miles  per  second.    At  this  rate  it  takes  8'  13"  to  reach  us  from  the  sun, 
4h.  10'  from  Neptune,  and  about  10  years  from  the  nearest  fixed  star  (61  Cygni). 

2.  By  the  Aberration  of  the  Fixed  Stars. — The  motion  of  the  earth  in  its  orbit,  com- 
bined with  that  of  the  light  coming  from  the  stars,  causes  them  to  appear,  not  in  their 
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true  places,  but  in  the  direction  of  the  resultant  of  these  two  motions.  The  apparent 
positions  of  all  the  stars  are,  accordingly,  shifted  in  the  direction  in  which  the  earth  is 
moving.  Each  star,  in  the  course  of  the  earth's  annual  revolution,  describes  a  small 
ellipse  round  its  true  place ;  for  a  star  in  the  pole  of  the  ecliptic,  this  ellipse  is  nearly 
a  circle  of  20'445"  apparent  diameter.  The  tangent  of  this  angle  gives  the  ratio  between 
tne  velocity  of  light  and  that  of  the  earth  in  its  orbit ;  and  the  latter  being  known  by 
independent  observation,  the  velocity  of  light  is  thence  found  to  be  166,072  geographical 
miles  per  second,  a  result  differing  from  that  of  Romer  by  less  than  1  per  cent.  It 
must  also  be  observed  that  Homer's  method  gives  the  velocity  of  reflected  light  in  free 
space,  whereas  the  aberration  method  gives  the  velocity  of  direct  light  in  air. 

3.  Measurement  of  the  velocity  of  light  by  small  distances. — a.  Fizrau's  'method.  A 
toothed  wheel  having  its  teeth  of  the  same  width  as  the  intervals  between  them  is 
made  to  revolve  rapidly,  so  that  its  teeth  may  pass  through  a  beam  of  light  proceeding 
from  a  lamp  or  other  source,  the  light  being  thus  intercepted  by  the  teeth,  and  passing 
through  only  at  intervals.  The  light  which  passes  between  the  teeth  of  the  wheel  is 
reflected  perpendicularly  from  a  plane  mirror  placed  at  a  great  distance ;  it  then  returns 
along  the  same  path,  and  again  passes  between  the  teeth  of  the  wheel.  Now,  during 
the  time  occupied  by  the  light  in  travelling  twice  over  the  space  between  the  wheel 
and  the  mirror,  the  wheel  will  have  performed  a  certain  part  of  its  revolution ;  and  if 
it  turns  with  a  due  degree  of  velocity,  the  light  which  has  passed  in  the  first  instance 
between  two  of  the  teeth  will  strike,  at  its  return,  on  the  face  of  a  tooth  instead  of  a 
space  between  two  teeth,  so  that  an  observer  looking  through  the  wheel  in  the  direction 
of  the  mirror,  will  not,  in  that  case,  perceive  any  light.  The  time  which  the  light 
takes  to  pass  from  the  wheel  to  the  mirror  and  return,  is  therefore  equal  to  that  in 
which  a  tooth  of  the  wheel  moves  into  the  place  previously  occupied  by  the  space 
immediately  preceding  it,  which  time  is  easily  calculated  from  the  known  velocity  of 
the  wheel  and  the  number  of  its  teeth.  If,  for  example,  the  wheel  has  n  teeth  and 
makes  t  revolutions  per  second,  each  tooth  will  pass  into  the  place  of  the  preceding 

tooth  in  — -  of  a  second,  and  into  the  place  of  the  space  next  preceding,  in  - — -  of  a 
n  t  2i  n  t 

second.  Fizeau's  experiments,  in  which  the  wheel  and  mirror  were  placed  at  a  distance 
of  8633  metres  (between  Turesnes  and  Montmartre),  gave,  as  the  velocity  of  light  in 
air,  78,841  leagues  of  4  kilometres  each  per  second.  Romer' s  method  gave  77,000 
leagues. 

Fizeau's  method  might  be  applied  to  show  that  rays  of  light  of  all  colours  (like  waves 
of  sound  of  every  pitch)  travel  with  the  same  velocity.  This  conclusion  may,  however, 
be  regarded  as  established  by  the  fact  that  all  the  stars,  whatever  may  be  their  colour, 
exhibit  equal  aberration,  which  could  not  be  the  case  if  rays  of  different  colour  travelled 
with  different  velocities. 

)8.  By  means  of  a  Revolving  Mirror. — This  method,  proposed  by  Arago,  and  carried 
out  independently  by  Foucault,  and  by  Fizeau  and  Breguet,  is  similar  in  principle  to 
that  by  which  Wheatstone  determined  the  velocity  of  electricity,  and  affords  the  means 

Fig.  642. 


of  measuring  the  velocity  of  light  in  a  space  not  exceeding  four  metres.  A  line  of  light, 
S  (fig.  642),  proceeding  from  a  very  narrow  rectangular  aperture  at  right  angles  to  the 
plane  of  the  figure,  after  passing  through  the  converging  achromatic  lens  K.,  which  would 
form  an  image  of  it  at  S',  falls  upon  a  plane  mirror,  mn,  capable  of  revolving  on  a  vertical 
axis  passing  through  o  on  the  line  S  S',  which  reflects  it  to  s',  a  point  symmetrical  with  S', 
as  regards  the  mirror.  At  this  point  is  placed  a  concave  spherical  mirror,  M,  whose 
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centre  of  figure  is  in  o.  The  light  falling  on  this  mirror  is  reflected  back  again  along 
the  same  path,  so,  to  the  plane  mirror,  mn,  which  again  reflects  it  to  S  in  a  beam  coin- 
ciding with  the  incident  light  This  will  be  the  case  in  all  positions  of  the  mirror  mn, 
provided  the  light  is  reflected  from  it  to  M.  As  the  image  thus  sent  back  to  S  would 
be  confounded  with  the  incident  beam,  an  unsilvered  plate  of  glass,  ab,  is  placed  in 
such  a  position,  that  the  light  falling  upon  it  in  the  direction  oS  may  be  partly  reflected 
to  5,  where  it  may  be  observed  by  an  eye-piece  furnished  with  a  vertical  wire.  If  the 
mirror  mn  be  made  to  revolve  slowly,  an  eye  placed  at  s  will  see  the  image  of  the  line 
of  light  at  intervals,  but  if  the  mirror  makes  more  than  10  turns  in  a  second,  the  image 
will  be  seen  continuously ;  and  if  the  eye-piece  be  adjusted,  so  that  the  image  shall 
coincide  with  the  wire,  when  the  mirror  makes  from  20  to  30  revolutions  per  second, 
it  will  be  seen  to  deviate  in  the  direction  of  the  rotation  when  the  rate  is  increased 
to  several  hundred  turns  per  second ;  if,  for  example,  the  mirror  turns  in  the  direction 
of  the  arrow,  the  image  will  be  displaced  from  S  to  R,  or  from  s  to  r.  The  cause  of 
the  displacement  is  that  the  mirror  mn  has  time  to  revolve  through  a  sensible  angle, 
during  the  time  occupied  by  the  light  in  travelling  from  o  to  s  and  from  s  to  o,  so  that 
the  beam  of  light,  at  its  second  reflection  from  mn,  is  deflected  from  its  first  direction, 
forming,  with  the  incident  beam  So,  an  angle  equal  to  twice  the  angular  displacement  of 
the  mirror. 

The  mode  of  calculating  the  velocity  of  light  from  the  observed  deviation  is  as 
follows: — Let  Sc  =  r;  co  =  1;  os'  =  /';  the  arc  of  deviation  SR  or  sr  =  d;  also  let 
n  be  the  number  of  turns  performed  by  the  mirror  mn  in  a  second,  and  V  the  velocity 
of  the  light.  The  mirror  mn  having  moved  into  the  position  m'n',  by  the  time  that 
the  ray  reflected  from  M  returns  to  it,  the  deviation  would  be  equal  to  the  angle  SoR, 
if  the  ray  were  not  deflected  by  the  lens  oK,  or,  which  comes  to  the  same  thing,  if  the 
point  c  coincided  with  o.  Suppose,  first,  that  this  is  the  case  ;  then  the  angle  SoR  is 
equal  to  twice  the  angle  a,  through  which  the  mirror  revolves  during  the  time  occupied 

*)T 
bv  the  light  in  passing  over  the  space  20s'  =  2/'.     This  time  is  -==,  and  since  the 

2nl 
mirror  makes  n  turns  in  a  second,  the  angle  a  =  -=^-.     The  angle  of  deflection  of  the 

ray  is  therefore  -~-,  and  the  corresponding  arc,  whose  radius  is  oS  —  r  +  I,  is 

— „            Sirnl'fr  + 1) 
d    =    2o .  2n- .  oS     =     p '-. 

But  the  reflected  ray  is  actually  deflected  by  the  lens  K.  Draw  R'<?  through  the 
optic  centre  c  and  the  point  R',  which  is  the  image  of  s  in  the  mirror  m'n'.  The  image 
c  f  R',  formed  by  the  lens  K,  will  then  be  at  E,  and  the  angle  of  deviation  will  be 

~D'Q'  TJ'Q' 

ScE  =  5.     Now  the  triangles  oR'S',  cR'S',  give  sin  R'cS'  =  sin  5  =  ^~-  =  ~t ;  and 

R'S'  " c       ^ + 1 

sin  R'oS'  =  sin  2a  =  -^-.    Hence,  replacing  the  angles  (which  are  very  small)  by 

their  sines,  and  substituting  for  2cc  its  value  -^-,  we  find  S  =  !*  ;  and  for  the 
arc  SE  =  D  =  2irr8 : 


a  formula  which  gives  the  velocity  of  light  as  a  function  of  the  deviation. 

The  same  method  serves  also  to  measure  the  velocity  of  light  in  water  or  any  other 
liquid,  a  tube  T  containing  the  liquid,  and  closed  at  the  ends  with  flat  glass  plates, 
being  interposed  between  the  mirror  mn  and  M'.  As,  however,  the  light  would  be 
refracted  by  the  liquid,  and  therefore  the  focus  would  not  fall  on  M',  a  diverging  lens 
is  placed  at  L  to  compensate  for  the  deviation  thence  arising. 

Moreover,  as  the  column  of  water  does  not  occupy  the  entire  space  between  the 
mirrors,  the  velocity  calculated  as  above  from  the  observed  deviation  is  only  the  mean 
velocity  of  light  in  a  space  occupied  partly  by  water  and  partly  by  air.  Let  U  be  this 
mean  velocity ;  w  and  a  the  spaces  occupied  by  the  water  and  air  respectively ;  V  and 
V  the  corresponding  real  velocities.  The  times  occupied  by  the  light  in  traversing  the 

a       ,   w        ,A,       .,  .    aV  +  wV     — 

spaces  a  and  w  are  ^  and  -p,n  and  the  whole  time  is  — pr= — .    Hence,  dividing  the 

total  space  a  +  w  by  the  time,  we  find  for  the  mean  velocity : 

U      =        aV'  +  wV 
whence  wUV 

Y  ^S  - -T^TT-         "-r-"L~"Z_» 


By  this  method  it  is  found  that  the  velocity  of  light  in  water  is  less  than  in  air,  a 
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result  which,  as  will  be  seen  hereafter,  is  in  accordance  with  the  ware-theory,  while 
it  is  directly  opposed  to  that  which  would  follow  from  the  theory  of  emission. 

Intensity  of  Xilght.  The  intensity  of  the  light  received  by  a  surface  from  any 
given  source — that  is  to  say,  the  quantity  of  light  received  by  a  unit  of  the  surface — 
depends  partly  on  its  distance  from  that  source,  partly  on  the  obliquity  at  which  the 
light  falls  upon  it. 

1.  The  intensity  of  light  emanating  from  a  point  varies  inversely  as  the  square  of 
the  distance.    For,  as  the  undulations  excited  by  the  luminous  source  travel  with 
equal  velocity  in  all  directions — supposing  the  medium  uniform — they  may  be  re- 
garded as  spreading  out  in  concentric  spherical  surfaces  of  continually  increasing 
magnitude  ;  and  as  these  surfaces  are  to  one  another  as  the  squares  of  their  radii,  it 
follows  that  the  quantity  of  light  received  by  a  unit  of  surface  will  vary  inversely  as 
the  square  of  the  radius  of  the  sphere  of  which  it  forms  a  part — that  is  to  say,  as  the 
square  of  its  distance  from  the  luminous  point. 

If  the  luminous  body  is  of  finite  dimensions,  the  preceding  law,  being  applicable  to 
the  light  emanating  from  each  point  of  its  surface,  must  likewise  hold  good  with 
regard  to  the  whole,  provided  the  body  is  sufficiently  distant  to  admit  of  all  its  points 
being  regarded  as  equally  distant  from  the  illumined  surface  ;  and  since  the  apparent 
diameter  varies  inversely  as  the  distance,  the  intensity  of  the  light  will  vary  in  direct 
proportion  to  the  square  of  the  apparent  diameter  or  to  the  apparent  surface  of  the 
luminous  body,  understanding  by  this  last  term  the  conical  angle  of  a  cone  envelop- 
ing the  body  and  having  its  vertex  at  the  luminous  point. 

2.  The  intensity  of  the  light  received  by  any  surface  varies  as  the  cosine  of  the  angle 
which   the  incident  rays  make  with  the  normal  to  that  surface.     For  suppose  A  B 
(fig.  643)  to  be  a  portion  of  the  illuminated  surface,  so  small  that  the  rays  falling 

upon  it  may  be  regarded  as  parallel.  The  quan- 
tity of  light  received  by  A  B,  is  the  same  as  that 
which  would  fall  on  its  projection  B  C,  on  a  plane 
perpendicular  to  the  direction  of  the  rays,  and  there- 
fore exposed  to  their  full  effect ;  hence  the  intensity 
of  the  light  falling  on  these  two  surfaces  is  inversely  as 
their  areas;  butB  C  =  AB.  cosABC=AB. cos  SEN, 
the  angle  which  the  incident  rays  make  with  the 
normal  B  N. 

3.  The  intensity  of  the  light  emanating  from  a  self- 
luminous  surface,  is  proportional  to  the  cosine  of  the 
angle  which  the  rays  make  with  the  normal.  This 
proportion  may  be  demonstrated  in  a  similar  manner 
to  the  preceding,  and  the  result  may  be  verified 
by  looking  through  a  small  aperture  at  an  incandescent  surface,  as  that  of  red-hot 
iron,  and  inclining  it  more  and  more  to  the  direction  of  the  rays  proceeding  from  it  to 
the  eye.  In  accordance  with  this  law,  it  is  found  that  the  brightness  of  a  luminous 
surface  is  independent  of  its  form  and  of  its  position  with  regard  to  the  visual  rays, 
the  impression  produced  by  it  on  the  eye  being  the  same  as  that  produced  by  a  plane 
surface  of  equal  intrinsic  lustre,  which  is  the  projection  of  the  original  surface  on  a 
plane  perpendicular  to  the  visual  rays :  a  red-hot  ball,  for  example,  seen  from  a  distance 
looks  just  like  a  flat  disc. 

Comparison  of  the  Intensity  of  two  Luminous  Sources :  PHOTOMETRY. 

The  eye  is  not  capable  of  judging  directly,  with  any  great  approach  to  accuracy,  of 
the  relative  intensity  of  two  lights,  but  it  can  perceive  with  great  nicety  whether  two 
contiguous  surfaces  or  portions  of  the  same  surface  are  equally  illuminated,  or  whether 
two  contiguous  shadows  have  or  have  not  the  same  depth.  On  this  principle  are  con- 
structed most  of  the  instruments  called  Photometers,  for  measuring  the  relative  inten- 
sity of  different  sources  of  light. 

Kumford's  Photometer,  which  is  very  easily  constructed,  consists  of  a  small 
wooden  cylinder  set  upright  in  front  of  a  sheet  of  white  paper,  also  placed  vertically. 
The  two  lights  to  be  compared  (a  candle  and  gas-flame,  for  example)  are  placed  at  the 
same  height  in  front  of  the  paper,  and  in  such  a  manner  that  the  two  shadows  of  the 
wooden  cylinder  which  they  cast,  shall  fall  on  the  paper  close  together,  and  that  the 
rays  from  both  of  them  shall  meet  the  paper  at  the  same  angle.  Each  shadow  will 
then  be  illuminated  by  only  one  of  the  lights,  while  the  rest  of  the  surface  will  receive 
the  rays  from  both,  and  the  two  shadows  will  be  of  the  same  depth  when  the  surface 
of  the  paper  is  equally  illuminated  by  both  lights.  If  then  the  stronger  light  be 
moved  farther  off  till  the  shadows  are  equally  dark,  the  intensities  of  the  two  will  be 
directly  as  the  squares  of  their  distances  from  the  screen  when  that  condition  is  ful- 
filled. 
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This  photometer  gives  very  exact  results  in  many  cases;  but  in  applying  it  to 
determine  the  relative  illuminating  power  of  a  gas-flame  and  a  candle,  a  difficulty 
arises  from  the  different  colours  of  the  two  shadows,  that  of  the  gas  being  bluish- 
brown,  while  that  of  the  candle  is  yellowish-brown.  In  all  such  cases,  Bunsen's 
photometer,  whose  indications  do  not  depend  on  depth  of  shadow,  is  much  more  con- 
venient. 

Bunsen's  Photometer  consists  of  a  screen  of  thin  writing  paper  stretched  on  a 
frame,  and  saturated  with  a  solution  of  spermaceti  in  oil  of  turpentine,  except  a  spot 
in  the  centre  about  the  size  of  a  shilling.  A  light  of  constant  intensity  being  placed 
at  a  fixed  distance  behind  the  screen,  the  ungreased  spot  appears  darker  than  the  rest 
of  the  screen.  One  of  the  lights  to  be  compared  is  then  placed  in  front  of  the  screen, 
so  that  its  reflected  rays  may  be  added  to  the  light  transmitted  from  behind,  and 
adjusted  so  that  the  ungreased  spot  shall  be  illuminated  just  as  much  as  the  rest  of 
the  surface,  and  shall  therefore  be  no  longer  visible.  This  will  be  the  case  when 
T  +  r  =  t  +  B,  denoting  by  T,  t,  the  quantities  of  light  transmitted  by  the  un- 
covered part  of  the  screen,  and  the  part  covered  by  the  disc  respectively,  and  by  R,  r, 
the  quantities  reflected.  A  precisely  similar  experiment  being  then  made  with  the 
other  source  of  light,  the  intensities  of  the  two  will  be  to  one  another  as  the  squares 
of  their  distance  from  the  screen  at  which  the  disappearance  of  the  disc  takes  place. 
Sometimes  the  grease  is  applied  only  to  a  small  circular  spot  in  the  centre  of  the  screen, 
which  then  transmits  more  light  than  the  rest  of  the  surface. 

Masson's  Electro-photometer.  This  apparatus  has  the  advantage  of  admitting  of 
the  comparison  of  lights  of  different  colours.  It  consists  of  a  circular  disc  divided 
into  white  and  black  sectors  of  equal  size,  and  set  in  motion  by  clock-work  at  a  uniform 
rate  of  250  to  300  revolutions  in  a  second.  If  it  be  then  illuminated  by  a  constant 
source  of  light,  such  as  a  lamp,  it  appears  of  a  uniform  grey  tint,  in  consequence  of 
the  duration  of  the  visual  impression  on  the  eye.  But  if  it  be  illuminated  by  an . 
instantaneous  light,  such  as  the  electric  spark,  the  black  and  white  sectors  become 
distinctly  visible,  and  appear  as  if  they  wore  fixed,  because  they  have  not  time  to  move 
through  a  sensible  angle  during  the  extremely  short  interval  for  which  the  spark  con- 
tinues. If  now  the  intensity  of  the  light  afforded  by  the  spark  be  gradually  diminished, 
as  by  removing  it  to  a  greater  distance,  the  source  of  constant  light  still  remaining, 
the  increase  of  illumination  which  the  spark  affords  to  the  disc  ultimately  becomes 
too  feeble  to  render  the  sectors  visible,  so  that  the  disc  still  continues  to  exhibit  a 
uniform  grey  tint.  The  relative  intensities  of  the  constant  and  instantaneous  lighta 
at  which  this  limit  is  attained,  evidently  depend  upon  the  number  of  the  sectors  and 
the  velocity  of  revolution. 

The  relative  intensities  of  two  electric  sparks  are  as  the  squares  of  the  distances  to 
which  they  must  be  removed  from  the  disc  to  cause  the  sectors  to  disappear,  while 
the  disc  is  illuminated  by  a  constant  light.  On  the  other  hand,  to  use  the  instrument 
for  comparing  the  intensities  of  two  continuous  lights,  a  succession  of  electric  sparks 
is  made  to  pass  in  front  of  the  disc,  and  one  of  the  constant  lights  is  made  to  approach 
it  till  the  sectors  cease  to  be  distinguishable.  The  same  experiment  being  then  made 
with  the  other  light,  the  intensities  of  the  two  are  as  the  squares  of  the  distances 
thus  determined. 

By  means  of  this  instrument,  M.  Masson  has  demonstrated  the  following  laws  re- 
lating to  the  intensity  of  the  electric  light.  1.  It  is  proportional  to  the  coated  surf  aces 
by  the  discharge  of  which,  at  a  constant  distance,  the  spark  is  produced.  2.  It  is 
inversely  as  the  distance  between  those  surfaces,  or  as  the  thickness  of  the  jar.  3.  It  is 
proportional  to  the  square  of  the  striking  distance.  4.  The  quantities  of  light  in  the 
spark  are  proportional  to  the  quantities  of  heat  developed  in  a  wire  forming  part  of  the 
same  circuit. 

General  results  of  photometric  observation. — 1.  By  comparing  the  quantities  of  light 
emitted  by  the  same  number  of  flames  in  different  relative  positions,  it  is  found  that 
flame  is  perfectly  transparent ;  in  fact  the  luminous  effect  of  a  series  of  candles  placed 
side  by  side,  is  the  same  whether  they  are  arranged  in  a  line  perpendicular  or  parallel  to 
the  direction  of  the  rays.  In  like  manner,  a  flat  gas-flame,  like  that  of  a  bat's-wing 
burner,  gives  the  same  amount  of  light  in  all  directions. 

2.  It  appears  from  observations  by  Bouguer,  made  with  Rumford's  photometer,  that 
one  of  the  shadows  thrown  by  lights  of  equal  brightness  disappears  when  one  of  these 
lights  is  placed  8  times  as  far  from  the  screen  as  the  other— that  is  to  say,  when 
the  nearer  light  illuminates  the  screen  64  times  as  strongly  as  the  other.     Hence  it 
appears  that  light  emanating  from  any  source  becomes  imperceptible  in  presence  of 
another  64  times  as  strong ;  the  disappearance  of  the  stars  in  daylight  shows,  there- 
fore, that  the  diffused  light  of  the  earth's  atmosphere  must  be  at  least  64  times  as 
strong  as  that  sent  to  us  from  any  of  the  stars. 

3.  When  the  flames  of  two  lamps  or  candles  touch  one  another,  the  intensity  of  the 
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combined  flame  is  greater  than  the  sum  of  the  intensities  of  the  separate  flames  Tin's 
effect,  first  observed  by  Franklin,  appears  to  be  due  to  the  increased  temperature  at 
the  part  where  the  flames  overlap.  Kumford  found  that  a  number  of  flat  cotton  wicks 
impregnated  with  oil,  gave  a  much  greater  amount  of  light  when  they  were  placed 
together  nearly  in  contact,  than  when  they  were  separated.  On  the  same  principle, 
Arago  and  Fresnel  have  constructed  lamps  for  light-houses,  in  which  a  number  of 
concentric  wicks  are  arranged  with  small  spaces  between  them,  through  which  a  cur- 
rent of  air  is  made  to  pass  by  the  draught  of  a  chimney.  The  flame  being  transparent, 
a  considerable  amount  of  light  is  thus  obtained  within  a  small  space. 

4.  The  photometric  method  serves  also  to  determine  the  illuminating  equivalents  of 
different  light-giving  materials.  Kumford  found  that  100  pounds  of  wax  burnt  in  the 
form  of  a  taper,  were  equal  in  light-giving  power  to  101  Ibs.  of  tallow,  if  the  candles 
were  well  snuffed,  and  229  Ibs.  if  the  wicks  were  allowed  to  grow  long;  to  100 Ibs. 
of  olive  oil  burnt  in  an  Argand  lamp,  and  129  in  a  lamp  burning  without  smoke ; 
also  to  125  Ibs.  of  rape  oil,  and  120  Ibs.  of  linseed  oil  in  a  common  lamp.  Peclet 
calculated  the  following  table  of  the  expense  per  hour  of  various  modes  of  illumination, 
yielding  a  quantity  of  light  equal  to  that  afforded  by  a  gas-jet  burning  at  the  rate  of 
6  centimes  per  hour : 

Centimes.  Centimes. 


Garcel  lamp 
Candle  of  82  gnn. 
Candle  of  10  grm. 


5-8 

9-8 

12-0 


Wax  taper  of  100  grm. 
Stearine  candle      . 


48-6 
18 


It  appears  from  this  comparison  that  gas  is  the  most  economical  of  all  illuminating 
materials.  The  results  depend,  however,  in  a  great  measure  on  the  facility  of  access 
of  air  to  the  flame,  the  form  of  the  wick  or  burner,  and  the  length  of  the  flame.  For 
numerous  determinations  of  the  illuminating  equivalents  of  various  kinds  of  gas,  and 
other  light-giving  substances,  see  Ure's  Diet,  of  Arts,  <Sfc.,  articles  COAL-GAS  (i.  734) 
»nd  ILLUMINATION  (ii.  493). 

Interference. 

When  two  or  more  waves  pass  over  the  same  part  of  a  medium,  each  of  them  aflfccts 
the  particles  of  the  medium  disturbed  by  the  other  just  as  it  would  have  affected  the  same 
particles  in  a  state  of  rest.  Consequently,  the  state  of  any  particle  affected  by  the  two 
weaves  at  once,  will  be  the  same  as  that  which  would  have  resulted  if  it  had  been  first 
disturbed  by  the  one  wave,  and  then  the  second  had  acted  upon  it  while  in  that  dis- 
turbed state.  Thus  the  height  of  the  tide  is  found  by  calculating  the  heights  to  which 
it  would  be  raised  by  the  sun  and  by  the  moon  acting  separately,  and  taking  the  sum 
or  difference  as  the  case  may  be. 

Suppose  now  two  waves  of  equal  breadth  and  intensity  (equal  height  in  the  case  of 
water)  to  proceed  from  the  same,  or  nearly  the  same  point,  and  travel  onwards  one 
after  the  other ;  then,  if  they  meet  in  such  a  manner  that  the  phases  or  alternations  of 
the  one  coincide  with  the  phases  or  alternations  of  the  other,  the  result  will  be  a  com- 
pound wave,  having  the  sum  of  the  intensities  of  the  separate  waves ;  this  will  be  the 
case  if  the  paths  along  which  they  travel  before  meeting  are  of  equal  length,  or  if  one 
exceeds  the  other  by  any  exact  number  of  whole  undulations,  as  in  Jig.  644  ;  but  if  the 
phases  of  the  one  are  exactly  opposed  to  the  phases  of  the  other,  which  is  the  case 


Fig.  644. 


when  the  one  wave  is  behind  the  other  by  any  odd  number  of  half-undulations,  as  in 
fig.  645,  a  wave  will  be  produced  whose  intensity  equals  the  difference  of  the  intensities 

Fig.  645. 


of  the  separate  waves,  and  if  these  are  equal,  the  vibratory  motion  will  be  completely 
destroyed  and  the  particles  of  the  medium  brought  to  rest  along  the  whole  line  of  the 
combined  waves.  If  the  paths  of  the  two  waves  do  not  differ  by  any  exact  number  of 
half  undulations,  even  or  odd,  the  result  will  be  intermediate  between  the  two  just 
considered,  the  intensity  of  the  combined  wave  being  always  less  than  the  sum  and 
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greater  than  the  difference  of  the  separate  waves.  This  composition  or  superposition 
of  oscillations  is  called  Interference.  In  order  that  it  may.take  place  along  a  whole 
line  of  wave,  it  is  clear  that  the  component  waves  must  be  of  the  same  breadth,  and 
that  they  must  proceed  from  points  very  near  each  other,  otherwise  their  paths  wiU 
intersect  only  at  isolated  points. 

Let  us  now  enquire  whether  these  principles  are  applicable  in  the  case  of  light.  If 
light  consists  of  undulations,  and  these  undulations  are  governed  by  ordinary  me- 
chanical laws,  it  must  follow  that  two  rays  of  light  may  meet  one  another  in  such  a 
manner  as  to  counteract  each  other's  action  and  produce  darkness ;  and  such,  in  fact,  is 
found  to  be  the  case. 

Suppose  s,  s'  (fig.  646)  to  be  two  radiant  points  very  close  together,  and  producing 
in  the  luminiferous  ether,  waves  of  the  sume  length  (of  red  light,  for  example)  and 
always  in  the  same  phase  of 
vibration  at  the  instant  of 
starting  from  these  points. 
Imagine  also  two  series  of 
spherical  wave-surfaces  hav- 
ing the  points  s,  s'  for  centres, 
and  with  radii  increasing  suc- 
cessively by  half  the  length 

of  a  wave  =  -.  These  sur- 
faces will  cut  the  plane  of  the 
figure  in  two  systems  of  arcs, 
which  will  intersect  one  ano- 
ther in  the  manner  shown  in 
the  figure,  in  which  each  two 
consecutive  arcs,  one  repre- 
sented by  a  full,  the  other  by 
a  dotted  line,  are  separated 

by  the  interval  -,  and  each 

pair  of  alternate  arcs  (both 
full  or  both  dotted)  by  the 
interval  A,  or  a  whole  undula- 
tion. 

Consider  now  the  point  a,  situated  on  the  line  A.a,  drawn  perpendicular  to  ssf,  through 
its  middle  point  A.  The  two  rays  sa,  s'a,  being  of  equal  length,  are  in  the  same 
phase  of  vibration :  consequently  their  intensities  will  be  added  to  one  another  and  will 
produce  increased  light,  and  the  same  effect  will  be  produced  at  c,  c,  and  at  all  the 
intersections  of  the  continuous  arcs,  where  the  difference  in  length  of  the  rays 
proceeding  from  the  points  s,  s'  is  equal  to  any  multiple  of  A  or  to  any  even  multiple 

of  -.    But  at  n,  ri  or  any  other  intersections  of  a  continuous  and  a  dotted  arc,  where 

^ 
the  difference  in  length  of  the  rays  sn,  s'n,  &c.,  is  equal  to  ^,  or  any  odd  multiple 

thereof,  the  rays  are  in  opposite  phases,  so  that  their  vibrations  act  against  one 
another,  and  the  amount  of  light  at  those  points  is  less  than  it  would  be  if  only 
one  of  the  rays  arrived  there.  The  distance  between  the  points  s,  s'  being  very  small 
compared  with  A  a,  the  surface  anc  is  very  nearly  plane,  so,  that  if  a  white  screen 
be  placed  there,  a  succession  of  luminous  points,  a,  c,  c,  &c.,  will  be  formed  upon  it 
separated  by  dark  spaces,  n,  n',  &c. 

If  the  sources  s,  s',  instead  of  being  luminous  points,  are  lines  of  light  perpendicular  to 
the  plane  of  the  figure,  a  series  of  alternate  light  and  dark  bands,  or  fringes,  will  be 
produced  parallel  to  those  lines. 

The  conditions  essential  for  exhibiting  these  effects  are,  that  the  two  luminous 
sources  s,  s'  shall  be  very  near  one  another,  and  that  the  waves  emanating  from  them 
shall  always  be  simultaneously  in  the  same  phase.  These  conditions  are  most  easily 
fulfilled  by  the  following  arrangement  devised  by  Fresnel : — 

A  beam  of  light  entering  through  a  rectangular  slit  in  the  shutter  of  a  darkened  room, 
and  passing  through  a  plate  of  red  glass,  is  condensed  at  S  to  a  very  fine  line  of  light; 
by  a  cylindrical  lens  L  (Jiff.  646)  of  very  short  focus.  The  rays  there  cross  each  other, 
and  fall  upon  two  plane  mirrors  Imt  Im,  placed  together  at  a  very  obtuse  angle,  and 
having  their  line  of  intersection  parallel  to  the  line  of  light.  The  rays,  after  reflection 
from  these  mirrors,  proceed  as  if  they  had  originally  issued  from  two  points  $,  s', 
situated  symmetrically  to  the  point  S,  behind  each  of  the  mirrors.  The  mirrors  being 
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placed  nearly  in  one  plane,  the  points  s  &'  are  very  close  together,  so  that  all  the 
conditions  are  fulfilled  for  the  production  of  light  and  dark  fringes  on  the  screen, 
as  above  described. 

Instead  of  reflecting  the  light  diverging  from  S  from  two  plane  mirrors,  it  may 
be  made  to  pass  through  a  glass  prism  having  a  very  large  refracting  angle.  The 
fringes  also,  instead  of  being  received  on  a  screen,  may  be  viewed  through  a  telescope, 
and  their  angular  breadths  estimated  by  micrometrical  measurement. 

If  the  beam  of  light  proceeding  from  one  of  the  points  s,  s?,  be  intercepted,  the  whole 
of  the  fringes  disappear,  and  the  light  from  the  other  source  produces  a  uniform 
illumination  on  the  screen,  plainly  showing  that  the  fringes  are  produced  by  the  com- 
bination or  interference  of  the  rays  proceeding  from  the  two  sources. 

Measurement  of  the  lengths  of  the  waves  of  light. — The  breadths  of  the  fringes 
having  been  ascertained,  as  above  described,  an  easy  calculation  gives  the  lengths  of 
the  waves  of  the  particular  light  by  which  they  are  produced.  In  fig.  646,  the  length 
of  the  wave  A  is  equal  to  the  distance  za.  Now  the  curvilinear  triangle  azc  may  be 
regarded  as  a  right-angled  triangle,  whose  hypothenuse  ac  =  b  is  the  distance  from  the 
centre  to  the  first  bright  lateral  fringe.  Moreover,  the  angles  zca  and  sas'  =  o> 
are  equal,  because  their  sides  are  respectively  perpendicular  to  one  another :  hence 

A   =   b  sin  (a. 

Hence  to  obtain  the  value  of  A,  it  is  sufficient  to  measure  the  angle  sas'  with  a  re- 
peating circle,  and  the  distance  ac  with  a  micrometer.  A  more  exact  mode  of  deter- 
mination will  be  described  hereafter. 

The  length  A  is  proportional  to  the  distance  ac.  Now  the  breadth  of  the  fringes  is 
found  to  be  greatest  in  red  and  least  in  violet  light,  and  of  intermediate  breadths  for 
the  intermediate  colours  of  the  spectrum  :  hence  also  it  follows  that  the  lengths  of  the 
waves  are  greatest  in  red  and  least  in  violet  light. 

The  formula  A  =  -,  in  which  v  is  the  velocity  of  light,  and  n  the  number  of  vibra- 

n 

tions  per  second,  shows  that  the  vibrations  are  most  rapid  in  violet,  and  least  rapid  in 
red  light. 

The  length  of  the  wave  and  the  rapidity  of  vibration  of  the  particles  of  the  ether 
determine  the  colour  of  the  light,  just  as  the  length  of  the  sound-wave  and  the  rate  of 
vibrations  of  the  particles  of  the  air,  determine  the  pitch  of  sound. 

The  following  table  exhibits  the  wave-lengths  and  the  number  of  vibrations  per 
second  of  the  mean  rays  of  the  several  colours  of  the  spectrum,  and  of  the  principal 
fixed  lines : 


Values 

Number  of 

Values 

Number  of 

Fixed  lines  and 
colours. 

of  A  in  ten- 
thousandths 
of  a 

vibrations 
per  second  in 
millions  of 

Fixed  lines  and 
colours. 

of  X  in  ten- 
thousandths 
of  a      , 

vibrations 
per  second  in 
millions  of 

millimetre. 

millions. 

millimetre. 

millions. 

LineB     . 

6-88 

. 

Mean  green 

5-12 

601 

Line  C     . 

6-56 

.      . 

Line  F       . 

4-84 

Mean  red 

6-20 

497 

Mean  blue 

475 

648 

LineD     . 

5-89 

.    . 

Mean  indigo 

4-49 

686 

Mean  orange 

6-83 

628 

Line  Gr 

4-29 

Mean  yellow 

5-51 

529 

Mean  violet 

4-23 

728 

Line  E     . 

5-26 

•    • 

Line  H     . 

3-93 

The  expression   b  =  -. ,  which  gives  the  breadth  of  the  fringes  in  terms  of  the 

wave-length  and  the  angle  «,  shows  that  for  each  colour  they  are  broader  in  propor- 
tion as  that  angle  is  smaller.  If  it  is  too  large,  that  is,  if  the  distance  s  s'  is  too  great 
in  proportion  to  A  a,  the  fringes  disappear  altogether ;  they  are  still  visible,  however, 
when  this  angle  has  a  magnitude  of  several  degrees. 

The  fringes  being  of  different  breadths  in  the  different  coloured  lights,  and  white 
light,  as  will  hereafter  be  shown,  being  a  mixture  of  all  the  colours  of  the  spectrum, 
it  follows  that  when  the  preceding  experiment  is  made  with  white  light  (sun-light, 
the  electric  light,  or  the  lime-light),  the  bands  produced  are  not  simply  bright  and 
dark  alternately,  but  exhibit  a  succession  of  colours  produced  by  the  combination  of 
the  simple  colours  in  various  proportions,  and  not  separated  by  any  absolutely  dark 
bands.  Moreover,  these  coloured  fringes  are  much  less  numerous  than  the  simple 
light  and  dark  bands  produced  by  homogeneous  light,  because  the  breadths  of  the 
simple-coloured  fringes  of  which  they  are  composed  do  not  vary  proportionally  to  one 
another,  as  their  distance  from  the  centre  increases ;  hence,  they  ultimately  become 
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mixed,  and  reproduce  white  light.  Even  the  simple  fringes  formed  in  homogeneous 
light  become  less  and  less  distinct  as  they  recede  from  the  centre,  and  ultimately  dis- 
appear when  the  difference  between  the  lengths  of  the  rays  which  form  them  becomes 
equal  to  a  certain  number  of  half-undulations.  The  cause  of  this  disappearance  is, 
that  the  light  used  in  the  experiment  is  never  absolutely  homogeneous,  and  that  the 
want  of  perfect  equality  between  the  lengths  of  the  waves  which  compose  it,  ultimately 
makes  itself  perceptible,  the  fringes  of  different  breadths  overlapping  and  effacing  each 
other  in  the  same  manner  as  when  white  light  is  used,  though  at  a  much  greater 
distance  from  the  centre.  Whatever  kind  of  light  is  employed,  the  fringes  are  more 
distinct  and  numerous  in  proportion  as  the  line  of  light  is  narrower,  provided  it  be 
wide  enough  to  give  the  required  amount  of  illumination;  for  it  is  evident  that  a 
broad  aperture  may  be  regarded  as  a  number  of  narrow  ones  placed  side  by  side,  each 
producing  its  own  set  of  fringes,  which,  as  they  do  not  coincide  in  position,  will  overlap 
and  efface  each  other  more  or  less  completely. 

If  a  very  thin  plate  of  glass,  mica,  selenite,  or  other  transparent  substance  be  placed 
in  front  of  one  of  the  mirrors  (fig.  646),  so  that  the  rays  proceeding  from  one  of  the 
points,  s,  s',  shall  be  obliged  to  pass  through  it  before  reaching  the  screen  or  telescope, 
the  whole  of  the  fringes  will  be  displaced  towards  the  side  on  which  the  transparent 
plate  is  situated,  so  that  the  central  fringe  a  will  no  longer  be  opposite  to  A,  Suppose 
the  displacement  to  be  towards  the  right  of  the  figure;  then  the  line  s'a  will  be 
shorter  than  sa.  Now,  as  the  two  rays  forming  this  central  fringe  must  contain  the 
same  number  of  wave-lengths,  it  follows  that  these  wave-lengths  are  less  in  the  more 
highly  refracting  substance  (glass,  &c.)  than  in  the  air.  The  velocity  of  the  light  is, 
therefore,  diminished  in  the  more  highly  refracting  medium ;  and  experiment  shows 
that  the  retardation  thus  produced  is  greater  as  the  refracting  power  is  greater.  Thia 
result  is  in  accordance  with  the  direct  measurement  of  the  velocity  of  light  in  air  and 
water  (p.  595),  and  likewise,  as  we  shall  presently  see,  with  the  law  of  refraction. 
Moreover,  as  the  velocity  of  transmission  of  vibrations  in  an  elastic  medium  is  related 

to  its  elasticity  and  density  by  the  equation  tf  =  -5 ,  it  follows  also  that  the  elasticity 

of  the  ether  is  least,  or  its  density  greatest,  in  the  most  highly  refracting  media. 

The  transparent  plate  used  in  the  experiment  just  described  must  be  extremely  thin; 
otherwise  the  fringes  will  disappear  altogether,  just  as  if  an  opaque  screen  had  been 
interposed.  A  thicker  plate  would,  in  fact,  shift  the  fringes  beyond  the  space  in  which 
the  two  systems  of  waves  meet  each  other,  namely,  the  space  bounded  by  the  two 
straight  lines  passing  through  s,  s'  and  the  intersection,  I,  of  the  mirrors. 

Diffraction.  The  principle  of  interference  serves  to  explain  some  very  remarkable 
and  beautiful  phenomena  which  are  observed  when  light  passes  by  the  edge  of  an 
opaque  body,  or  through  a  small  aperture.  The  effects  thus  produced  consist  in  this, 
that  the  light  bends  to  a  certain  extent  within  the  geometric  shadow  bounded  by 
straight  lines  drawn  from  the  luminous  point  through  the  edges  of  the  opaque  body, 
just  as  a  wave  in  water  will  turn  the  angle  of  a  wall,  or  spread  itself  through  a  hole 
in  any  fixed  obstacle.  The  result  is  the  formation  of  a  number  of  alternate  bright  and 
dark  bands  or  coloured  fringes,  sometimes  within  the  shadow,  sometimes  beyond  it, 
sometimes  in  both  places  at  once.  These  effects,  formerly  known  as  Inflection,  but 
now  called  Diffraction,  admit  of  complete  explana- 
tion on  the  wave-theory  of- light,  but  are  quite  inexpli- 
cable on  the  theory  of  emission. 

The  explanation  of  diffraction  on  the  undulatory 
theory  depends  upon  the  general  principle  first  enun- 
ciated byHuyghens,  that — The  vibrations  of  a  wave 
of  light,  at  each  of  its  points,  may  be  regarded  as  the 
resultant  of  the  elementary  movements  which  would 
communicated  to  it,  at  the  same  instant,  by  all  the  parts 
of  the  same  wave  in  any  one  of  its  previous  positions. 
For  it  is  evident,  from  the  elasticity  of  the  ether,  and 
the  facility  with  which  vibratory  movements  are  trans- 
mitted through  it,  that  its  particles  do  not  vibrate 
independently  of  each  other,  but  that  each  may  be 
regarded  as  a  centre  of  disturbance  with  regard  to  all 
around  it.  Consequently,  each  point  of  a  spherical 
wave,  mn  (fig.  647),  will  produce  by  its  vibration,  a 
number  of  secondary  spherical  waves,  which,  spreading 
out  with  the  same  rapidity,  will  have  for  their  en- 
veloping surface — that  is  to  say,  for  the  general  sur- 
face of  the  wave  as  it  spreads  outwards — another  spherical  surface,  m'n',  concentric 
with  the  former.  Hence  the  vibration  imparted  to  any  point  P,  by  the  wave  mn, 
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when  it  reaches  that  point,  may  be  regarded  as  the  resultant  of  all  the  secondary- 
disturbances  emanating  from  the  several  points  of  mn. 

To  determine  the  manner  in  which  the  movement  of  P  is  affected  by  the  several 
points  of  the  wave  in  any  of  its  previous  positions,  draw  sP,  cutting  the  wave  mn  in  A 
( fa  648)  and  designating  the  distance  AP  by  7,  describe,  from  P  as  a  centre,  and 

with  the  radii  7,  7  +  £\,  y  +  2 .  £A,  7  +  3  .  £A,  &c., 
a  number  of  arcs  cutting  the  wave  in  the  points 
a,  b,  c,  d,  .  .  .  and  draw  the  straight  lines  Pa, 
P6,  PC,  &c.,  which  evidently  differ  from  another 
by  half  a  wave-length.  Then  it  will  be  found  that 
the  intervals  Aa,  ab,  &c.  are  not  equal,  but  con- 
tinually diminish  from  A  towards  m.  Further, 
for  every  point  in  ah,  there  exists  a  point  in  Aa, 
such  that  the  lines  drawn  from  these  points  to  P 
differ  by  £\,  and  consequently  the  waves  emanating 
from  these  points  to  P  will  be  in  complete  discord- 
ance. Hence,  if  Aa  were  equal  to  ab,  its  effect 
on  P  would  be  completely  neutralised  by  ab ;  but 
this  not  being  the  case,  ab  can  only  neutralise 
part  of  Aa,  and  there  remains  a  portion  of  the  arc 
Aa,  which  produces  a  certain  degree  of  illumina- 
tion at  P.  There  is  a  further  reason  why  ab  neu- 
tralises only  part  of  Aa,  and  that  is,  that  it  acts 
more  obliquely.  Similarly,  cd  will  neutralise  a 
part,  but  only  a  part,  of  the  action  of  be.  Hence, 
it  will  be  seen  that  the  illumination  produced  at 
P  by  the  half-wave  Am  is  the  sum  of  the  effects  of 
the  arcs  of  uneven  order  over  those  of  even 
order,  counting  from  A.  In  all  cases,  however,  it 

is  only  necessary  to  take  account  of  that  part  of  the  wave  which  is  very  near  to  the 
line  sP :  for  at  a  greater  distance,  as  at  m,  the  arcs  kl,  Im  become  very  nearly  equal, 
and,  moreover,  their  action  on  P  is  very  oblique — for  both  of  which  reasons  their 
effect  on  P  may  be  neglected.  The  arc  An  acts  exactly  like  Am,  so  that  if  the 
illumination  produced  by  Am  be  denoted  by  1,  that  of  the  entire  wave  mn  will  be 
equal  to  2. 

The  arcs  Aa,  ab,  &c.  a.re  called  elements  of  interference,  and  the  point  A  is 
called  the  pole  of  the  point  P. 

The  direction  of  vibration  of  the  ether-molecule  P  at  any  instant  is  determined  by 
that  of  the  first  element  Aa,  of  the  half- wave  Am ;  and  if  this  portion  were  intercepted, 
the  point  P  would  then  vibrate  in  the  direction  determined  by  the  movement  of  ab, 
which  is  opposite  to  that  of  Aa.  Hence,  it  appears  that  the  action  of  Aa  on  P  is  greater 
than  the  resultant  actions  of  all  the  remaining  elements,  ab,  be,  &c.:  for  the  motion  of  P 
changes  its  direction  according  as  the  element  Aa  acts  upon  it  or  not.  The  same  is 
true  with  regard  to  each  of  the  elements  ab,  be,  &c.,  the  action  of  each  one  of  them 
on  P  being  greater  than  the  resultant  of  all  beyond  it. 

Now,  suppose  part  of  the  half-wave  Am  to  be  intercepted  by  the  interposition  of  an 
opaque  screen ;  then  the  arc  ab,  which  destroyed  a  great  part  of  the  effect  of  Aa,  is 
removed,  and  the  point  P  receives  more  light  than  it  did  before :  for  the  effect  of  ab 
is  greater  than  that  of  all  the  rest  of  the  wave,  from  b  outwards,  taken  together.  — 
Next  suppose  the  screen  to  terminate  at  b  ;  then,  since  ab  destroys  the  greater  part  of 
Aa,  and  the  rest  of  the  wave  is  intercepted,  P  will  now  receive  less  light  than  it  would 
if  the  screen  were  not  there.  In  the  same  manner,  it  will  be  found  that  whenever  the 
screen  is  so  placed  as  to  leave  an  odd  number  of  elements  of  the  wave  free,  the  point 
P  will  be  more  illuminated  than  it  would  be  if  the  screen  were  not  there,  and  the 
contrary  if  an  even  number  are  left  free. 

These  principles  lead  immediately  to  the  explanation  of  the  phenomena  of  diffraction. 

1.  Fringes  produced  by  rays  passing  along  the  edge  of  a  screen. — Suppose  a  beam 
of  homogeneous  light  proceeding  from  a  luminous  point  S  (jig.  649),  or  better  from 
a  fine  line  of  light  passing  through  S  at  right  angles  to  the  plane  of  the  figure,  to  pass 
by  the  opaque  screen  AB,  of  indefinite  extent  towards  B,  and  fall  upon  another  screen 
CD,  covered  with  white  paper.  The  boundary  of  the  geometrical  shadow  will  be 
determined  by  the  straight  line  SAP.  The  light  received  at  P  will  proceed  from  the 
half-wave  Am,  and  may  be  represented  by  1 ;  and  from  the  preceding  explanations  it 
follows  that  the  points  c,  c,  &c.t  so  situated  that  Ac  —  ac  =  \\\  Ac  —  d'c'  =|A,  will 
receive  more  light  than  if  the  screen  were  not  there,  and  will  therefore  be  the  centres 
of  bright  fringes ;  and  on  the  contrary,  the  points  n  n',  &c.,  for  which  An  —  bn  —  A. 
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An'  —  Vri  —  2\,  &c.,  will  receive  less  light  than  if  the  screen  \rere  away,  and  will 

therefore  be  the  centres  of  dark  fringes.     The  general  result  may  be  thus  stated: 

The  presence  of  a  screen  increases  the  intensity 

of  the  light  at  every  point  so  situated  that  the 

broken   line  (SA,  Ac  for  example)  passing  to  it 

from  the  source  of  light  by  the  edge  of  the  screen 

exceeds  the  straight  line  (Sc)  drawn  to  it  directly 

from  the  luminous  s  jurce,  by  an  odd  number  of  half 

undulations,  and  diminishes  the   intensity  of  the 

light  at  every  point  so  situated,  that  the  broken 

line  (SA,  An)  proceeding  to  it  from  the  luminous 

point  by  the  edge  of  the  screen,  exceeds  the  straight 

line  joining  it  with  the  luminous  point,  by  an  even 

number  of  half-undulations. 

In  this  manner,  a  succession  of  bright  and 
dark  fringes  are  produced  beyond  the  geometrical 
shadow  of  AB ;  they  may  either  be  received  on  the 
screen  CD,  or  viewed  by  a  telescope  directed  to  the 
edge  A,  the  latter  being  of  course  the  better  method 
for  exact  measurement.  They  become  less  and  less 
distinct  as  their  distance  from  the  edge  of  the 
shadow  increases,  because  the  successive  arcs  Aa, 

ab,  bd,  &c.  do  not  neutralise  each  other's  action 

completely,  so  that  a  small  quantity  of  light  always 
mixes  with  the  dark  fringes,  increasing  in  amount  as  they  are  more  distant  from  P. 
Finally,  at  points  situated  so  far  from  P  that  the  portion  of  the  half-wave  intercepted 
by  the  screen  is  too  far  from  the  pole  b'  to  produce  a  sensible  effect,  the  fringes  disappear 
altogether,  and  the  surface  of  the  screen  becomes  uniformly  illuminated  with  light  of 
intensity  =  2. 

The  fringes  are  broadest  in  red,  and  narrowest  in  violet  light ;  and  in  white  light 
fringes  of  compound  colours  are  formed,  as  in  the  experiment  with  the  mirrors. 

The  locus  of  each  fringe,  light  or  dark,  considered  at  different  distances  from  the 
luminous  source,  is  a  hyperbola,  having  the  points  A,  s  for  its  foci.  The  dark  fringe 
n.  for  example,  of  the  mih  order,  gives  An  —  bn  =  m .  |A ;  and  subtracting  these 
equal  magnitudes  from  sb  =  sA,  we  have  sb  —  An  +  bn,  or  sn  •*-  An  =  sA  —  m .  f  A. 
The  difference  sn  —  An  is  therefore  constant,  whatever  may  be  the  length  of  AP ; 
consequently,  the  locus  of  the  point  n  is  a  hyperbola  whose  foci  are  A  and  S. 

There  is  also  a  certain  quantity  of  light  within  the  geometrical  shadow.  For  any 
point  p  situated  to  the  right  of  P  (Jig.  649)  receives  light  from  a  certain  portion  of  the 
wave  Aab ;  but  this  portion  is  smaller  and  farther  from  the  corresponding  pole,  as  p 
is  more  remote  from  P :  hence  the  brightness  of  the  light  diminishes  rapidly  from 
the  edge  of  the  shadow  inwards;  but  the  diminution  is  continuous  and  no  fringes  are 
produced. 

Fringes  at  the  edge  of  a  Mirror. — Eay&  reflected  from  the  edge  of  a  plane  mirror 
inclined  to  their  direction,  proceed  as  if  they  had  originally  issued  from  a  line  of  light 
situated  symmetrically  behind  the  mirror.  The  space  beyond  the  mirror  may  there- 
fore be  compared  to  the  opaque  screen  in  the  experiment  last  described:  hence  the 
fringes  are  produced  towards  the  surface  of  the  mirror,  whilst  a  continuous  light  is 
visible  for  a  short  distance  beyond  it. 

2.  Fringes  produced  bit/  narrow  rectangular  apertures.— -"Light  passing  through  such 
an  aperture  may  form  fringes  in  the  beam  of  light  itself  and  in  the  shadow,  separately 
or  together,  according  to  the  width  of  the  slit  and  the  distance  at  which  the  fringes  are 
viewed.  They  may  be  observed  by  means  of  a  very  simple  apparatus,  consisting  of 
two  thin  plates  of  copper  fixed  in  a  small  frame,  one  of  them  being  capable  of  sliding 
backwards  and  forwards,  so  as  to  vary  the  width  of  the  aperture  at  pleasure.  On  look- 
ing at  the  flame  of  a  candle  or  other  source  of  light  through  the  slit,  brilliant  coloured 
fringes  are  seen  parallel  to  the  edges  of  the  slit.  These  fringes  are  also  very  dis- 
tinctly seen  on  viewing  the  flame  of  a  candle  between  two  fingers  held  up  so  as  to 
leave  a  very  narrow  space  between  them. 

Internal  Fringes. — Let  AB  (fig.  650)  be  the  slit,  S  the  source  of  light,  rendered  homo- 
geneous by  passing  through  a  coloured  glass  ;  and  suppose  in  the  first  place  that  the 
screen  A*B',  on  which  the  light  is  thrown,  is  placed  at  such  a  distance  that  AP  —  oP 
and  BP  —  oP  =  %\  ;  then  all  the  points  of  the  part  AB  of  the  wave-surface  will  be  in 
accordance  with  each  other,  and  there  will  be  a  bright  band  at  P.  The  same  will  be 
the  case  a  fortiori,  if  the  screen  A'B'  is  still  farther  removed,  as  to  A"B".  But  if 
the  screen  be  moved  to  a  shorter  distance  from  the  slit,  such  that  AP  —  0P  is 
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more  than  |X,  and  equal  to  n  times  i\,  then  if  n  is  even,  each  half  of  the  wave  AB 
may  be  divided  into  an  even  number  of  elements  of  interference,  whose  actions 
destroy  each  other  two  by  two.  There  will  then  be  a 
66°-  dark  band  at  the  central  point  P.  If,  on  the  other 

hand,  n  is  odd,  there  will  remain  one  element  whose 
action  is  not  neutralised,  and  the  central  band  will  be 
bright.  Hence,  as  the  screen  is  gradually  removed 
farther  from  the  aperture,  the  central  band  will  be 
alternately  bright  and  dark,  until  the  distance  is  such 
that  AP  —  oP  =  %\,  at  and  beyond  which  it  will  be 
always  bright.  The  same  alternations  may  be  produced 
by  diminishing  the  width  of  the  aperture  AB,  while  the 
distance  oP  remains  constant. 

There  are  also  fringes  in  the  beam  of  light  to  the  right 
and  left  of  P.  Suppose  that  the  distance  of  the  screen 
is  such  that  the  central  band  is  bright,  and  AP  —  oP  «- 
JA,  and  let  n  be  a  point  such  that  BH — An  =  2  .  £A. 
The  arc  AB  may  then  be  divided  in  a,  so  that 
riB  —  na  =  na— wA  =  |A.  The  vibrations  communicated 
to  n  by  the  two  arcs  An,  riB  will  then  destroy  one 
another  to  a  great  extent,  so  that  there  will  be  a  dark 
band  at  n.  At  c,  so  situated  that  cB—cA  =  f  A,  there 
will  be  a  bright  band,  because  the  arc  AB  may  then 
be  divided  into  three  elements  of  interference,  and  so  on. 
A  precisely  similar  explanation  applies  to  the  case  in  which  the  central  band  is  dark. 

The  interior  fringes  recede  farther  from  the  central  point  P,  as  the  distance  of 
the  screen  is  greater  in  proportion  to  the  width  of  the  aperture  ;  and  when  the  screen 
is  placed  at  such  a  distance  that  BA"  —  AA"  =  f  A,  the  first  dark  band  will  be  at  A", 
and  consequently  there  will  be  no  fringes  within  the  beam  of  light  passing  through  the 
aperture  ;  the  distance  of  the  screen  at  which  they  cease  to  be  produced  is  less  as  the 
aperture  is  narrower. 

External  Fringes. — The  mode  of  production  of  these  fringes  is  similar  to  that  of  the 
internal  fringes  just  considered.  Any  point  N,  within  the  shadow  on  either  side,  will 
be  a  centre  of  a  dark  or  a  bright  band,  according  as  NB  —  NA  is  equal  to  an  even  or 
an  odd  number  of  times  \  A.  These  external  fringes  rapidly  lose  their  distinctness  as  they 
recede  from  the  edge  of  the  geometric  shadow,  and  disappear  altogether  when  the  slit 
is  so  wide  that  the  vibrations  emitted  from  the  point  B  are  no  longer  sensible  at  A. 
For  the  simultaneous  production  of  external  and  internal  fringes,  therefore,  the  aperture 
must  be  neither  too  wide  nor  too  narrow. 

The  loci  of  both  the  external  and  internal  fringes  are  hyperbolas  having  their  foci 
in  A  and  B.  All  the  fringes  are  broadest  in  red  and  narrowest  in  violet  light,  and  in 
white  light  are  made  up  of  bright  bands  of  various  colours. 

3.  Fringes  produced  by  two  narrow  slits  very  close  together. — The  two  beams  of  light 
interfere  and  produce  fringes,  precisely  as  in  Fresnel's  experiment  with  the  mirrors. 
This,  which  is  Young's  form  of  the  experiment,  is  similar  to  that  by  which  Grimaldi 
originally  showed  that  light  added  to  light  may  produce  darkness. 

4.  Fringes  produced  by  very  narrow  screens. — In  this  case  also  fringes  are  produced 
both  within  and  without  the  shadow.    A  hair  or  a  thin  wire  held  between  the  eye  and  the 
flame  of  a  candle  or  a  bright  line  of  light,  exhibits  these  fringes  very  distinctly.    Suppose 
that  the  screen  A  B,  instead  of  being  of  indefinite  extent  towards  B,  as  in  fig.  649,  is  so 
narrow  that  the  light  passing  by  each  of  its  edges  A,  B  (Jig.  651),  goes  beyond  the 
middle  of  the  geometric  shadow  A'B' ;  the  rays  will  then  act  upon  each  other  so  as  to 
produce  fringes  within  the  shadow,  independently  of  those  beyond  it.     The  latter  are 
also  modified,  because  the  points  at  which  they  are  formed  likewise  receive  light  from 
the  opposite  edge  of  the  narrow  screen,  which  contributes  to  their  formation ;  in  fact, 
on  interposing  an  opaque  body  so  as  to  cut  off  the  light  from  one  edge  of  the  screen, 
the  external  fringes  immediately  alter  their  appearance,  and  the  internal  ones  disap- 
pear altogether. 

Formation  of  the  internal  fringes. — If  the  screen  AB  (fig.  651)  is  not  extremely 
narrow,  the  internal  fringes  differ  but  little  from  those  which  would  be  formed  by 
two  slits  placed  at  A  and  B ;  for  the  direction  of  vibration  at  any  point  n  within  the 
shadow  is  then  determined  by  the  action  of  the  two  elementary  portions  of  the  wave 
immediately  contiguous  to  A  and  B.  When  the  screen  is  extremely  narrow,  the  result 
is  the  same,  excepting  that  the  effect  of  the  first  elements  of  interference  Aa,  Ba,  of  the 
arcs  Ad,  ~Bd",  being  modified  by'the  other  portions  of  these  waves,  which  partly  neu- 
tralise their  action,  the  points,  o,  o',  from  which  the  resultant  actions  of  these  waves 
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may  be  considered  as  proceeding,  are  situated  somewhat  closer  to  A  and  B  than  they 

would  be  if  the  portions  of  the  wave  beyond  a  and  a  were  cut  off.     At  any  point 

n  within  the  shadow,  there  will  be  a  light  or   a  dark 

band  (in  homogeneous  light),  according  as  on  —  on  is 

equal  to  an  odd  or  even  number  of  half-undulations. 

The  point  P  in  the  middle  of  the  geometric  shadow, 

being  perfectly  symmetrical  with  regard  to  the  arcs 

Ad,  Bd',  receives  from  them  accordant  impulses,  and  is 

therefore  the  centre  of  a  bright  band. 

The  fringes  are  wider  apart  in  proportion  as  AB  is 
smaller,  because  in  order,  to  obtain  a  given  difference 
of  length  in  the  rays  on,  on,  the  point  n  must  then  be 
taken  farther  from  P.  This  may  be  verified  by  viewing 
a  needle  held  parallel  to  a  bright  line  of  light;  the 
fringes  are  then  much  broader  near  the  point  than  near 
the  eye. 

5.  Fringes  produced  by  screens  or  apertures  which  are 
very  small  in  all  directions. — The  effects  in  this  case 
are  much  more  complicated  than  in  those  above  consi- 
dered, where  the  edges  of  the  screen  or  aperture  are 
supposed  to  be  straight,  and  so  much  elongated  that  it 
is  sufficient  to  consider  the  effect  of  the  cylindrical  wave 
situated  in  a  section  at  right  angles  to  the  screen  or 
aperture.   But  in  the  case  now  under  consideration  it  is 
necessary  to  consider  the  actions  resulting  from  all  the 

points  of  the  free  surface  of  the  wave,  and  the  problem  becomes  too  complicated  to  be 
treated  without  the  aid  of  the  higher  analysis.  We  shall  therefore  merely  enumerate 
the  effects  produced  in  a  few  of  the  more  simple  cases. 

When  rays  proceeding  from  a  luminous  point  pass  through  a  small  circular  aperture 
circular  fringes  are  formed,  both  within  and  beyond  the  geometric  image.  The 
circular  aperture  may  in  fact  be  regarded  as  a  number  of  very  narrow  rectilineal 
apertures  radiating  from  the  centre.  In  homogeneous  light  the  rings  are  equidistant, 
and  their  diameters  are  inversely  as  that  of  the  aperture,  excepting  that  the  distance 
from  the  centre  to  the  first  ring  is  less  than  that  between  two  consecutive  rings.  The 
centre  is  bright  or  dark,  according  to  the  proportion  between  the  size  of  the  aperture 
and  its  distance  from  the  screen,  and  either  the  external  or  internal  rings  may  disap- 
pear according  to  these  dimensions. 

A  small  circular  screen  also  produces  fringes  similar  to  those  of  the  linear  fringes 
formed  by  a  narrow  rectangular  screen.  At  certain  distances,  the  centre  of  the  shadow 
is  as  bright  as  if  the  screen  were  not  there. 

A  small  rectangular  aperture  forms  two  series  of  fringes  at  right  angles  to  its  sides ; 
their  distances  being  inversely  as  the  widths  of  the  aperture  in  all  directions.  There 
is  also  a  great  number  of  small  spectra,  regularly  distributed  in  the  angular  spaces 
formed  by  the  two  series  of  fringes. 

Two  small  circular  apertures  placed  at  a  certain  distance  from  one  another,  form  two 
series  of  rings  just  as  if  each  of  them  existed  alone ;  but  if  they  are  close  enough  to 
make  the  rings  overlap,  the  rays  proceeding  from  the  two  likewise  produce,  by  their 
interference,  a  series  of  very  close  rectilineal  fringes  at  right  angles  to  the  line 
joining  the  centres  of  the  apertures,  together  with  two  sets  of  oblique  fringes  passing 
through  the  middle  point  between  these  centres.  This  is  the  original  experiment  of 
Grimaldi  already  referred  to  (p.  604). 

6.  Diffraction   through   Gratings  or  Networks. — When  light,  instead  of 
passing  through  one  or  two  small  apertures,  passes  through  a  great  number  of  them 
very  close  together  and  regularly  distributed,  some  very  remarkable  diffraction  pheno- 
mena are  produced,  which  were  discovered  by  Fraunhofer.     Such  a  system  of  apertures 
is  called  in  optical  language  a  grating  (rtseau,  Fr. ;  Critter,  Germ.). 

Fraunhofer  formed  his  gratings: — 1.  By  winding  a  very  fine  wire  round  two  parallel 
screws  of  equal  diameter  and  very  fine  thread. — 2.  By  tracing  very  fine  parallel  lines 
on  a  film  of  gold-leaf  fixed  on  a  plate  of  glass. — 3.  By  tracing  lines  with  a  diamond  on 
a  plate  of  glass,  the  lines  thus  formed  being  opaque,  while  the  intermediate  spaces  are 
transparent.  This  is  the  method  now  generally  adopted,  a  dividing  engine  being  used 
to  ensure  regularity  in  the  lines.  Sometimes  the  lines  are  traced  on  glass  covered 
•with  a  thin  coat  of  varnish,  and  etched  with  hydrofluoric  acid.  When  great  regularity 
is  desired,  the  number  of  lines  in  a  millimetre  must  not  exceed  300,  and  38  in  that 
space  are  sufficient  for  the  complete  manifestation  of  the  phenomena. 

Effects  of  Parallel  gratings. — A  line  of  light  viewed  through  a  grating  formed  by 
parallel  lines,  appears  just  as  it  would  to  the  naked  eye,  excepting  that  it  is  someWiiat 
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fainter;  while  on  either  side  is  seen  a  dark  space  N  (fig.  652),  followed  by  a  spectrum, 
S  S  having  the  violet  within,  and  its  colours  so  pure  that  the  principal  fixed  lines  can 

Fig.  652. 


be  easily  distinguished  in  it.  Then  conies  another  dark  space  narrower  than  the 
former,  then  several  other  spectra  more  and  more  extended,  but  overlapping  each  other 
more  and  more,  so  that  their  colours  become  paler  and  finally  disappear.  Thes« 
spectra  may  however  be  separated  by  viewing  them  through  a  prism,  the  fixed  lines 
then  appearing.  In  homogeneous  light,  nothing  is  seen  but  isolated  bands  of  the  colour 
of  the  light  employed,  being  in  fact  the  corresponding  portions  of  the  several  spectra. 
Mass  on  has  observed  that  the  electric  light  viewed  through  a  grating  exhibits  bright 
lines,  as  when  seen  through  a  prism. 

To  measure  the  breadth  of  these  spectra,  the  grating  o  is  placed  in  front  of  two 
parallel  slits  e,  e'  (fig.  663),  the  distance  between  which  admits  of  variation.  Two 
systems  of  spectra  ec,  c'e'  are  then  seen,  which  are  partly 
superposed,  but  may  be  distinguished  by  placing  one  of  the 
slits  a  little  higher  than  the  other.  To  find  the  position,  or 
angle  of  deviation,  of  any  given  fixed  line,  the  slits  must  be 
separated,  or  the  grating  moved  farther  back,  till  this  line  a, 
belonging  to  the  right-hand  spectrum  formed  by  the  slit  e, 
coincides  with  the  same  line  a  in  the  left-hand  spectrum  of 
the  same  order  formed  by  the  slit  e'.  The  angle  eoc,  is  then 
equal  to  twice  the  angle  of  deviation  sought,  viz.  aoe  =D ; 

and  the  right-angled  triangle  aeo  gives  tan  D  =  — ,  orD  =  - — , 

taking  the  angle  for  its  tangent.  The  angle  of  deviation  is 
therefore  given  by  the  distance  between  the  slits  and  their 
distance  from  the  grating. 

By  observations  thus  made  it  is  found  that : — 1.  The  middle 

points  of  the  successive  spectra  are  equidistant,  or  in  other  words,  the  deviations  of 
these  middle  points  are  to  one  another  as  the  numbers  1,  2,  3,  4,  &c. 

2.  The  lengths  of  the  successive  spectra,  or  the  distances  between  two  of  their  cor- 
responding fixed  lines,  are  to  one  another  as  the  same  numbers. 

3.  The  difference  of  thickness  of  the  opaque  and  transparent  lines  has  no  influence 
on  the  position  of  the  spectra,  but  merely  modifies  their  brightness. 

4.  The  lengths  of  the  spectra  depend  upon  the  sum  of  the  widths  of  an  opaque  and 
transparent  space  taken  together;  this  sum  is  called  an  element  of  the  grating. 
The  deviation  of  any  given  line  is  inversely  as  the  distance  between  two  elements,  or 
it  is  proportional  to  the  number  of  elements  in  a  millimetre.     When  this  number  is 
100,  the  first  spectrum  has  the  same  width  as  that  produced  by  a  flint-glass  prism  of 

60°.  Moreover  the  spaces  occupied  by  the  several  colours  of 
the  spectra  are  sensibly  equal,  so  that  the  spectrum  thus  formed 
may  be  called  a  normal  spectrum,  and  may  serve  as  a  standard 
of  comparison  for  the  irregular  spectra  produced  by  prisms. 

The  preceding  laws  may  be  comprised  in  the  general  formula, 
D  =  mfcN,  where  D  is  the  deviation  of  a  fixed  line  in  the  spec- 
trum of  the  m'th  order,  N  the  number  of  the  elements  of  the 
grating  in  a  millimetre,  and  k  a  constant  depending  upon  the 
colour  in  which  the  line  is  situated. 

To  explain  the  mode  of  formation  of  these  diffraction  spectra, 
let  Ae  (fig.  653)  be  the  surface  of  the  grating,  a,  b,  c,  d,  e  the 
opaque  spaces.  Suppose  the  eye  placed  at  C,  and  the  distance 
CS  of  the  line  of  light  to  be  so  great,  that  all  the  rays  proceed- 
ing from  it  to  the  grating  may  be  regarded  as  parallel,  and  the 
surface  of  the  wave  passing  by  the  point  A,  as  coinciding  with  Ae. 
If  the  grating  were  removed,  the  slit  s  would  be  seen  in  the 
direction  CS,  and  no  light  at  all  would  be  seen  in  any  other 
direction,  the  elements  of  interference  on  the  wave  Ae,  neutral- 
ising one  another  by  pairs.  The  presence  of  the  grating  does 
not  impede  the  view  of  the  slit,  or  alter  its  apparent  position, 
and  on  each  side  of  the  slit  there  is  a  dark  space,  just  as  if  the  grating  were  not 
there.  But  at  a  certain  distance  Ad,  such  that  an  opaque  line  of  the  grating  exactly 
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covers  the  element  of  the  wave  which  would  counteract  the  action  of  the  preceding 
element,  light  will  be  seen  in  the  direction  Cd,  the  distance  Ad  being  greater  in  pro- 
portion as  the  eye  is  farther  from  the  grating.  If,  for  example,  the  angle  ACd  is  of 
such  a  magnitude  that  dC  —  oC  =  oC  —  cC  =  $\  of  the  violet,  the  vibrations  commu- 
nicated to  the  point  C  by  the  element  co,  will  not  be  destroyed  by  od,  and  violet  light 
will  be  seen  in  the  direction  Co,  brighter  in  proportion  as  the  edge  of  the  dark  space 
is  nearer  to  o. 

To  calculate  the  deviation  dCA.  —  d,  describe  the  arc  cr  having  its  centre  at  C  ; 
the  triangle  dcr  gives  dr  =  A  =  ~cd  sin  d ;  and  supposing  cd  to  be  contained  N  times 
in  a  millimetre,  we  have  then  1  =  N.  cd,  and  the  preceding  equation  gives  sin  d  =  NA, 
or  taking  the  angle  for  the  sine,  d  =  NA,  which  is  in  fact  the  general  formula  of  the 
diffraction-spectra  (D  =  wArN)  applied  to  the  case  of  the  first  spectrum.  It  shows 
that  the  deviation  is  independent  of  the  difference  between  the  opaque  and  the  trims- 
parent  spaces,  and  that  the  constant  k  is  the  length  of  an  undulation  corresponding 
to  the  colour  under  consideration.  For  the  other  colours,  we  find  in  like  manner 
d  =  NA',  d"  =  NA",  &c.,  A  being  greater  A,  and  A"  greater  than  A'  &c.  The  colours 
will  therefore  appear  one  after  the  other,  at  angular  distances  sensibly  proportional  to 
A,  A',  A",  «fec. 

Consider,  in  the  next  place,  another  element  of  the  grating  a.t  such  a  distance  from 
A  that  the  difference  dC  —  cQ  =  2A,  or  in  general  to  m\,  m  being  a  whole  number. 
The  interval  may  then  be  divided  into  2m  elements  of  interference  corresponding 
to  differences  of  distance  from  C,  equal  to  |A,  and  these  elements  being  of  even 
number,  the  actions  resulting  from  their  several  points  would  counteract  one  another 
two  by  two,  if  there  were  no  opaque  spaces.  But  if  the  opaque  spaces  cover  an 
uneven  number  of  elements,  so  that  an  uneven  number  also  remains  free,  one  of  these 
latter  will  act  unopposed,  and  there  will  be  light  in  the  corresponding  direction.  The 
triangle  cdr,  then  gives  d  =  m\N,  which  is  the  general  formula  above  given. 

It  remains  to  be  seen  why  the  light  of  any  particular  colour  is  wanting  between  the 
luminous  band  which  corresponds  to  the  difference  of  distance  m\  from  C,  and  that 
which  corresponds  to  (m  +  1)A.  Now  between  the  lines  of  the  grating  corresponding 
to  these  two  bands,  two  zones  may  be  found  in  which  the  differences  of  distance  from 
the  point  C  increases  from  m\  to  m\  +  |A,  then  from  this  latter  to  m\  +  2  .  |A  = 
(m  +  1)A.  The  rays  emanating  from  the  corresponding  points  of  these  two  zones 
differ  in  length  of  path  by  ^A,  and  destroy  one  another  on  reaching  the  point  C. 
Dark  bands  will  therefore  occur  in  the  direction  of  these  zones.  In  white  light,  how- 
ever, the  colours,  by  overlapping  one  another,  obliterate  all  these  dark  bands,  excepting 
the  first  two  on  either  side. 

If  the  source  of  light  is  too  near  the  grating  to  allow  the  rays  to  be  regarded  as 
parallel,  the  same  mode  of  explanation  is  still  applicable,  only  it  becomes  necessary  to 
take  account  of  the  difference  of  path  of  the  contiguous  oblique  rays  at  the  moment 
when  they  reach  the  grating. 

The  formula  sin  d  =  mNA,  shows  that  when  NA  is  greater  than  1,  that  is  to  say 

when  ^,  or  an  element  of  the  grating,  is  less  than  A,  sin  d  becomes  greater  than  1,  which 

is  impossible ;  in  this  case  therefore  no  spectra  can  be  formed,  and  in  fact  gratings 
which  have  their  bars  too  close  do  not  form  any. 

If  the  spectra  are  observed  in  any  other  medium,  as  when  the  slit  and  grating  are 
placed  at  the  opposite  ends  of  a  tube  filled  with  water  or  other  liquid,  then,  if  I  is  the 
length  of  an  undulation  of  violet  light  in  that  liquid,  the  deviation  will  be  d^  =  NA, 
which  combined  with  the  equation  d  =  NA,  for  the  deviation  of  the  same  part  of  the 
spectrum  in  air,  gives  d^  :  d  =  I :  A,  which  is  the  ratio  of  the  indices  of  refraction  in 
the  medium  and  in  air. 

Measurement  of  A.  The  equation,  sin  d  —  NA,  gives  the  means  of  measuring 
with  great  accuracy  the  wave-lengths  corresponding  to  the  several  fixed  lines  of  the 
spectrum,  which  cannot  be  done  with  the  interference-fringes  in  Fresnel's  experiment 
(p.  599),  because  the  lines  are  not  distinct.  It  is  by  this  method  thatBabinet  deter- 
mined the  values  given  in  the  table  on  p.  600. 

Irregular  Gratings. — Gratings  whose  bars  are  totally  destitute  of  regular  arrangement 
produce  nothing  but  a  whitish  train  of  light  at  right  angles  to  the  bars :  but  if  the  irregulari- 
ties are  subject  to  a  certain  law  and  recur  periodically,  spectra  are  produced,  whose  devia- 

m\ 
tion  is  expressed  by  the  formula  sin  d  —-^f~,  in  which  L  denotes  the  space  comprising  one 

complete  set  of  bars.  The  successive  spectra  then  differ  greatly  in  brightness  ;  some 
are  very  pale,  and,  occurring  by  the  side  of  very  bright  ones,  partly  overlap  them,  but 
do  not  perceptibly  alter  their  colours :  hence  lines  may  be  distinguished  in  some  of 
these  spectra  of  the  higher  orders,  which  cannot  be  seen  in  the  spectra  of  the  correspond- 
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ing  orders  formed  by  regular  gratings,  because  they  are  obliterated  by  superposition.  , 
By  looking  at  a  candle  with  the  eyes  nearly  closed,  so  that  the  eye-lashes  form  a  grat- 
ing, a  horizontal  line  of  whitish  light  is  generally  seen,  because  the  eye-lashes  are  for 
the  most  part  at  unequal  distances  ;  frequently,  however,  very  distinct  spectra  are  pro- 
duced. Very  fine  spectra  may  be  seen  by  looking  at  the  sun  or  a  bright  flame  through 
the  plume  of  a  crow's  feather. 

Gratings  or  Network  with  square  or  round  bars  or  meshes. — Gratings  with  square 
apertures  may  be  formed  of  two  sets  of  parallel  bars  crossing  one  another.  A  piece  of 
muslin  or  riband  exhibits  such  a  structure.  Such  gratings  form  a  great  number  of 
email  spectra,  some  disposed  along  the  arms  of  a  cross  parallel  to  those  of  the  squares, 
others  distributed  obliquely  in  the  four  right  angles.  The  appearance  is  very  brilliant, 
and  varies  with  the  size  of  the  meshes  and  the  distance  of  the  luminous  point. 

Eeflccting  Gratings  or  Striated  Surfaces. — When  light  is  reflected  from  surfaces 
covered  with  striae  alternately  bright  and  dull,  the  same  spectra  are  produced  as  when 
it  is  transmitted  through  a  grating:  for  the  reflected  rays  are  in  the  same  state  as  if 
they  had  been  transmitted  through  the  striated  surface  from  a  point  as  far  behind  as 
the  actual  luminous  point  is  before  it ;  the  spectra  are  not,  however,  quite  so  bright  as 
those  produced  by  transmission.  The  iridescence  of  mother-of-pearl  is  produced  by 
very  fine  striae  resulting  from  its  foliated  structure ;  a  cast  taken  of  it  in  soft  wax, 
mastic,  or  fusible  metal,  exhibits  a  similar  iridescence.  Fibrous  gypsum  exhibits 
colours  due  to  the  same  cause.  The  feathers  of  certain  birds  likewise  owe  their  bril- 
liant colours  to  diffraction  of  the  light  reflected  from  the  very  fine  filaments  of  which 
they  are  composed. 

Half-polished  metals  sometimes  exhibit  iridescent  colours,  due  to  the  parallel  striae 
produced  by  the  hard  powder  used  in  polishing  them ;  but  as  these  striae  are  seldom 
regular,  the  usual  effect  is  merely  a  whitish  line  of  light,  at  the  points  from  which  the 
rays  are  reflected  to  the  eye.  Barton's  buttons,  which  are  metaDic  buttons  having 
very  fine  lines  engraved  on  their  surfaces  by  a  peculiar  machine,  exhibit  magnificent 
diffraction  spectra. 

Reflection  and  Refraction. 

When  a  wave  of  light  reaches  the  surface  of  separation  of  two  media  of  different 
densities,  its  vibrations  are  not  only  propagated  onwards  into  the  second  medium,  but 
likewise  reflected  back  into  the  first,  each  particle  of  the  ether  at  the  surface  of  separa- 
tion then  becoming  a  centre  of  disturbance  from  which  fresh  waves  spread  out  in  all 
directions.  To  find  the  directions  of  the  reflected  and  transmitted  waves,  let  MN 
(fig.  655)  be  the  separating  surface  of  two  media  (air  and  water,  for  example),  and 
SabS'  an  incident  beam  of  light  of  infinitely  small  section,  so  that  the  rays  composing 
it  may  be  regarded  as  parallel,  and  the  wave-surface,  be,  perpendicular  to  their  direction, 
as  plane.  Now  the  several  points  of  this  wave-surface,  cb,  do  not  all  meet  the  surface 
MN  at  the  same  instant,  but  each  point,  as  it  reaches  that  surface,  becomes  a  centre  of 
disturbance  from  which  elementary  waves  are  excited  in  both  the  media  bounded  by 
MN.  Moreover,  the  velocity  of  propagation  of  the  waves  in  the  two  media  is  different ; 
because  the  density  of  the  ether  in  the  one  is  greater  than  in  the  other  (pp.  595,  601). 
Suppose  the  lower  medium  to  be  the  one  in  which  the  ether  has  the  greater  density, 
and  that  the  velocity  of  transmission  of  the  light-waves  in  it  is  £  as  great  as  in  the 
upper.  Then,  by  the  time  the  point  c  of  the  incident-wave  has  travelled  on  to  a,  a  wave 
will  have  spread  out  from  b,  in  each  medium,  of  a  radius  bd  =  ac  in  the  first,  and  bf  = 
|  ac  in  the  second ;  also  from  any  intermediate  point  e  (eat,  being  a  portion  of  wave- 
surface  parallel  to  bc\  a  wave  will  spread  out  of  radius  ea"  =  aa  in  the  first,  and  ef'  = 
|  aa  in  the  second.  Now  each  of  these  elementary  waves  produces  no  perceptible  effect 
by  itself,  a  sensible  disturbance  of  the  ether  or  production  of  light  taking  place  only 
where  a  number  of  them  act  together,  that  is  to  say,  in  the  first  medium,  along  the 
plane  surface  ad,  and  in  the  second  along  of;  and  straight  lines  ar,  br',  aq,  bq',  &c., 
drawn  at  right  angles  to  these  surfaces  from  the  several  points  between  a  and  b,  will 
give  the  direction  of  the  reflected  and  transmitted  rays. 

In  the  first  medium,  the  triangles  abc,  abd  being  equal  in  every  respect,  the  angle 
abd  =  the  angle  bac,  that  is  to  say,  the  incident  and  reflected  rays  make  equal  angles 
with  the  reflecting  surface,  and  therefore  also  with  the  normal  Pa.  The  angles  which 
these  rays  make  with  the  normal  are  called  the  angles  of  incidence  and  reflec- 
tion respectively. 

The  symmetry  of  the  figure  with  respect  to  the  plane  of  incidence,  i.  e.  the  plane 
passing  through  the  incident  ray  and  the  normal,  shows  also  that  the  reflected  ray  is 
contained  in  the  plane  of  incidence, 

The  ray  which  passes  on  into  the  second  medium  is  also  contained  in  the  plane  of 
incidence,  but  is  bent  or  refracted  out  of  its  previous  direction,  and  does  not  make 
the  same  angle  with  the  normal  as  the  incident  ray  does.  The  angle  of  incidence 
Pas= i  is  equal  to  the  angle  cba,  and  the  angle  of  refraction  P'ag  =  r  is  equal  to  baf; 
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and  the  right-angled  triangles  abc,  abf  give  ac=ab  sin  i;  and  bf=ab  sin  r;  therefore, 

Fig.  655. 


sin  «  :  sin  r  =  ac  :  bf.    But  the  spaces  ac,  bf  traversed  by  the  ray  in  the  same  time, 
are  to  one  another  as  the  velocities  v,  v'  of  light  in  the  two  media :  hence 


sin  i  v 

sin  r  v' ' 


That  is  to  say,  the  sines  of  the  angles  of  incidence  and  refraction  are  to  one  another  in 
a  constant  ratio,  namely,  that  of  the  velocities  of  light  in  the  two  media.  This  ratio, 
which  is  also  that  of  the  lengths  of  the  waves  A  :  A.'  in  the  two  media,  is  called  the 
index  of  re  fr  action,  absolute  or  relative,  according  as  the  ray  passes  from  a  vacuum 
into  a  ponderable  medium,  or  from  one  ponderable  medium  to  another.  The  absolute 
index  of  refraction  of  a  medium,  usually  denoted  by  the  letter  /*,  is  the  reciprocal  of 
the  velocity  of  light  in  that  medium  referred  to  the  velocity  in  a  vacuum  as  unity ; 
it  is  always  greater  than  1.  If  p,  fi  are  the  absolute  indices  of  two  contiguous  media, 
say  water  and  glass,  the  deflection  of  a  ray  passing  from  the  one  to  the  other  will  be 
determined  by  the  equation  gjn  z-  „ 


which  likewise  holds  good  if  n,  p  are  the  indices  cf  refraction  of  the  ray  in  passing 
from  any  one  medium,  as  air,  into  two  others,  as  water  and  glass. 

When  fj.  is  greater  than  /*',  that  is  to  say,  when  the  velocity  of  transmission,  or  the 
length  of  the  wave  is  less  in  the  second  medium  than  in  the  first,  the  ray  is  refracted 
towards  the  normal ;  when  n  is  less  than  p,  it  is  refracted  from  the  normal. 

In  the  latter  case,  the  angle  of  incidence  may  be  such  that  the  sine  of  the  angle  of 
refraction  would  be  equal  to  or  greater  than  1 ;  under  such  circumstances,  the  ray  does 
not  pass  into  the  second  medium  at  all,  but  undergoes  total  reflection  into  the  first. 
The  value  of  the  limiting  angle,  0,  at  which  refraction  ceases  to  take  place,  is  given  by  the 

equation,  sin  0  =  —, -,  sin  90°  —  -,. 
/j.  n 

Limitation  of  the  reflected  and  refracted  rays. — The  preceding  explanations  show 
that  there  must  be  reflection  and  refraction  in  the  directions  above  determined,  but 
they  do  not  show  why  the  reflected  and  refracted  rays  are  confined  to  these  directions ; 
for  as  each  point  of  the  surface  ab  (fig.  655)  is  a  centre  of  disturbance,  from  which 
waves  spread  out  in  hemispheres,  it  would  seem  as  if  rays  should  be  reflected  and 
transmitted  in  all  directions.  And  such  is  in  fact  the  case ;  only,  as  Fresnel  has  shown, 
all  the  rays  oblique  to  the  reflected  and  refracted  beams  rabr,  qabq,  destroy  one  another 
by  their  mutual  interference. 

Suppose  an,  en  (fig.  654)  to  be  two  parallel  refracted  rays,  very  close  together,  but 
not  in  the  direction  determined  by  the  law  of  the  sines.  Draw  ea  and  afr  perpendicular 
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to  aa  and  «w';  then  a  vibration  of  the  ray  sa,  in  reaching  the  surface  ab,  will  have 
travelled  over  a  space  greater  by  aa  than  the  corresponding  vibration  of  the  ray  te ; 
but  when  the  two  arrive  at  the  surface  a&  of  the  refracted  wave,  te  will  have  moved 
over  a  space  which,  expressed  in  wave-lengths,  is  greater,  by  M  .  (&-aa,  than  that 
passed  over  by  sa.  Let  i  be  the  angle  of  incidence,  aca,  and  p  the  angle  of  refrac- 
tion ea&  of  the  ray  an.  Then  the  right-angled  triangles  cfia,  eaa  give  eft  =  ae .  sin  p  ; 

«  .  e j8  —  aa 
aa  =  ae.  sin  t;  therefore  /*. eft  -  aa.  =  ae  (/i.  sin  p  -  sin  *) ;  and  ae  =  M  sin  p  _  sln  ?- 

Now  the  rays  aw,  e»'  will  destroy  one  another  by  interference  when  the  difference 
ft.  eft -CM  =  |\;  therefore,  when  ae  =  — =— ^  — : — :.  This  shows  that  ae  is  smaller, 
or  the  interfering  rays  are  closer  together,  the  more  the  ratio  -r  —  differs  from  /* ;  but 

when  it  is  equal  to  /*,  that  is,  when  the  refracted  ray  is  in  the  direction  indicated  by 
the  law  of  the  sines,  ae  becomes  infinite,  and  therefore  there  is  no  interference. 

A  precisely  similar  construction  and  demonstration,  applied  to  the  reflected  rays 
an",  en"1  (Jig.  655),  shows  that  the  contiguous  reflected  rays  destroy  each  other  in  all 

Fiq.  655. 


cases  excepting  when  sin  p  =  sin  i,  that  is  to  say,  when  the  reflected  and  incident  raya 
make  equal  angles  with  the  normal.  If,  however,  the  point  a  is  very  close  to  the  left- 
hand  edge  of  the  mirror,  the  reflected  ray  en'  will  not  exist,  and  an  will  not  be  de- 
stroyed. Hence  if  the  mirror  is  very  narrow,  the  rays  reflected  obliquely  to  the  beam 
rdbr  are  not  completely  destroyed,  and  the  reflected  beam  becomes  divergent.  Fresnei 
verified  this  theoretical  deduction  by  blackening  the  surface  of  a  mirror,  with  the  ex- 
ception of  a  very  narrow  triangular  space.  The  beam  of  light  reflected  from  this  space 
was  broadest  at  the  narrowest  part  of  the  reflecting  surface,  so  that  the  image  which  it 
formed  on  a  screen  was  a  triangle  with  truncated  summit,  in  a  position  the  reverse  ol 
that  of  the  reflecting  triangle. 

The  reflected  and  refracted  beams  are  always  less  bright  than  the  incident  beam. 
In  fact,  they  would  be  together  equal  in  intensity  to  the  incident  beam,  were  it  not 
that  part  of  the  light  is  scattered  in  all  directions,  by  reflection  from  minute  irregu- 
larities on  the  surface  of  the  medium ;  and  secondly,  that  a  portion  of  it,  often  very 
considerable,  is  apparently  lost  by  absorption.  This  process  doubtless  consists  in 
a  communication  of  the  vibratory  motion  of  the  ether  to  the  particles  of  the  pon- 
derable body  itself,  the  particles  thus  set  in  motion  again  acting  as  centres  of  vibra- 
tion, and  exciting  fresh  undulations  in  the  surrounding  ether,  thereby  rendering  the 
body  visible.  The  vibrations  excited  in  the  particles  of  a  ponderable  body  by  the 
movements  of  the  ether  likewise  produce  numerous  changes  in  the  state  of  the  body 
itself,  raising  its  temperature,  and  setting  up  certain  chemical  actions  within  it,  which 
will  be  afterwards  mere  fully  considered.  It  is  true  that  the  ether  transmits  vibratory 
movements  which  render  bodies  hot,  and  others  which  determine  chemical  changes 


LIGHT:    REFRACTION. 


611 


in  them  without  directly  rendering  them  visible ;  but  it  is  probable  that  the  lumin- 
iferous  waves  themselves  likewise  alter  the  thermic  and  chemical  conditions  of  a  body, 
that  is  to  say,  excite  in  the  molecules  of  the  body,  vibrations  which  result  in  thermic 
and  chemical  changes,  and  do  not  again  excite  luminiferous  waves  in  the  ether.  In 
other  words,  a  certain  amount  of  light  is  lost  in  producing  heat  and  chemical  change. 
In  passing  through  a  transparent  medium,  such  as  glass  or  water,  with  polished  sur- 
face, and  very  little  colour,  the  amount  of  light  lost  by  absorption  is  but  small ;  coloured 
media  transmit  certain  rays  and  reflect  or  absorb  others.  When  light  falls  on  the 
surface  of  an  opaque  body,  such  as  a  metal,  the  path  of  the  refracted  ray  cannot  be  fol- 
lowed, inasmuch  as  it  is  completely  absorbed  by  an  extremely  thin  stratum  of  the  surface. 

The  general  laws  of  reflection  and  refraction  having  been  established,  the  application 
of  them  to  determine  the  path  of  a  reflpcted  or  refracted  ray  under  any  given  circum- 
stances is  a  problem  of  pure  geometry,  into  which  we  do  not  propose  to  enter  in  this 
article,  further  than  to  speak  of  refraction  through  prisms,  which  is  of  special  import- 
ance in  the  determination  of  indices  of  refraction. 

A  prism,  in  optical  language,  is  a  transparent  medium,  bounded  by  plane  surfaces, 
not  parallel  to  one  another.  The  edge  in  which  these  surfaces  meet,  or  would  meet,  if 
produced,  is  called  the  refracting  angle  of  the  prism.  Solid  prisms  for  optical  use 
are  generally  made  either  of  glass  or  of  rock-crystal,  and  with  triangular  section.  Such 
a  prism  has  three  refracting  angles,  which  may  be  either  equal  or  unequal.  The  face 
of  a  triangular  prism  opposite  the  refracting  angle  is  called  the  base.  Liquid  prisms 
are  made  by  inclosing  a  transparent  liquid  in  a  wedge-shaped  glass,  having  its  in- 
clined sides  formed  of  plate  glass.  One  of  the  sides  may  be  made  to  move  on  a  hinge 
so  as  to  vary  the  refracting  angle. 

Let  us  now  trace  the  course  of  a  ray  of  light  through  a  prism.  If  BAG  (fig.  656)  be 
a  prism  of  glass  or  any  transparent  material  of  greater  refracting  power  than  the  sur- 
rounding medium,  a  ray 

SI,    entering    at    I,    and  Fig.  656. 

making  an  angle  i  with 
the  normal,  NIF,  will  be 
refracted  within  the  prism 
in  the  direction  IE,  mak- 
ing with  the  normal  an 
angle  r  less  than  i.  This 
ray  emerging  at  E,  will 
pass  on  in  the  direction 
ER,  making  with  the  nor- 
mal  to  the  face  AC,  an 
angle  e  greater  than  the 
angle  r'  which  IE  makes 
with  the  same  normal. 
The  final  result  is  to  bend 
the  ray  away  from  the  re- 
fracting angle,  or  towards 
the  base  of  the  prism ;  accordingly  an  eye  placed  at  K  will  see  an  object  S  in  the 
direction  RE£,  as  if  it  had  been  moved  upwards  towards  the  summit  of  the  prism. 
The  angle  Sol  =  D  contained  between  the  incident  and  emergent  rays  is  called  the 
angle  of  deviation.  It  is  evidently  equal  to  the  sum  of  the  angles  LEo,  EIo;  that 
is,  D  —  i  —  r  +  e  —  r'.  But  the  triangle  IEF  shows  that  r  +  /  =  IFn,  the  angle 
contained  between  the  two  normals,  and  therefore  to  the  refracting  angle  of  the  prism,  a. 
The  deviation  is  therefore  given  by  the  formula : 

D  =  i  +  e  —  a. 

For  a  given  angle  of  incidence  i,  it  increases  with  the  refracting  angle  of  the  prism 
for  suppose  a  to  be  increased  by  8,  then  since  r  is  constant,  and  r  +  r  =  a,  r  must 
also  increase  by  S,  and  therefore  e  by  ;u5,    p.  being  greater  than  1 ;  that  is  to  say,  e  in- 
creases more  than  a,  and  consequently  D  increases. 

When  the  refracting  angle  is  constant,  the  deviation  varies  with  the  angle  of 
incidence,  and  attains  a  minimum  value  when  the  incident  and  emergent  rays  make 
equal  angles  with  the  refracting  surfaces.  To  show,  in  the  first  place,  that  this  latter 
condition  is  possible,  suppose  that  an  incident  ray  coinciding  with  the  normal  NI  (fig. 
657)  is  gradually  inclined  into  the  position  SI ;  the  angle  r,  which  is  at  first  equal  to 
0°,  will  also  increase  continually,  and  therefore  r  must  diminish,  since  r  +  r'  =  a ; 
moreover  since  a  must  be  less  than  180°,  and  r  may  increase  to  90°,  the  incident  ray 
must  eventually  come  into  a  position  in  which  r  =  r,  and  therefore  i  =  e. 

Now  let  SI  and  ER  (jig.  657)  be  the  rays  which  make  equal  angles  with  the  normals  ; 
and  suppose  that  SI  moves  into  the  position  S'l  closer  to  the  normal;  r  will  then  diminish. 
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and  therefore  r'  must  increase  by  the  same  quantity ;  e  will  therefore  also  increase,  and 


Jf 


„      sm  *      sin  e         ,    .         .  ,    .      ,  ^. 

become  greater  than  i.    But  -: —  =  —. — -, ;  and  since  sin  e  and  sin  r  are  greater  than 

sin  »  and  sin  r,  the  difference  between  sin  e  and  sin  r'  must  be  greater  than  that 

between  sin  i  and  sin  r ;  a  for- 

•  657-  tiori,  therefore,  the  angles  e  and 

r'  must  differ  more  than  i  and  r. 
The  angle  e  has  therefore  in- 
creased more  than  i  has  dimi- 
nished, and  consequently  the 
deviation,  D  =  i  +  e  —  a,  must 
also  have  increased.  In  a  simi- 
lar way,  it  may  be»ehown  that  if 
the  incident  ray  enters  below  SI, 
the  increase  of  i  will  be  greater 
than  the  diminution  of  e.  The 
deviation  is  therefore  increased 
by  shifting  the  ray  SI  either  way 
from  its  position,  that  is  to  say, 
the  deviation  is  a  minimum  when 
the  incident  and  emergent  rays 

are  equally  inclined  to  the  surfaces  of  the  prism,  or  to  the  normals. 

In  this  case,  the  expression  for  the  deviation  becomes  D  —  2i  —  a,  which  gives  i  = 

'• ;  also,  since  r  and  r  are  equal,  we  have  r  =  — :  hence  also : 

p  =  si?J  =  sin  I  (a  +  -P) . 
sin  r  sin  £  a 

an  expression  which  gives  the  index  of  refraction  of  the  medium  forming  the  prism,  as 
a  function  of  the  refracting  angle  of  the  prism  and  the  angle  of  minimum  deviation. 
This  affords  one  of  the  best  means  of  determining  indices  of  refraction. 

Measurement  of  the  Index  of  Refraction  of  Solids  and  Liquids.—  1.  To  measure  the 
angle  of  the  prism:  the  prism  ABC  (fig.  658)  is  fixed  in  such  a  manner  that  its  edges 


Fig.  658. 


may  be  perpendicular  to  the  divided  circle  of  a 
theodolite  o ;  and  a  mark  S,  placed  at  such  a  dis- 
tance that  the  rays  proceeding  from  it  may  be 
regarded  as  parallel,  is  viewed  through  the  tele- 
scope, first  by  reflection  from  AB,  then  directly, 
and  the  angle  Soi—d  is  measured.  The  theo- 
dolite is  then  moved  to  o',  and  the  same  mark  is 
viewed  directly  and  by  reflection  from  AC,  and 
the  angle  S'"o  i  =  d'  is  measured.  Half  the  sum  of 
these  two  angles  is  the  measure  of  the  angle  A. 
To  show  this,  draw  AD  parallel  to  the  direction 
of  the  incident  rays,  and  dividing  the  angle  A  into 
two  parts,  a  and  ft.  Then  a  =  S'z'A  =  otB,  and 
therefore  2o  =  180°-  S'io.  But  So*  =  d  =  180° 
—  S'io  ;  therefore  d  =  2o.  In  like  manner  it  may 
be  shown  that  d'=2&;  consequently  a  +  ft  = 
JL-Ud+t). 

2.  To  measure  the  minimum  deviation,   the 
prism  is  fixed  on  a  support  capable  of  turning 
on  a  vertical  axis.    A  very  distant  mark  m  (fig.  659)  is  viewed  with  the  theodolite  o, 
first  directly  in  the  direction  om,  then  through  the  prism  in  the  direction  om" ;  and 
Fig.  669.  the  prism  is  turned  round  till 

the  angle  wow" between  these 
two  directions  is  reduced  to 
its  smallest  possible  magni- 
tude. The  angle  so  deter- 
mined is  the  angle  of  mini- 
mum deviation,  provided  the 
mark  is  so  distant  that  the 
rays  proceeding  from  it  may 
be  regarded  as  parallel.  A 
distant  lightning-conductor 
forms  a  very  good  mark  for 
the  purpose  in  the  day-light ; 
a  slit  in  the  shatter  of  a  dark  room,  provided  the  room  be  large,  may  also  be  used. 
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Observations  are  made  by  artificial  light,  with  a  lamp  surrounded  by  a  jacket  of  tin 
plate  having  a  vertical  slit. 

In  this  last  case,  the  mark  is  seldom  far  enough  off  to  allow  the  divergence  of  the 
rays  to  be  neglected.  Let  o  be  the  angle  of  divergence,  and  o  the  angle  mom".  The 
triangle  mco  gives, 

180°   =   a  +  o  +  (180°  —  m"cm)    =    a  +  o  +  180°  —  (2i  -  a). 
This  gives  i  —  £(a  +  0  +  0),  and  therefore 

sin  A(a  +  o  +  o) 

u.   =  ^-. — = '- 

sin  \a. 

The  angle  a  may  be  measured  by  transporting  the  theodolite  to  m.  But  as  a  is  very 
email,  it  is  generally  considered  sufficient  to  measure  the  length  of  the  perpendicular 

nP 
nP  and  the  distance  niP,  by  stretching  a  cord  from  o  to  m ;  then  tan  o  =  —p. 

A  very  convenient  method  of  obtaining  parallel  rays  is  by  the  use  of  the  colli- 
mator,  an  instrument  consisting  of  a  telescope-tube  blackened  inside,  and  having  two 
wires,  one  vertical,  the  other  horizontal,  fixed  within  it,  and  crossing  in  its  axis.  When 
the  tube  is  directed  towards  a  window,  the  wires,  being  illuminated  by  a  beam  of 
parallel  rays,  form  a  shadow  which  may  be  regarded  as  an  object  placed  at  an  infinite 
distance.  If  a  convex  lens  be  placed  at  one  end  of  the  tube,  and  the  cross-wires  in  its 
principal  focus,  the  collimator  may  be  used  in  the  same  manner  for  observations  with 
artificial  light :  for  when  the  other  end  of  the  tube  is  directed  towards  a  lamp,  the  rays 
crossing  each  other  at  the  intersection  of  the  wires  will  issue  parallel  after  passing 
through  the  lens,  and  will  therefore  be  brought  to  a  focus  by  another  telescope  just 
like  those  proceeding  from  a  celestial  object. 

In  all  observations  of  indices  of  refraction,  it  is  necessary  to  specify  the  colour  of 
the  light  to  which  the  observation  refers.  Solar  light,  and  lamp,  candle,  or  gas  light 
are  in  fact  of  composite  nature,  and  separable  by  refraction  into  coloured  rays  of 
unequal  refrangibility;  consequently,  any  line  of  light  viewed  through  a  prism  appears 
widened  and  fringed  with  bands  of  colour  parallel  to  its  edges.  It  is  usual  to  make 
the  observations  on  the  yellow  rays,  which  are  situated  towards  the  middle  of  the 
coloured  image,  or  spectrum,  and  possess  the  greatest  brightness.  But  as  each  colour 
occupies  a  certain  breadth  in  the  spectrum,  and  the  boundaries  of  the  several  colours 
are  not  very  well  defined,  it  is  by  no  means  certain  that  two  observations  made  on 
the  same  colour  will  refer  to  exactly  the  same  part  of  the  spectrum.  The  difficulty 
thence  arising  is  however  completely  removed  by  the  observation  of  certain  fine  dark 
lines,  discovered  by  Fraunhofer,  in  the  solar  spectrum  (p.  620),  which  are  parallel  to 
the  lines  of  separation  of  the  different  colours,  and  are  always  disposed  in  the  same 
manner  in  each  colour,  whatever  may  be  the  nature  of  the  prism.  The  spectra  of 
flames  and  of  the  electric  light  exhibit  bright  bands,  likewise  of  fixed  position  for 
each  particular  source  of  light. 

A  very  sharply  defined  mark  may  be  obtained  without  recourse  to  the  fixed 
lines,  by  replacing  the  vertical  wire  of  the  collimator  with  a  sewing  needle.  The 
coloured  bands  parallel  to  the  edges  of  the  needle  overlap  one  another  towards  the 
point,  forming  a  well-defined  line  of  separation  between  two  very  distinct  colours,  a 
bluish-green  and  a  deep  rose  tint.  (H.  D  eville.) 

Determination  of  Refractive  Indices  by  Interference.  —  The  displacement  of  the 
fringes  in  Fresnel's  experiment  (p.  600)  furnishes  a  very  delicate  method  of  determining 
indices  of  refraction.  A  thin  film  of  the  transparent  substance  being  placed  before  one  of 
the  mirrors  (fig.  645),  so  as  to  intercept  part  of  the  pencil  of  rays  reflected  from  it,  the 
number  of  ranks  through  which  the  central  fringe  is  displaced  is  observed.  Let  R  be 
this  number,  e  the  thickness  of  the  film,  m  and  m  the  number  of  wave-lengths,  A  and  A', 
included  within  the  thickness  e  of  the  air  and  the  transparent  film :  then 

m'          \'          v' 

e  =.  m\  =  m\  :  whence  —   =      -    =    —    =   /*. 
m  A.  v 

But,  since  the  central  band  is  displaced  through  R  ranks,  we  have  also  m'  =  m  +  E, 
each  additional  wave-length  in  the  film  displacing  the  central  band  one  rank  further. 
Consequently, 

_  m          m  +  E          e  +  R\ 
m  m  e      ' 

a  formula  which  gives  the  index  of  refraction  in  terms  of  the  thickness  of  the  film  and 
the  wave-length. 

This  method  is  especially  applicable  to  gases  and  vapours  (p.  618). 
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Determination  of  the  Index  of  Refraction  of  Liquids. — 1.  By  the  method  of  least 
deviation.     The  liquid  is  inclosed  in  a  wedge-shaped  vessel,  of  which  jig.  660  represents 
a  transverse  section.     The  sides  are  formed  of  thin  plate-glass,  and  it  is  essential  to 
the  accuracy  of  the  observations  that  the  two  faces  of  each  of  these  plates 
Fig.  660.     should  be  parallel.     As,  however,  this  condition  is  seldom  completely  ful- 
filled, it  is  necessary  to  measure  the  deviation  produced  by  the  prism 
when  empty,  previous  to  making  the  observation  with  the  liquid  to  be 
examined.     The  first  deviation  is  then  to  be  deducted  from,  or  added  to 
the  second,  according  as  it  is  in  the  same  or  in  the  contrary  direction. 

As  liquids  are  very  expansible  by  heat,  their  indices  of  refraction  may 
be  sensibly  affected,  even  by  variations  of  temperature  not  exceeding  those  of  the  sur- 
rounding atmosphere.  It  is  necessary,  therefore,  to  make  the  observations  at  a  constant 
temperature,  to  agitate  the  liquid  briskly  before  making  the  observation,  and  to  avoid 
using  the  direct  rays  of  the  sun,  which  might  heat  it  unequally  in  passing  through  it. 
2.  By  total  reflection. — This  method  is  especially  applicable  to  very  small  quantities 
of  liquid ;  also  to  imperfectly  transparent  liquids  and  pasty  substances,  such  as  the 
crystalline  lens  of  the  eye.  A  small  drop  of  the  liquid  is  attached  to  the  lower  surface 
of  a  right-angled  prism  BAL  (Jig.  660),  resting  on  a  horizontal  rule  LL,  in  which  a 

hole  o  is  made  to  receive  the  drop.  The  prism 
must  be  formed  of  a  substance  of  known  refrac- 
tive index,  greater  than  that  of  the  liquid.  The 
drop  of  liquid  is  viewed  through  the  prism  by 
means  of  a  small  telescope  /,  turning  on  the 
centre  of  a  graduated  circle  which  slides  up  and 
down  a  vertical  rule  L£,  fixed  to  the  table.  The 
telescope  is  at  first  fixed  at  such  a  height,  that 
objects  below  the  drop  are  seen  through  it ;  but 
on  gradually  lowering  the  divided  circle,  the 
angle  "ion  continually  increases,  and  at  last  the 
rays  coming  from  the  other  side  of  the  prism 
at  m  are  totally  reflected  at  o.  The  telescope 
is  then  fixed,  and  the  angle  a  is  observed.  The  angle  nol  is  then  equal  to  the 

the  limiting  angle  6,  and  sin  6  =  — ,  p.  being  the  refractive  index  of  the  prism,  and  /*' 
that  of  the  liquid.     Now  the  angle  6  =  90°  —  r ;  therefore  sin  *  =  cos  a 

u  cos  0;  hence  cos  6  = ,  and  sin  0  —  -<v/w2— cos'^o  =-  ;  therefore 

H  M  /* 


Fig.  661. 


/i  sin  r 


ft     = 


—  COS20. 


Wollaston  devised  a  modification  of  this  method  by  which  the  refractive  index  may  be 

determined  without  calculation  (see  Miller's  Ele- 

Fig.  662.  ments  of  Chemistry,  3rd  ed.  i.  155;  and  Daguin, 

Traite  de  Physique,  2me  ed.  iv.  160).  The  slight 
trouble  of  calculation  from  the  preceding  for- 
mula is  not,  however,  a  serious  objection  to 
the  method.  A  more  important  objection 
arises  from,  the  difficulty  of  making  the  prism 
exactly  rectangular.  To  obviate  this  difficulty, 
Malus  uses  an  acute-angled  prism  (fig.  662),  the 
angle  b  of  which  is  known.  The  observation 
being  made  as  above  described,  we  have,  as 

before,  0  =  90°  -  a  and  sin  6  =  -.     Let  the 

normal  In  be  produced  to  meet  the  normal  nn 
in  « ;  then  the  angle  «  is  equal  to  the  angle  b  of  the  prism,  and  the  triangle  Ino 

gives  9  =  r  +  b ;  whence  sin  9  ««  —   =  sin  (r  +  4)  =  sin  r  cos  b  +  sin  b  cos  r.     But 

H  sin  r  «=  sin  i ;   and  the  triangle   Inn  gives  nln  =  f  +  /J  =*  90°  —  b ;    whence 
t  =  90° -(6  +  0):  therefore 

sin  r  =  -  cos  (b  +  £) ; 
P 


and  cos  r  =  -  -/u2 

.  M 

us  gives  ;     ^  =  ^  g.Q  Q  =  cQg  ^  +  ^  cog  £  +  ^  j  ^2  _  C0g2  ^  +  ^ 

This  method  may  also  be  applied  to  solids.    Soft  bodies  like  wax,  or  gelatinous 
organic  bodies  may  be  at  once  attached  to  the  lower  surface  of  the  prism.    Hard 
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bodies  maybe  attached  by  means  of  a  liquid  of  greater  refracting  power  than  the 
prism :  the  total  reflection  will  then  take  place  just  as  if  the  solid  were  immediately 
attached. 

The  same  method  also  gives  the  index  of  refraction  of  the  prism  itself,  the  observa- 
tion being  made  without  applying  any  liquid  to  the  lower  face.  Tn  this  case,  since  the 
medium  below  the  prism  is  air,  we  have  /*'  =  1,  and  the  formula  gives 


I*.  = 


-.  —  T 


vl  +  cos2  (b  +  0)  —  2  cos  b  cos  (b  + 


The  following  tables  contain  the  indices  of  refraction  of  several  solids  and  liquids, 
determined  by  the  preceding  methods.  They  all  relate  to  the  yellow  rays  of  the 
spectrum,  excepting  those  of  Wollaston,  which  relate  to  the  extreme  red: 

Indices  of  Refraction  of  Solids. 


Name  or  substance. 

Index  of 
refraction. 

Observer. 

Name  of  substance. 

Index  of 
refraction. 

Observer. 

Chromate      of) 
lead    .         | 

2-50  to  2-97 

Brewster. 

Sugar 
Phosphoric  acid  . 

1-535 
1-534 

Wollaston. 
Brewster. 

Diamond 

2-47  to  275 

Br.  ;  Rochon. 

Sulphate  of  copper 

1-531  to  1-552 

99 

Phosphorus 

2-224 

Brewster. 

Canada  balsam    . 

1-532 

Young. 

Glass  of  anti-  J 

Citric  acid  . 

1-527 

Brewster. 

mony  .         \ 

2*216 

ii 

Crown  glass 

1-525  to  1-534 

n 

Sulphur    (na-  f 
tive)    .         j 

2-115 

» 

Nitre  . 
Plate-glass  . 

1-514 
1-514  to  1-542 

M 

f9 

Zircon 

1-95 

Wollaston. 

Spermaceti  . 

1-503 

Young. 

Borate  of  lead  . 

1-866 

Herschel. 

Crown  glass 

1-500 

Wollaston. 

Carbonate     of} 
lead     .         J 

1-81  to  2-08 

Brewster. 

Sulphate   of  po-> 
tassium    .         ) 

1-500 

Brewster. 

Ruby       . 

1-779 

tt 

Ferrous  sulphate  . 

1-494 

n 

Felspar   . 

1-764 

n 

Tallow;  wax 

1-492 

Young. 

Tourmalin 
Topaz,  colour-/ 
less      .         J 

1-668 
1-610 

» 

Biot. 

Sulphate  of  mag-  > 
nesium     .         > 
Iceland  spar 

1-488 
1-654 

Brewster. 
Malus. 

Beryl       . 

1-598 

Brewster. 

Obsidian     . 

1-488 

Brewster. 

Tortoise-shell  . 

1-591 

Grum  . 

1-476 

Newton. 

Emerald  . 

1-585 

»» 

Borax 

1-475 

Brewster. 

Flint  glass 

1-57  to  1-58 

Br.  ;  W. 

Alum  .        .        . 

1-457 

Wollaston. 

Eock-crystal    . 

1-547 

Wollaston. 

Fluor  spar  .        , 

1-436 

Brewster. 

Rock-salt 

1-545 

Newton. 

Ice      ... 

1-310 

Wollaston. 

Apophyllite     . 

1-543 

Brewster. 

Tabasheer  . 

1-1115 

Brewster. 

Colophony 

1-543 

Wollaston. 

Indices  of  Refraction  of  Liquids. 


Name  of  liquid. 

Index 
of  re- 
fraction. 

Observer. 

Name  of  liquid. 

Index 
of  re- 
fraction. 

Observer. 

Sulphide  of  carbon  . 

1-678 

Brewster. 

Solution  of  potash  j 

Oil  of  cassia    . 

1-031 

Young. 

(specific  gravity  [ 

1-405 

Fraunhofer. 

Bitter  almond  oil     . 

1-603 

Brewster. 

1-410).         .        j 

Nut-oil  . 
Linseed-oil 

1-500 
1-485 

Wollaston. 

Hydrochloric    acid  J 
(concentrated)     £ 

1-410 

Biot 

Oil  of  naphtha 

1-475 

Young. 

Sea-salt  (saturated) 

1-575 

tt 

Rape-oil 

1-475 

(  Brewster  ; 
I   Young. 

Alcohol  (rectified)  . 
Ether     . 

1-372 
1-358 

Herschel. 
Wollaston. 

Olive-oil 

1-470 

Brewster. 

Alum;  saturated    . 

1-356 

Herschel. 

Oil  of  turpentine     . 

1-470 

Wollaston. 

Human  blood 

1-354 

Young. 

Oil  of  almonds 

1-469 

H 

White  of  egg  . 

1-351 

Euler,  jun. 

Oil  of  lavender 

1-457 

Brewster. 

Vinegar,  distilled    . 

1-372 

Herschel. 

Sulphuric  acid  (spe-j 
cific  gravity  17)  \ 
Nitric  acid  (specific  j 

1-429 

1  -At  (\ 

Newton. 
(   Young; 

Saliva     .         . 
Water    . 

1-339 
1-336 

Young, 
j  Wollaston; 
J  Brewster. 

gravity  1-48)        J  -*  '    * 

j  Wollaston. 
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LIGHT:   REFRACTION. 


The-  indices  of  refraction  assigned  to  the  same  substance  by  different  observers  often 
exhibit  considerable  diversities,  arising  partly  from  imperfection  of  method,  but  espe- 
cially from  want  of  chemical  or  physical  identity  in  the  substances  examined. 

A  comparison  of  the  indices  of  refraction  of  different  substances  leads  to  but  few 
general  conclusions.  One  of  the  most  remarkable  is  that  inflammable  substances  are 
strongly  refractive  :  e.g.,  sulphur  and  phosphorus  among  solids ;  oils  and  hydrocarbons 
among  liquids :  it  was  the  observation  of  this  fact  that  led  Newton  to  infer  that  the 
diamond  would  be  found  to  contain  an  inflammable  principle. 

Generally  speaking,  the  refracting  power  of  any  one  substance  increases  with  its  den- 
sity ;  though  it  is  by  no  means  true  that  the  refracting  powers  of  different  substances  are 
proportional  to,  or  even  follow  in  the  same  order  as  their  densities.  Jamin  found,  by  a 
method  presently  to  be  noticed,  that  the  refracting  power  of  water  is  increased  by  com- 
pression. On  the  other  hand,  the  refracting  power  of  liquids  is  diminished  when  they 
are  expanded  by  heat.  Brewster  found  that  the  index  of  refraction  of  common  ether, 
'which,  at  ordinary  temperatures,  is  equal  to  1-358,  is  reduced  to  1-057  when  the  volume 
of  the  ether  is  tripled  by  heat.  Numerous  experiments  on  this  subject  have  been  made 
by  Dale  and  Gladstone  (Phil.  Trans.  1858;  Ann.  Ch.  Phys.  [3]  Iviii.  117),  who 
operated  on  twelve  different  liquids  between  the  temperatures  of  3°  and  50',  using  the 
method  of  minimum  deviation.  Tiie  prism  was  placed  horizontally  and  heated  by  a 
spirit-lamp  or  cooled  by  a  freezing  mixture.  The  temperature  was  indicated  by  a 
thermometer  with  which  the  liquid  was  stirred.  The  following  table  contains  a  portion 
of  the  results  (see  also  page  625) ;  they  relate  to  the  line  D  of  the  solar  spectrum, 
excepting  those  with  phosphorus,  which  relate  to  the  line  C : 


Tempera- 
ture. 

Sulph'de  of 
carbon. 

Water. 

Ether. 

Alcohol, 
absolute. 

Methyl- 
alcohol. 

Phosphorus, 
liquid. 

Oil  of 

Cassia. 

0° 

1-6442 

1-3330 

10 

1-6346 

1-3327 

1-3592 

1-3658 

1-3379 

20 

1-6261 

1-3320 

1-3545 

1-3615 

30 

1-6182 

1-3309 

1-3495 

1-3578 

2-0741 

40 

1-6103 

1-3297 

t     . 

1-3536 

1-3297 

2-0677 

1-5796 

50 

1-3280 

1-3491 

2-0603 

60 

•     • 

1-3259 

•     • 

1-3437 

•     • 

2-0515 

1-5690 

The  refractive  index  of  water  diminishes  continuously  between  —  1'3°  and  +  5'2°, 
the  direction  of  the  variation  not  changing  in  the  passage  through  the  point  of  maximum 
density.  (Arago.  Jamin.  Dale  and  Gladstone.) 

In  the  passage  of  a  body  from  the  solid  to  the  liquid  state,  the  refractive  index 
sometimes  diminishes,  as  in  the  case  of  phosphoric  acid,  wax,  and  tallow.  Sometimes 
it  increases,  as  with  water  and  borax  ;  sometimes  again  it  does  not  change  perceptibly, 
as  is  the  case  with  sugar. 

H.  Deville  (Ann.  Ch.  Phys.  [3]  v.  129)  has  measured  the  index  of  refraction  of 
alcohol,  wood-spirit,  and  acetic  acid,  mixed  with  water  in  different  proportions.  These 
substances  exhibit  the  greatest  degree  of  contraction,  or  of  density,  when  united  with  |  at. 
water  (e.g.,  2C2H60.3H  0).  It  is  also  with  this  proportion  of  water  that  wood-spirit 
and  acetic  acid  exhibit  the  highest  degree  of  refractive  power,  whereas  with  alcohol 
this  is  the  case  when  it  contains  £  at.  water  (2C'-'H6O.H>0).  At  16°  the  refractive  in- 
dex of  absolute  alcohol  is  1-3663  ;  that  of  2C2H6OJFO  is  1-3662;  that  of  anhydrous 
methylic-  alcohol,  CH40,  is  1'3358;  of  2CH40.3H-0,  1-3462;  that  of  anhydrous 
acetic  acid,  C<H60S,  is  1-3753  ;  and  of  2C4H«08.3H20,  1-3781. 

Index  of  ^(fraction  of  Gases.  Refractive  Power.  Biot  and  Arago  determined 
the  refractive  index  of  atmospheric  air,  by  the  method  of  minimum  deviation,  using  a 
hollow  glass  prism,  called  a  Borda's  prism,  consisting  of  a  glass  tube  (fig.  663)  4  or  5 
centimetres  in  diameter,  and  having  its  ends  a,  b  cut  in  a  slanting  direciion  and  closed 
with  very  thin  plates  of  parallel  glass.  The  prism  was  mounted,  with  its  refracting  angle 
vertical,  on  a  brass  tube  connected  with  a  stop-cock  and  screwed  on  to  the  plate  of  an 
air-pump.  The  pressure  of  the  air  in  the  tube  was  measured  by  connecting  it  with  a 
siphon -gauge.  The  tube  having  been  exhausted,  filled  with  dry  air  several  times,  and 
again  exhausted,  observations  were  made  with  it  similar  to  those  described  at  p.  612; 
with  this  exception  however,  that  as  the  refracting  power  of  the  exhausted  prism  was 
less  than  that  of  the  surrounding  air,  the  maximum,  instead  of  the  minimum  deviation 
was  observed.  The  deviations  being  extremely  small,  the  thickness  of  the  prism  pre- 
vented the  mark  from  being  viewed  directly.  To  obviate  this  difficulty,  after  the  mark 
had  been  viewed  through  the  prism  represented  in  section  at  AB,  and  the  maximum 
deviation  of  the  ray  meio  observed,  the  prism  was  moved  half  round  into  the  position 
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A 13,  and  the  same  mark  again  observed.     The  image  m  was  thereby  thrown  to  the 

opposite  side  of  the  ray  no  proceeding  directly  from  the  object,  so  that  the  angle  iof 

was  equal  to  twice  the  angle  noi.     This  method  gave  for  the  index  of  refraction  of  air 

at  0°  C.  and  0'76  met.  barometric  pressure,  ~     6g3 

referred  to  a  vacuum  as  the  unit,  the  num.-  , 

ber  1-00294. 

In  like  manner,  the  indices  of  refraction 
of  other  gases  were  determined,  referred  to 
that  of  air  as  unity. 

Now  on  measuring  in  this  manner  the 
refraction  produced  by  air  or  other  gases  at 
different  densities,  it  was  found  that,  at  pres- 
sures not  exceeding  that  of  the  atmosphere, 
the  quantity  ju2—  1,  which  is  called  the 
refractive  power,  is  proportional  to  the 
density  of  the  gas — in  other  words,  that 

^  ~   7  which  may  be  called  the  specific 

d 

refractive  power,  is  a  constant  quan- 
tity. The  law  was  not  verified  for  pressures 
greater  than  that  of  the  atmosphere,  on  ac- 
count of  the  difficulty  of  retaining  condensed 
gases  within  the  hollow  prism. 

Dulong  determined  the  refractive  powers  of  a  considerable  number  of  gases  and 
vapours  by  the  following  method,  founded  on  the  proportionality  of  the  refractive 
power  to  the  density.  A  distant  mark  is  observed  by  a  telescope  through  a  Borda's 
prism  filled  with  dry  air,  at  a  pressure  h.  The  prism  and  telescope  are  then  fixed, 
and  the  prism  is  filled  with  another  gas,  the  pressure  of  which  is  varied  till  the  image 
of  the  mark  again  coincides  with  the  wire  of  the  telescope.  The  refractive  index  of 
the  gas  under  the  pressure  h',  is  then  equal  to  that  of  the  air  under  the  pressure  h. 
If  then  fji  and  /*  are  the  indices  of  refraction  of  the  gas  and  of  air  at  the  same  pressure 
h,  and  at  the  same  temperature,  we  have,  since  the  index  of  the  gas  under  the  pres- 
sure h'  is  equal  to  /*, 

ju'2-l  :/**-!   =  h:  h', 
whence  /*'  is  easily  found. 

Refractive  power  of  Gases. 


Name  of  gas. 

Refractive  power. 

Index  of 
refraction. 

Density. 

Compared 
with  that 
of  air. 

Excess 
over  cal- 
culation. 

Absolute. 
y*2-l. 

Air      

1-000 

0-000589 

1-000294 

1-000 

Oxygen 

0-924 

,     , 

0-000544 

1-000272 

1-106 

Hydrogen    . 

0-470 

. 

0-000277 

1-000138 

0-069 

Nitrogen      .         . 

1-020 

.      . 

0-000601 

1-000300 

0-971 

Chlorine 

2-623 

. 

0-001545 

1-000772 

2-470 

Nitrous  oxide 

1-710 

+  0-228 

0-001007 

1-000503 

1-520 

Nitric  oxide 

1-030 

+  0-058 

0-000606 

1-000303 

1-039 

Hydrochloric  acid 

1-527 

+  0-020 

0-000899 

1-000449 

1-247 

Carbonic  oxide     . 

1-157 

. 

0-000681 

1-000340 

1-957 

Carbonic  anhydride 

1-526 

-0-093 

0-000899 

•000449 

1-524 

Cyanogen    . 

2-832 

. 

0-001668 

•000834 

1-806 

Ethylene     . 

2-302 

.     . 

0-001356 

1-000678 

0-978 

Marsh  gas  . 

1-504 

m 

0-000886 

•000443 

0-555 

Chloride  of  ethyl 

3-720 

-0-099 

0-002191 

•001095 

2-234 

Hydrocyanic  acid 

1-531 

-0-130 

0-000903 

•000451 

0-944 

Ammonia    . 

1-309 

+  0-093 

0-000771 

1-000385 

0-596 

Phosgene    . 

3-936 

+  0-152 

0-002318 

1-001159 

3-442 

Sulphydric  acid   . 

2-187 

. 

0-001288 

1-000644 

1-191 

Sulphurous  anhydride 

2-260 

. 

0-001331 

1-000665 

2-234 

Ether           .... 

5-197 

0-003061 

1-900153 

2-580 

Sulphide  of  carbon       .         . 

5-110 

]     * 

0-003010 

1-000150 

2-644 

Phosphoretted  hydrogen 

2-682 

•     • 

0-001579 

1-000789 

1-214 

B    B2 
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By  this  method  Dulong  has  shown:  1.  That  the  refractive  power  of  a  mixture  of 
gases  is  equal  to  the  mean  of  those  of  the  constituent  gases  calculated  for  the  pressure 
to  which  each  gas  is  actually  subjected  in  the  mixture.  2.  That  the  refractive  power  of 
a  compound  gas  is  not  equal  to  the  mean  of  those  of  the  component  gases,  but  is  some- 
times greater  and  sometimes  less.  The  third  column  of  the  following  table  exhibits  the 
differences  between  the  actual  refractive  powers  of  certain  compound  gases,  and  those 
which  would  be  obtained  by  adding  together  the  refractive  powers  of  the  several  com- 
ponents, and  dividing  by  the  volume  of  the  compound  gas.  The  refractive  power  of 
atmospheric  air  is  found  to  be  exactly  the  mean  of  those  of  its  two  constituent  gases, 
a  fact  which  shows,  together  with  others,  that  the  air  is  a  mixture,  and  not  a  com- 
pound of  oxygen  and  nitrogen. 

The  numbers  in  this  table  show  that  there  is  no  simple  relation  between  the  refrac- 
tive powers  of  different  gases  and  their  densities ;  hydrochloric  acid  gas.  for  ex- 
ample, has  a  lower  density,  but  much  higher  refractive  power  than  sulphurous  anhy- 
dride, and  ether-vapour  has  about  the  same  density  as  chlorine,  but  double  the 
refractive  power. 

The  interferential  method,  the  principle  of  which  has  been  already  described, 
is  very  well  adapted  to  the  measurement  of  the  refractive  indices  of  gases,  and  gives 
results  more  exar-t  than  those  of  the  preceding  methods.  Arago  and  Fresnel  applied 
it  to  the  comparison  of  the  refractive  indices  of  moist  and  dry  air.  The  interfering 
rays  were  made  to  pass  through  two  copper  tubes,  each  a  metre  in  length,  and  closed 
at  the  ends  with  glass  plates  having  exactly  parallel  faces,  the  one  being  filled  with 
moist  and  the  other  with  dry  air.  The  fringes  were  then  found  to  be  displaced  to 
the  amount  of  one  band  and  a  quarter  on  the  side  of  the  dry  tube,  showing  that  moist 
air  is  rather  less  refractive  than  dry  air.  Precipitated  vapour  was  found  to  produce  a 
very  slight  increase  in  the  refracting  power  of  the  air. 

An  improved  apparatus  for  experiments  of  this  kind  has  been  constructed  by 
Jam  in,  but  we  must  refer  for  the  description  of  it  to  his  memoir  (Ann.  Ch.  Phys.  [3], 
xlix.  382),  or  Daguin's  Traite  de  Physique,  iv.  402.  By  means  of  this  apparatus, 
Jamin  has  shown  that  vapour  of  water,  at  the  temperature  of  0°  and  at  0*76  met. 
barometric  pressure,  supposing  it  could  exist  under  those  circumstances,  would  have 
an  absolute  index  of  refraction  equal  to  1-00261,  which  is  less  than  that  of  air  at  the 
same  temperature  and  pressure.  The  refractive  power  of  aqueous  vapour  calculated 
by  the  formula  /**  -  1  is  therefore  =  0-000521. 

By  adding  to  the  refractive  index  of  dry  air  that  of  aqueous  vapour  in  the  saturated 
state,  under  the  pressure  which  it  possesses  at  20°,  Jamin  finds  that  the  difference 
between  the  refractive  indices  of  dry  air  and  air  saturated  with  aqueous  vapour  is 
only  0-000000726,  a  quantity  which  is  too  small  to  produce  any  sensible  effects 
with  Borda's  prism,  and  may  be  safely  neglected  in  the  calculation  of  atmospheric 
refraction  for  astronomical  purposes. 

Refractive  power  of  vapours  produced  at  high  temperatures.  Leroux  (Ann.  Ch. 
Phys.  [3],  Ixi.  385)  has  measured  the  refractive  indices  of  a  few  of  these  vapours  by 
the  method  of  least  deviation,  using  a  hollow  prism  of  iron  having  part  of  its  opposite 
faces  replaced  by  flat  glass  plates,  and  provided  with  proper  appliances  for  heating, 
and  for  keeping  the  pressure  of  the  vapour  equal  to  that  of  the  atmosphere.  The 
indices  and  refractive  powers  of  the  vapours  examined  are  as  follows : 

Absolute  Refractive 

Substance.  index  of  power 

refraction.  fi?-1» 

Sulphur       .  .  .  1-001629  0-003258 

Phosphorus  .  .  1'001364  0-002728 

Arsenic       .  .  .  1-091114  0-002228 

Mercury      .  .  .  1-000556  0-001112 

Dispersion. 

When  a  narrow  beam  of  the  sun's  rays  is  passed  through  a  glass  prism  (fig.  664) 
and  received  upon  a  screen,  an  elongated  image  or  spectrum  is  formed,  exhibiting  a 
series  of  brilliant  colours  in  the  following  order: 

Bed.     Orange.     Yellow.     Green.    Slue.    Indigo.     Violet. 

the  red  occupying  the  lowest  or  the  highest  place,  according  as  the  refracting  angle  of 
the  prism  is  turned  downwards  or  upwards.  The  different  coloured  rays  are  therefore 
refracted  by  the  prism  in  different  degrees,  the  red  exhibiting  the  least,  and  the  violet 
the  greatest  deviation.  Moreover,  if  a  small  hole  be  made  in  any  part  of  the  screen 
so  as  to  allow  a  narrow  beam  of  the  rays  of  any  one  colour  to  pass,  and  this  beam  be 
transmitted  through  another  prism,  it  will  not  again  be  elongated  and  split  up  into 
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different  colours,  but  will  form  upon  a  second  screen  an  image  of  the  same  shape  as  the 
aperture,  and  of  the  same  colour  as  the  beam  before  passing  through  the  second  prism. 
In  this  second  refraction  also,  the  red  exhibits  the  least,  the  violet  the  greatest  devia- 
tion. 

Fig.  664.  Fig.  665. 


It  was  by  observations  of  this  kind  that  Newton  made  the  grand  discovery,  that  Solar 
light  may  be  separated  by  refraction  into  a  number  of  rays  of  different  colours,  and  that 
to  each  colour  there  corresponds  a  distinct  degree  ofrefrangibility,  the  red  rays*  being  the 
least,  the  violet  the  most  refrangible,  and  the  intermediate  colours  increasing  regularly  in 
refrangibility  from  the  red  to  the  violet. 

This  result  is  confirmed  by  the  fact  that  the  reunion  of  the  colours  of  the  spectrum 
produces  white  light.  This  may  be  shown  by  receiving  the  beam  of  light  s,  refracted 
by  a  prism  P  (fig.  665),  on  a  second  prism  P'  of  the  same  substance  and  having  the 
same  refracting  angle.  The  rays  are  thus  brought  back  to  parallelism  and  form  a  beam 
of  white  light.  A  very  simple  apparatus  for  exhibiting  this  recomposition  of  white 
light  is  a  rectangular  glass  trough  divided  in  halves  by  a  diagonal  glass  partition  On 
pouring  water  into  one  of  the  divisions  and  passing  a  beam  of  sunlight  through  it,  a 
coloured  spectrum  is  formed ;  but  on  pouring  water  into  the  second  division,  the  rays 
are  brought  back  to  parallelism,  and  the  emergent  beam  is  white. 

Another  mode  of  demonstrating  the  recomposition  is  to  colour  a  circular  piece  of 
card-board  in  sectors  with  the  tints  of  the  spectrum,  and  give  it  a  rapid  rotatory 
motion.  If  the  disc  revolves  in  less  than  the  tenth  of  a  second  (the  time  during  which 
an  impression  remains  on  the  retina)  the  whole  surface  appears  of  a  uniform  greyish- 
white  tint,  the  deviation  from  perfect  whiteness  arising  from  the  impossibility  of 
exactly  imitating  the  colours  of  the  spectrum  by  pigments. 

To  obtain  a  complete  separation  of  the  colours  of  the  spectrum,  the  prism  should  have 
a  large  refracting  angle,  and  the  aperture  should  be  as  narrow  as  possible  :  for  a  wide 
aperture  may  be  regarded  as  a  number  of  narrow  ones  side  by  side,  each  of  which 
produces  its  own  spectrum,  the  colours  of  the  several  spectra  thus  formed  overlapping 
each  other  and  producing  compound  tints ;  indeed,  if  the  aperture  exceeds  a  certain 
width,  the  middle  of  the  image  will  receive  rays  of  all  colours  and  will  appear  white. 
For  the  same  reason,  the  beam  of  light  must  not  be  divergent,  and  the  apparent  dia- 
meter of  the  luminous  body  from  which  the  light  proceeds  must  be  as  small  as  possible  • 
for  the  incident  light  passing  through  a  very  small  aperture  is  more  divergent  as  the 
apparent  diameter  of  the  source  of  light  is  larger;  the  sun's  rays  passing  through  such 
an  aperture  form  a  cone  having  a  vertical  angle  of  30  minutes.  Newton  obtained  a 

very  bright  and  pure  spectrum  by  pass- 
ing a  broad  and  thick  rectangular  beam 
of  light  through  a  convex  lens  L  (fig. 
666)  of. long  focus,  placed  very  near  the 
prism  P,  and  receiving  the  light  on  a 
white  screen  placed  in  the  focus  of  the 
lens.  Each  colour  is  then  brought  to  a 
focus  on  the  screen,  forming  a  bright 
narrow  spot,  the  whole  producing  a  very 
pure  spectrum  rv.  An  improvement  on 
this  arrangement  is  to  use  a  cylindrical  lens  parallel  to  the  edges  of  the  prism,  whereby 
the  rays  of  each  colour  are  collected  into  a  thin  focal  band  well  separated  from  the  rest. 
Foucault  has  made  a  further  improvement  by  interposing,  between  the  lens  and  prism, 
a  diaphragm,  to  stop  the  rays  which  would  pass  too  near  the  edge  of  the  lens,  and  dimi- 
nish the  sharpness  of  the  coloured  images.  The  spectrum  is  more  elongated  in  pro  • 
portion  as  the  lens  is  placed  nearer  to  the  prism,  which  is  then  farther  from  the  screen, 
the  latter  being  placed  at  a  determinate  distance  from  the  lens. 
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To  obtain  abeam  of  perfectly  homogeneous  light,  a  coloured  beam  passing  through  a 
small  hole  in  the  part  of  the  screen  on  which  the  spectrum  produced  as  above  is  received, 
is  transmitted  through  a  second  prism  ;  and  if  the  deflected  image  thus  formed  is  at 
all  elongated,  showing  that  the  original  coloured  beam  was  not  quite  homogeneous,  the 
light  of  a  portion  of  it  must  be  passed  through  an  aperture  in  a  second  screen  placed  to 
receive  it.  A  ray  thus  separated  will  be  found  to  be  perfectly  homogeneous  in  colour, 
and  of  uniform  refrangibility. 

Instead  of  receiving  the  spectrum  on  a  screen,  it  may  be  viewed  directly  by  holding 
the  prism  between  the  eye  and  the  source  of  light,  the  red  rays  then  appearing  in  the 
highest  or  lowest  position  according  as  the  refracting  angle  of  the  prism  is  held  down- 
wards or  upwards.  The  spectrum  may  also  be  magnified  by  viewing  it  through  a  tele- 
scope. These  methods  enable  us  to  view  the  spectra  of  sources  of  light  not  bright 
enough  to  throw  a  visible  image  on  a  screen,  such  as  the  light  reflected  from  a  strip  of 
white  paper  on  a  dark  ground. 

The  spectra  of  the  moon  and  planets,  and  of  white  terrestial  objects  illuminated  by 
solar  light,  are  similar  to  that  obtained  with  the  direct  rays  of  the  sun.  The  spectra 
of  the  fixed  stars  exhibit  the  same  colours  and  nearly  in  the  same  proportions.  Those 
of  ordinary  flames  (hydrocarbon  flames)  likewise  exhibit  the  same  colours,  but  with  a 
larger  proportion  of  yellow.  That  of  an  alcohol  flame  consists  mainly  of  yellow  light, 
and  if  a  little  common  salt  be  mixed  with  the  alcohol,  the  flame  gives  a  perfectly  mo- 
nochromatic yellow  light.  The  flame  of  a  Bunsen's  burner  in  which  a  salt  of  lithium  is 
ignited,  gives  a  spectrum  consisting  almost  wholly  of  red  light ;  and  when  a  salt  of  thal- 
lium is  ignited  in  it,  the  spectrum  consists  wholly  of  green  light 

Fixed  Lines  in  the  Solar  Spectrum. 

Newton,  by  passing  a  beam  of  light  proceeding  from  a  small  circular  aperture 
through  a  prism,  obtained  a  spectrum  which  appeared  perfectly  continuous,  whence  he 
concluded  that  white  light  contained  rays  of  all  degrees  of  refrangibility,  regularly  in- 
creasing from  the  red  to  the  violet.  But  "Wollaston  in  1802,  by  looking  through  a 
good  flint  glass  prism  at  a  very  narrow  rectangular  aperture  illuminated  by  sun-light, 
perceived  that  the  spectrum  was  intersected  by  several  very  fine  dark  lines  parallel  to 
the  edges  of  the  prism,  or  to  the  boundary  lines  of  the  several  colours ;  and  fifteen 
years  afterwards,  Fraunhofer  of  Munich,  without  being  acquainted  with  Wollaston's 
observations,  made  the  same  discovery  by  viewing  a  spectrum  formed  in  the  manner 
just  described  through  a  telescope.  The  lines  were  very  fine,  all  dark,  and  some 
perfectly  black,  and  Fraunhofer  was  able  to  count  between  500  and  600  of  them,  their 
number  increasing  with  the  magnifying  power  of  the  telescope.  These  lines  are  dis- 
tributed irregularly  throughout  the  whole  length  of  the  spectrum,  and  do  not,  for  the 
most  part,  occur  at  the  limits  of  the  principal  colours.  Eight  of  them,  easily  dis- 
tinguished by  their  position  and  intensity,  are  denoted  by  the  first  eight  letters  of  the 
alphabet,  beginning  from  the  red  of  the  spectrum:  they  are  shown  in  fig.  667.  Some 
of  them,  when  examined  by  a  good  magnifying  power  in  a  well-developed  spectrum, 
are  resolved  into  a  number  of  fine  lines  very  close  together.  There  are  two  more 
groups  of  lines  which  are  particularly  conspicuous,  one  denoted  by  a,  consisting  of  eight 
fine  lines  in  the  red  between  A  and  B,  and  another  b  in  the  green  near  E,  consisting  of 
three  fine  lines,  the  two  stronger  of  which  are  separated  by  a  bright  space. 

These  dark  lines  show  that  the  solar  spectrum  is  not  continuous ;  in  other  words,  that 
there  do  not  exist  rays  of  all  degrees  of  refrangibility  between  the  red  and  the  violet. 

The  aspect,  order,  and  relative  distances  of  the  lines  in  the  solar  spectrum  remain  the 
same,  for  a  prism  of  given  substance,  whatever  may  be  the  magnitude  of  its  refracting 
angle;  but  if  the  substance  of  the  prism  be  changed,  the  relative  distances  of  the 
fixed  lines  and  the  relative  widths  of  the  several  coloured  spaces  are  likewise  altered. 

To  obtain  the  lines  of  the  spectrum  well  developed,  it  is  necessary  to  use  a  prism  of 
very  uniform  substance,  free  from  strise,  and  having  a  refracting  angle  large  enough 
to  yield  a  very  pure  and  extended  spectrum.  Prisms  for  the  purpose  are  generally 
made  of  flint  glass  or  rock-crystal,  substances  having  a  high  dispersive  power,  that  is 
to  say,  the  power  of  refracting  the  red  and  violet  rays  in  very  different  degrees  (p.  623). 
A  hollow  prism  filled  with  sulphide  of  carbon  is  also  well  adapted  for  the  purpose,  as  it 
is  sure  to  be  uniform,  if  preserved  from  variations  of  temperature,  and  its  dispersive 
power  is  very  great.  To  form  the  spectrum,  the  sun's  rays,  or  the  diffused  light  of  the 
sky,  entering  a  darkened  room  through  a  narrow  slit,  or  condensed  by  a  cylindrical 
lens,  are  made  to  pass  through  the  prism,  and  the  dispersed  beam  of  light  is  viewed 
through  an  achromatic  telescope.  The  lines  and  intermediate  spaces  are  thereby 
magnified,  the  number  seen  being  greater  in  proportion  to  the  magnifying  power  of  the 
telescope.  The  most  favourable  position  for  the  prism  is  that  of  minimum  deviation. 

Lines  also  exist,  beyond  A  in  the  red,  and  beyond  the  violet  in  a  space  occupied  by 
very  faint  la  vender- coloured  rays.  The  first  were  observed  byBrewster  in  a  space 
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equal  to  AB  (fig.  667),  the  second  by  Sir  John  Hers  ch  el.  To  render  these  linos  risible, 
several  precautions  are  required ;  amongst  others  it  is  necessary  to  intercept  all  the  rays 
between  the  red  and  violet,  and  line  the  tube  of  the  telescope  with  black  velvet.  By 

Fig.  667. 


Orange.     Yellow.        Green.  Blue.  Indigo. 

adopting  these  and  other  precautions,  and  using  a  prism  of  oil  of  cassia,  which  possesses 
a  high  dispersive  power,  Brewster  was  able  to  distinguish  altogether  about  1000  lines 
in  the  spectrum,  a  map  of  which,  together  with  a  delineation  of  the  two  extremities  of 
the  solar  spectrum,  as  observed  by  G-lad stone  when  the  sun  was  at  about  his  greatest 
altitude,  is  given  with  a  paper  "  On  the  Lines  of  the  Solar  Spectrum"  by  Brewster 
and  G-ladstone,  published  in  the  Philosophical  Transactions  for  1860,  p.  149. 

A  still  greater  development  of  the  spectrum,  and  an  increased  number  of  lines,  are 
obtained  by  passing  the  rays  through  a  series  of  prisms.  In  this  manner  Kirchoff  has 
observed  about  2000  lines,  and  has  been  enabled  to  lay  down  a  very  elaborate  map  of 
the  solar  spectrum,  which  is  published  in  his  work,-  translated  by  Koscoe,  under  the 
title — Researches  on  the  Solar  Spectrum,  and  on  the  Spectra  of  the  Chemical  Elements. 
G-assiot  has  constructed  a  train  of  nine  flint  glass  prisms  with  angles  of  45°,  and 
another  of  eleven  sulphide-of-carbon  prisms  with  Bangles  of  45°,  with  which  further 
observations  have  been  made.  (Proc.  Koy.  Soc.  xii.  536 ;  xiii.  183.) 

Solar  light  reflected  from  a  white  surface,  also  that  of  the  clouds,  and  that  of  the 
moon  and  planets,  give  spectra  exhibiting  the  same  principal  lines,  and  disposed  in  the 
same  order,  as  in  the  spectrum  formed  by  the  direct  rays  of  the  sun.  In  the  spectra 
of  Mars,  Jupiter,  and  Venus,  the  lines  D,  E,  F  may  be  very  clearly  distinguished. 
But  the  fixed  stars  give  spectra  containing  different  lines.  That  of  Sirius  contains 
two  dark  lines  in  the  blue,  and  one  very  strong  line  in  the  green,  but  none  in  the 
yellow  or  orange ;  that  of  Pollux  contains  several  faint  lines,  the  line  D  occupying 
apparently  the  same  place  as  in  the  solar  spectrum.  See  further  a  paper  byHuggins 
and  Miller.  (Proc.  Eoy.  Soc.  xiii.  64.) 

Effect  of  coloured  Gases  on  the  appearance  of  the  Lines.  When  a  ray  of  light  passes 
through  a  coloured  gas  before  falling  on  the  prism,  dark  lines  make  their  appearance 
due  to  the  absorption  of  certain  rays  by  the  gas.  When  the  light  of  a  lamp,  which  of 
itself  gives  a  spectrum  containing  only  bright  lines  (p.  622),  is  passed  through  the 
red  vapour  of  pernitric  oxide,  the  violet  and  blue  portions  of  the  spectrum  are  covered 
with  black  lines  or  rather  bands,  which  become  broader  as  the  density  of  the  gas  is 
increased,  and  ultimately  join,  so  as  completely  to  obliterate  the  violet  rays  ;  at  the  same 
time  dark  lines  make  their  appearance  in  the  yellow,  and  ultimately  extend  into  the 
red  (Brewster,  Phil.  Mag.  [3],  viii.  384).  Iodine-  and  bromine-vapours  produce 
dark  lines  different  from  those  formed  by  pernitric  oxide,  appearing  first  in  the  green 
and  yellow,  then  in  the  orange,  and  at  the  commencement  of  the  red,  some  being  quite 
black  while  others  formed  dark  bands.  The  mere  existence  of  colour  in  a  vapour  does 
not,  however,  necessitate  the  existence  of  bands  in  its  spectrum.  The  red  vapours  of 
chloride  of  tungsten,  for  example,  give  no  lines  whatever.  Neither  can  the  position  of 
the  lines  be  inferred  from  the  colour  of  the  gas ;  with  green  perchloride  of  manganese, 
they  are  most  abundant  in  the  green,  while  with  the  red  vapours  of  pernitric  oxide, 
they  increase  in  depth  and  number  as  they  approach  the  violet.  The  vapours  of 
simple  bodies  as  well  as  of  compounds  may  produce  lines,  and  two  simple  bodies  which 
singly  do  not  produce  them,  may  produce  them  abundantly  in  their  compounds ;  e.g., 
neither  oxygen,  nitrogen,  nor  chlorine,  when  uncombined,  produces  lines,  but  some  of 
the  oxides,  both  of  nitrogen  and  chlorine,  exhibit  the  phenomena  in  the  most  striking 
manner.  There  are,  however,  oxides  both  of  nitrogen  and  chlorine,  some  of  them 
coloured,  which  do  not  occasion  the  appearance  of  lines.  Lines  may  also  be  produced 
by  simple  substances,  which  disappear  in  their  compounds  ;  thus  iodine  produces  lines 
which  do  not  appear  in  the  spectrum  of  hydriodic  acid.  Sometimes  the  same  lines 
are  produced  by  different  degrees  of  oxidation  of  the  same  substance,  a  remarkable 
instance  of  which  is  afforded  by  the  oxides  of  chlorine.  (W.  A.  Miller,  Elements  of 
Chemistry,  3rd  ed.  i,  164.) 

When  solar  light  is  passed  through  a  coloured  vapour,  the  density  of  which  is 
gradually  increased,  absorption -bands  make  their  appearance,  faint  at  first  and  easily 
distinguished,  but  gradually  becoming  blacker,  and  ultimately  obliterating  the  ordinary 
lines.  The  two  systems  of  lines  are  in  fact  distinct  in  the  spectra  of  all  coloured 
vapours,  excepting  that  of  pernitric  oxide,  in  which  they  coincide.  (Brewster.) 

As  the  atmosphere  possseses  a  slight  colour,  it  is  possible  that  some  at  least  of  the 
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ordinary  lines  of  the  solar  spectrum  may  be  due  to  the  absorption  of  certain  rays 
during  their  passage  through  the  earth's  atmosphere ;  and  in  fact  the  lines  are  more 
numerous,  and  some  of  them,  especially  those  in  the  red,  are  remarkably  distinct  when 
the  sun  is  near  the  horizon,  and  its  rays  have  consequently  to  travel  through  a  greater 
thickness  of  atmospheric  air,  than  when  he  is  at  a  greater  altitude ;  but  the  greater 
number  of  the  lines  are  probably  due  to  another  cause,  to  be  considered  hereafter. 
(Brewsterand  Gladstone,  Phil.  Trans.  1860,  p.  149;  Gladstone,  Proc.  Koy.Soc. 
xi.  305.) 

Spectra  of  Flames  and  Incandescent  bodies. 

Incandescent  solids  and  liquids  give  continuous  spectra  without  any  dark  lines  or 
spaces.  Flames,  i.  e.,  incandescent  gases  or  vapours,  give  spectra  consisting  of  bright 
bands,  more  or  less  numerous,  with  dark  spaces  between.  An  alcohol  flame  or  that 
of  a  Bunsen's  burner  in  which  common  salt  or  other  volatile  sodium-compound  is 
ignited,  gives  a  spectrum  reduced  to  a  narrow  yellow  band,  coincident  with  the  solar 
line  D.  Lithium  ignited  in  a  similar  manner  exhibits  a  single  bright  crimson  line 
near  the  solar  C.  The  potassium-spectrum,  similarly  produced,  consists  of  a  red  band 
coinciding  with  A,  and  a  violet  band  not  coinciding  with  any  of  the  principal  solar 
lines,  the  intermediate  portion  of  the  spectrum  being  filled  up  with  a  diffused  light. 
The  thallium  spectrum  consists  of  an  intense  green  line  near  the  solar  line  E,  which  is 
split  up  by  Gassiot's  train  of  eleven  sulphide-of-carbon  prisms  into  three  separate  lines. 
The  spectra  of  the  alkaline  earths  are  equally  definite,  though  more  complicated. 
(See  ANALYSIS,  INORGANIC  ;  also  SPECTRAL  ANALYSIS.) 

In  some  cases,  new  series  of  bands  become  visible  as  the  temperature  rises ;  thus  the 
spectrum  of  chloride  of  lithium  in  the  flame  of  a  Bunsen  burner,  gives  but  a  single 
intense  crimson  line ;  in  a  hotter  flame,  as  that  of  hydrogen,  it  gives  an  additional 
orange  ray ;  and  in  the  oxy-hydrogen  jet  and  in  the  voltaic  arc,  a  broad  brilliant  blue 
band  likewise  comes  out.  A  similar  effect  is  perceived  in  the  case  of  metallic  iron,  of 
thallium,  and  other  metals  when  heated  by  the  voltaic  arc.  A.  Mitscherlich  (Pogg. 
Ann.  cxvi.  499)  has  shown  that  in  flames  of  low  temperature,  the  lines  produced  vary 
with  the  compound  employed,  the  spectrum  then  observed  being  that  due  to  the  com- 
pound, and  not  to  its  elementary  constituents ;  the  spectrum  of  copper,  for  example, 
differs  considerably  from  that  of  an  alcoholic  solution  of  chloride  of  copper,  while  that 
from  an  alcoholic  solution  of  iodide  of  copper  differs  from  both. 

Spectra  of  the  Electric  Light. — The  spectrum  of  the  electric  light  exhibits  bright 
lines  like  those  of  flames.  This  was  first  observed  byWollaston,  afterwards  by 
Fraunhofer,  who  found  that  the  line  of  bluish  light  obtained  by  discharging  the 
electricity  of  a  machine  through  a  very  fine  wire,  gave  a  spectrum  containing  a  very 
bright  line  in  the  green.  Wheatstone  has  shown  that  the  electric  light  from  the 
voltaic  battery,  the  ordinary  electric  machine,  and  the  induction  coil,  yield  the  same 
spectra  when  the  spark  passes  between  conductors  of  the  same  kind ;  but  the  number 
and  position  of  the  lines  varies  with  the  nature  of  the  metallic  poles ;  if  they  are  formed 
of  an  alloy,  two  systems  of  lines  are  obtained,  one  belonging  to  each  of  the  metals ; 
the  same  is  also  the  case  when  the  two  poles  are  formed  of  different  metals.  These 
facts  show  plainly  that  the  electric  spark  contains  particles  of  metal  detached  from  the 
conductors  between  which  it  passes. 

M  a  s  s  o  n,  in  the  course  of  his  researches  on  electric  photometry,  already  cited  (p.  596), 
examined  the  spectra  produced  by  various  metals  when  employed  as  dischargers  to 
a  Leyden  jar,  and  when  heated  by  the  voltaic  arc,  and  found  them  to  contain  a  much 
greater  number  of  lines  than  those  of  the  same  metals  delineated  by  "Wheatstone. 
The  difference  was  subsequently  explained  by  Angstrom  (Phil.  Mag.  1855,  p.  329), 
who  showed  that  Masson,  in  consequence  of  the  intense  heat  of  the  electric  discharges 
which  he  employed,  obtained  two  spectra,  one  due  to  the  metal,  the  other  to  the 
atmosphere  itself,  which  became  ignited.  Certain  lines  observed  by  Masson  as  com- 
mon to  the  spectra  of  all  the  metals,  were  really  those  atmospheric  lines.  By  causing 
the  spark  to  pass  between  the  same  metals  immersed  in  various  gases,  the  particular 
lines  due  to  the  metal  remained  unaltered,  whilst  the  others  due  to  the  gaseous 
medium,  disappeared  and  were  replaced  by  new  lines. 

For  further  details,  and  for  the  methods  of  examining  the  spectra  of  flames  and 
incandescent  bodies,  see  SPECTRAL  ANALYSIS. 

Kirchhofs  theory  of  the  Lines  in  the  Solar  Spectrum.  The  vapour  of  any  substance 
absorbs  rays  of  the  same  degree  of  refrangibility  as  those  which  are  emitted  by  the 
same  substance  in  the  state  of  incandescence,  that  is  to  say,  those  which  form  the 
bright  lines  of  its  spectrum.  Thus  ignited  sodium  emits  a  yellow  light,  the  spectrum 
of  which  consists  of  two  bright  bands  coincident  with  the  double  line  D  of  the  solar 
spectrum.  If  now,  through  a  flame  coloured  by  sodium,  the  light  of  lime  ignited  in 
the  oxy-hydrogen  flame,  or  that  of  the  voltaic  arc  between  carbon-points,  be  trans- 
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mitted,  the  continuous  spectrum  produced  by  either  of  these  sources  is  interrupted  by 
a  black  line  coinciding  with  the  solar  line  D.  In  like  manner  the  spectra  of  po- 
tassium, lithium,  barium,  strontium  and  copper,  may  be  reversed.  On  these  facts 
Kirchhoff  founds  an  explanation  of  Fraunhofer's  lines.  He  supposes  that  the  luminous 
atmosphere,  or  photosphere,  of  the  sun  contains  the  vapours  of  various  metals,  and 
that  behind  this  incandescent  atmosphere  is  the  still  more  intensely  heated  solid  or 
liquid  nucleus  of  the  sun,  which  emits  light  of  all  degrees  of  refrangibility,  and  would 
produce  a  continuous  spectrum,  were  it  not  that  some  of  the  rays,  in  passing  through 
the  photosphere,  are  absorbed  by  vapours  which  are  themselves  capable  of  emitting  rays 
of  the  same  degree  of  refrangibility,  so  that  Fraunhofer's  lines  are  only  the  reversed 
bright  lines  which  would  be  visible  if  the  more  intensely  heated  nucleus  were  not  there. 
A  very  careful  comparison  of  the  solar  spectrum  with  those  of  various  metals,  has 
shown  that  the  former  contains  dark  lines  coincident  with  certain  bright  lines  in  the 
spectra  of  sodium,  potassium,  magnesium,  calcium,  iron,  chromium,  and  nickel :  hence 
Kirchhoff  infers  that  the  solar  atmosphere  contains  these  metals,  and  possibly  also 
sdnc,  cobalt,  and  manganese,  but  not  lithium,  copper,  or  silver.  Angstrom  is  of 
opinion  that  the  presence  of  hydrogen  and  aluminium  may  also  be  considered  as 
proved,  and  that  barium  and  strontium  are  probably  also  present.  (See  Kircbhoff's 
Researches  on  the  Solar  Spectrum  and  on  the  Spectra  of  the  Chemical  Elements,  trans- 
lated by  Eos co e ;  also  the  article  SPECTRAL  ANALYSIS  in  this  Dictionary.) 

Dispersive  Powers  of  different  Media. 

The  separation  of  the  extreme  rays  of  the  spectrum,  and  consequently  the  length  of 
the  spectrum  produced  by  different  media,  exhibits  great  diversity.  Suppose  three 
prisms  to  be  formed,  one  of  water,  the  second  of  crown-glass,  and  the  third  of  flint- 
glass,  with  such  refracting  angles  as  to  produce  equal  deviations  for  any  given  ray  of 
the  spectrum,  say  the  line  F,  about  the  middle :  then  it  will  be  found  that  the  crown- 
glass  spectrum  is  about  1^,  and  the  flint-glass  spectrum  3£  times  as  long  as  the  water 
spectrum.  It  appears  then  that  flint-glass  disperses  the  different  coloured  rays  much 
more  than  crown-glass,  and  crown-glass  much  more  than  water. 

It  is  this  difference  in  the  dispersion  produced  by  different  media  for  the  same 
amount  of  refraction  of  a  given  ray,  which  renders  it  possible  to  form  achromatic  com- 
binations of  prisms  and  lenses.  The  object  of  such  combinations  is  to  reproduce  white 
light  by  recombining  the  coloured  rays  which  have  suffered  dispersion ;  and  this  is 
effected  by  passing  the  rays  which  have  been  dispersed  by  one  lens  or  prism  through  a 
second  lens  or  prism  which  refracts  them  the  contrary  way  (see  Jiff.  665,  p.  619).  But 
it  is  evident  that  if  all  refracting  media  dispersed  the  rays  equally  for  a  given  amount 
of  mean  refraction,  the  only  way  of  effecting  this  would  be  to  give  the  two  prisms 
the  same  refracting  angle  (see  fig.  665),  or  the  two  lenses  (one  convex,  and  the 
other  concave)  equal  curvatures ;  but  in  this  case  all  the  rays  would  be  brought  back  to 
the  same  degree  of  convergence  or  divergence  as  they  had  before  passing  through  the 
first  lens  or  prism  ;  indeed  the  combination  would  act  just  like  a  plate  of  glass  with, 
parallel  faces,  and  would  produce  no  alteration  in  the  direction  of  the  rays.  But 
suppose  two  prisms,  the  first  of  crown-  and  the  second  of  flint-glass,  to  be  placed 
together  as  in  fig.  665,  and  their  refracting  angles  to  be  so  proportioned  as  to 
produce  equal  deviations  of  the  middle  ray  of  the  spectrum  ;  then,  as  already  observed, 
the  flint  prism  will  disperse  the  rays  about  twice  as  much  as  the  crown  ;  and  if  instead 
of  this,  the  refracting  angles  are  so  adjusted  as  to  produce  equal  amounts  of  dispersion, 
or  spectra  of  the  same  length,  then  the  angle  of  the  second  must  be  of  such  a  magnitude 
as  to  deviate  the  mean  ray  less  than  the  crown-glass  prism  does.  Such  a  combination 
will  recombine  the  coloured  rays  and  reproduce  white  light,  without  bringing  back  the 
rays  to  their  original  direction.  In  like  manner,  if  a  concave  lens  of  flint-glass  be 
placed  behind  a  convex  lens  of  crown-glass,  its  curvature  may  be  so  adjusted  as  to  re- 
combine  the  colours  without  destroying  the  convergence  of  the  rays  produced  by  the 
crown-glass  lens. 

The  difference  between  the  indices  of  refraction  of  the  extreme  rays  of  the  spectrum 
/*„  -  HT,  or  more  precisely  of  the  fixed  lines  B  and  H,  produced  by  any  retracting  me- 
dium is  called  the  coefficient  of  dispersion,  or  simply  the  dispersion  of  that 
medium. 

The  following  is  a  list  of  thirteen  substances  placed  in  the  order  of  their  coefficients 
of  dispersion,  as  determined  by  Wollaston,  the  most  dispersive  being  placed  first;  Sulphur, 
oil  of  sassafras,  flint-glass,  oil  of  turpentine,  Iceland-spar,  diamond,  crown-glass,  water, 
sulphuric  acid,  alcohol,  heavy-spar,  rock-crystal,  fluor-spar.  The  most  dispersive  of  all 
known  liquids  is  melted  phosphorus,  then  a  solution  of  phosphorus  in  sulphide  of 
carbon,  then  sulphide  of  carbon  itself  (see  p.  629). 

The  term  partial  dispersion  is  applied  to  the  difference  of  the  refractive  indices 
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of  any  other  two  colours,  the  red  and  yellow,  blue  and  green,  &c.,  always  referred  to  th« 
principal  fixed  line  belonging  to  each  colour.  The  partial  dispersions  of  any  two  sub- 
stances aro  by  no  means  proportional  to  their  total  dispersions ;  consequently  the  colours 
are  not  distributed  in  the  same  manner  in  the  spectra  formed  by  the  two  substances. 

Sulphuric  acid  and  oil  of  cassia,  for  example,  produce  spectra  of  nearly  equal  lengths  ; 
but  in  the  oil  of  cassia  spectrum,  the  least  refrangible  portion — namely,  the  red,  orange 
and  yellow — is  much  less,  and  the  more  refrangible  portion,  from  blue  to  violet,  is  much 
more  expanded  than  in  that  produced  by  sulphuric  acid.  In  like  manner,  flint-glass 
contracts  the  less,  and  expands  the  more  refrangible  portion  of  the  spectrum,  to  a  greater 
extent  than  crown-glass.  This  irrationality  of  dispersion  must  of  course  "be  attended  to 
in  the  formation  of  achromatic  combinations. 

The  ratio  ofdispersion  of  two  media  is  the  ratio  of  the  coefficient*  of  dispersion, 

**?  ~  ^r,  or  of  the  partial  coefficients  belonging  to  the  corresponding  fixed  lines  in  the 

two  spectra.  This  ratio  has  different  values  according  to  the  two  lines  which  are  con- 
sidered. 

The  term  dispersive  power  is  applied  to  the  ratio  of  the  dispersion-coefficient  to 
the  index  of  refraction  of  the  mean  ray  diminished  by  1.  Taking  as  the  mean  ray  the 
line  E  in  the  yellow,  and  calling  its  index  of  refraction  py,  the  dispersive  power  is  ex- 
pressed by  the  formula,  — -r. 

The  following  table  contains  the  refractive  indices  of  several  media  for  the  principal 
lines  of  the  spectrum,  as  determined  by  Fraunhofer ;  the  last  column  contains  the  co- 
efficients of  dispersion  between  the  lines  B  and  H  : 


Coeffi- 

cients of 

Refracting  substances. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

disper- 

sion. 

f*H~(Att 

Flint-glass,  No.  13 

1-62775 

1-62968 

1-63503 

1-64'202 

•64826 

1-66028 

•67106 

0-04331 

Crown-glass,  No.  9 

1-52583 

1-52685 

1-52958 

1-53300 

•53605 

1-54165 

•54656 

0-02073 

Water 

1-33093 

1-33171 

1  '33358 

1  '33585 

•33782 

1-34129 

•34418 

0-013°5 

Solution  of  potash  . 

1-39963 

1-40051 

1-40280 

1-40563 

•40808 

1-41  -'58 

•41637 

0-01674 

Oil  of  turpentine     . 

1-47049 

1-47153 

1  -47443 

1-47835 

•48173 

1-4S820 

•49387 

0-02338 

Flint-glass,  No.  3   . 

1  -60204 

1-60380 

1-60849 

1-61453 

•62004 

1-63077 

•64037 

0-03833 

No.  30  . 

1-62357 

1-62547 

1-63058 

1-63735 

•64346 

1  '65540 

•66607 

O'o42i0 

Crown-glass,  No.  13 

1-52431 

1-52530 

l-527<-8 

1  53137 

•53434 

1-53991 

•54468 

0-020?: 

letter  M 

1-55477 

1-55593 

1-55907 

1-56351 

•56674 

1-57353 

•5794V 

0-02470 

Flint-glass,  No.  23  . 

1-62659 

1-62847 

1-63367 

1-64049 

1-64675 

1-65885 

1-66968 

0-431/90 

Babinet  has  given  a  method  of  measuring  the  dispersions  of  bodies  which  can  only 
be  procured  in  small  fragments.  The  substance  being  cut  into  the  form  of  a  prism, 
and  its  angle  measured,  a  spectrum  projected  on  a  screen  by  a  prism  of  known  angle, 
is  viewed  through  the  small  prism  whose  dispersion  is  to  "be  determined,  in  such  a 
manner  as  to  recompose  the  colours  (p.  619),  the  observer  gradually  increasing  his 
distance  from  the  spectrum  till  he  sees  nothing  but  white  light.  If  the  prisms  are  in 
the  position  of  least  deviation,  and  their  angles  are  not  too  large,  their  dispersions  are 
to  one  another  in  the  inverse  ratio  of  their  distances  from  the  screen. 

Gladstone  and  Dale  have  made  an  extensive  series  of  researches  on  the  refraction, 
dispersion,  and  sensitiveness  of  liquids,  the  last  term  being  used  to  signify  the  relation 
between  the  change  of  refraction  and,  the  change  of  volume  by  heat.  The  following  are 
the  principal  results  obtained: 

1.  Both  refraction  and  dispersion  diminish  as  the  temperature  increases.  This  law 
has  been  verified  by  observations  on  about  90  liquids  (see  p.  626). 

The  following  table  exhibits  these  results  in  the  case  of  a  highly  dispersive  liquid  ; 
it  will  be  observed  that  the  sensitiveness  of  the  rays-  increases  in  the  order  of  their  re- 
frangibility. 

Refractive  Indices  of  Sulphide  of  Carbon  for  the  several  Fixed  Lines. 


Temperature. 

Refractiye  ludices. 

A. 

B. 

D. 

E. 

F. 

G. 

H. 

11° 
36-5 

1-6142 
1-5945 

1-6207 
1-6004 

1-6333 
1-6120 

1-8465 
1-6248 

1-6584 
1-6362 

0-0222 

1-6386 
1-6600 

1-7090 
1-6827 

Difference     . 

0-0197 

0-0203 

0-0213 

0-0217 

0-023& 

0-0263 
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On  comparing  the  change  of  refraction  by  heat  with  the  corresponding  change  of 
volume  in  sulphide  of  carbon,  water,  methylic,  ethylic,  and  amylic  alcohols,  acetone, 
acetic  acid,  formic,  acetic,  and  butyric  ethers,  methylic  and  ethylic  iodides,  salicylate 
of  methyl,  bromoform,  benzene,  xylene,  cumene,  nitrobenzene,  hydrate  of  phenyl, 
the  rectified  oils  of  turpentine  and  Portugal,  and  eugenic  acid,  it  was  found  that  the 
refractive  index  minus  unity  (/J.  —  1),  multiplied  into  the  volume,  gives  very  nearly  a 
constant  product  at  different  temperatures.  The  quantity  M  —  1  is  termed  by  the 
authors,  the  refractive  energy  of  a  substance,  and  this  multiplied  into  the  volume, 
or  divided  by  the  density,  is  termed  the  specific  refractive  energy.  The  pre- 
ceding law  may  then  be  stated  as  follows: — The  refractive  energy  of  a  body  varies 
directly  with  its  density,  under  the  influence  of  change  of  temperature  ;  or  in  other  words, 
tin- specific  refractive  energy  of  a  liquid  is  a  constant  not  affected  by  temperature.  The 
influence  of  dispersion,  however,  renders  this  law  not  absolutely  accurate  in  the  observed 
numbers:  for  the  change  of  dispersion  does  not  follow  the  same  law,  the  spectrum  con- 
tracting in  some  cases  much  more,  and  in  other  cases  much  less  rapidly  as  the  volume 
increases;  indeed  no  relation  is  as  yet  discoverable  between  change  of  dispersion  and 
density. 

2.  The  results  obtained  with  mixed  liquids,  appear  to  show  that  the  specific  refrac- 
tive, energy  of  a  mixture  is  the  mean  of  the.  specific  refractive  energies  of  its  components. 
This  law  was  tested  with  sulphide  of  carbon  and  ether,  substances  which  are  almost  at 
the  opposite  limits  of  the  scale,  and  were  found  to  mix  without  condensation  ;  also  with 
aniline  and  alcohol,  on  mixing  which,  however,  some  diminution  of  volume  occurs.    In 
both  these  cases,  the  experimental  numbers  were  slightly  below  those  deduced  from  the 
mean  of  the  specific  refractive  energies ;  yet  no  other  formula  could  be  devised  which 
would  give  a  nearer  approximation  to  the  indices  actually  observed. 

3.  Compounds  belonging  to  the  same  homologous  scries  exhibit  a  progressive  change  in 
refraction  and  dispersion  as  they  advance  in  the  series  ;  but  the  deviation  and  extent 
of  those  changes  depend  on  the  other  substances  with  which  the  radicle  is  combined.     If, 
however,  we  regard,  not  the  actual  indices,  but  these  minus  unity  divided  by  the  specific 
gravity,  we  find  an  invariable  increase  as  the  series  advances. 

The  following  tables  exhibit  this  with  regard  to  various  groups  of  compounds  con- 
taining the  alcohol-radicles,  CnH'Jn"*'1. 

Specific  Eefractive  Energy. 


Radicle. 

Alcohol 

Iodide. 

Ether 
of 
acid. 

Form- 
ate. 

Ace- 
tate. 

Butv- 
rate. 

Oxa- 

late. 

Mercury- 
com- 
pound. 

Stannic 
com- 
pound. 

Hy- 
dride. 

Methyl            CH? 

Ethyl              C"H"> 
Trityl            C*W 
Tetryl            C"H« 
Amyl              CSRH 
Heptyl          C'H'5 

•4105 
•4482 

•4895 

•2359 
•2614 

•3213 

•3905 
•4127 
•4333 
•4402 
•4492 
•4750 

•3905 
•4432 

•4152 
•4506 

•4402 
•4724 

•3502 
•4306 

•1707 
•2112 

•3727 
•3876 

•5499 

Octvf            CSH'~ 

•5096 

•5522 

Dodecatyl    C>2H25 

•    • 

•4890 

Specific  Dispersion. 


Alcohol. 

Iodide. 

Ether  of 
acid. 

Acetate. 

Mercury- 
compound. 

Stannic 
compound. 

Hydride. 

Methyl.  CH3 
Ethyl  .  C2H5 
Trityl  .  CSH7 
Tetryl  .  C<H9 
Amyl  .  C5H» 
Heptyl.  C7H15 

163 
190 

212 

209 
218 
235 

224 

168 
178 
191 
191 
198 

178 

198 

140 

170 

256 
268 

242 

Octyl  .  C8H17 

237 

•     • 

•     • 

•      • 

•      • 

•     • 

236 

With  regard  to  other  groups  of  homologous  bodies,  it  was  found  that  benzene,  benzy- 
lene,  xylene,  cumene  and  cymene,  gave  nearly  the  same  numbers,  and  no  regular  pro- 
gressions. Pyridine,  picoline,  lutidine,  and  collidine  showed  an  augmentation  of  the 
specific  refractive  energy,  but  a  diminution  of  the  specific  dispersion  with  the  advancing 
series :  ch-inoline  and  lepidine  (the  most  refractive  organic  liquid  known)  showed  an 
increase  of  each  of  the  optical  properties  by  addition  of  CH2.  Hence  it  appears  that 
the  influence  of  the  added  increment  on  the  rays  of  light  differs  in  different  groups, 
just  as  it  does  in  respect  to  the  boiling  point. 
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4.  Isomcric  bodies  are  sometimes  widely  different  in  their  optical  properties:  ltd  in 
many  cases,  especially  where  there  is  close  chemical  relationship,  there  is  identity  also  in 
this  respect.     Several  hydrocarbons  of  the 'type  C'°H18,  from  essential  oils,  appear 
to  be  identical  in  actual  refractive  power,  notwithstanding  slight  differences  of  density. 
In  dispersion  there  are  some  variations,  but  not  in  sensitiveness.     Other  hydrocarbons, 
however,  of  the  same   ultimate  composition,  but  differing  considerably  in  physical 
properties  differ  also  optically.     Metameric  compound  ethers,  such  as  valerate 
of  ethyl  and  acetate  of  amyl,  are  optically  identical.      Aniline  and  picoline,  each 
empirically  C6H7N,  are  totally  different. 

5.  Effect  of  Chemical  Substitution. — When  hydrogen  is  replaced  by  some  other  body, 
there  is  generally  an  increase  of  the  actual  refraction  and  dispersion ;  but  this  is  due  to  the 
increased  weight,  hydrogen  having  a  very  low  actual,  but  a  very  high  specific  influence 
on  the  rays  of  light.     When  two  substitution-products  are  formed  by  substitution  of 
the  same  element  in  a  given  compound,  e.g.  mono-  and  tri-chlorobenzene  from  benzene, 
the  lower  one  always  retains,  in  its  optical  properties,  a  position  intermediate  between 
the  original  substance  and  the  higher  product. 

From  these  facts,  it  may  be  inferred,  as  approximately,  if  not  absolutely,  true,  that : 
Every  liquid  has  a  specific  refractive  energy  composed  of  the  specific  refractive  energies 
of  its  component  elements,  modified  by  the  manner  of  combination,  but  unaffected  by 
change  of  temperature  ;  and  this  refractive  energy  accompanies  it  when  mixed  with  other 
liquids.  The  product  of  the  specific  refractive  energy  and  the  density  at  any  given 
temperature,  is,  when  added  to  unity,  the  refractive  index. 

The  following  tables  exhibit  the  numerical  results  from  which  the  preceding  con- 
clusions are  deduced. 


TABLE  A. 
Refractive  indices  of  the  lines  A,  D,  H  at  different  temperatures. 

The  sign  ?  attached  to  a  liquid  denotes  that  the  purity  of  the  specimen  is  doubted. 
An  asterisk  *  attached  to  a  degree  of  temperature  signifies  that  the  observations  at  that  temperature 
were  made  oh  a  different  occasion  to  the  observations  at  other  temperatures. 
Specific  gravities  not  determined  from  the  specimens  examined  are  included  in  brackets. 


No. 

Liquid. 

Specific  gravity. 

Tempe- 
rature of 
observa- 
tion. 

Refractive  indices. 

A. 

D. 

H. 

1. 

Methylic  alcohol  . 

0-7972  at  20°C. 

(20° 

J37 

1-3264 
•3205 

1-3299 
1-3238 

1-3395 
1-3330 

2. 

Ditto  from  oxalate 

0-7960  at  20 

(20 
}29-5 

•3268 
•3230 

1-3297 
1-3262 

1-3396 
1-3359 

3. 

Amylic  alcohol     . 

0-8179  at  15-5 

24-5 

•3988 
•3924 

1-4030 
1-3966 

1-4161 
1-4093 

4. 

Caprylic  alcohol  . 

0-8214  at  15-5 

(27 
J47 

•4157 
4073 

1-4202 
1-4118 

1-4351 
1-4266 

5. 

Iodide  of  methyl 

2-1912  at  20 

(23-5 
J29-5 

15203 
1-5104 

1-5307 
15202 

1-5670 
1-5549 

(23-5 

1-5003 

1-5095 

1-5420 

6. 

Iodide  of  ethyl    . 

1-9228  at  20 

)36 

1-4918 

1-5006 

1-5326 

(48 

1-4841 

1-4934 

1  5250 

(   8-5 

1-5001 

1-5095 

1-5418 

7. 

Iodide  of  trityl    . 

1-7117  at  20 

J20 

1-4934 

1-5024 

1-5342 

(30 

1-4871 

1-4963 

1-5272 

8. 

Iodide  of  amyl    .        . 

1-4950  at  20 

37 

1-4816 
1-4720 

1-4892 
1-4797 

1-5149 
1-5046 

22 

1-3540 

1-3582 

1-3694 

9. 

Formic  ether 

0-9088  at  20 

31 

1-3500 

1-3540 

1-3652 

1-3456 

1-3494 

1-3608 

10. 

Acetic  ether        .        • 

0-8648  at  20 

20 

1-3645 

1-3685 

1-3798 

j  28 

1-3606 

1-3644 

1-3755 

23-5 

1  3653 

1-3692 

1-3809 

11. 

Acetic  ether 

0-8972  at  20 

|33 

1-3606 

1-3643 

1-3757 

/41 

1-3563 

1-3602 

1-3711 

. 

(22-5 

1-3696 

1-3736 

1-3860 

12. 

Propionic  ether   . 

0-8655  at  20 

132, 

1-3657 

1-3698 

1-3819 

(42 

1-3610 

1-3651 

1-3771 

LIGHT:   REFRACTION   AND   DISPERSION. 

TABLE  A — continued. 


627 


No. 

Liquid. 

Specific  gravity. 

['etnpe- 
ature  of 
>i'Serva- 
tion. 

Refractive  indices. 

A. 

D 

H. 

13. 

Butyric  ether 

0-8778  at  20°C. 

j  23 
J40 

1-3850 
1-3768 

1-3888 
1-3808 

1-4018 
1-3933 

14. 

Valerianic  ether  .         . 

0-8680  at  20 

18 
I  32-5 

1-3916 
1-3856 

1-3958 
1-3898 

1-4089 
1-4024 

(24-5 

1-3910 

1-3950 

1-4081 

15. 

Acetate  of  amyl  .        . 

0-8680  at  20 

^34-5 

1-3867 

1-3905 

1-4037 

(44 

1-3817 

1-3859 

1-3985 

16. 

Ditto,  second  specimen 

(   8-5 
J21-5 

1-3944 
1-3886 

1-3988 
1  3928 

14113 
14058 

'35 

1-3820 

1-3866 

1-3990 

17. 

Acetate  of  octyl? 

.    . 

J27-5 

Uo 

1-4045 
1-3972 

1-4092 
1-4020 

1-4255 
1-4181 

(  95 

1-3956 

1-3996 

1-4135 

18. 

Hydride  of  heptyl 

0-7090  at  20 

^22 
(36 

1-3888 
1-3811 

1-3931 
1-3854 

1-4059 
1-3976 

(  9 

1-4022 

1-4065 

14197 

19. 

Hydride  of  octyl  .         . 

07191  at  20 

^28-5 
(41 

1-3931 
1-3870 

1-3972 
1-3911 

1-4097 
1-4032 

(  8-5* 

1-5274 

1-5378 

1-5726 

20. 

Mercuric  methyl  ? 

(3-069) 

X15-5* 

1-5262 

1-5355 

1-5694 

(26-5 

1-5197 

1-5296 

1-5626 

21. 

Mercuric  ethyl?  .        . 

(2-444) 

(   8-5* 
J24-5 

1-5300 
1-5124 

1-5397 
1-5217 

1-5729 
1-5538 

22. 

Stannic  ethyl-methyl? 

1-2220  at  20 

19 
J34-5 

1-4555 
1-4479 

1-4625 

1-4747 

1-4868 
14783 

(23 

1-4606 

1-4673 

1-4905 

23. 

Stannic  ethyl?     . 

1-1920  at  20 

^35 
(48 

1-4551 
1-4481 

1-4621 
1-4549 

1-4844 
14769 

24. 

Triethylarsine      . 

.     . 

U9-5 
j  26-5 

1-4598 
1-4588 

1-4669 
1-4657 

1-4919 
1-4906 

(24 

1-3674 

1-3718 

1-3846 

25. 

Acetic  acid  .... 

1-0592  at  20 

^34-5 

1-3635 

1-36FO 

1-3803 

(45 

1-3596 

1-3634 

1-3757 

26. 

Acetone       .... 

0-8117  at  15-5 

UO 

1-3540 
1-3469 

1-3580 
1-3512 

1-3706 
1-3631 

^23 

1    W 

1-3832 

1  .0H-    •    L 

1-4028 

27. 

Amylene     .... 

0-7151  at  20 

(35 

1-3786 

1-3834 

1-3982 

(22 

1-3773 

1-3810 

1-3936 

28. 

Carbonic  ether    .        . 

0-9720  at  20 

hi 

1-3746 

1-3787 

1-3898 

(40 

1-3692 

1-  734 

1-3846 

29. 

Boracic  ether       .        . 

0-8760  at  20 

J22-5 
J40-5 

1-3664 
1-3578 

1-3698 
1-3604 

1-3815 
1-3724 

30. 

Silicic  ether          .        . 

0-9320  at  20 

J20 
J33-5 

1-3781 
1-3724 

1-3821 
1-3768 

1-3940 
1-3881 

31. 

Salicylate  of  methyl     . 

1-1760  at  20 

21 
J37 

1-5206 
1-5140 

1-5319 
1-5253 

1-5810 
1-5735 

(10 

1-4109 

1-4157 

1-4320 

32. 

Nitrate  of  amyl   .        .        . 

1-0008  at  20 

^22-5 
(36-5 

1-4053 
1-3988 

1-4097 
1-4035 

1-4256 
1-4191 

33. 

Chloroform. 

1-4980  at  20 

f!8 

K30 
(44 

1-4411 
1-4346 
1-4253 

1-4463 
1-4397 
1-4308 

1-4630 
1-4561 
1-4471 

(15-5 

1-5579 

1-5674 

1-5998 

34. 

Bromotorm  .... 

2-6360  at  12 

J29 

1-5505 

1-5598 

1-5921 

(39 

1-5437 

1-5531 

1-5846 

(21 

1-4175 

1-4221 

1-4371 

35. 

Dutch  liquid 

.     . 

38 

1-4082- 

1-4126 

1-4276 

36. 

Dibromide  of  bromethylene  . 

2-6160  at  20 

18 
J39-5 

1-5819 
1-5701 

1-5915 
1-5787 

1-6249 
1-6112 

37. 

Dibromide  of  chlorethylene  . 

2-2477  at  20 

18 

J24 

1-5477 
1-5413 

1-5559 
1-5494 

1-5839 
1-5770 
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1 
No 

Liquid. 

Specific  gravity. 

Tempe- 
ratuie  o 
observa 
tion. 

Refractive  indices. 

A. 

D. 

H. 

38. 

Bichloride  of  chlorethylene  . 

1-4177  at  20°C 

J13 

^29  -5 

1-4661 
1-4563 

1-4714 
1-4619 

1-4892 
1-4789 

(10-5 

1-4879 

1-4975 

1-5305 

39. 

Benzene       .... 

0-8667  at  20 

<  23 

1-4806 

1-4900 

1-5225 

(39 

1-4703 

1-4793 

1-5108 

40. 

Parabenzene         .         . 

0-8469  at  20 

20 

1-4814 

1-4903 

1-5216 

(255 

1-4709 

1-4794 

1-5090 

41. 

Benzylene   .... 

0-8650  at  20 

132-5 

1-4672 

1-4755 

1-5048 

(39 

1-4629 

1-4710 

1-5001 

42. 

Parabenzylene     . 

0-8333  at  20 

(28 
J40 

1-4667 
1-4590 

1-4751 
1-4671 

1-5030 
1-4944 

43. 

Benzylene   .... 

0-8658  at  20 

1-4869 

1-4957 
1-4856 

1-5271 

fll 

1-4888 

1-4982 

1-5300 

44. 

Xylene        .... 

0-8660  at  20 

1-4788 

1-4879 

1-5192 

U2 

1-4716 

1-4805 

1-5166 

45. 

Cumene  (from  cuminic  acid) 

0-8710  at  20 

1  7 

1-4898 
1-4783 

1-4983 
1-4864 

1-5280 
1-5148 

46. 

Cumene  (from  impure  wood-  \ 
spirit)                                  J 

0-8580  at  20 

(  8-5 
^24 
(34 

1-4687 
1-4608 
1-4555 

1-4759 
1-4680 
1-4634 

1-5008 
1-4919 
1-4848 

47. 

Pseudocumene     ... 

0-8692  at  20 

U2-5 
J35-5 

1-4843 
1-4728 

1-4932 
1-4812 

1-5236 
1-5093 

48. 

Cymene       .... 

0-8610  at  20 

5  8 

1-4760 
1-4648 

1-4834 
1-4717 

1-5076 
1-4957 

(12 

1-4731 

1-4803 

1-5050 

49. 

Cymene  (from  camphor) 

0-8565  at  20 

1-4659 

1-4729 

1-4975 

J36 

1-4614 

1-4684 

1-4927 

50. 

Chlorobenzene 

1-1080  at  20 

1  9 

1-5194 
1-5095 

1-5290 
1-5189 

1-5636 
1-5528 

51. 

Trichlorobenzene         .        . 

1-4500  at  20 

is? 

1-5563 
1-5495 

1-5671 
1-5600 

1-6065 
1-5983 

52. 

Nitrobenzene        .         .        . 

1  1590  at  20 

25 
<38 

1-5331 
1-5266 

1-5465 
1-5399 

1-5832G-. 
1-5766G. 

53. 

Binitrobenzene  in  2  equivs.  ) 
of  nitrobenzene         .         | 

1-2670  at  20 

(23-5 
135 
(56 

1-5460 
1-5404 
1-5296 

1-5600 
1-5542 
1-5425 

1-5994G-. 
1-5932G. 
1-5816GK 

(21-5 

1-5644 

1-5784 

1-6297 

54. 

Aniline        .... 

1-0270  at  16 

37 
42 

1-5567 
1-5537 

1-5701 
1-5676 

1-6183 

U7 

1-5520 

1-5647 

1-6145 

55. 

Arayl-aniline        ... 

0-9177  at  20 

)42 

1-5114 
1-5035 

1-5222 
1-5138 

1-5622 
1-5532 

56. 

Hydrate  of  cresyl         . 

1-0364  at  20 

11-5 
)32 

1-5341 
1-5281 

1-5454 
1-5377 

1-5824 
1-5733 

57. 

Pyridine      .... 

0-9738  at  20 

J21-5 

J36 

1-4940 
1-4860 

1-5030 
1-4951 

1-5387 
1-5301 

(22-5 

1-4188 

1-4980 

1-5314 

58. 

Picoline       .... 

0-955) 

137-5 

1-4803 

1-4890 

1-5213 

(52 

1-4718 

1-4807 

1-5122 

59. 

Lutidine      .... 

0-936) 

j   8-5* 
1  22-5 

1-4932 
1-4894 

1-5028 
1-4987 

1-5353 
1-5308 

60. 

Collidine      .... 

0-921) 

J23-5 

1-4927 
1-4820 

1-5013 
1-4907 

1-5329 
1-5210 

[24  ' 

1-5567 

15687 

1-6198 

61. 

Chinoline    .... 

1-0810  at  10) 

35 

1-5466 

1-5587 

1-6084 

L37 

1-5496 

1-5616 

1-6124 

62. 

Lepidine      .... 

1-0720  at  15 

[47 

1-6039 
1-5909 

1-6189 
1-6054 

1-6822 
1-6473G. 

63. 

Hydrocarbon  from  anise 

0-8580  at  20 

S11 

[80 

1-4653 

1-4718 
1-4625 

1-4921 
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No. 

Liquid. 

Specific  gravity. 

Tempe- 
rature ol 
observa- 
tion. 

Refractive  indices. 

A. 

D. 

H. 

(10* 

1-4669    1-4734 

1-4934 

64. 

Hydrocarbon  from  turpentine 

0-8644  at  20°  C. 

24 

1-4596 

1-4653 

1-4845 

<-47 

1-4487 

1-4545 

1-4730 

65. 

„                „     carraway 

0  8529  at  20 

J14 

<37 

1-4640 
1-4529 

1-4701 
1-4589 

1-4901 
1-4783 

66. 

„     thyme    . 

0-8635  at  20 

\25 

}35-5 

1-4594 
1-4545 

1-4652 
1-4606 

1-4856 
1-4805 

67. 

»     bay 

0  8510  at  20 

}23 
U3 

1-4646 

1-4468 

1-4610 
1-4528 

1-4818 

68. 

„     bergamot 

0-8467  at  20 

<26-5 
J38 

1-4574 
1-4517 

1-4640 
1-4578 

1-4865 
1-4800 

69. 

„               „     cloves    . 

0-9041  at  20 

(17 
428-5 
(39 

1-4918 
1-4870 
1-4828 

1-4985 
1-4936 
1-4892 

1-5209 
1-5157 
1-5110 

(10-5 

1-4988 

1-5055 

1-5294 

70. 

„                „     cubebs   . 

0-9270  at  20 

J20 

1-4950 

1-5014 

1-5252 

(31 

1-4905 

1-4977 

1-5209 

(12-5 

1-4913 

1-4992 

1-5270 

71. 

Carvene       .... 

0-9530  at  20 

S24-5 

1-4862 

1-4935 

1-5196 

(-34 

1-4812 

1-4884 

1-5145 

72. 

Eugenic  acid        .         . 

1-0640  at  20 

}18 
J27-5 

1-5285 
1-5244 

1-5394 
1-5347 

1-5780 
1-5722 

73. 

Camphor  of  peppermint 

0-8786  at  43 

J30 
143 

1-4503 
1-4451 

1-45-53 
1-4505 

1-4703 
1-4653 

(20 

1-4659 

1-4705 

1-4850 

74. 

Glycerin      .... 

1-2610  at  17 

^30 

1-4634 

1-4680 

1-4823 

(48 

1-4586 

1-4631 

1-4773 

75. 

Nitroglycerin  ?     . 

(1-60) 

(  13-5 
)32-5 

1-4683 
1-4596 

1-4749 
1-4662 

1-4947 

76. 

Nicotine      .... 

1-0260  at  18 

18 
32 

1-5149 
1-5107 

1-5234 
1-5194 

1-5542 
1-5493 

77. 

Tribromide  of  phosphorus    . 

2-880    at  20 

J25 

J36 

1-6698 
1-6627 

1-6866 
1-6792 

1-7506 
1-7422 

78. 

Trichloride  of  phosphorus    . 

1-4530  at  20 

<25-5 
}38 

1-5030 
1-4957 

1-5118 
1-5042 

1-5418 
1-5334 

79. 

Oxychloride  of  phosphorus  . 

1-6800  at  20 

17 
J26 

1-4810 
1-4756 

1-4882 
1-4832 

1-5118 
1-5067 

TABLE  B. 
Refractive  Indices. 

The  liquids  in  this  table  are  arranged  according  to  their  power  of  refracting  the 
line  A  at  20°  C. 


Liquid. 

Temp. 

Refractive  indices. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Phosphorus 

35°  C. 

2-0389 

2-0746 

2-1201 

2-1710 

2-2267? 

Phosphorus  in  sulphide 

of  carbon 

? 

1-9209 

1-9314 

m 

1-9527 

1-9744 

1-9941 

2-0361 

2-0746 

Tribromide   of    phos- 

phorus   . 

25 

1-6698 

1-6752 

1-6866 

.     . 

1-7083 

1-7300 

1-7506 

Sulphide  of  carbon 

11 

1-6142 

1-6207 

1-6240 

1-6333 

1-6465 

1-6584 

1-6836 

1-7090 

Lepidine     . 

21 

1-6039 

1-6094 

% 

1-6189 

.    . 

1-6403 

1-6615 

1-6822 

Dibromide   of    brom- 

ethylene 

18 

1-5819 

1-5851 

. 

1-5915 

,     . 

1-6037 

1-6149 

1-6249 

Rectified  oil  of  cassia 

28 

1-5649 

1-5699 

1-5727 

1-5801 

1-5909 

1-6014 

1-6244 

Aniline 

21-5 

1-5644 

1-5684 

.     . 

1-5774 

. 

1-5951 

1-6125 

1-6297 

Chinoline   .        .        • 

24 

1-5567 

1-5617 

. 

15687 

. 

1-5879 

1-60301-6198 

630 
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Liquid. 

Temp. 

Refractive  indices. 

A. 

B. 

c. 

D. 

E. 

F. 

G. 

H. 

Trichlorobenzene 

20°C. 

1-5563 

1-5602 

1-5671 

1-5809 

1-5945 

1-6065 

Bromoform 

15-5 

1-5579 

1-5610 

1-5628 

1-5674 

1-5737 

1-5790 

1-5901 

1-5998 

Dinitrobenzene  in  ni- 

• 

trobenzene 

23-5 

1-5460 

1-5506 

1-5600 

1-5791 

1-5994 

Dibromide    of   chlor- 

ethylene  . 

12-5 

1-5472 

1-5500 

. 

1-5554 

•5659 

1-5748 

1-5830 

Nitrobenzene 

25 

1-5331 

1-5374 

1  5398 

1-5465 

1-5554 

•5643 

1-5832 

Hydrate  of  phenyl 

13 

1-5377 

1-5416 

1-5433 

1-5488 

1-5564 

•5639 

1-5763 

1-5886 

Hydrate  of  cresyl 

11-5 

1-5341 

1  5377 

1-5445 

•5573 

1-5699 

1-5813 

Eugenic  acid 

18 

1-5285 

1-5321 

1-5341 

1-5394 

1-5464 

•5528 

€ 

1-5780 

Mercuric  methyl 

26-5 

1-5197 

1-5232 

. 

1-5296 

. 

•5368 

1-5526 

1-5626 

Sal  icy  late  of  methyl   . 

21 

1-5206 

1-5241 

1-5263 

1-5319 

1-5402 

•5478 

1-5640 

1-5810 

Iodide  of  methyl 

16 

1-5203 

1-5234 

. 

1-5307 

1-5377 

•5440 

1-5558 

1-5670 

Mercuric  ethyl  . 

8-5 

1-5300 

1-5333 

. 

1-5397 

. 

•5518 

1-5634 

1-5729 

Nicotine     . 

18 

1-5149 

1-5174 

.     . 

1-5234 

.     . 

•5346 

1-6449 

1-5542 

Chlorobenzene    . 

9 

1-5194 

1-5223 

1-5290 

1-5418 

1-5530 

1-5636 

Amyl-aniline 

23-5 

1-5114 

1-5150 

1-5168 

1-5222 

1-5292 

1-5361 

1-5491 

1-5622 

Trichloride    of  phos- 

phorus  . 

23-5 

1-5052 

1-5088 

.     . 

1-5148 

.     . 

1-5252 

1-5357 

1-5446 

Iodide  of  ethyl  . 

23-5 

1-5003 

1-5034 

.     . 

1-5095 

1-5156 

1-5214 

1-5321 

1-5420 

Rectified  oil  of  santal- 

wood 

25-5 

1-4954 

1-4977 

t 

1-5015 

, 

1-5093 

1-5161 

1-5223 

Hydrocarbon        from 

cubebs   . 

10-5 

1-4988 

1-5012 

.     . 

1-5055 

i 

1-5145 

1-5227 

1-5294 

Pyridine    .         . 

21-5 

1-4940 

1-4967 

,     . 

1-5030 

.    . 

1-5155 

1-5278 

1-5387 

Lutidine    .        . 

22-5 

1-4894 

1-4924 

. 

1-4987 

. 

1-5100 

1-5204 

1-5308 

Collidine    . 

23-5 

1-4927 

1-4958 

m 

1-5013 

a 

1-5127 

1-5232 

1-5329 

Hydrocarbon        from 

cloves     .         . 

17 

1-4918 

•4944 

.     . 

1-4985 

t 

1-5064 

1-5140 

1-5209 

Pseudocumene    . 

12-5 

1-4843 

•4872 

f 

1-4932 

% 

1-5040 

1-5146 

1-5236 

Iodide  of  amyl  . 

17-5 

1-4816 

•4843 

. 

1-4892 

1-4941 

1-4987 

1-5074 

1-5149 

Oxychloride  of   phos- 

phorus  . 

17 

1-4810 

•4840 

_ 

1-4882 

t 

1-4967 

1-5047 

1-5118 

Benzene     .        • 

10-5 

1-4879 

•4913 

1-4931 

1-4975 

1-5036 

1-5089 

1-5202 

1-5305 

Benzylene  . 

14 

1-4869 

•4898 

. 

1-4957 

. 

1-5072 

1-5174 

1-5271 

Cymene 

29 

1-4648 

1-4671 

, 

T4717 

1-4766 

1-4808 

1-4866 

1-4957 

Nitroglycerin 

13-5 

1-4683 

1-4706 

>     > 

1-4749 

1-4824 

1-4899 

1-4947 

Hydrocarbon        from 

Portugal 

25 

1-4617 

1-4640 

. 

1-4684 

t 

1-4758 

1-4826 

1-4894 

Cumene   (2nd     speci- 

men) 

8-5 

1-4687 

1-4709 

f 

1-4759 

m 

1-4853 

1-4936 

1-5008 

Stannic  ethyl 

23 

1-4606 

1-4629 

t 

1-4673 

f 

1-4758 

1-4838 

1-4905 

Bichloride    of    chlor- 

ethylene 

13 

1-4661 

1-4680 

. 

1-4714 

9 

1-4784 

1-4841 

1-4892 

Hydrocarbon        from 

turpentine 

24 

1-4596 

1-4616 

.     . 

1-4653 

1-4691 

1-4724 

1-4790 

1-4845 

Hydrocarbon        from 

carraway 

24 

1-4594 

1-4615 

m     . 

1-4652 

t 

1-4724 

1-4789 

1-4844 

Hydrocarbon        from 

bergamot 

26-5 

1-4574 

1-4598 

9    t 

1-4640 

t 

1-4721 

1-4798 

1-4865 

Rectified  oil  of  citro- 

nella      . 

19 

1-4598 

1-4619 

. 

1-4655 

1-4730 

1-4795 

1-4860 

Hydrocarbon  from  bay 

23 

1-4545 

•4567 

1-4610 

,     . 

1-4690 

1-4756 

1-4818 

Stannic  ethyl-methyl  . 

19 

1-4555 

•4578 

1-4590 

1-4625 

1-4674 

1-4716 

1-4795 

1-4868 

Chloroform 

10 

1-4438 

•4457 

1-4466 

1-4490 

1-4526 

1-4555 

1-4614 

1-4661 

Octylic  alcohol  . 

9-5 

1-4230 

•4246 

1-4255 

1-4279 

1-4309 

1-4338 

1-4386 

1-4429 

Nitrate  of  amyl  . 

10 

1-4109 

•4127 

t 

14157 

m 

1-4219 

1-4274 

1-4320 

Amylic  alcohol  . 
Hydride  of  octyl 

25 
9 

1-3981 
1-4022 

1-3999 
1-4037 

•     • 

1-4024 
1-4065 

•     • 

1-4078 
1-4076 

1-4122 
1-4141 

1-4161 
1-4197 

Hydride  of  heptyl 

9-5 

1-3956 

1-3968 

. 

1-3996 

.     . 

1-4045 

1-4087 

1-4135 
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Liquid. 

Temp. 

Refractive  indices. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

H. 

Acetate  of  amyl 

8-5  C. 

1-3944 

1-3958 

. 

1-3998 

1-4035 

1-4077 

1-4113 

Butyric  ether     . 

23 

1-3850 

1-3864 

.     . 

1-3888 

. 

1-3938 

1-3981 

1-4018 

Amylene    . 

8 

1-3850 

1-3866 

. 

1-3896 

. 

1-3944 

1-3992 

1-4033 

Carbonic  ether   .         . 

22 

1-3773 

1-3785 

. 

1-3810 

. 

1-3856 

•3896 

1-3936 

Propionic  ether  . 
Boracic  ether 

22-5 
22-5 

1-3696 
1-3664 

1-3713 

•    • 

•3736 
•3698 

•     • 

1-3785 
1-3742 

•38271-3860 
•37851-3815 

Acetic  ether 

20 

1-3645 

1-3658 

. 

•3685 

. 

1-3728 

•3766 

1-3798 

Alcohol 

15 

1-3600 

1-3612 

1-3621 

•3638 

1-3661 

1-3683 

•3720 

1-3751 

Acetone 

25-5 

1-3540 

1-3554 

•3582 

.     . 

1-3629 

1-3670 

1-3706 

Formic  ether 

22 

1-3540 

1-3553 

. 

•3582 

t 

1-3627 

•3666 

1-3694 

Ether 

15 

1-3529 

1-3545 

1-3554 

•3566 

1-3590 

1-3606 

•3646 

1-3683 

Water 

15 

1-3284 

1-3300 

1-3307 

1-3324 

1-3347 

1-3366 

•3402 

1-3431 

Methylic  alcohol 

20 

1-3264 

1-3277 

•     • 

1-3299 

• 

1-3330 

1-3669 

1-3395 

Cause  of  Dispersion. — As  the  several  colours  correspond  to  vibrations  of  dif- 
ferent rapidity,  and  the  deviation  of  rays  of  light  in  refraction  depends  on  the  change 
of  velocity  of  light  in  passing  from  one  medium  into  another,  it  follows  that  in  order 
to  explain  dispersion,  we  must  suppose  that  this  change  of  velocity  is  different  for  rays 
of  different  colours,  that  is  to  say,  that  waves  of  different  length  travel  through 
refracting  media  with  different  velocities.  This  consequence  was  for  a  long  time  re- 
garded as  a  grave  objection  to  the  undulatory  theory  of  light,  being  in  fact  in  contra- 
diction to  the  general  formula  for  the  velocity  of  undulations  established  by  Newton, 

viz.  v*  =.  *L.     It  must,  however,  be  remembered  that  though  the  velocity  of  light  in 

free  space  is  the  same  for  rays  of  all  colours  (p.  594),  it  is  by  no  means  necessarily 
so  in  transparent  media,  which  retain  the  ether  imprisoned,  as  it  were,  between  their 
particles.  The  waves  must  then  turn  round  these  molecules,  and  it  is  easily  con- 
ceivable that,  the  retardations  thus  produced  may  be  greater  for  the  shorter  than  for 
the  longer  undulations.  That  such  is  the  case  has  in  fact  been  proved  by  the  ana- 
lytical researches  of  Cauchy ;  but  the  demonstration  is  not  of  a  character  to  be  intro- 
duced into  this  work,  and  does  not  admit  of  representation  in  a  more  elementary  form. 

Heating,  Chemical,  and  Phosphorogenic  Eays  of  the  Spectrum. 

All  the  rays  of  the  solar  spectrum  are  capable  of  giving  heat  as  well  as  light.  A 
thermometer  held  in  any  part  of  the  spectrum  indicates  a  rise  of  temperature ;  but 
the  heating  effect  is  very  different  in  different  parts,  being  greatest  at  the  red  end  of 
the  spectrum ;  but  the  particular  position  of  the  maximum  heating  effect  varies  with 
the  kind  of  prism  used.  Moreover,  there  are  invisible  heat-rays  situated  beyond  the 
red,  and  therefore  of  lower  refrangibility  than  any  of  the  luminous  rays  ;  and  when  a 
flint-glass  prism  is  used,  the  maximum  of  heating  power  is  situated  beyond  the  visible 
red  rays. 

The  spectra  of  flames  exhibit  similar  results,  provided  the  heat-rays  which  they 
emit  are  capable  of  passing  through  the  substance  of  .which  the  prism  is  formed,  which 
is  not  always  the  case.  (See  KADIATION  or  HEAT.) 

The  solar  rays  are  also  capable  of  producing  chemical  change,  chiefly  of  the 
reducing  order.  Thus  silver-salts  are  blackened  and  more  or  less  reduced  by  exposure 
to  daylight,  and  the  leaves  of  plants,  under  the  influence  of  sunlight,  decompose  the 
carbonic  acid  in  the  air,  and  assimilate  its  carbon.  This  action  is  exerted  by  all  the 
luminous  rays  of  the  spectrum,  but  chiefly  by  the  violet  rays,  and  by  non-luminous 
rays  extending  to  a  considerable  distance  beyond  the  violet.  The  yellow  and  red  rays 
have  but  little  chemical  power:  hence  ordinary  flames  (hydrocarbon  flames)  in  which 
these  rays  greatly  predominate,  exert  but  little  action  on  chloride  of  silver  and  other 
bodies,  which  change  rapidly  under  the  influence  of  solar  light ;  and  in  monochromatic 
yellow  flames,  such  as  that  of  alcohol  containing  a  sodium-salt,  the  chemical  action  is 
altogether  imperceptible.  Photographers  develope  their  pictures  in  rooms  into  which 
light  is  admitted  only  through  yellow  glass  or  yellow  paper.  Violet  flames,  on  the 
other  hand,  like  that  of  burning  magnesium,  emit  rays  whose  chemical  activity  rivals 
that  of  sunlight,  though  their  luminosity  is  incomparably  less.  The  maximum  of 
chemical  action  is  not,  however,  produced  upon  all  substances  in  the  same  part  of 
VOL.  III.  S  S 
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the  spectrum.  According  to  E.  Becquerel  (Ann.  Ch.  Phys.  [3],  ix.  257),  chloride  of 
silver  begins  to  blacken  in  the  extreme  violet  between  the  lines  H  and  Gr,  the  colora- 
tion extending  on  the  one  side  nearly  to  F,  and  on  the  other  considerably  beyond  the 
visible  violet.  With  the  iodide  and  bromide  of  silver,  the  effect  is  similar,  excepting 
that  the  action  does  not  extend  so  far  beyond  the  violet,  and  the  maximum  does 
not  occupy  the  same  place.  Gruaiac-resin,  which  is  turned  blue  by  exposure  to 
sunlight,  is  not  at  all  affected  by  any  of  the  visible  rays  of  the  spectrum,  the  action 
beginning  only  in  the  ultra-violet,  and  the  maximum  being  situated  a  long  way  beyond 
the  end  of  the  visible  spectrum. 

The  chemical  spectrum  contains  fixed  lines,  that  is  to  say,  portions  in  which  no 
chemical  action  is  produced,  so  that  when  a  piece  of  paper  covered  with  chloride  of 
silver  or  other  sensitive  substance  has  been  exposed  to  the  spectrum,  the  blackened 
surface  is  traversed  by  lines  of  the  same  colour  as  the  original  substance,  in  the  ultra- 
violet as  well  as  in  the  visible  portion  of  the  spectrum.  A  diagram  of  these  lines  will 
be  given  in  the  next  article  on  the  CHEMICAL  ACTION  OF  LIGHT. 

The  interposition  of  colourless  plates  or  films  does  not  modify  the  chemical  action  in 
the  visible  part  of  the  spectrum  between  A  and  H  ;  that  of  the  rays  between  H  and  P 
ia  likewise  unaltered  by  certain  transparent  substances,  such  as  water,  alcohol,  sulphuric 
acid,  &c.,  whereas  other  substances,  both  liquid  and  solid,  weaken  the  chemical  action 
of  the  most  refrangible  chemical  rays  situated  beyond  the  visible  spectrum,  from  P  to 
a  point  more  or  less  near  to  H.  With  nitric  acid  and  oil  of  lemons,  the  absorbent 
action  stops  at  N  ;  with  creasote,  bitter  almond-oil,  and  a  dilute  aqueous  solution  of 
sulphate  of  quinine,  at  H,  (For  further  details  respecting  the  chemical  action  of  light, 
see  the  next  article.) 

The  different  rays  of  the  spectrum  also  differ  in  their  power  of  producing  phos- 
phorescence. When  Canton's  phosphorus  spread  on  a  sheet  of  paper  is  exposed  in 
a  dark  room  to  the  action  of  the  spectrum,  phosphorescence  is  produced  by  the  rays 
between  G-  and  P  (see  figure  in  the  next  article) ;  there  is  a  less  luminous  portion 
beween  I  and  IS",  and  two  maxima,  one  between  H  and  G,  the  other  in  0.  The 
Bolognian  phosphorus  gives  similar  results,  excepting  that  there  is  no  minimum  in 
I  N,  and  only  one  maximum  between  I  and  M.  It  appears  therefore  that  the  phos- 
phorogenic  rays  occupy  the  same  portion  of  the  spectrum  as  the  chemical  rays. 

The  colour  of  the  phosphorescent  light,  which  may  vary  from  orange-red  to  violet, 
has  no  relation  to  that  of  the  exciting  rays,  excepting  in  the  case  of  three  substances  : 
sulphide  of  barium,  which  shines  with  an  orange-yellow  light  when  it  has  been  ex- 
posed to  the  rays  between  H  and  P,  with  a  more  reddish  light  when  it  receives  the 
blue  and  violet  rays ;  sulphide  of  calcium,  which,  shines  with  an  orange-red  light  when 
it  has  been  exposed  to  the  rays  between  F  and  0,  and  exhibits  a  slight  greenish  shade 
when  the  incident  rays  are  comprised  between  0  and  P ;  lastly,  the  substance  obtained 
by  the  action  of  sulphide  of  potassium  on  oyster- shells  calcined  with  lime,  which 
emits  a  violet-indigo  light  after  exposure  to  rays  of  the  same  tint,  and  becomes  blue 
in  the  ultra-violet  rays.  In  general,  the  emitted  rays  are  less  refrangible  than  the 
exciting  rays,  the  last-mentioned  substance,  however,  forming  an  exception  to  this  rule. 

The  electric  light,  which  is  very  bright  and  very  rich  in  highly  refrangible  rays, 
produces  phosphorescence  more  actively  than  the  solar  rays.  The  sudden  discharge  is 
more  efficacious  than  the  continuous  light  of  the  voltaic  arc. 

The  phosphorogenic  spectrum  likewise  exhibits  dark  lines  or  lines  of  no  action  ;  but 
to  see  them  it  is  necessary  to  extend  the  spectrum  to  about  ten  times  its  usual  length 
by  means  of  diverging  lenses.  Dark  lines  are  then  seen  on  the  phosphorescent  surface, 
occupying  the  same  position  as  those  of  the  luminous  and  chemical  spectra.  They 
may  be  rendered  more  distinct  by  heating  the  phosphorescent  body  to  between  200° 
and  300° ;  the  luminous  portions  then  -become  brighter,  and  the  lines  more  distinct 

Transparent  substances,  both  coloured  and  colourless,  placed  in  the  course  of  the 
incident  rays,  absorb  the  phosphorogenic  rays  in  the  same  parts  of  the  spectrum  as  the 
luminous  and  chemical  rays. 

Identity  of  the  calorific,  luminous,  chemical,  and  phosphorogenic  rays. — It  was 
formerly  supposed  that  the  rays  producing  these  several  effects  are  distinct  from  each 
other ;  in  fact,  that  luminous  bodies  emit  four  kinds  of  rays,  which,  when  dispersed 
by  a  prism,  form  four  spectra  superposed  over  each  other,  but  having  their  maxima 
and  minima  at  different  places.  But  it  is  much  more  probable  that  the  rays  or 
undulations  are  all  of  one  kind,  and  capable  of  producing  one  or  other  of  the  effects 
above  mentioned,  according  to  the  nature  of  the  bodies  or  organs  upon  which  they  act. 
In  fact,  the  calorific  and  chemical  rays  are  reflected  and  refracted  in  the  same  manner 
as  luminous  rays  of  equal  refrangibility ;  the  calorific,  luminous,  and  chemical  spectra 
are  interrupted  by  the  same  lines ;  and  bodies  which  absorb  the  luminous  rays  likewise 
absorb  heat-rays  and  chemical  rays  of  the  same  degree  of  refrangibility.  The  same  is 
true  with  regard  to  the  phosphorogenic  rays,  so  far  as  they  extend  into  the  luminous 
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part  of  the  spectrum.  Moreover,  Fizeau  and  Foueault  have  shown  that  the  chemical 
actions  produced  at  the  focus  of  a  lens  by  the  light  of  the  voltaic  arc  and  the  lime-light, 
are  to  one  another  in  the  same  ratio  as  the  luminous  intensity. 

The  production  of  the  several  effects  above  mentioned  by  the  same  rays,  is  quite  in 
accordance  with  the  wave-theory  of  light.  The  waves  of  the  ether  striking  on  the 
surface  of  ponderable  bodies  throw  their  particles  into  vibration,  and  the  particular 
effects  produced  are  determined  by  the  rate  and  mode  of  vibration  thus  excited,  which 
themselves  depend  upon  the  manner  in  which  the  particles  of  the  body  are  held 
together,  as  well  as  upon  the  rate  of  vibration  of  the  incident  waves.  Kays  whose 
length  and  rapidity  of  vibration  are  such  as  to  excite  in  our  organs  the  sensations  of 
both  heat  and  light,  may,  when  they  impinge  upon  a  ponderable  body,  set  its  particles 
into  such  a  rate  of  vibration  as  to  excite  in  the  surrounding  ether,  waves  whose  length 
and  rapidity  of  vibration  correspond  to  the  least  refrangible  rays  of  the  spectrum 
beyond  the  visible  red.  In  like  manner,  we  shall  presently  see  that  the  invisible 
chemical  rays  at  the  other  end  of  the  spectrum  may  excite  vibrations  of  less  rapidity, 
which  render  visible  the  body  on  which  they  impinge.  The  effect  thus  produced  is 
called 

Fluorescence. 

It  was  observed  some  years  ago,  by  Sir  John  Herschel,  that  a  solution  of  sulphate 
of  quinine,  though  perfectly  colourless  by  transmitted  light,  exhibits  in  certain  aspects 
a  peculiar  blue  colour.  This  blue  light  was  found  to  be  produced  only  by  a  very 
thin  stratum  of  liquid  adjacent  to  the  surface  by  which  the  light  entered,  and  the 
incident  beam,  after  having  passed  through  the  stratum  from  which  the  blue  light 
came,  was  not  sensibly  weakened  or  coloured,  but  had  lost  the  power  of  producing  the 
usual  blue  colour  when  admitted  into  another  solution  of  sulphate  of  quinine.  Light 
thus  modified  was  said  by  Sir  J.  Herschel  to  be  epipolised. 

Similar  phenomena  were  observed  by  Sir  D.  Brewster  in  an  alcoholic  solution  of 
chlorophyll,"  the  green  colouring  matter  of  leaves,  the  path  of  a  beam  of  sunlight  ad- 
mitted into  the  green  solution  being  marked  by  a  bright  light  of  a  blood-red  colour. 
The  same  appearance  was  afterwards  observed  in  various  vegetable  solutions  and 
essential  oils,  and  in  some  solids.  Brewster  distinguished  this  phenomenon  by  the 
name  of  internal  dispersion,  attributing  it  to  the  irregular  reflection  of  the  light  from 
coloured  particles  suspended  in  the  liquid,  and  was  of  opinion  that  Herschel's  epipolic 
dispersion  was  only  a  particular  case  of  this  internal  dispersion. 

The  true  explanation  of  these  remarkable  phenomena  has,  however,  been  given  by 
Professor  Stokes,  who  has  shown  that  the  peculiar  dispersion  produced  by  sulphate  of 
quinine,  and  the  other  liquids  above  mentioned,  is  due  to  a  change  of  refrangibility  in 
the  rays  of  light.  The  following  experiment  renders  this  evident : — 

A  solar  spectrum  is  formed  by  means  of  an  achromatic  lens,  and  one  or  more  prisms 
of  flint  glass,  sufficiently  pure  to  render  visible  the  principal  fixed  lines,  and  a  tube 
filled  with  a  solution  of  sulphate  of  quinine  is  passed  along  this  spectrum,  from  the  red 
towards  the  violet  end.  Nothing  peculiar  is  observed  while  the  tube  is  held  in  the  less 
refrangible  part  of  the  spectrum,  the  light  passing  through  it  freely  and  without  sen- 
sible modification ;  but  just  before  it  reaches  the  extremity  of  the  violet,  a  peculiar 
blue  diffused  light  makes  its  appearance  at  the  surface  of  the  fluid  by  which  the  light 
enters,  and  remains  visible,  even  after  the  tube  has  passed  beyond  the  violet  into  the 
invisible  portion  of  the  spectrum,  acquiring,  in  fact,  its  greatest  intensity  at  a  certain 
distance  beyond  the  extreme  violet. 

The  stratum  of  liquid  from  which  the  diffused  blue  light  emanates  is  thinner  in 
proportion  as  the  incident  rays  are  more  refrangible ;  and,  from  a  little  beyond  the 
extreme  violet  to  the  end  of  the  spectrum,  the  blue  space  is  reduced  to  an  excessively 
thin  stratum  adjacent  to  the  surface  by  which  the  rays  enter.  It  appears,  therefore, 
that  the  solution,  though  transparent  with  respect  to  nearly  the  whole  of  the  visible 
rays,  is  of  an  inky  blackness  with  respect  to  the  invisible  rays  more  refrangible  than 
the  violet.  Nevertheless,  these  rays,  when  once  they  have  been  converted  into  the 
visible  blue  light,  pass  through  the  liquid  with  facility.  They  must,  therefore,  be 
essentially  altered  in  character.  Now,  a  change  in  the  quality  of  light  must  consist, 
either  in  a  modification  of  its  state  of  polarisation,  or  in  its  period  of  undulation.  The 
former  supposition  is  excluded  by  the  fact  that  the  light  thus  modified  is  not  polarised 
at  all.  It  must,  therefore,  have  undergone  a  change  in  its  rate  of  vibration,  and 
consequently  a  change  of  refrangibility.  The  existence  of  this  change  is,  moreover, 
distinctly  proved  by  examining  the  diffused  light  with  a  prism.  It  is  then  found  to 
be  by  no  means  homogeneous,  but  to  be  resolvable  into  rays  of  unequal  refrangibility, 
the  whole  of  which  are,  however,  comprised  within  the  limits  of  the  visible  spectrum. 
The  diffused  blue  light  consists  of  the  chemical  rays  rendered  visible  by  a  change  in 
their  refrangibility. 

The  diffusion  thus  produced  is  entirely  distinct  from  that  which  is  clue  to  reflection 

ss2 


634  LIGHT:   FLUORESCENCE. 

from  irregularities  or  suspended  particles.  The  two  phenomena  are  often  produced 
together  in  the  same  medium  ;  but  they  are  easily  distinguished  by  the  fact  that  the 
light  diffused  by  irregular  reflection  is  more  or  less  polarised,  whereas  the  light  diffused 
in  the  manner  above  described  is  entirely  unpolarised,  even  if  the  incident  rays  were 
themselves  polarised.  This  phenomenon,  to  which  Professor  Stokes  originally  gave  the 
name  of  true  diffusion,  to  distinguish  it  from  the  false  diffusion  produced  by  irregular 
reflection,  is  now  called  FLUORESCENCE. 

It  is  exhibited  by  many  solutions,  and  by  many  solid  bodies,  opaque  as  well  as 
transparent,  the  colour  of  the  diffused  light  varying  with  the  nature  of  the  medium. 
An  aqueous  infusion  of  horse-chesnut  bark  exhibits  it  very  strongly,  producing  a  blue 
colour  similar  to  that  of  sulphate  of  quinine.  Many  compounds  of  sesquioxide  of  ura- 
nium are  also  highly  fluorescent,  and  diffuse  a  greenish-blue  light,  especially  the 
nitrate,  and  canary-glass.  A  decoction  of  madder  mixed  with  alum  gives  a  yellow  or 
orange-yellow  fluorescence ;  tincture  of  turmeric  and  alcoholic  extract  of  thorn-apple 
seeds  diffuse  a  greenish  light ;  an  alcoholic  solution  of  chlorophyll,  a  red  light. 

When  the  fluorescence  is  strong,  as  with  sulphate  of  quinine,  it  may  be  seen  by 
merely  viewing  the  substance  by  ordinary  diffused  daylight.  For  more  accurate  obser- 
vation and  for  detecting  fluorescence  when  it  exists  only  in  a  slight  degree,  the 
following  method  is  recommended  by  Stokes  (Phil.  Mag.  [4],  vi.  304): — 

Light  is  admitted  into  a  darkened  room  through  a  hole  several  inches  in  diameter  in 
the  window-shutter,  and  the  object  to  be  examined  is  placed  on  a  small  shelf,  blackened  at 
the  top,  and  fixed  just  below.  The  hole  is  covered  with  an  absorbing  medium,  called 
the  principal  absorbent,  so  selected  as  to  transmit  only  the  feebly  luminous  and  in- 
visible rays  of  high  refrangibility.  The  body  on  the  shelf  is  viewed  through  the  second 
medium,  the  complementary  absorbent,  which  is  chosen  so  as  to  be  as  transparent  as 
possible  to  those  rays  which  are  absorbed  by  the  first,  and  to  absorb  all  the  rays  which 
are  transmitted  by  the  first.  If  the  media  are  well  selected,  they  produce  a  very  near 
approach  to  perfect  darkness ;  and  if  the  object  appears  unduly  luminous,  that  effect 
most  probably  arises  from  fluorescence.  To  determine  whether  the  illumination  is 
really  due  to  that  cause,  the  complementary  absorbent  is  removed  from  before  the  eyes 
to  the  front  of  the  aperture,  when  the  illumination,  if  really  due  to  fluorescence,  almost 
wholly  disappears ;  whereas,  if  it  be  due  merely  to  scattered  light  capable  of  passing 
through  both  media,  it  remains.  In  examining  feebly  fluorescent  substances,  however, 
it  is  better  to  keep  the  second  medium  in  its  place  before  the  eye,  and  to  use  a  third 
medium,  the  transfer-medium,  placing  the  last  alternately  in  the  path  of  the  incident 
rays,  and  between  the  object  and  the  eye.  Still  greater  delicacy  of  observation  is 
attained  by  placing  the  substance  side  by  side  with  a  small  white  porcelain  tablet,  which 
is  quite  destitute  of  fluorescence,  and  examining  the  two  as  above.  Or,  again,  the 
object  being  placed  on  the  tablet,  a  slit  is  held  close  to  it,  in  such  a  position  as  to  be 
seen  projected  partly  on  the  object,  partly  on  the  tablet,  and  the  slit  is  viewed  through 
a  prism.  The  fluorescence  of  the  object  is  evidenced  by  light  appearing  in  regions  of 
the  spectrum,  in  which  the  rays  coming  through  the  principal  absorbent,  and  scattered 
by  the  tablet,  then  produce  nothing  but  darkness.  These  methods  are  delicate  enough 
to  show  the  fluorescence  of  white  paper,  even  on  a  very  gloomy  day. 

It  is  not  merely  the  most  refrangible  rays  that  are  capable  of  producing  fluorescence ; 
the  rays  of  any  part  of  the  spectrum  may  undergo  this  change.  By  examining  different 
media  with  the  spectrum  in  the  manner  already  described,  it  is  seen  that  the  fluores- 
cence begins,  sometimes  in  the  blue,  sometimes  in  the  yellow.  With  an  alcoholic  solu- 
tion of  chlorophyll,  it  begins  in  the  red.  But  wherever  the  change  of  refrangibility  may 
begin,  it  is  always  in  one  direction,  consisting  in  a  diminution  of  the  index  of  refraction, 
and  a  consequent  depression  of  the  light  in  the  scale  of  colours.  In  other  words,  the 
length  of  the  wave  is  increased,  and  its  velocity  of  undulation  diminished.  The  vibra- 
tions of  the  ether  in  the  incident  ray  appear  to  excite  disturbances  within  the  complex 
molecules  of  the  fluorescent  medium,  whereby  new  vibrations  are  excited  in  the  ether, 
differing  in  period  from  those  of  the  incident  ray.  The  portion  of  the  light  which  has 
produced  this  molecular  disturbance  is  used  up  or  absorbed,  and  thereby  lost  to  visual 
perception,  just  as  heat  is  converted  into  mechanical  work.  It  is  probable  that  the  ab- 
sorption of  light  always  takes  place  in  this  manner.  The  well-known  fact  of  the  con- 
version of  luminous  rays  into  invisible  calorific  rays,  is,  as  already  observed,  a  striking 
instance  of  diminution  of  refrangibility  accompanied  by  absorption. 

.As  the  most  refrangible  rays  are  the  most  active  in  producing  fluorescence,  it  is 
natural  that  this  effect  should  be  most  strikingly  exhibited  by  the  light  of  flames  which 
are  rich  in  those  rays, — the  flame  of  alcohol  and  of  sulphur,  for  example.  These  flames 
do,  in  fact,  produce  the  effect  in  a  higher  degree  even  than  sunlight.  An  extremely 
beautiful  effect  is  produced  by  exposing  a  number  of  highly  fluorescent  media,  such  as 
sulphate  of  quinine,  infusion  of  horse-chesnut  bark,  and  canary-glass,  to  the  flame  of 
sulphur  burning  in  oxygen  in  a  dark  room. 
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The  colour  and  composition  of  fluorescent  light  sometimes  afford  valuable  aid 
in  distinguishing  between  one  substance  and  another,  and  in  testing  the  purity  of 
solutions.  With  a  solution  of  a  pure  substance,  the  tint  of  the  fluorescent  light  is 
almost  perfectly  constant.  But  this  tint,  it  must  be  remembered,  is  that  of  the  light 
as  emitted,  not  as  subsequently  modified  by  absorption  on  the  part  of  the  solution,  in 
case  the  solution  be  sensibly  coloured,  and  some  precautions  are  required  in  order  to 
observe  it  correctly.  The  fluorescence  observed  in  solutions  from  the  barks  of  the 
horse-chesnut,  ash,  &c.,  was  formerly  attributed  indiscriminately  to  the  presence  of 
sesculin,  whereas  apurified  solution  from  the  bark  of  the  horse-chesnut  exhibits  a  fluores- 
cence very  sensibly  different  from  that  of  sesculin,  which  observation  alone  would  suffice 
to  show  that  the  bark  must  contain  some  other  fluorescent  substance  besides  aesculin. 

The  best  mode  of  observing  the  true  fluorescent  tint  is  to  dilute  tbe  liquid  con- 
siderably, and  to  pass  into  it  a  beam  of  sunlight,  condensed  by  a  lens  fixed  in  a  board 
in  such  a  manner  that  as  small  a  thickness  of  the  liquid  as  possible  shall  intervene 
between  the  fluorescent  substance  and  the  eye.  If  a  stratum  of  this  thickness  of  the 
dilute  solution  is  sensibly  colourless,  the  tint  of  the  fluorescent  light  will  not  be 
sensibly  modified  by  subsequent  absorption.  But  as  direct  sunlight  is  not  always  to 
be  had,  the  following  method,  requiring  only  diffused  daylight,  may  also  be  used,  the 
solutions  being  pretty  strong,  or  at  least  not  extremely  dilute. 

A  glass  containing  water  and  blackened  internally  at  the  bottom  is  placed  at  a 
window,  and  the  solution  to  be  examined  as  to  its  fluorescent  tint  is  placed  in  a  test- 
tube  which  is  held  vertically  in  the  water,  the  top  slightly  inclining  from  the  window, 
and  the  observer  regarding  the  fluorescent  light  from  above,  looking  outside  the  test- 
tube.  Since  by  far  the  greater  part  of  the  fluorescent  light  comes  from  a  very  thin 
stratum  of  liquid  next  the  surface  by  which  the  light  enters,  the  fluorescent  rays  have 
mostly  to  traverse  only  a  very  small  thickness  of  the  coloured  liquid  before  reaching 
the  eye;  the  water  permits  the  escape  of  those  fluorescent  rays  which,  would 
otherwise  be  internally  reflected  at  the  external  surface  of  the  test-tube,  and  the  in- 
tensity of  the  light  of  which  the  tint  is  to  be  observed  is  increased  by  foreshortening. 
(Stokes,  Chem.  Soc.  J.  xi.  19.) 

The  nature  of  the  solvent  must  also  be  attended  to.  The  colour  of  the  fluorescent 
light  is  liable  to  change,  not  merely  in  passing  from  an  alkaline  to  a  neutral  or  acid 
solution,  but  even  occasionally  in  passing  from  one  neutral  solvent  to  another. 

The  composition  of  fluorescent  light,  as  revealed  by  the  prism,  occasionally  presents 
peculiarities,  but  in  such  cases  they  are  found  to  be  connected  with  peculiarities  in  the 
mode  of  absorption,  so  that  the  two  are  not  to  be  regarded  as  independent  characters 
of  a  substance ;  and  as  the  peculiarities  in  the  absorption  are,  as  a  general  rule,  the 
more  easily  observed,  it  is  only  rarely  that  the  analysis  of  the  fluorescent  light  is  of 
much  use. 

The  distribution  of  fluorescence  in  the  spectrum  often  affords  valuable  information, 
but  its  observation  requires  the  use  of  somewhat  complicated  apparatus.  The  observa- 
tion is  restricted  to  times  when  the  sun  is  shining  pretty  steadily  (unless  the  observer 
has  recourse  to  electric  light,  or  at  least  lime-light) ;  it  is  requisite  to.  reflect  the 
sun's  light  horizontally,  without  which  the  observation  would  be  most  troublesome ; 
and  unless  the  reflexion  be  made  by  the  mirror  of  a  heliostat,  the  continual  change  in  the 
direction  of  the  reflected  light  is  most  inconvenient.  It  is  requisite  to  use  at  least  one 
good  prism,  better  two  or  three,  which  must  be  of  tolerable  size,  in  order  to  have 
light  of  sufficient  intensity,  and  the  prisms  must  be  combined  with  a  lens,  which  need 
not  however  be  achromatic. 

It  has  already  been  stated,  as  the  result  of  experience,  that  the  colour  of  the  fluo- 
rescent light  of  a  single  substance  is  constant  throughout  the  spectrum,  or  very  nearly 
so.  If,  therefore,  on  examining  a  solution  in  a  pure  spectrum  thus  formed  by  pro- 
jection, we  find  the  fluorescence  taking  a  fresh  start  with  a  different  colour,  we  may  be 
almost  certain  that  we  have  to  do  with  a  mixture  of  two  different  fluorescent  sub- 
stances, the  presence  of  which  is  thus  revealed  without  any  chemical  process.  If, 
however,  the  fluorescence  of  two  fluorescent  substances,  which  may  be  mixed  together, 
begins  at  nearly  the  same  point  in  the  spectrum  (as  commonly  happens  when  there  is 
merely  a  slight  difference  of  tint  in  the  colour  of  the  fluorescent  light  of  the  two 
susbtances),  the  coexistence  of  the  two  may  escape  detection  when  the  mixed 
solution  is  merely  examined  in  a  pure  spectrum ;  and  in  such  cases  a  combination  of 
processes  of  fractional  separation  with  the  observation  of  the  tint  of  the  fluorescent 
light  is  more  searching.  This  is  the  case,  for  instance,  with  the  mixture  of  sesculin 
and  fraxin  contained  in  a  solution  from  the  bark  of  the  horse-chesnut. 

As  the  occurrence  of  a  decided  difference  of  colour  in  the  fluorescent  light  seen  at 
two  different  parts  of  the  spectrum  implies,  almost  to  a  certainty,  the  presence  of  two 
different  fluorescent  substances,  so,  conversely,  the  exhibition  of  the  same  colour  is  an 
argument  in  favour  of  the  identity  of  the  substance  producing  the  fluorescence  at  the 
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two  parts.  We  cannot,  indeed,  say  that  there  may  not  be  two  substances  present,  the 
fluorescence  of  which  commences  at  nearly  the  same  part  of  the  spectrum  ;  but  two 
different  substances,  the  fluorescence  of  which  commenced  at  two  widely  different  parts 
of  the  spectrum,  would  certainly  reveal  themselves  by  the  difference  of  colour.  For 
experience  shows  that  the  refrangibility  of  the  light  emitted  at  any  part  of  the  incident 
spectrum,  by  the  solution  of  a  pure  substance,  extends  nearly  up  to  that  of  the  point 
of  the  incident  spectrum  at  which  the  fluorescence  commences,  but  not  much  beyond; 
and  though,  in  passing  from  one  pure  substance  to  another,  variations  do  occur  in  the 
relative  brightness  of  the  rays  of  less  refrangibility  which  compose  the  fluorescent 
light,  yet,  on  the  whole,  there  is  so  close  a  connection  between  the  colour  of  the 
fluorescent  light  and  the  refrangibility  of  the  rays  by  which  the  fluorescence  is  first 
produced,  that  a  great  variation  in  the  one  is  incompatible  with  constancy  or  a  mere 
trifling  variation  in  the  other.  (Stokes,  Chem.  Soc.  J.  xvii.  312.) 

Absorption. 

All  bodies  are  transparent  to  a  certain  extent ;  even  metals,  which  are  the  most 
opaque  of  all  substances,  allow  a  small  quantity  of  light  to  pass  through  them,  when 
they  are  reduced  to  extremely  thin  leaves ;  thus  gold-leaf  laid  upon  glass  transmits 
light  of  a  green  colour.  On  the  other  hand,  there  is  no  such  thing  as  a  perfectly 
transparent  medium  ;  even  the  air  stops  a  certain  quantity  of  light,  when  the  thickness 
traversed  by  the  rays  is  very  considerable ;  on  the  tops  of  high  mountains  the  stars 
appear  much  brighter  than  when  seen  from  near  the  sea-level.  For  all  ordinary 
thicknesses,  however,  colourless  gases  may  be  regarded  as  perfectly  transparent. 

Transparent  media  are  colourless  or  coloured,  according  as  they  transmit  the  several 
rays  composing  white  light,  in  the  same  or  in  different  proportions.  Thus  a  red  glass 
is  one  which  transmits  the  red  rays  more  easily  than  those  of  any  other  colour.  On 
viewing  a  solar  spectrum  through  a  piece  of  glass  1  millimetre  thick,  coloured  with 
red  oxide  of  copper,  all  the  colours  excepting  the  red  disappear,  the  glass  being  opaque 
to  all  the  more  refrangible  rays.  Other  media  transmit  rays  of  one  or  more  colours, 
and  stop  the  rest,  and  consequently  exhibit  compound  colours  by  transmitted  light : 
thus  an  ammoniacal  solution  of  copper,  when  of  a  certain  strength  and  thickness, 
stops  all  the  rays  excepting  the  red  and  the  violet. 

If  rays  which  have  passed  through  a  red  glass  be  passed  through  another  glass  of 
the  same  colour,  the  latter  will  absorb  but  a  small  proportion  of  the  rays  which  fall 
upon  it,  because  those  which  are  incapable  of  passing  through  red  glass  have  already 
been  eliminated  by  the  first  medium ;  but  if  the  second  glass  is  green,  it  will  stop  the 
red  rays,  and  the  two  together  will  form  a  perfectly  opaque  screen. 

There  is  no  medium  which  is  absolutely  colourless,  that  is  to  say,  capable  of  trans- 
mitting rays  of  all  colours  in  exactly  the  same  proportion ;  even  air,  when  seen  through 
great  thicknesses,  appears  blue ;  the  colour  of  the  sky  is  merely  that  of  the  atmosphere 
seen  through  a  thickness  of  several  miles  ;  in  like  manner  distant  mountains  appear 
blue,  just  as  if  they  were  seen  through  a  blue  glass. 

On  the  other  hand,  to  enable  a  medium  to  absorb  the  rays  of  one  or  more  colours 
completely,  it  must  have  a  certain  thickness.  Even  metals,  as  already  observed,  when 
reduced  to  extremely  thin  films,  transmit  certain  colours,  and  a  plate  of  glass  which, 
when  of  a  certain  thickness,  stops  all  but  the  red  rays  of  the  spectrum,  transmits  a 
greater  and  greater  number  of  coloured  rays  as  its  thickness  is  diminished,  and  at  last 
appears  almost  colourless. 

It  was  formerly  supposed  that  the  quantity  of  light  absorbed  was  proportional  to 
the  thickness  of  the  medium  through  which  it  passed,  but  later  researches  have  shown 
(hat  the  law  is  more  complicated.  Suppose  the  medium  divided  into  infinitely  thin 
layers  perpendicular  to  the  direction  of  the  rays  which  traverse  it ;  and  let  a  be  the 
fraction,  supposed  constant,  which  represents  the  proportion  between  the  quantity  of 
light  arriving  at  any  layer,  and  that  of  the  light  which  passes  through  unabsorbed. 
The  quantity  of  light  (supposed  homogeneous)  which  arrives  at  the  first  layer  being  I, 
that  which  reaches  the  second  will  be  la  ;  that  which  arrives  at  the  third  will  be  la2, 
and  ;•  o  on.  If  therefore  e  represents  the  thickness  of  the  medium  (equivalent  to  n  layers), 
fhe  intensity  of  the  ray  after  having  passed  through  this  thickness,  is  given  by  the 
formula  »  =  Iae.  The  intensity  of  the  emergent  light  decreases  therefore  in  geometric 
proportion,  while  the  thickness  of  the  medium  increases  in  arithmetical  proportion. 
The  quantities  absorbed  by  the  successive  layers  follow  a  similar  law,  being,  for  the 
first  layer  I -la  =  l(l-a);  for  the  second,  Ia(l-a);  for  the  third,  Ia2(l-a),  and 
for  the  n'th,  Ia«^'(l  —  a). 

Now  let  R,  0,  Y,  &c.,  represent  the  intensities  of  the  several  principal  colours  com- 
posing a  ray  of  incident  light,  the  total  intensity  of  the  beam  being  therefore 
K+0  +  Y  +  G-  +  B  +  I  +  V;  also  let  r,  o,  y,  &c.,  be  the  fractions  of  the  several  coloured 
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rays  which  traverse,  without  absorption,  a  unit  of  thickness  of  the  medium ;  then  the 
intensity  of  a  beam  emerging  from  a  layer  whose  thickness  is  e,  will  be 

Ere  +  OoeY  +  ye  +  Gg*  +  ~Bbe  +  Ii«  +  Vv*. 

The  terms  of  this  expression  containing  the  smallest  of  the  fractions  r,  o,  y,  &c., 
decrease  most  rapidly  as  e  increases ;  the  colours  corresponding  to  the  other  terms 
will  therefore  predominate  more  and  more,  and  the  emergent  tint  will  not  be  white, 
but  will  exhibit  a  compound  tint  depending  on  the  relative  magnitude  of  the  several 
terms,  Ere,  Ooe,  &c.  If  the  rays  of  any  one  colour,  red  for  example,  are  less  absorbed 
than  the  rest,  it  is  always  possible,  by  increasing  the  thickness  of  the,  film,  to  a  certain 
extent,  to  obtain  red  rays  sensibly  homogeneous  ;  for  by  increasing  e,  the  ratios 
Kre  :  Oo«,  Kre  :  Yye,  &c.,  may  be  increased  in  any  required  proportion.  When,  on  the 
contrary,  the  quantities  r,  o,  y,  &c.,  differ  but  little  from  unity,  and  the  thickness  of 
the  medium  is  small,  the  sum  Kre  +  Oo*  +  &c.,  differs  but  little  from  that  which  repre- 
sents the  intensity  of  the  incident  ray ;  that  is  to  say,  the  light  is  not  perceptibly 
coloured. 

The  relative  quantities  of  the  several  coloured  rays  absorbed  by  a  coloured  medium 
of  given  thickness,  may  be  observed  by  viewing  a  line  of  light  through  a  prism  and 
the  coloured  medium.  The  spectrum  will  then  be  seen  to  be  diminished  in  brightness 
in  some  parts,  and  perhaps  cut  off  altogether  in  others.  This  mode  of  observation  is 
often  of  great  use  in  chemical  analysis,  as  many  coloured  substances  when  thus  ex- 
amined afford  very  characteristic  spectra,  the  peculiarities  of  which  may  often  be 
distinguished,  even  though  the  solution  of  the  substance  under  examination  contains 
a  sufficient  amount  of  coloured  impurities  to  change  its  colour  very  considerably.  The 
following  method  of  making  the  observation  is  given  by  Professor  Stokes  (Chem. 
Soc.  J.  xvii.  306) : 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of  60°,  and 
just  large  enough  to  cover  the  eye  comfortably.  The  top  and  bottom  should  be  flat, 
for  convenience  of  holding  the  prism  between  the  thumb  and  fore-finger,  and  laying 
it  down  on  a  table,  so  as  not  to  scratch  or  soil  the  faces.  A  fine  line  of  light  is 
obtained  by  making  a  vertical  slit  in  a  board  6  inches  square,  or  a  little  longer  in  a 
horizontal  direction,  and  adapting  to  the  aperture  two  pieces  of  thin  metal.  One  of 
the  metal  pieces  is  movable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the 
fiftieth  of  an  inch  is  a  suitable  breadth  for  ordinary  purposes.  The  board  and  metal 
pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  luminous  flame,  the  slit 
being,  we  will  suppose,  in  a  vertical  direction,  and  viewing  the  line  of  light  thus 
formed  through  the  prism  held  close  to  the  eye,  with  its  edge  vertical,  a  pure  spectrum 
is  obtained  at  a  proper  azimuth  of  the  prism.  Turning  the  prism  round  its  axis  alters 
the  focus,  and  the  proper  focus  is  got  by  trial.  The  whole  of  the  spectrum  is  not, 
indeed,  in  perfect  focus  at  once,  so  that,  in  scrutinising  one  part  after  another,  it  is 
requisite  to  turn  the  prism  a  little.  When  daylight  is  used,  the  spectrum  is  known  to 
be  pure  by  its  showing  the  principal  fixed  lines;  in  other  cases  the  focus  is  got  by  the 
condition  of  seeing  distinctly  the  other  objects,  whatever  they  may  be,  which  are  pre- 
sented in  the  spectrum.  To  observe  the  absorption-spectrum  of  a  liquid,  an  elastic 
band  is  put  round  the  board  near  the  top,  and  a  test-tube  containing  the  liquid  is 
slipped  under  the  band,  which  holds  it  in  its  place  behind  the  slit.  The  spectrum  ia 
then  observed  just  as  before,  the  test-tube  being  turned  from  the  eye. 


Fig.  668. 


Fig.  669. 
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To  observe  the  whole  progress  of  the  absorption,  different  degrees  of  strength  must 
bo  used  in  succession,  beginning  with  a  strength  which  does  not  render  any  part  of 
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the  spectrum  absolutely  black,  unless  it  be  one  or  more  very  narrow  bands,  as  other- 
wise the  most  distinctive  features  of  the  absorption  might  be  missed.  If  the  solution 
be  contained  in  a  wedge-shaped  vessel  instead  of  a  test-tube,  the  progress  of  the 
absorption  may  be  watched  in  a  continuous  manner  by  sliding  the  vessel  before  the 
eye.  Some  observers  prefer  using  a  wedge-shaped  vessel  in  combination  with  the  slit, 
the  slit  being  perpendicular  to  the  edge  of  the  wedge.  In  this  case  each  element  of 
the  slit  forms  an  elementary  spectrum  corresponding  to  a  thickness  of  the  solution 
which  increases  in  a  continuous  manner  from  the  edge  of  the  wedge,  where  it  vanishes. 
This  is  the  mode  of  observation  adopted  by  Gladstone.  (Chem.  Soc.  J.  Ix.  79.) 

Fig.  668  represents  the  effect  produced  in  this  way  by  a  solution  of  sesquichloride 
of  chromium,  and.  fig.  669  that  produced  by  a  solution  of  permanganate  of  potassium. 
The  right  hand  sides  of  these  figures  correspond  with  the  red  end  of  the  spectrum ; 
the  letters  refer  to  Frauenhofer's  lines.  The  lower  part  of  each  figure  shows  the  pure 
spectrum  seen  through  the  thinnest  part  of  the  wedge,  and  the  progress  of  the  absorp- 
tion, as  the  thickness  of  the  liquid  increases,  is  seen  by  the  gradual  obliteration  of  the 
spectrum  towards  the  upper  part  of  the  figures. 

The  following  observations  on  the  application  of  the  absorption-method  to  chemical 
analysis,  are  extracted  from  a  paper  by  Professor  Stokes  (Chem.  Soc.  J. xvii.  308): 

"In  many  cases  nothing  is  observed,  beyond  a  general  absorption  of  one  or  other 
end  of  the  spectrum,  or  of  its  middle  part,  and  the  prism  gives  little  information 
beyond  what  is  obtained  by  the  eye,  by  observing  the  succession  of  colours  produced 
by  different  thicknesses  of  the  liquid.  And  here  it  may  be  remarked  in  passing,  with 
reference  to  the  description  of  pure  substances,  that  in  specifying  only  one  colour,  that 
corresponding  to  a  considerable  thickness,  as  is  commonly  done  by  chemists,  the 
peculiar  features  of  the  absorption  are  left  almost  wholly  undescribed.  Thus  of  two 
solutions,  one  might  be  pink  when  dilute,  passing  on  to  red  with  increase  of  strength 
and  thickness,  another  yellow,  passing  through  orange  to  red.  These  would  com- 
monly be  described  as  red,  yet  the  series  of  tints  indicates  an  utter  difference  in  the 
mode  of  absorption,  the  middle  of  the  spectrum  in  the  one  case,  and  the  most  refran- 
gible end  in  the  other,  being  the  most  powerfully  attacked. 

"  But  in  some  cases,  especially  with  substances  of  intense  colorific  power,  the  mode 
of  absorption  is  eminently  characteristic.  Two  or  more  dark  bands  are  seen  in  the 
spectrum,  indicating  maxima  of  absorption;  and  the  positions  of  these  bands,  their 
relative  intensity,  and  their  other  features,  form  altogether  a  series  of  characters  the 
distinctive  nature  of  which  is  such  as  those  who  have  neglected  the  use  of  the  prism 
have  little  conception  of.  They  render  it  perfectly  easy  in  many  cases  to  follow  a 
particular  substance  among  a  host  of  impurities.  For  each  coloured  substance  pro- 
duces its  own  absorption,  independently  of  the  others  (supposing  the  substances  do 
not  chemically  react  on  each  other),  so  that,  unless  the  part  of  the  spectrum  in  which 
the  distinctive  bands,  or  most  of  them,  occur,  is  wholly  absorbed  by  the  impurities, 
the  presence  of  the  substance  can  still  be  recognised.  Such  a  complete  obliteration  is 
the  less  likely  to  occur,  for  this  reason,  that  when  the  characters  of  the  solution  are  so 
strongly  marked,  it  almost  always  happens  that  a  comparatively  small  quantity  of  the 
substance  suffices  to  produce  the  effect,  and  the  solution  must  consequently  be  so 
much  diluted  that  the  effect  of  the  impurities  comparatively  disappears. 

"  Nor  is  this  all.  When  a  substance  exhibits  marked  characters  of  one  kind  in  one 
solvent,  it  often  happens  that  it  shows  different  and  no  less  marked  characters  in  a 
solvent  of  a  different  nature.  Not  only  does  this  furnish  additional  characters  by 
which  the  substance  can  be  distinguished  from  others,  but  it  is  valuable  for  following 
the  substance  when  involved  in  impurities  :  for  the  nature  of  the  impurities  may  be 
such  as  to  mask  the  substance  in  one  solvent  and  not  in  another.  This  is  especially 
the  case  where  one  solvent  is  alkaline  and  the  other  acid ;  but  differences  are  some- 
times observed  even  with  two  neutral  solvents. 

"  To  illustrate  these  principles,  we  may  refer  to  the  colouring  matters  of  madder 
Alizarin  and  purpuriu  both  yield  highly  distinctive  spectra,  the  former,  however,  only 
in  the  case  of  solutions  containing  caustic  alkali,*  whereas  most  solutions  of  the  latter 
are  highly  distinctive.  Madder  itself  contains,  either  directly  or  as  the  result  of  de- 
composition, a  number  of  substances  which,  in  alkaline  solution,  absorb  that  part  of 

»  A  solution  of  alizarin  in  carbonate  of  potassium  or  sodium,  or  In  ammonia,  exhibits  a  spectrum 
having  a  band  of  absorption  in  the  yellow,  another  narrower  one  between  the  red  and  the  orange,  and  a 
third  very  inconspicuous  band  coinciding  with  the  line  E.— Purpurin,  dissolved  in  carbonate  of  potas- 
sium or  sodium,  exhibits  two  dark  bands  of  absorption  about  the  green  part  of  the  spectrum. A  solution 

of  the  same  substance  in  aqueous  alum  exhibits  the  same  peculiar  mode  of  absorption,  but  likewise  a 
yellow  fluorescence — A  solution  of  purpurin  in  sulphide  of  carbon  exhibits  four  bands  of  absorption,  of 
which  the  first,  situated  in  the  yellow  just  bevond  D,  reckoning  from  the  red  extremity,  is  narrower 
than  the  rest ;  the  second  is  situated  in  the  green,  nearly  coinciding  with  the  line  E  ;  the  third  in  the  blue 
near  F;  and  the  fourth,  which  is  very  inconspicuous,  in  the  indigo.— Lastly,  the  solution  of  purpuiin  in 
ether  gives  a  spectrum  exhibiting  two  bands  of  absorption  ;  one  narrow  and  very  dark  in  the  gieen, 
nearly  coinciding  with  E  ;  the  second  in  the  blue,  broader  and  less  strongly  marked,  and  having  its 
centre  at  the  line  ¥ ;  the  solution  is  also  slightly  fluorescent.  (Stokes,  Chem.  Soc.  J.  xii.  220.) 
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the  spectrum  in  which  the  distinctive  bands  of  purpurin  occur.  Hence,  in  a  mixture 
obtained  from  madder,  and  containing,  we  will  suppose,  purpurin  in  comparatively 
small  quantity,  the  presence  of  purpurin  would,  in  an  alkaline  solution,  be  masked  by 
the  other  substances.  But  in  ether  or  acidulated  alcohol  the  other  substances  yield 
spectra  showing  nothing  particular,  and  interfering  comparatively  little  with  the  dis- 
tinctive bands  of  purpurin ;  while  in  an  alum-liquor  solution  made  by  boiling,  not  only 
are  the  purpurin  bands,  which  in  this  solvent  occur  at  a  lower  refrangibility  than  with 
ether,  more  effectually  separated  from  the  absorption  produced  by  the  associated 
substances,  but  those  substances  themselves  are  also  in  good  measure  excluded. 

"For  an  example  of  the  necessity  of  attending  to  the  nature  of  the  solvent,  even  in 
the  case  of  different  neutral  solvents,  we  may  refer  to  a  yellow  substance  which  is  one 
of  the  constituents  of  the  green  colouring  matter  of  leaves.  The  alcoholic  solution  of 
this  substance  exhibits  two  characteristic  bands  of  absorption,  the  first  of  which  is 
situated  immediately  adjacent  to  the  line  F  on  the  more  refrangible  side.  The  solution 
in  sulphide  of  carbon  exhibits  two  similar  bands,  but  much  less  refrangible,  the  line 
F  now  nearly  bisecting  the  bright  interval  betweeen  the  first  and  second  dark  bands. 
The  substance  is  very  easily  decomposed  by  acids,  and  even  by  acid  salts,  yielding  a 
product  of  decomposition  which,  in  alcoholic  solution,  exhibits  two  bands  of  absorption, 
like  the  parent  substance,  but  a  good  deal  more  refrangible.  There  is  the  same  change 
of  position  as  in  the  former  case,  in  passing  from  alcohol  to  sulphide  of  carbon,  so  that 
the  solution  of  the  product  of  decomposition  in  sulphide  of  carbon  agrees  almost 
exactly,  in  colour  and  spectrum,  with  that  of  the  parent  substance  in  alcohol. 

"  Not  only  is  an  examination  of  the  absorption-spectrum  of  a  substance  useful  for 
enabling  us  to  follow  the  substance  through  mixed  solutions,  but  it  sometimes  reveals 
relationships  in  cases  in  which  they  might  not  be  suspected,  if  the  origin  of  the  sub- 
stances were  unknown.  Thus,  the  purpurein  of  Dr.  Stenhouse  dissolves  in  ether  or 
acidulated  alcohol  with  a  red  colour,  while  that  of  the  same  solutions  of  purpurin  is 
yellow.  But  the  prism  reveals,  in  both  cases  alike,  the  existence  of  three  bands  of 
absorption,  of  similar  breadth,  while  the  purpurein  bands  are  situated  nearer  the  red 
than  those  of  purpurin,  by  about  one  interval.  This  example  shows  how  deeply  seated 
in  the  molecular  constitution  of  a  body  may  in  some  cases  be  the  cause  which  produces 
the  bands. 

"  Hitherto  it  has  been  supposed  that  the  peculiarities  of  absorption  of  a  substance 
were  known  and  applied  to  the  detection  of  that  substance  in  a  mixture.  But  the 
question  may  arise : — Given  a  mixture  of  an  unknown  number  of  unknown  substances, 
which  as  a  whole  presents  peculiarities  of  absorption,  to  determine  whether  the  whole 
of  these  peculiarities  are  due  to  the  same  substance,  and,  if  not,  what  portion  are  due 
to  one  substance,  and  what  portion  to  another.  Little  can  be  done  towards  the  solution 
of  this  problem  by  the  mere  observation  of  absorption ;  we  can  only  say,  that  some 
modes  of  grouping  of  bands  of  absorption  are  common  in  solutions  of  pure  substances, 
while  others  are  uncommon,  and  give  rise  to  the  suspicion  of  a  mixture.  The  pheno- 
mena of  fluorescence  give  in  some  cases  material  assistance ;  but  in  general  it  is  only 
by  combining  spectral  analysis  with  processes  of  chemical  separation,  especially 
fractional  separation,  that  a  satisfactory  conclusion  can  be  arrived  at.  When  a  mixture 
is  thus  tested  in  various  ways,  a  conviction,  at  last  approaching  certainty,  is  gradually 
arrived  at,  that  those  bands  of  absorption  which  are  always  found  accompanying  one 
another  belong  to  one  and  the  same  substance. 

"  For  convenience  and  rapidity  of  manipulation,  especially  in  the  examination  of  very 
minute  quantities,  there  is  no  method  of  separation  equal  to  that  of  partition  between 
solvents  which  separate  after  agitation.  Ether  combined  with  water,  either  pure  or 
rendered  acid  or  alkaline,  is  the  most  generally  useful,  and  the  separation,  if  not 
otherwise  fractional,  may  be  rendered  so  by  introducing  the  acid  or  alkali  by  minute 
quantities  at  a  time ;  but  other  solvents  are  useful  in  particular  cases.  Sulphide  of 
carbon  in  conjunction  with  alcohol  affords  the  means  of  disentangling  the  coloured 
substances  which  are  mixed  together  in  the  green  colouring  matter  of  leaves.  Solutions 
of  various  metallic  oxides  which  are  naturally  precipitable  by  an  alkali  or  alkaline 
carbonate,  but  are  retained  in  solution  by  means  of  a  tartrate,  are  very  useful  in  the 
examination  of  the  true  colouring  matters,  not  merely  for  producing  changes  of  colour 
and  spectrum  without  precipitation,  but  even,  in  conjunction  with  ether,  for  effecting 
chemical  separation :  and  fractional  separation  may  be  effected  by  making  the  solution 
deviate  very  slightly  from  perfect  neutrality.  By  combining  with  ether  such  a  solution 
of  alumina,  it  was  found  possible  to  separate  and  detect  the  purpurin,  alizarin,  and 
rubiacin  present  in  a  portion  of  powder  not  exceeding  in  bulk  a  fraction  of  the  head  of 
a  pin."  (Stokes.) 

The  following  observations  on  the  absorption  spectra  of  metallic  salts  are  by  Dr. 
Gladstone  (Chem.  Soc.  J.  x.  79): 

A  comparison  of  the  spectra  exhibited  by  different  salts,  only  cne  constituent  of 
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which  is  coloured,  shows  that,  with  very  few  exceptions,  all  the  compounds  of  the  same 
base  or  acid  have  the  same  effect  on  the  rays  of  light  This  law  is  seen  to  hold  good 
in  many  instances  which  at  first  sight  appear  exceptional.  Thus  it  is  well  known  that 
some  salts  of  chromic  oxide  are  green,  others  red  or  purple.  Now  these  differently 
coloured  chromic  salts  all  exhibit  the  same  general  form  of  spectrum  (fig.  668),  in  which 
the  violet  and  indigo  rays  are  very  soon  cut  off;  and  as  the  thickness  increases,  the 
light  is  more  and  more  concentrated  about  two  points — one  in  the  red,  the  other  in 
the  bluish-green,  the  red  ray  penetrating  with  the  greatest  facility.  Hence  it  is  that 
the  chloride  and  other  salts  of  chromium,  which  are  green  in  moderately  dilute 
solutions,  appear  purple  or  red  when  we  look  through  a  strong  or  very  deep  solution. 
The  acetate  absorbs  the  green  rays  more  readily,  and  therefore  appears  green  only  in 
very  weak  solutions,  or  in  thin  strata,  while  the  "  red  potassio-oxalate "  absorbs  the 
green  so  speedily  that  the  thinnest  portion  of  it  appears  bluish-red. 

Salts  composed  of  a  coloured  base  and  a  coloured  acid  exhibit  colours  compounded 
of  the  rays  which  are  not  absorbed  by  either,  the  resultant  colour  bearing,  in  many 
instances,  but  little  resemblance  to  the  original  colours.  Thus,  the  acid  chromate  of 
chromic  oxide,  a  compound  of  two  substances  which  give  respectively  yellow  and 
green  solutions,  is  not  bright  green,  but  brownish-red,  because  the  chromic  acid  cuts 
off  nearly  all  the  blue  and  violet  rays,  while  the  oxide  of  chromium  absorbs  the  yellow 
and  the  greater  part  of  the  green. 

Some  salts  which  are  but  slightly  coloured,  nevertheless  exhibit  very  characteristic 
spectra.  Thus,  a  solution  of  sulphate  of  didymium,  which  has  but  a  faint  rose  colour, 
exhibits,  when  examined  by  the  hollow  wedge  and  prism,  a  spectrum  containing  two 
very  black  lines ;  one  in  the  yellow,  the  other  in  the  green.  These  lines  are  visible  in 
very  weak  solutions  of  didymium,  and  therefore  serve  as  a  delicate  test  for  that  metal ; 
they,  moreover,  afford  means  of  distinguishing  it  from  cerium  and  lanthanum,  in  the 
spectra  of  which  they  do  not  occur. 

Brewster's  Theory  of  the  Spectrum.  Newton  regarded  the  spectrum  as  composed  of 
an  infinite  number  of  simple  colours,  each  element  of  it  consisting  of  a  ray  of  definite 
refrangibility  and  not  capable  of  further  decomposition ;  and  this  theory  has  been  almost 
universally  received  as  affording  satisfactory  explanations  of  all  the  phenomena  of 
colour,  and  of  the  decomposition  and  recomposition  of  light.  Brewster,  however,  in 
studying  the  decomposition  of  light  by  absorption,  observed  certain  facts  which  he 
regarded  as  incompatible  with  Newton's  theory,  and  he  accordingly  proposed  a  new 
theory  of  the  constitution  of  the  spectrum,  which  is  as  follows : — 

1.  White  light  is  composed  of  three  colours  only,  red,  yellow,  and  blue,  mixed  in 
certain  proportions. 

2.  The  solar  spectrum  is  formed  of  three  superposed  spectra  of  these  colours,  each  of 
them  extending  the  entire  length  of  the  spectrum,  but  with  varying  intensities  as  shown 
in  Jiff.  670 ;  where  the  horizontal  line  rv,  represents  the  length  of  the  spectrum,  and  the 
three  curves,  K,  Y,  and  B,  are  so  drawn  that  their  ordinates  are  proportional  to  the 
intensities  of  the  several  colours  at  each  point,  the  blue  having  a  maximum  between 
the  fixed  lines  F  and  Gr,  the  yellow  near  F,  and  the  red,  two  maxima,  one  near  B,  and 
another  of  lower  intensity  near  the 

violet  end  of  the  spectrum. 

3.  All  the  colours  of  the  spectrum 
are  compound,   and   as  all  the  rays 
united  in  one  point  have  the  same  de- 
gree of  refrangibility,  they  cannot  be 
further  decomposed  by  refraction. 

Brewster  was  led  to  these  conclusions  

by  observing  that  when  the  spectrum 

is  viewed  through  certain  coloured  media,  white  light  maybe  shown  to  exist  in  any  part 
of  it.  Thus,  by  looking  through  an  azure-blue  glass  of  sufficient  thickness,  or  better, 
through  a  solution  of  sulphate  of  copper  mixed  with  red  ink,  the  yellow  of  the  spectrum  is 
replaced  by  white,  very  slightly  tinged  with  green  or  red,  according  to  the  particular 
tint  of  the  medium.  This  white  light  is  not  decomposible  by  refraction,  but  may  be 
decomposed  by  viewing  it  through  a  film  of  gelatin  of  yellow  or  green  colour,  the 
white  band  then  appearing  yellow  or  green,  in  consequence  of  the  absorption  of  the 
blue  or  red  rays.  By  similar  means  Brewster  found  white  light  in  the  green  and  the 
orange,  whence  he  concluded  that  the  three  primary  colours  exist  in  the  yellow,  green, 
and  orange  of  the  spectrum.  In  like  manner,  by  viewing  the  spectrum  through  certain 
yellow  liquids,  he  found  that  the  blue  and  indigo  assumed  a  violet  tint,  whence  he 
concluded  that  red  light  exists  in  these  parts  of  the  spectrum.  The  blue  of  the  spec- 
trum seen  through  a  film  of  blue  gelatin,  exhibited  a  white  band,  and  the  blue  and, 
indigo  viewed  through  a  blue  glass  assumed  a  violet  tint:  hence  the  presence  of  yellow 
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in  the  blue  was  inferred.  By  viewing  the  spectrum  through  a  layer  of  Peruvian  balsam, 
pitch,  sulphur-balsam  or  red  mica,  yellow  was  seen  in  the  red  near  the  line  C. 
Brewster  was  not  able  to  detect  yellow  in  the  violet,  but  he  attributed  this  negative 
result  to  the  feebleness  of  the  light  in  this  part  of  the  spectrum,  and  the  facility  with 
which  it  is  absorbed  by  all  coloured  media.  Lastly,  the  red  of  the  spectrum  seen 
through  balsam  of  Peru,  pitch,  sulphur-balsam,  or  red  mica,  appeared  green,  whence  it 
was  inferred  that  the  red  of  the  spectrum  also  contained  blue. 

Brewster's  theory  has  not  however  met  with  general  adoption.  In  the  first  place,  it  is 
quite  inconsistent  with  the  wave-theory  of  light :  for  just  as  there  is  an  infinite  number 
of  sounds  corresponding  with  an  infinity  of  wave-lengths  in  the  air,  so  likewise  must  there 
be  an  infinite  number  of  shades  of  colour  corresponding  with  an  infinite  number  of 
wave-lengths  in  the  ether,  and  therefore  also  (p.  609),  an  infinite  number  of  different 
refrangibilities.  On  the  other  hand,  to  account  for  the  dark  lines  of  the  solar  spec- 
trum, it  would  be  necessary  to  suppose  that  certain  rays  are  wanting  in  the  component 
spectra  exactly  at  the  same  points,  which  is  very  improbable. 

Moreover  there  is  no  reason  whatever  for  assuming  that  red,  yellow,  and  blue  are  the 
component  colours  of  white  light ;  indeed,  Helmholtz  has  shown,  by  a.  method  to  be 
presently  described,  that  the  actual  colours  of  the  spectrum  may  be  more  exactly  imi- 
tated by  combinations  of  red,  green,  and  violet,  but  that  even  then  the  imitation  is  far 
from  satisfactory. 

More  careful  observations  by  Airy,  Helmholtz,  and  others  have  likewise  shown  that 
Brewster's  conclusions  are  not  borne  out,  even  by  his  own  method  of  observation,  when 
proper  precautions  are  taken  to  eliminate  sources  of  error.  Airy  has  pointed  out  that 
to  obtain  correct  results  with  such  a  mode  of  experimenting,  it  is  necessary  in  the  first 
place  to  exclude  all  extraneous  light,  which,  being  decomposed  by  the  coloured  medium, 
will  modify  the  tint  observed ;  and,  secondly,  to  compare  the  spectrum  viewed  through 
the  coloured  medium  with  a  pure  spectrum  viewed  directly,  the  two  being  formed 
immediately  one  above  the  other,  as  in  no  other  way  can  an  exact  comparison  of  the 
tints  in  the  corresponding  parts  of  the  two  be  made.  When  these  precautions  were 
taken,  he  found  it  impossible  to  distinguish  the  slightest  difference,  excepting  in 
brightness,  between  the  colours  of  the  spectrum  seen  through  a  coloured  medium,  and 
those  of  the  spectrum  viewed  directly.  Airy  also  observes  that  the  intensity  of  the 
light  may  make  a  great  difference  in  the  impression  produced  on  the  eye  by  any 
particular  colour. 

Helmholtz  has  shown  that  the  results  may  be  modified  by  the  light  scattered  by 
irregular  refraction  at  the  surfaces  of  the  coloured  medium,  and  by  the  lens  and  prism  used 
to  form  the  spectrum,  especially  when  the  absorbent  medium  used  is  a  film  of  gelatin, 
which  is  not  very  transparent.  To  eliminate  this  diffused  light,  the  spectrum  is  received 
on  a  screen  having  a  narrow  slit  through  which  a  thin  coloured  pencil  can  pass,  and 
this  pencil  is  made  to  fall  upon  a  second  prism,  followed  by  a  lens,  which  forms  a 
coloured  image  of  the  slit,  and  a  faint  spectrum  proceeding  from  the  diffused  light 
which  has  passed  through  the  second  aperture.  This  spectrum  does  not  perceptibly 
alter  the  purity  of  the  focal  image.  On  examining  the  different  colours  of  this  purified 
spectrum  through  various  coloured  media,  it  was  found  impossible  to  distinguish  any 
difference  of  tint  between  the  colours  thus  observed  and  those  viewed  directly. 

From  all  these  experiments  it  may  be  inferred  that  it  is  impossible  to  decompose  the 
colours  of  the  spectrum  by  absorption  any  more  than  by  refraction  ;  that  the  colours,  as 
Newton  supposed,  are  simple ;  and  that  to  each  colour  there  corresponds  a  definite  de- 
gree of  refrangibility. 

Decomposition  of  Liglit  by  Reflection. 

Newton  explained  the  colours  of  bodies  by  supposing  that  they  decompose  the 
light  which  falls  on  their  surfaces,  absorbing  some  of  the  component  rays,  reflecting 
the  rest  in  a  diffused  manner  if  they  are  opaque,  or  reflecting  one  portion  and  trans- 
mitting another  if  they  are  transparent,  the  reflected  and  transmitted  light  being 
always  more  or  less  coloured,  because  the  different  coloured  rays  are  not  absorbed 
in  the  same  proportion.  Black  substances  are  those  which  absorb  all  the  rays 
which  fall  upon  them ;  white  substances,  those  which  reflect  all  the  rays  ;  bodies  of 
these  two  classes  act  in  the  same  manner  on  all  kinds  of  luminous  rays.  But  between 
these  two  extremes,  there  is  an  infinity  of  substances  which  reflect  the  several  coloured 
rays  in  different  proportions.  A  red  body,  for  example,  is  one  which  reflects  red  in 
larger  proportion  than  the  other  rays  composing  white  light.  In  the  case  of  opaque 
bodies  the  decomposition  of  the  light  takes  place  at  an  insensible  depth  below  the  sur- 
face, the  result  being  independent  of  the  inner  layers  of  the  substance. 

If  rays  of  light  dispersed  by  a  prism  be  thrown  on  a  white  surface,  each  point  reflects 
the  light  which  it  receives,  and  appears  of  the  same  colour  as  that  light.  If  the  surface 
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is  red,  it  appears  very  bright  in  the  red  part  of  the  spectrum,  but  the  other  colours  are 
faint,  the  red  surface  reflecting  the  red  rays  of  the  spectrum  abundantly,  but  the  other 
colours  in  small  proportions  only.  If  the  body  is  capable  of  absorbing  certain  rays 
completely,  black  bands  are  seen  in  the  corresponding  parts  of  the  spectrum,  and  if  the 
body  be  illuminated  solely  by  rays  of  that  particular  degree  of  refrangibility,  it  appears 
black. 

A  coloured  body  illuminated  by  different  sources  of  light  may  exhibit  different 
colours,  the  spectra  formed  by  the  light  from  these  several  sources  not  being  formed  of 
the  same  colours  or  in  the  same  proportions.  It  is  thus  that  objects  which  are  green  by 
daylight  appear  blue  by  lamp-light,  the  yellow  rays  being  less  abundant  in  the  light  of 
ordinary  flames  than  in  solar  light.  Most  objects  appear  differently  coloured  by 
moonlight,  from  what  they  do  by  daylight.  When  a  series  of  the  seven  principal 
colours  of  the  spectrum  is  illuminated  by  the  monochromatic  yellow  light  of  a  lamp 
fed  with  spirit  containing  common  salt,  the  yellow,  orange  and  red  strips  appear  yellow 
of  various  degrees  of  brightness,  the  rest  grey  or  black,  because  they  do  not  receive 
rays  which  they  are  capable  of  reflecting,  or  in  other  words,  because  their  particles  are 
not  susceptible  of  vibrating  in  unison  with  those  of  the  light  which  falls  upon  them. 
In  the  same  light,  the  face  and  lips  appear  of  a  livid  hue,  because  the  red  rays  which 
the  skin  reflects  in  daylight  are  wanting  in  the  yellow  light. 

When  the  body  on  which  the  light  falls  is  transparent,  the  rays  which  pass  through 
it  are  those  which  have  not  been  reflected  at  its  surface ;  hence  the  reflected  and 
transmitted  light  may  be  of  different  colours.  Such  is  in  fact  the  case  in  many  in- 
stances. Gold-leaf,  which  is  yellow  by  reflected  light,  transmits  light  of  a  bluish-green 
colour.  Faraday  formed  pulverulent  deposits  by  sending  powerful  electric  discharges 
through  metallic  wires  in  an  atmosphere  of  hydrogen  ;  in  the  finely-divided  state  thus 
produced,  copper  appeared  green  by  transmitted  light ;  tin,  brown  ;  zinc,  brown  or 
bluish-grey;  palladium,  brown  ;  aluminium,  brown  or  orange-coloured.  The  reflected 
and  transmitted  rays  are  sometimes  complementary  to  each  other ;  but  this  is  the  case 
only  when  no  part  of  the  light  is  absorbed.  When  a  body  exhibits  the  same  colour, 
red  for  example,  both  by  reflection  and  by  transmission,  it  is  because  it  reflects  part 
of  the  red  rays  of  the  incident  light,  transmits  the  rest,  and  absorbs  the  rays  of  all  the 
other  colours. 

In  many  cases,  however,  as  pointed  out  by  Professor  Stokes  (Chem.  Soc.  J.  xvii. 
315),  the  colour  of  a  body  attributed  on  cursory  examination  to  reflection,  is  really  due 
to  transmission ;  in  fact,  the  instances  in  which  substances  appear  coloured  by  reflec- 
tion are  comparatively  rare.  "  A  chemist  views  a  solution  contained  in  a  test-tube  by 
transmission  and  then  by  reflection ;  and  seeing  perhaps  some  perfectly  different 
colour  in  the  latter  case,  describes  it  as  the  colour  of  the  solution  by  reflection, 
whereas  it  is  merely  the  colour  by  transmission  due  to  a  greater  thickness,  the  light 
having  been  reflected  at  the  back  or  bottom  of  the  test-tube,  and  so  having  twice 
passed  through  the  solution.  In  other  cases,  the  colour  described  as  due  to  reflection 
really  arises. from  fluorescence;  and  though  the  statement  may  be  true  in  the  sense 
intended,  it  seems  objectionable  to  apply  the  term  reflection  to  a  process  so  utterly 
different.  It  is  only  in  the  case  of  metals,  such  as  gold  and  copper,  and  of  certain 
other  substances,  such  as  murexide,  platinocyanide  of  magnesium,  &c.,  that  colour  is 
really  seen  as  the  result  of  reflection. 

"  When  this  takes  place  in  the  case  of  non-metallic  substances,  they  are  found  to  be 
endowed,  for  the  colours  so  reflected,  with  an  intense  opacity,  comparable  with  that  of 
metals ;  while  for  other  parts  of  the  spectrum,  they  may  be  comparatively  transparent, 
and  these  parts  they  reflect  with  an  energy  comparable  to  that  of  a  vitreous  substance 
only.  The  variations  of  absorbing  power  in  passing  from  one  part  of  the  spectrum  to 
another,  and  consequently  the  variations  in  reflecting  energy,  are  frequently  much 
more  considerable,  and  accordingly  the  colour  by  reflection  is  much  richer  than  in  the 
case  of  metals." 

"  An  excellent  example  of  the  intimate  connection  between  metallic  reflection  and 
intense  absorption  is  afforded  by  the  crystals  of  permanganate  of  potassium.  These 
crystals  exhibit  a  green  metallic  reflection,  and  when  crushed  yield  a  powder  of  an 
intense  purple  colour  by  transmitted  light.  The  colour  is  too  intense  for  spectral 
analysis,  but  the  solution  has  a  similar  colour,  merely  less  intense  as  corresponds  with 
its  smaller  concentration,  and  the  analysis  of  the  light  transmitted  by  the  solution 
presents  no  difficulty.  The  green  is  quickly  absorbed,  but  when  the  solution  is  suffi- 
ciently dilute,  five  eminently  characteristic  bands  of  absorption  are  seen  in  that  part 
of  the  spectrum.  A  sixth  band  comes  out  with  a  greater  thickness  or  else  strength  of 
solution,  but  even  the  fifth  is  somewhat  less  strong  than  the  others.  When  the  light 
reflected  from  a  crystal  is  analysed,  four  bright  bands  are  seen  standing  out  on  a  gone- 
rally  luminous  ground  of  inferior  brightness.  These  bright  bands  correspond  in  posi- 
tion  with  the  principal  dark  bands  in  the  light  transmitted  by  the  solution,  and 
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therefore,  it  may  be  presumed,  by  the  crystals  themselves.  When  the  angle  of  inci- 
dence has  a  suitable  value,  and  the  reflected  light  is  analysed  by  a  Nichol's  prism,  with 
its  principal  plane  in  the  plane  of  incidence,  and  then  by  a  common  prism,  the 
spectrum  is  reduced  to  these  four  bright  bands.  A  fifth  bright  band  could,  perhaps, 
be  made  out,  in  the  case  of  a  fine  crystal  with  a  fresh  surface.  Under  the  circum- 
stances described,  the  Nichol's  prism  would  extinguish  the  light  reflected  from  a  vitreous 
sulistance,  and  transmit  much  of  that  reflected  from  a  metal.  We  see,  therefore,  that, 
as  regards  its  relations  to  light,  the  crystallised  body  passes  repeatedly  from  the  con- 
dition of  a  vitreous  to  that  of  a  metallic  substance  and  back  again,  as  the  refrangibility 
of  the  rays,  in  relation  to  which  it  is  considered,  is  continuously  increased  by  a  small 
amount. 

"  The  same  relation  between  intense  absorption  and  metallic  reflection  exists  gene- 
rally, though  it  cannot  be  always  studied  by  means  of  a  solution.  The  platinocyanides, 
for  example,  yield  colourless  solutions,  so  that  the  intense  absorption  which  most  of 
them  exercise  for  certain  parts  of  the  spectrum  must  be  attributed  to  the  mode  in  which 
the  molecules  are  built  up  in  forming  the  crystals ;  but  by  attending  to  the  colour  of 
the  light  transmitted  by  thin  crystals,  the  law  is  found  to  be  obeyed.  Gold  can  only 
be  obtained,  in  solution,  as  gold  by  means  of  the  opaque  solvent  mercury ;  but  its 
colour  by  transmission  may  be  studied  in  gold-leaf,  or  in  a  chemically  deposited  film, 
and  is  then  found  to  be  conformable  to  the  law  mentioned,  the  less  refrangible  colours, 
which  are  those  which  are  the  more  copiously  reflected,  being  also  those  which  are  the 
more  intensely  absorbed. 

"  When  a  body  endowed  with  the  property  of  coloured  reflection,  such  as  perman- 
ganate of  potassium,  is  dissolved,  in  consequence  of  the  necessary  dilution,  the  opacity 
of  the  medium  ceases  to  be,  for  any  part  of  the  spectrum,  of  that  intense  kind  which  is 
necessary  for  quasi-metallic  reflection;  and  accordingly  the  light  reflected  by  the 
solution  is  colourless. 

"  In  order  that  the  colour  due  to  reflection  should  appear,  it  is  necessary  that  the 
substance  should  have  a  certain  amount  of  coherence.  Thus  indigo  in  the  form  of  a 
fine  loose  powder  is  blue,  even  when  viewed  by  reflection.  It  would  be  erroneous, 
however,  to  describe  the  body  as  blue  by  reflection,  if  we  were  speaking  of  the  pro- 
perties of  the  substance,  and  not  the  mere  crude  results  of  observation  made  under 
given  circumstances.  For  though  it  is  true  that  the  light  by  which  the  blue  colour  is 
seen  has  undergone  reflection  (without  which  it  would  not  have  reached  the  eye)-it  is 
not  in  reflection  that  the  chromatic  selection  is  made  by  virtue  of  which  the  powder 
appears  blue,  but  during  transmission.  In  fact  it  is  only  a  small  portion  of  the  light 
that  is  reflected  at  the  outer  irregular  surface  of  the  mass ;  the  greater  part  penetrates 
a  little  way,  and  is  reflected  at  various  depths,  and  in  passing  through  the  particles,  in 
going  and  returning,  suffers  absorption  on  the  part  of  the  coloured  substance.  Were 
the  substance  intensely  opaque  for  all  the  colours  of  the  spectrum,  the  powder  would 
be  not  blue  but  black,  as  we  see  in  the  case  of  platinum-black.  By  burnishing,  the 
powder  is  reduced  to  the  state  of  a  somewhat  coherent  mass,  and  it  now  begins  to 
exhibit  the  copper  colour  due  to  reflection.  The  internal  reflections  are  at  the  same 
time  greatly  weakened,  so  that  the  part  of  the  light  which  is  reflected  from  beneath 
and  undergoes  absorption  is  much  reduced.  A  pressed  mass  is  not,  however,  an 
optically  homogeneous  medium,  so  that  the  colour  by  reflection  obtained  by  bur- 
nishing cannot  in  general  be  quite  pure.  In  the  state  of  a  fine  crystalline  powder, 
indigo  exhibits  a  mixture  of  the  copper  colour  due  to  reflection,  and  the  blue  colour 
due  to  transmission,  though  observed  in  the  light  reflected  from  the  mass  as  a  whole  ; 
while  if  the  substance  could  be  obtained  in  large  crystals,  the  colour  ^  by  reflection 
would  be  seen  in  perfection,  and  the  colour  by  transmission  would  disappear,  the 
crystals  being  sensibly  opaque."  (Stokes.) 


The  Colours  of  Thin  Plates. 

All  transparent  substances,  when  reduced  to  very  thin  films,  exhibit  brilliant  colours 
— a  soap-bubble  affords  a  familiar  instance  of  this ;  glass  blown  out  into  thin  films 
exhibits  similar  phenomena — so,  likewise,  does  a  layer  of  oil  spread  over  the  surface 
of  water.  These  effects,  however,  are  best  studied  in  the  case  of  a  thin  film  of  air 
formed  between  two  plates  of  glass.  When  two  glass  plates  (of  any  sort  of  glass)  are 
pressed  hard  together,  a  black  spot  is  observed  at  the  point  of  closest  contact,  and 
around  it  a  series  of  fringes  exhibiting  remarkably  beautiful  colours  :  if  the  light  be 
homogeneous,  as  that  of  a  soda  flame,  the  bands  are  alternately  light  and  dark.  The 
shape  of  the  bands  depends  upon  the  greater  or  lesser  regularity  of  thickness  in  the 
film  of  air.  If  the  glasses  be  so  pressed  at  one  point  that  the  intervening  space  shall 
increase  regularly  all  round,  the  bands  will  be  circular— otherwise  they  will  have  an 
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irregular. shape  —but  in  all  cases  the  same  thickness  of  the  film  of  air  gives, 
paribus,  the  same  colour.     Newton,  to  whom  this  experiment  is  due,  made  use  of  a 
plano-convex  lens  of  small  curvature,  resting  on  a  piece 
Fig.  671.  of  fla^  glass :  by  this  means  he  obtained  a  film  of  air 

whose  thickness  was  uniform  at  the  same  distance  from 
the  point  of  contact,  and  the  fringes  were  consequently 
circular.  By  this  arrangement  also,  knowing  the  diameter 
of  the  lens,  he  was  enabled  to  calculate  the  thickness  of 
the  film  of  air  by  which  any  particular  band  was  produced. 
For,  the  radius  of  the  ring  AM  (fig.  671)  being  found  by 
measurement,  and  the  diameter  of  the  lens  A  B  being  also 
given,  we  have  AB  x  AN  (or  MP)  =  AP2  ==  AM2  (nearly) ; 

\ ""J""'™''  therefore  MP  =  ^, 

A±> 


whence  also  MP  varies  as  AM2. 

Proceeding  in  this  manner,  Newton  found  that  the  thicknesses  of  the  films  of  air  by 
which  the  successive  dark  bands  were  formed  varied  in  the  ratio  of  the  even  numbers 

0,2,4,6,     ....     2n; 
and  those  by  which  the  light  bands  were  produced  in  the  numbers 

1,3,  5,  7,    ....    2»+l; 

further,  that  the  thickness  of  the  film  at  the  first  bright  band  was  6-millionths  of  an 
inch  for  red  light,  and  about  4|-millionths  for  violet  light. 

Now  comparing  these  numbers  with  those  afterwards  found  by  Fresnel  for  the  lengths 
of  the  waves  (p.  600),  it  is  found  that  the  thickness  of  the  film  in  question  =  £  of  the 
length  of  a  wave. 

The  explanation  of  this  phenomenon  is  as  follows : — The  bands  are  formed  by  the  in- 
terference of  rays  reflected  from  the  upper  and  tinder  surfaces  of  the  transparent  film. 
Now  at  the  centre,  where  the  two  surfaces  are  in  almost  absolute  contact,  we  might 
expect  the  reflected  rays  to  be  in  acordance — for  they  reach  the  eye  after  travelling 
over  equal  paths.  At  the  first  bright  band,  the  thickness  =  5  of  an  undulation  ;  hence 
the  ray  reflected  from  the  second  surface,  which  has  to  traverse  this  thickness  twice,  is 
behind  the  other  by  half  an  undulation,  and  might  therefore  be  expected  to  destroy  the 
other :  but  instead  of  that,  the  two  assist  each  other  and  produce  a  bright  band ;  simi- 
larly with  the  other  bright  bands,  which  are  produced  by  rays  whose  paths  differ  in 
length  by 

•   f'f.I,     -    •     •     ^2^  of  a  wave-length. 
The  dark  bands  are  formed  by  rays  which  differ  by 

0,  f ,  f ,  f ,      .     .    .    ~  of  a  wave-length, 

and  which  might  therefore  be  expected  to  be  in  accordance. 

The  explanation  of  this  apparent  anomaly  is  found,  as  pointed  out  by  Young,  in  the 
manner  in  which  the  direction  of  the  vibrations  of  the  ether-molecules  is  changed  in 
passing  from  one  medium  to  another. 

When  a  wave  of  light  travels  through  a  medium  of  uniform  constitution,  it  never 
returns  upon  its  path ;  no  reflection  takes  place,  but  each  particle,  when  thrown  into  a 
state  of  vibration,  communicates  its  vibration  to  the  next,  and  is  itself  brought  to  rest ; 
just  as  an  ivory  ball  striking  upon  another  of  equal  size,  drives  that  ball  forward,  but 
is  itself  brought  to  rest.  But  if  the  vibration  is  communicated  to  a  medium  of  dif- 
ferent constitution — as  when  a  ray  passes  from  air  into  glass,  or  from  glass  into  air 

this  complete  destruction  of  the  vibration  of  the  particles  does  not  take  place ;  and  the 
consequence  is,  that  the  light  is  at  the  same  time  transmitted  through  the  second 
medium,  and  reflected  back  into  the^first.  If  the  ray  passes  from  a  medium  in  which 
the  ether  is  of  greater  density  to  one  in  which  it  is  of  less  density,  as  from  glass 
into  air,  the  direction  of  vibration  of  the  particles  in  the  reflected  ray  remains  un- 
changed, just  as  a  large  billiard  ball  striking  a  small  one,  drives  the  small  one  before 
it,  and  continues  in  its  own  course  though  with  less  velocity.  In  the  contrary  case,  as 
when  the  ray  passes  from  air  to  glass,  that  is  to  say,  from  ether  of  less  density  to 
ether  of  greater  density,  the  vibration  of  the  particles  in  the  reflected  ray  is  re- 
versed— just  as  when  a  small  ball  strikes  a  large  one,  the  large  ball  is  driven  forward 
but  the  small  one  driven  back  upon  its  path. 

To  apply  this  to  the  case  of  Newton's  rings.  The  bands  are  formed  by  the  inter- 
ference of  rays  reflected  from  the  first  surface  with  rays  reflected  from  the  second 
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surface  of  the  film  of  air.  Now  iu  the  second  reflection,  according  to  the  principle 
just  explained,  the  vibration  in  the  particles  of  the  reflected  ray  is  reversed,  because 
the  ray  passes  from  air  to  glass,  whereas  at  the  first  surface,  where  the  ray  passes 
from  glass  to  air,  no  such  reversal  takes  place.  Consequently  the  two  rays,  when 
they  meet,  will  have  their  vibrations  in  accordance,  just  when  they  would  have  been 
in  discordance  if  the  reversal  of  vibration  at  the  second  surface  had  not  taken  place. 
Hence  the  dark  bands  are  produced  where  the  thickness  of  the  film  is 

0,  2d,  ±d,  6^    ...    2nd, 
and  the  bright  bands  where  the  thickness  is 

d,3d,5d,7d    .    .    .    (2n+l)d 

d  being  =  \  of  an  undulation. 

That  this  is  the  true  explanation  of  the  phenomenon  is  proved  by  the  fact  that 
when  a  film  of  a  transparent  substance  is  placed  between  two  other  media,  one  of 
greater  and  the  other  of  less  refracting  power  than  itself,  the  positions  of  the  light  and 
dark  bands  are  reversed.  Thus  when  a  film  of  oil  of  sassafras  is  placed  between  a  plate 
of  crown  and  a  plate  of  flint  glass,  the  central  spot  is  white  ;  and  the  thicknesses  of  the 
film  follow  the  ratio  of  the  odd  numbers  for  the  dark,  and  of  the  even  numbers  for  the 
light  bands. 

To  return  to  the  ordinary  case  of  a  film  of  air  between  glass  plates.  Fringes  are 
produced  by  transmitted,  as  well  as  by  reflected  light,  but  the  colours  of  any  particular 
ring  are  exactly  complementary  of  those  of  the  same  ring  formed  by  reflected  light ; 
and  if  the  light  be  homogeneous,  the  central  spot  is  light,  and  the  bands  follow  the 
reverse  order  of  that  which  they  do  when  formed  by  reflected  light.  These  transmis- 
sion fringes  are  formed  by  the  interference  of  rays  transmitted  through  the  film,  with 
other  rays  which  pass  through  it  after  having  undergone  two  reflections,  one  at  the 
second  surface,  and  the  other  at  the  first ;  and  since  both  these  reflections  are  made  in 
passing  from  air  to  glass,  the  change  of  direction  caused  by  the  first  reflection  is  again 
reversed  by  the  second,  and  consequently  the  rays  are  in  accordance  or  discordance, 
just  when  they  would  have  been  in  case  of  no  reflection  at  all. 

Relation  between  the  Indices  of  Refraction  and  the  Thicknesses  of  the  Films. — The 
thicknesses  of  thin  plates  of  different  substances,  at  the  points  where  they  form 
coloured  bands  of  the  same  order,  are  to  one  another  in  the  inverse  ratio  of  their 
indices  of  refraction. 

Consider,  for  example,  the  bright  fringe  of  the  mfh.  order.  If  A,  \'  are  the  wave- 
lengths of  the  homogeneous  light  in  the  two  substances,  and  e,  e'  their  thicknesses,  we 
have  the  equations, 

e  =  (2m  +  l)iX;  e   =  (2m  +  l)l\'; 

therefore  e  :  e'  =  \  :  A.'  ;=  /JL  :  /JL. 

Newton  discovered  this  law  by  experiment.  It  may  be  verified  for  air  and  water 
by  introducing  a  drop  of  water  between  the  two  glass  plates  which  produce  the  rings, 
the  water  then  penetrating  between  the  plates  by  capillarity,  and  expelling  the  air  from 
part  of  the  circular  space  around  the  point  of  contact.  It  will  then  be  observed  that 
the  fourth  ring  in  air  coincides  with  the  fifth  ring  in  water.  Now  the  thicknesses  of 
the  film  at  the  several  bright  rings  in  air  are,  e,  3e,  5e,  7e,  9e,  &c.,  and  in  water  e'y 
3e',  5e,  fe,  Qe',  &c. ;  the  result  just  described  gives,  therefore,  1e  —  Qe' ;  whence 

«  ..'  Q 

•7  =  —  =  n,  which  is  the  index  of  refraction  of  water  referred  to  air  as  unity. 
e        /*        7 

This  law  furnishes  an  additional  method  of  measuring  the  indices  of  refraction  of 
liquids  with  respect  to  air ;  for  in  the  expression  e  :  e  =  p' :  p,  the  ratio  of  the  thick- 
nesses may  be  replaced  by  that  of  the  squares  of  the  diameters  of  the  rings  of  the  same 
order,  whence  the  refractive  index  of  the  liquid  may  be  calculated  as  a  function  of  that 
of  air.  The  method  is  not  however  very  exact>  in  consequence  of  the  difficulty  of 
measuring  the  diameters  of  the  rings. 

We  have  hitherto  supposed  that  the  eye  is  placed  directly  over  the  centre  of  the  rings, 
so  that  they  are  seen  by  perpendicular  incidence.  If  the  eye  be  moved  from  this 
position,  so  as  to  view  the  rings  obliquely,  these  diameters  increase  as  the  incident  rays 
become  more  and  more  oblique  ;  that  is  to  say,  the  thickness  of  the  transparent  film 
corresponding  to  a  ring  of  given  order  increases  with  the  obliquity  of  the  rays ;  in  other 
respects,  the  diameters  of  the  rings  follow  the  same  laws  as  when  the  incidence  is  per- 
pendicular. Newton  found  by  experiment,  that  the  thickness  e,  of  a  ring  of  given  order 
seen  by  perpendicular  incidence,  is  connected  with  the  thickness  e ,  for  the  same  ring 
viewed  at  the  incidence  i — supposing  the  thin  film  to  be  formed  of  the  same  substance 
as  the  medium  which  surrounds  the  apparatus — by  the  equation,  e  =  e'  cos  z,  or  e  = 
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The  diameters  of  the  rings,  like  the  breadths  of  all  other  interference-fringes,  are 
greatest  in  red,  and  least  in  violet  light ;  hence  in  white  light  a  series  of  coloured  rings 
is  produced  not  separated  by  any  absolutely  dark  spaces. 

The  following  table  exhibits  the  succession  of  colours  produced  by  thin  films  or  plates, 
and  the  corresponding  thicknesses  of  three  different  media : 

Newton's  Table  of  the  Colours  of  Thin  Plates  in  Air,  Water,  and  Glass. 


Colours  produced  at  the  thicknesses  in  the 

Thicknesses  in  millionth* 

Succession  of  Spectra  or 

last  three  columns. 

of  an  Inch. 

Redected. 

Transmitted. 

Air. 

Water. 

Glass. 

Very  black 

* 

3 

M 

Black 

White 

1 

3 

29 

FIBST  Spectrum  or 

Beginning  of  black 
Blue 

Yellowish-red 

2 

if 

1 

Order  of  Colours 

White 

Black 

5! 

3- 

YeUow 

Violet 

7- 

5i 

Orange 

g 

6 

Ked 

Blue 

9 

a| 

Violet 

White 

li| 

81 

Indigo 

9- 

8f 

Blue 

Yellow 

14 

104 

9 

SECOND  Spectrum  or 

Green 

Red 

15| 

Hi 

9f 

Order  of  Colours 

Yellow 

Violet 

16| 

121 

10| 

Orange 

Hi 

13 

111 

Bright  red 

Blue 

18J 

13f 

11| 

Scarlet 

14f 

12| 

Purple 

Indigo 

Green 

21 

22^ 

"1 

If 

THIRD  Spectrum  or 
Order  of  Colours 

Blue 
Green 
Yellow 

Yellow 
Ked 
Bluish-green 

289 

24 

2oJ° 

164° 

Red 

29 

21— 

18— 

Bluish-red 

32 

24 

20f 

Bluish-green 

24 

25J 

22 

FOURTH  Spectrum  or 
Order  of  Colours 

Green 
Yellowish-green 

Red 

35f 
36 

27 

22| 
23| 

Red 

Bluish-green 

40| 

30£ 

26 

FIFTH  Spectrum  or 

Greenish-blue 

Red 

46 

34i 

39| 

Order  of  Colours 

Red 

39| 

8? 

SIXTH  Spectrum  or 

Greenish-blue 

68f 

44 

38 

Order  of  Colours 

Ked 

65  ' 

48f 

42 

SEVENTH   Spectrum 

Greenish-blue 

71 

53^ 

45i 

or  Order  of  Colours 

Reddish-white 

71 

57| 

49f 

Beyond  these  limits,  the  colours  become  mixed  to  such  an  extent  as  to  produce 
white  light.  If,  however,  the  rings  be  viewed  through  a  prism,  so  as  to  separate  the 
different  coloured  rays,  a  much  larger  number  of  them  will  come  into  view. 

The  transmitted  rings  are  much  fainter  than  the  reflected  rings,  because  one  of  the 
beams  of  light  which  contribute  to  their  formation  has  been  twice  reflected,  and  each 
reflection  is  attended  with  a  considerable  loss  of  light. 

We  have  been  particular  in  describing  the  colours  of  'Newton's  rings,'  because  they 
are  generally  used  as  a  standard  of  comparison  for  all  coloured  phenomena  depending 
upon  interference. 

Colours  of  Thick  Plates. — This  term  is  applied  to  certain  systems  of  coloured  rings 
or  fringes,  produced  by  interference  at  the  surfaces  of  transparent  media,  too  thick  to 
exhibit  the  peculiar  phenomena  known  as  the  colours  of  thin  plates.  Newton,  having 
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received  on  a  concave  mirror  of  silvered  glass  a  thin  beam  of  solar  light  passing  into 
a  dark  room  through  a  small  aperture  situated  at  the  centre  of  curvature  of  the 
mirror,  perceived  round  the  aperture  a  series  of  coloured  rings  having  the  violet 
turned  inwards,  as  in  the  colours  of  thin  plates.  With  homogeneous  light,  the  rings 
were  alternately  bright  and  dark.  Newton  found  by  measurement — 1.  That  the 
diameters  of  the  rings  were  regulated  by  the  same  laws  as  those  of  the  rings  formed  by 
transmission  in  thin  plates.  2.  When  different  kinds  of  homogeneous  light  are  em- 
ployed, the  ratios  of  the  diameters  are  the  same  as  in  thin  plates.  3.  The  diameters  of 
the  rings  formed  by  mirrors  of  equal  radius  and  different  thickness,  are  inversely  as 
Uie  square  roots  of  the  thicknesses. 

The  formation  of  these  rings  depends,  however,  on  a  condition  which  Newton  did 
not  observe,  viz.,  that  the  upper  surface  of  the  mirror  must  not,  be  quite  bright.  If 
this  surface  is  well  polished  and  carefully  cleansed,  the  rings  are  scarcely  visible  • 
whereas  if  the  surface  is  made  dull  by  breathing  or  throwing  dust  upon  it,  or  by 
covering  it  with  a  thin  coat  of  varnish,  or  of  water  whitened  with  a  little  milk,  which  is 
then  allowed  to  dry,  they  come  out  with  great  brightness.  If,  on  the  other  hand,  the 
silvering  be  removed  from  the  back  of  the  mirror,  the  rings  become  very  faint,  and 
With  a  metallic  mirror  none  at  all  are  produced.  These  experiments  show  that  the 
rings  are  produced  by  the  interference  of  rays  reflected  from  the  second  surface  of  the 
mirror,  with  diffused  light  reflected  from  the  first  surface,  which  has  been  dulled. 
This  is  rendered  further  evident  by  an  experiment  of  the  Due  de  Chaulnes,  who,  instead 
of  a  glass  mirror,  used  a  metallic  mirror,  before  which  he  placed  a  piece  of  plate  glass 
having  its  surface  somewhat  tarnished,  or  a  plate  of  mica,  either  of  which  fulfilled  the 
same  purpose  as  the  anterior  surface  of  the  glass  mirror. 

Pouillet,  instead  of  a  transparent  plate,  places  in  front  of  the  mirror  a,  screen  pierced 
with  an  aperture  of  any  form  whatever,  but  small  enough  to  cause  both  the  incident 
rays  and  those  reflected  from  the  mirror  to  ccme  in  contact  with  its  edges.  Ajstraight- 
edged  screen,  placed  in  front  of  the  mirror,  is  even  sufficient  to  produce  the  rings';  but 
in  that  case  only  part  of  their  circumference  is  seen. 

The  rings  formed  by  diffused  light  may  be  viewed  directly  without  being  projected 
on  a  screen.  Stokes  places  a  candle  in  the  centre  of  curvature  of  the  mirror  with 
tarnished  surface,  so  that  the  image  of  the  candle  may  coincide  with  it,  and  places  the 
eye  at  some  distance  beyond  the  centre ;  beautiful  rings  are  then  seen  formed  in  the 
air.  Quetelet  places  a  candle  near  the  eye,  at  about  a  yard  from  a  plane  mirror  with 
tarnished  surface,  so  that  the  candle  and  its  image  may  seem  to  coincide  ;  he  thus  ob- 
tains portions  of  coloured  rings  round  the  image  of  the  candle.  Herschel  receives  a 
beam  of  solar  light  on  a  concave  spherical  metallic  mirror,  and  intercepts  the  reflected 
beam  by  a  screen ;  by  then  forming  a  cloud  of  dust  in  the  air  in  front  of  the  mirror, 
he  obtains  coloured  rings  of  considerable  brightness. 

There  are  several  other  ways  in  which  coloured  rings  and  fringes  may  be  formed  by 
diffused  light,  but  we  must  refer,  for  the  description  of  these  and  for  the  more  detailed 
explanation  of  the  phenomena,  to  works  specially  devoted  to  light.  (See  Daguin, 
Traite  de  Physique,  iv.  463.) 

Composition  of  Colours. 

Colours  are  either  simple  or  compound.  The  simple  colours  are  those  of  a  pure 
spectrum,  formed  either  by  refraction  through  a  prism,  or  by  diffraction  through  a 
grating  (p.  606);  and  compound  colours  are  produced  by  the  mixture  of  two  or  more  of 
these  simple  colours,  as  in  the  instance  of  Newton's  rings,  or  the  fringes  produced  by 
diffraction.  Compound  colours  may  be  similar  to  the  pure  colours  of  the  spectrum, 
but  are  rarely  identical  with  them  in  the  impression  which  they  produce  on  the  visual 
organs.  The  resultant  tint,  produced  by  the  mixture  or  superposition  of  any  number 
of  simple  colours,  may  be  investigated  by  one  of  the  following  methods : 

1.  By  mixing  coloured  substances  in  fine  powder,     This  method,  however,  yields 
only  dull  and  deadened  colours,  in  consequence  of  the  large  quantity  of  light  absorbed  ; 
moreover,  the  rays  reflected  from  the  surfaces  of  the  two  substances  are  mixed  with 
rays  which  have  penetrated  to  a  certain  depth,  and  have  been  there  reflected,  so  that 
the  tint  which  would  be  produced  by  the  mixture  of  the  rays  directly  reflected  from 
the  surface  is  modified  by  colours  arising  from  absorption. 

2.  By  covering  with  black  paper  certain  portions  of  a  revolving  disc,  tinted  with  the 
colours  of  the  spectrum  (p.  619),  the  colour  perceived  being  that  which  is  produced  by 
the  composition  of  the  remaining  spectral  colours. 

3.  By  tinting  two  pieces  of  paper  with  the  colours  whose  composition  is  to  lo 
studied,  laying  them  on  a  black  table,  setting  up  between  them  a  plate  of  unsilvered 
glass,  and  placing  the  eye  so  that  the  image  of  one  of  them  seen  by  reflection  may 
coincide  with  that  of  the  other  seen  directly  through  the    glass    (Helmholtz). 
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This  and  the  second  method  are  preferable  to  the  first,  the  only  source  of  error  affect- 
ing them  being  the  deviation  of  the  artificial  colours  from  the  pure  tints  of  the  spectrum. 
The  only  way  of  attaining  perfectly  accurate  results  is  to  operate  directly  on  the  rays 
of  the  spectrum  itself,  as  in  the  following  methods  : 

4.  By  intercepting  some  of  the  coloured  rays  as  they  emerge  from  the  prism,  and 
bringing  the  rest  to  a  focus  by  an  achromatic  lens. 

5.  By  receiving  the  rays  of  the  spectrum  on  a  row  of  plane  mirrors,  capable  of  being 
adjusted  so  as  to  reflect  any  required  rays  to  the  same  point  on  a  screen. 

6.  Helmholtz' s  method  (Ann.  Ch.  Phys.  [3]  xxxvi.  500).     This  method,  which  is 
the  most  exact  of  all,  consists  in  viewing,  through  a  vertical  prism,  two  narrow  slits,  ab, 

a'b,  forming  a  right  angle  (fig.  672),  and  each  in- 

Fig.  672.  clined  45°  to  the  edge  of  the  prism.  The  prism 

„  of  £.  Q  *yf  being  placed  about  four  yards  from  the  slits, 

v  J  \k    MfJjF^s'/    an(i   i11  tne  position  of   least  deviation,  two 

\^       /  \/ '/     *^jjf      spectra  rv,  r' v',  are  seen,  in  which,  with  the 

\/^  /$•/$•'    - v/  ^\k    a^  °^  a  telescope,  the  principal  fixed  lines  may 

£  **    '  0  ^ir  be  distinguished  parallel  to  the  slits.  These  two 

spectraare  partly  superposed,  and  the  dimensions 

of  the  slits  must  be  such  that  each  coloured  band  00  of  one  spectrum  shall  cross  all 
the  coloured  bands  of  the  other. 

To  find  the  effect  produced  by  the  combination  of  two  colours,  the  telescope  is 
directed  so  that  the  intersection  of  its  cross-wires  is  projected  on  the  combination  to 
be  examined,  and  the  eye  is  placed  behind  a  small  hole  in  a  screen,  at  50  or  60  centi- 
metres from  the  telescope,  so  that  it  may  perceive  only  a  very  small  space  around  the 
point  of  intersection.  The  compound  tint  required  may  thus  be  examined  without 
being  affected  by  the  neighbouring  colours.  By  then  covering  up  the  two  slits  succes- 
sively, the  simple  colours  which  have  produced  the  combination  may  be  seen. 

In  order  to  vary  the  relative  quantities  of  light  in  the  component  colours,  the  prism 
was  inclined  in  such  a  manner  as  to  bring  it  more  nearly  parallel  with  one  of  the  slits. 
The  spectrum  of  this  slit  was  thereby  brought  nearer  to  the  rectangular  form,  and  its 
colours  were  more  condensed,  while  the  contrary  effect  was  produced  upon  those  of 
the  other.  By  adding  a  third  slit,  the  effect  of  combining  three  colours  may  be 
observed.  By  these  means  Helmholtz  has  obtained  the  following  results : 

1.  The  compound  tint  formed  by  the  mixture  of  two  simple  colours  is  sometimes 
identical  with  a  simple  colour  of  the  spectrum,  but  in  many  cases  it  is  different  from 
them  all :  for  example,  the  greenish-yellow  and  greenish-blue  of  the  spectrum  form  a 
green  much  darker  than  that  of  the  spectrum.  This  last  green,  as  well  as  the  violet 
and  red  of  the  spectrum,  cannot  be  imitated  exactly  by  the  mixture  of  any  other 
colours.  2.  The  colour  produced  by  the  union  of  three  simple  colours  is  different 
from  that  which  would  be  obtained  by  combining  one  of  them  with  a  simple  colour  of 
the  spectrum,  similar  to  that  which  results  from  the  combination  of  the  other  two. 
For  instance,  the  red  and  bluish-green  of  the  spectrum  form  yellow  ;  but  red,  with  the 
bluish-green  produced  by  the  union  of  green  and  indigo,  forms  white.  3.  There  are 
many  combinations  of  three  colours  which  form  white.  4.  With  three  colours  only  it 
is  not  possible  to  obtain  satisfactory  imitations  of  all  the  colours  of  the  spectrum,  the 
number  of  simple  colours  required  for  the  purpose  being  at  least  five,  viz.,  red,  yellow, 
green,  blue,  and  violet.  Hence,  according  to  Helmholtz,  the  theory  of  three  primary 
colours  (p.  640)  does  not  rest  on  a  satisfactory  foundation ;  and  if  it  is  possible  to 
obtain  something  like  an  imitation  of  all  the  spectral  colours  by  the  mixture  of  three 
coloured  powders,  the  result  must  be  attributed  partly  to  the  want  of  brightness  in 
the  colours  used,  partly  to  the  circumstance  that  the  resulting  compound  colours  have 
not  generally  been  directly  compared  with  the  colours  of  the  spectrum,  from  which,  in 
most  instances,  they  differ  considerably.  The  tnree  colours  hitherto  adopted,  viz.,  red, 
blue,  and  yellow,  are  not  even  the  three  best  adapted  to  the  purpose ;  better  results  are 
obtained  with  red,  green,  and  violet,  but  even  then  the  imitations  are  far  from  perfect. 
For  the  contrary  results  obtained  by  Maxwell,  from  which  it  appears  that  all  colours 
whatever  may  be  produced  by  the  combination  of  three  primary  colours,  see  page  650. 

Complementary  colours. — This  name  was  applied  by  Newton  to  any  two  colours 
which  by  their  mixture  produce  white  light ;  such  are  green  and  red;  orange  and  blue  ; 
yellow  and  violet. 

Every  colour,  whether  simple  or  compound,  has  its  complementary  colour ;  moreover, 
every  colour  has  an  infinity  of  complementary  colours,  inasmuch  as  if  either  of  the 
colours  be  mixed  with  white  in  any  proportion,  the  two  will  still  form  white  by  their 
union. 

Helmholtz  has  made  some  remarkable  experiments  on  complementary  colours  by 
throwing  the  pure  spectrum,  formed  by  a  prism  and  achromatic  lens,  on  a  screen 
pierced  with  two  narrow  slits  parallel  to  the  edges  of  the  prism,  and  capable  of  being 
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brought  close  together  at  pleasure.  The  two  homogeneous  coloured  pencils  thus 
obtained  are  received  on  a  lens  which  condenses  and  brings  them  to  a  single  focus  on 
a  white  screen  placed  at  a  suitable  distance.  By  this  mode  of  experimenting,  Helm- 
hoi  tz  has  shown  that  there  exists  an  infinity  of  binary  groups  of  colours,  which,  when 
united  in  due,  proportion,  produce  a  perfect  white.  With  the  exception  of  pure  green, 
every  simple  colour  of  the  spectrum  is  complementary  of  another  simple  colour. 

By  varying  the  breadth  of  one  of  the  slits,  the  relative  intensities  of  the  two 
coloured  beams  could  be  altered,  and  it  was  thus  found  that  the  proportions  between 
the  intensities  of  two  coloured  beams  which  produce  white  light  by  their  combination, 
sometimes  varies  with  the  intensity  of  the  incident  light.  This  is  shown  by  the  follow- 

Ratio  of  intensity  of  the  second 
colour  to  the  first. 


Group  of  complementary  colours.  ^rjght  ,jghu    Faint  Hght/ 

Violet — greenish-yellow        .        .        .10  5 

Indigo — yellow 4  3 

Blue — orange        .....  1  1 

Greenish-blue— red      ....  0'44  0'44 

The  same  mode  of  experimenting  led  to  the  unexpected  conclusion  that  the  mixture 
of  the  blue  and  yellow  rays  of  the  spectrum  produces  white,  whereas  the  mixture  of 
blue  and  yellow  liquids  or  powders  always  produces  green.  This  result  is  confirmed  by 
painting  two  paper  discs,  one  with  chromate  of  lead  or  gamboge,  the  other  with  cobalt- 
blue,  and  making  the  reflected  image  of  the  one  coincide  with 
or  overlap  the  direct  image  of  the  other,  as  in  method  3 
(p.  648).  The  compound  image  thus  seen  is  white.  With 
the  yellows  above  mentioned  and  artificial  ultramarine, 
the  white  has  a  slight  reddish  tinge ;  with  Prussian -blue, 
a  greenish  tinge.  The  production  of  green  by  the  mixture 
of  blue  and  yellow  powders  or  liquids,  arises  from  partial 
decomposition  of  the  light  by  absorption,  as  explained  at 
p.  647. 

Newtorf s  construction  for  the  calculation  of  composite 
colours. — The  following  geometrical  construction  was 
given  by  Newton  for  calculating  approximately  the  result 
of  mixing  a  number  of  simple  colours.  The  circum- 
ference of  a  circle  (jig.  673)  is  divided  into  seven  parts  corresponding  with  the  seven 
principal  colours  of  the  spectrum,  and  proportional  to  the  numbers  |,  ~,  -^,  |,  ^,  i,  |. 
A  simple  calculation  then  gives  the  following  lengths  of  the  arcs  belonging  to  the 
several  colours : 


Red  .  .  .60°  45'  34" 
Orange  .  .  .  34  10  38 
Yellow  .  .  .  54  41  1 


Blue        .        .        .54°    41'      3" 
Indigo     .         .         .     34      10      38 
Violet  ,     60      45     34 


Green      .        .        .     60      45        3 

The  centres  of  gravity  of  each  of  these  arcs  r,  o,  y,  g,  b,  i,  v,  are  then  marked ;  and 
to  obtain  the  resultant  of  the  mixture  of  several  colours,  forces  proportional  to  the 
quantities  of  the  colours  to  be  mixed  are  supposed  to  be  applied  to  the  centres  of 
gravity  of  the  corresponding  arcs,  and  the  point  of  application  of  the  resultant  of  these 
forces  is  determined.  The  colour  sought  will  be  that  of  the  arc  of  the  sector  in  which 
this  point  of  application  falls.  Thus,  to  find  the  result  of  mixing  red,  blue,  and 
yellow  rays  whose  intensities  are  to  one  another  as  the  numbers  nr,  nb,  ny,  we  must 
seek  the  point  of  application  of  the  resultant  of  three  parallel  forces  proportional  to 
??n  ??&,  and  ny,  applied  at  the  points  r,  b,  y.  If  this  point  falls  at  n,  the  mixture  will 
be  yellow,  inclining  to  green,  because  the  point  n  is  nearer  to  the  limit  of  the  green 
than  to  that  of  the  orange.  The  nearer  the  point  n  is  to  the  centre  C,  the  more  will 
the  resulting  colour  be  mixed  with  white ;  if  it  coincides  exactly  with  C,  the  mixture 
will  be  white,  as,  for  example,  when  the  seven  colours  are  combined  in  quantities  pro- 
portional to  the  arcs  which  represent  them,  the  resultant  being  then  applied  at  the 
centre  of  gravity  C  of  the  entire  circumference. 

It  follows  from  Newton's  rule:  1.  That  two  simple  colours  following  one  another  on 
the  circumference  produce  by  their  mixture  an  intermediate  tint ;  an  exception  must 
however  be  made  with  regard  to  red  and  violet,  which  do  not  follow  one  another  in 
the  spectrum.  2.  Two  colours  separated  by  a  third,  yield  that  third  by  their  mixture  ; 
thus  red  and  yellow  yield  orange,  orange  and  green  yield  yellow,  &c.  Indigo  and 
red,  which  are  nearly  at  the  opposite  extremities  of  the  spectrum,  yield  a  reddish 
colour  different  from  violet. 

Biot  has  reduced  Newton's  method  to  a  general  formula.  For  this  purpose  ha 

T  T  2 
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calculates  the  co-ordinates  of  the  centres  of  gravity  of  the  arcs,  taking  as  the  axis  of 
abscissae  the  straight  line  passing  through  the  point  of  separation  of  the  arcs  corre- 
sponding to  the  violet  and  red,  and  through  the  centre,  taken  as  the  origin  of  co- 
ordinates ;  he  then  multiples  each  co-ordinate  by  the  number  of  rays  of  the  correspond 
ing  colour  which  is  to  enter  into  the  compound,  divides  the  sum  of  the  products  by  the 
sum  of  the  rays  which  are  to  be  compounded,  and  thus  obtains  the  co-ordinates  of  tho 
point  of  application  of  the  resultant.  Designating  the  number  of  rays  of  each  colour 
by  the  initial  letter  of  its  name,  these  co-ordinates  are : 

0-82284  (r  +  v)+  Q'207398  (o  + 1)  -  Q-513992  (y  +  b)  -  0-353796  v 
~  r  +  o  +  y  +  g  +  b  +  i+v. 

Y_      0-48235  (r-v)  +  Q-963163  (o  -  J)  +  0-813736  (y-  b\ 

r  +  o+y+g  +  b  +  i  +  v. 

These  co-ordinates  give  the  distance  D,  of  the  point  of  application  of  the  resultant 
from  the  centre  of  the  circle,  as  well  as  the  angle  a,  which  the  line  joining  these 
points  makes  with  the  axis  of  x :  for  tan  a  «=Y :  X ;  and  Y=  D  sin  a,  or  X  =  I)  cos  a. 
The  value  of  a  shows  in  which  particular  sector  the  point  of  application  falls,  and  the 
ratio  D  :  1  —  D  shows  the  proportion  of  simple  light  and  white  light  composing  the 
resulting  colour. 

The  preceding  method  was  given  by  Newton  as  an  empirical  rule  for  representing 
the  results  which  he  obtained  by  forming  compound  colours  containing  given  proportions 
of  simple  light  at  the  focus  of  a  lens.  It  cannot  be  regarded  as  more  than  a  rough 
approximation,  and  is,  indeed,  less  exact  than  Newton  supposed :  we  have  seen,  for 
example,  that  the  mixture  of  blue  and  yellow  rays  may  produce  white  instead  of  green. 
A  more  satisfactory  method  of  calculating  the  composition  of  colours  has  been  given, 
by  Maxwell  (Phil.  Mag.  [4]  xiv.  40;  Proc.  Roy.  Soc.  x.  404),  from  whose  observa- 
tions it  appears  that  the  colours  of  the  spectrum,  as  laid  down  according  to  Newton's 
method  from  actual  observation,  lie,  not  in  the  circumference  of  a  circle,  but  in  the 
periphery  of  a  triangle,  showing  that  all  the  colours  of  the  spectrum  may  be  chromati- 
cally represented  by  three,  which  form  the  angles  of  the  triangle.  The  wave-lengths 
and  positions  in  the  spectrum  of  these  three  primary  colours  are  : 

Wave-lengths  in  millionths  of  an  inch. 

Scarlet        .         2328— about  one-third  from  line  C  to  D. 
Green          .         1914 — about  one-quarter  from  E  to  F. 
Blue   .         .         1717— about  half-way  from  F  to  G-. 

This  form  of  the  diagram  of  colour,  as  perceived  by  the  human  eye,  is  in  accordance 
with  Young's  theory  of  three  primary  sensations  of  colour,  which  are  excited  in  different 
proportions,  when  different  kinds  of  light  enter  the  eye.  According  to  this  theory,  the 
threefold  character  of  colour,  as  perceived  by  us,  is  due,  not  to  a  threefold  composition 
of  light,  but  to  the  constitution  of  the  visual  apparatus,  which  renders  it  capable  of 
being  affected  in  three  different  ways,  the  relative  amount  of  each  sensation  being 
determined  by  the  nature  of  the  incident  light.  If  we  could  exhibit  three  colours 
corresponding  to  the  three  primary  sensations,  each  colour  exciting  one  and  one  only 
of  these  sensations,  then,  since  all  other  colours  whatever  must  excite  more  than  one 
primary  sensation,  they  must  find  their  places  in  Newton's  diagram  within  the  triangle 
of  which  the  three  primary  colours  form  the  angles. 

If  this  theory  be  true,  the  complete  diagram  of  all  colour,  as  perceived  by  the 
human  eye,  will  have  the  form  of  a  triangle.  The  colours  corresponding  with  the  pure 
rays  of  the  spectrum  must  all  lie  within  this  triangle,  and  all  colours  in  nature  being 
mixtures  of  these,  must  lie  within  the  line  formed  by  the  spectrum.  If,  therefore,  any 
colours  correspond  with  the  three  primary  sensations,  they  will  be  found  at  the  angles 
of  the  triangle,  and  all  the  others  will  be  within  the  triangle. 

The  other  colours  of  the  spectrum,  though  excited  by  undecompounded  light,  are 
compound  colours ;  because  the  light,  though  simple,  has  the  power  of  exciting  two  or 
more  colour-sensations  in  different  proportions — as,  for  instance,  a  blue-green  ray, 
though  not  compounded  of  the  blue  rays  and  green  rays,  produces  a  sensation  com- 
pounded of  those  of  blue  and  green. 

The  three  colours  found  by  experiment  to  form  the  three  angles  of  the  triangle,  and 
Newton's  diagram,  may  correspond  with  the  three  primary  sensations. 

A  different  geometrical  representation  of  the  relations  of  colour  may  be  thus  de- 
scribed : — Take  any  point  not  in  the  plane  of  Newton's  diagram ;  draw  a  line  from 
this  point  as  origin  through  the  point  representing  a  given  colour  in  the  plane,  and 
produce  it,  so  that  the  length  of  the  line  may  be  to  the  part  cut  off  by  the  plane,  as  the 
intensity  of  any  given  colour  is  to  that  of  the  corresponding  point  in  Newton's 
diagram.  In  this  way,  any  colour  may  be  represented  by  a  line  drawn  from  the  origin, 
whose  direction  indicates  the  quality  of  the  colour,  and  whose  length  depends  on 
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its  intensity.    The  resultant  of  two  colours  is  represented  by  the  diagonal  of  the 
parallelogram  formed  on  the  lines  representing  the  colours. 

Taking  three  lines  from  the  origin  through  the  points  of  the  diagram  corresponding 
with  the  three  primaries  as  axes  of  co-ordinates,  any  colour  may  be  expressed  as  the 
resultant  of  definite  quantities  of  each  of  the  three  primaries,  and  the  three  elements 
of  colour  will  then  be  represented  by  three  dimensions  of  space. 

The  method  of  observation  by  which  the  preceding  conclusions  are  established  con- 
sists in  selecting  three  colours  of  the  spectrum,  and  mixing  them  in  such  proportions 
as  to  be  identical  in  colour  and  brightness  with  a  constant. white  light.  Three  standard 
colours  being  assumed,  and  the  quantity  of  each  required  to  produce  the  given  white 
having  been  found,  the  quantities  of  two  of  these,  combined  with  a  fourth  colour  which 
will  produce  the  given  white,  are  then  determined.  A  relation  is  thus  obtained  between 
the  three  standards  and  the  fourth  colour,  whence  its  position  in  Newton's  diagram, 
with  reference  to  the  three  standards,  may  be  laid  down. 

The  instrument  employed  in  the  experiment  consists  of  a  dark  chamber  about  5  feet 
long,  9  inches  broad,  and  4-  deep,  joined  to  another  2  feet  long,  at  an  angle  of  about 
100°.  Light,  admitted  by  a  narrow  slit  at  the  end  of  the  shorter  chamber,  falls  on  a 
lens,  and  is  refracted  through  two  prisms  in  succession,  so  as  to  form  a  pure  spectrum 
at  the  end  of  the  long  chamber.  Here  there  is  placed  an  apparatus  consisting  of  three 
movable  slits,  which  can  be  altered  in  breadth  and  position,  the  position  being  read  off 
on  a  graduated  scale,  and  the  breadth  ascertained  by  inserting  a  fine  wedge  into  the 
slit  till  it  touches  both  ends. 

When  white  light  is  admitted  at  the  shorter  end,  light  of  three  different  colours  is 
refracted  to  the  three  slits.  When  white  light  is  admitted  at  the  three  slits,  light  of 
these  three  kinds  in  combination  is  seen  by  an  eye  placed  at  the  slit  in  the  shorter  arm 
of  the  instrument.  The  white  light  employed  is  that  of  a  sheet  of  white  paper  placed  on  a 
board  and  illuminated  by  the  sun's  light  in  the  open  air,  the  instrument  being  in  a 
room  and  the  light  moderated  where  the  observer  sits. 

Another  portion  of  the  same  white  light  goes  down  a  separate  compartment  of  the 
instrument,  and  is  reflected  at  a  surface  of  blackened  glass,  so  as  to  be  seen  by  the 
observer  in  immediate  contact  with  the  compound  light  which  enters  the  slits  and  is  re- 
fracted by  the  prisms. 

Each  experiment  consists  in  altering  the  breadth  of  the  slits  till  the  two  lights  seen 
by  the  observer  agree  both  in  colour  and  in  brightness.  In  this  way  the  relative 
places  of  sixteen  kinds  of  light  were  found  by  two  observers,  both  of  whom  agreed  in 
finding  the  positions  of  the  colours  to  lie  very  close  to  the  two  sides  of  a  triangle,  the 
extreme  colours  of  the  spectrum  forming  doubtful  fragments  of  the  third  side. 

The  chromatic  relations  between  these  sixteen  'Colours  being  thus  ascertained,  the 
next  step  is  to  ascertain  the  positions  of  these  colours  with  respect  to  Fraunhofer's  lines. 
This  is  done  by  admitting  light  into  the  shorter  arm  of  the  instrument  through  the 
slit  which  forms  the  eye-hole  in  the  former  experiments.  A  pure  spectrum  is  then 
seen  at  the  other  end,  and  the  position  of  the  fixed  lines  is  read  off  on  the  divided 
scale.  In  order  to  determine  the  wave-lengths  of  each  kind  of  light,  the  incident  light 
was  first  reflected  from  a  stratum  of  air  too  thick  to  exhibit  the  colours  of  Newton's 
rings.  The  spectrum  then  exhibited  a  series  of  dark  bands  at  intervals  increasing 
from  the  red  to  the  violet.  The  wave-lengths  corresponding  with  these  form  a  series 
of  submultiples  of  the  retardation ;  and  by  counting  the  bands  between  two  of  the 
fixed  lines,  whose  wave-lengths  have  been  determined  by  Babinet  (p.  607),  the  wave- 
lengths corresponding  with  all  the  bands  may  be  calculated ;  and  as  there  is  a  great 
number  of  bands,  the  wave-lengths  become  known  at  a  great  many  different  points.  In 
this  way,  the  wave-lengths  of  the  colours  compared  may  be  ascertained,  and  the 
results  obtained  by  one  observer  rendered  comparable  with  those  of  another. 

Another  instrument,  invented  by  Maxwell  for  comparing  combinations  of  colour,  is 
the  "  colour-top,"  which  is  a  spinning-top,  having  its  flat  upper  surface  divided  into 
two  concentric  circles,  each  circle  being  further  divided  into  sectors,  which,  can  be 
covered  with  different  coloured  papers.  When  the  top  is  spun,  the  colours  in  each  of 
the  circles  produce  mixed  tints,  and  the  proportions  of  those  in  the  outer  circle  are 
varied  till  the  mixed  tint  matches  that  produced  by  a  given  combination  in  the  inner 
circle,  the  proportions  being  measured  by  a  graduation  on  the  circumference. 

Nomenclature  of  Colours. — The  terms  employed  to  designate  different  shades  of 
colour  are  for  the  most  part  very  indefinite,  being  sometimes  borrowed  from  natural 
objects  or  substances,  sometimes  from  the  names  of  inventors  of  preparations  which 
exhibit  the  particular  colour,  and  from  various  other  sources  more  or  less  fanciful. 
The  colours  of  minerals  are  usually  distinguished  by  comparison  with  familiar  natural 
objects  which  they  more  or  less  resemble :  thus  blues  are  specially  distinguished  as 
azure,  violet,  lavender,  smalt,  indigo-  and  sky-blue;  greens  as  verdigris,  celandine, 
mountain,  leek,  emerald,  apple,  grass,  asparagus,  olive,  oil,  and.  siskin  green-;  yellows 
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as  sulphur,  straw,  wax,  honey,  lemon,  ochre,  wine,  cream,  and  orange-yellow;  reds  as 
aurora  or  roseate,  hyacinth,  brick,  scarlet,  blood,  flesh,  carmine,  rose,  crimson,  peach - 
blossom,  columbine,  and  cherry-red ;  browns  as  clove,  hair,  broccoli,  pinchbeck,  wood, 
and  liver-brown ;  greys  as  pearl,  smoke,  and  ash-grey. 

To  obtain  greater  accuracy  in  the  nomenclature  of  colours,  Chevreul  has  devised  the 
following  scheme  (De  la  loi  du  contraste  simultane  des  couleurs,  p.  87) :  In  the  first 
place  he  assigns  definite  meanings  to  the  terms  tint  (nuance),  and  shade,  or  tone 
(ton),  denoting  by  tint  the  result  of  mixing  pure  colours  in  various  proportions,  and  by 
shade  or  tone  the  result  of  mixing  any  tint  or  simple  colour  with  black  or  white,  so 
that  each  tint  is  susceptible  of  an  infinite  gradation  of  shades.  A  tint  is  weakened  or 
lowered  by  the  addition  of  white,  strengthened  or  heightened  by  addition  of  black. 
Colours  mixed  with  black  are  said  by  painters  to  be  deadened  (rabattues),  they  then 
reflect  less  light ;  in  fact,  if  a  coloured  surface  be  less  and  less  illuminated,  it  becomes 
continually  darker  and  ultimately  black.  This  effect  is  experienced  at  the  close  of 
day,  all  the  colours  then  becoming  darker  and  turning  towards  black. 

ChevreuFs  Chromatic  Circle. — Chevreul  has  formed  a  table  of  72  tints  passing  gra- 
dually one  into  the  other,  and  each  modified  by  20  shades,  some  produced  by  admixture  of 
white  in  various  proportions,  the  rest  by  admixture  of  black.  Imagine  a  circle  divided  into 
72  equal  sectors.  Three  equidistant  sectors  are  coloured  respectively  with  red,  yellow, 
and  blue,  and  at  equal  distances  from  these  three  colours  are  placed  those  which  result  from 
their  mixture  two  by  two,  viz.  orange  between  red  and  yellow,  green  between  yellow 
and  blue,  violet  between: red  and  blue  ;  then  between  these  six  tints  are  placed  the  in- 
termediate tints,  and  so  on  till  the  whole  72  are  complete.  Each  of  these  72  sectors 
is  then  divided  into  quadrangular  segments  by  20  concentric  circles,  and  in  the  seg- 
ments thus  formed  are  placed  the  shades  belonging  to  each  colour.  At  the  centre  is  a 
small  white  circle,  starting  from  which  each  tint  becomes  gradually  deeper  by  the  con- 
tinual abstraction  of  white,  till  the  pure  tint  is  reached,  and  beyond  this  the  shade  is 
continually  deepened  by  addition  of  black  till  the  circumference  is  reached,  which  is 
quite  black.  There  is  therefore  a  circular  series  of  segments  containing  the  pure  tints 
with  their  maximum  of  intensity,  and  starting  from  these,  the  shades  in  each  sector 
become  weaker  towards  the  centre,  stronger  towards  the  circumference.  The  series  of 
colours  contained  in  any  one  sector  forms  a  gamut  of  shades  of  the  corresponding  tint. 
Each  circle  of  segments  contains  the  72  tints  corresponding  with  the  shade  of  that 
circle.  We  have  thus  a  diagram  of  1440  colours  forming  types  near  enough  to  one 
another  for  the  requirements  of  the  arts.  It  would  be  useful  also  to  add  the  gamut  of 
white,  that  is  to  say,  the  series  of  grey  shades  from  white  to  black.  Such  a  diagram 
constructed  with  permanent  colours,  on  painted  porcelain  for  example,  is  capable  cf 
rendering  important  service  in  the  arts,  by  affording  a  standard  nomenclature  of 
colours,  which  may  be  designated  by  the  numbers  of  the  sector  and  the  circumference  in 
which  they  occur. 

Lecocq  arranges  the  coloured  segments  in  a  different  way.  He  divides  the  surface 
of  a  sphere  into  quadrangular  spaces  by  means  of  meridians  and  parallels.  The  pure 
colours  are  placed  at  the  equator,  and  each  of  them  becomes  darker  along  the  course  of 
its  meridian  towards  one  pole,  at  which  there  is  a  black  spot,  and  lighter  towards  the 
other  pole,  where  there  is  a  white  spot.  It  would  be  more  convenient  to  use  a  cylinder, 
having  one  of  its  bases  bordered  with  black,  the  other  with  white,  and  the  pure  colours 
arranged  round  a  zone  in  the  middle.  The  cylinder  might  also  be  developed  on  a 
plane,  and  the  whole  series  of  tints  and  shades  thus  presented  to  the  eye  at  once.  By 
repeating  at  one  end  of  the  diagram  thus  formed,  some  of  the  gamuts  from  the  op- 
posite end,  each  gamut  will  be  placed  next  to  those  which  differ  from  it  the  least. 
In  this  form  the  diagram  is  more  easily  constructed,  especially  if  it  is  to  be  made  in 
porcelain. 

Polarisation  and  Double  Refraction. 

When  a  beam  of  light  proceeding  from  a  self-luminous  source  traverses  a  homo- 
tgeneous  medium  without  encountering  any  obstacle,  it  exhibits  the  same  properties  on 
all  sides, — on  the  north,  south,  east,  and  west,  for  example,  if  we  suppose  it  to  be  ver- 
tical. The  light  composing  such  a  beam  is  called  ordinary  or  natural  light.  But  after 
the  light  has  met  with  any  obstacle,  and  has  consequently  undergone  reflection  or 
refraction,  it  exhibits,  for  the  most  part,  different  properties  on  different  sides.  If,  for 
example,  the  beam  of  light  be  received  obliquely  on  a  glass  mirror,  and  the  mirror  be 
turned  round  it,  taking  care  not  to  alter  the  angle  of  incidence,  the  intensity  of  the 
reflected  beam  will  vary  according  to  the  side  of  it  which  is  presented  to  the  mirror. 
A  ray  thus  modified  is  said  to  be  polarised.  The  properties  of  polarised  rays  all 
relate  to  changes  of  intensity  or  modifications  of  colour,  and  never  affect  the  direction 
in  which  they  are  reflected  or  refracted. 

Light  may  be  polarised  in  either  of  the  following  ways ;— 
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£,  By  Reflection  from  the  surface  of  transparent  media. — Suppose  a  ray  of  light  AC 
(fiff.  674)  to  fall  upon  a  plato  of  glass  (not  silvered,  but  blackened  at  the  lower  surface) 


Fig.  674. 


at  C,  making  an  angle  of  54£°  with  the  normal  PC,  or  35|°  with  the  reflecting  surface. 
This  ray  will  be  reflected  in  the  direction  CD,  making  an  angle  PCD  =  ACP,  and  in 
the  same  plane  as  AC  and  CP.  Now  suppose  the  reflected  ray  to  fall  upon  a  second 
surface  of  glass  at  the  same  angle  of  54^°  with  the  normal.  If,  then,  the  second 
mirror  be  so  placed,  that  its  plane  of  reflection  is  parallel  to  the  plane  of  reflection  from 
the  first  surface  (see  left-hand  figure),  then  the  ray  will  be  reflected  from  the  second 
surface  in  the  direction  DE,  just  as  if  it  proceeded  directly  from  a  luminous  source,  and 
had  not  undergone  previous  reflection  ;  but  if  the  second  mirror  be  so  adjusted  that  its 
plane  of  reflection  is  perpendicular  to  that  of  the  first  (see  right-hand  figure),  then  the 
ray  CD  will  not  be  reflected  from  it  at  all,  or  at  least  the  intensity  of  the  reflected  beam 
will  be  comparatively  small.  In  intermediate  positions,  still  at  the  same  angle  of  inci- 
dence, the  ray  CD  will  be  partially  reflected,  the  quantity  of  light  in  the  reflected  ray 
DE  being  greater  as  the  planes  of  reflection  of  the  two  mirrors  are  more  nearly  parallel. 

The  ray,  after  reflection  from  glass  at  an  angle  of  54g-°,  appears  then  to  exhibit  dif- 
ferent properties,  according  to  the  direction  in  which  it  is  a  second  time  reflected,  being 
in  fact  reflexible  in  different  degrees  at  -different  azimuths ;  it  is  therefore  polarised. 

The  plane  in  which  a  polarised  ray  is  most  easily  reflected  is  called  the  plane  of 
polarisation  ;  it  coincides  with  the  plane  of  reflection  (or  of  incidence). 

The  angle  54£°  is  called  the  polarising  angle 

for  glass.     For  every  medium  there  is  a  particular  Fig.  675. 

polarising  angle,  the  magnitude  of  which  depends 
upon  »the  refracting  power  of  the  medium,  according 
to  the  following  law,  discovered  by  Brewster:  The 
polarising  angle  ACP  (jig.  675)  is  that  for  which  the 
refracted  ray  CD  is  perpendicular  to  the  reflected 
ray  CB.  Now  let  fi  denote  the  index  of  refraction,  M. 


then  /* 


;   but  the  angle  ACP  =  BCP 


[  =  0]  ;  and  since  BC  is  perpendicular  to  CD,  and- 
QC  to  CN,  angle  QCD  =  BCN  =  90°  -  0;  therefore, 


--  =  tan0;    that  is  to  say,  the  polarising 


angle  is  the  angle  whose  tangent  is  equal  to  the  index  of  refraction. 

The  following  table  exhibits  the  polarising  angles  of  a  few  transparent  substances, 
cliiefly  according  to  the  observations  of  Biot  and  Arago  :  — 


Polarising  angle. 

Polarising  angle. 

Name  of  substance. 

Measured 

Measured 

Name  of  substance. 

Measured 

Measured 

from 

from 

from 

from 

normal. 

surface. 

normal. 

surface. 

Fluor  spar 
Water    . 

54°   50' 
52     45 

36°   10' 
37     15 

Topaz 
Iceland  spar     . 

68°  40' 
58    23 

31°  20' 
31     37 

Glass      . 

54     35 

35     25 

Spinel  ruby 

*60    16 

29     44 

Obsidian 

56     03 

33     57 

Zircon 

*63    08 

26     52 

Selenite  . 

56     28 

33     32 

Sulphur  (native) 

*64    10 

25     50 

Amber   . 

56     35 

33     25 

Antimony-glass 

*64    45 

55     15 

Rock-  crystal 

57     22 

33     38 

Chromate  of  lead 

*G7    42 

22     18 

Sulphate  of  barium 

58       0 

32       0 

Diamond  . 

*68    02 

21     58 
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as  sulphur,  straw,  wax,  honey,  lemon,  ochre,  wine,  cream,  and  orange-yellow;  reds  aa 
aurora  or  roseate,  hyacinth,  brick,  scarlet,  blood,  flesh,  carmine,  rose,  crimson,  peach - 
blossom,  columbine,  and  cherry-red ;  browns  as  clove,  hair,  broccoli,  pinchbeck,  wood, 
and  liver-brown;  greys  as  pearl,  smoke,  and  ash-grey. 

To  obtain  greater  accuracy  in  the  nomenclature  of  colours,  Chevreul  has  devised  the 
following  scheme  (De  la  loi  du  contraste  simultane  des  couleurs,  p.  87) :  In  the  first 
place  he  assigns  definite  meanings  to  the  terms  tint  (nuance),  and  shade,  or  tone 
(ton),  denoting  by  tint  the  result  of  mixing  pure  colours  in  various  proportions,  and  by 
shade  or  tone  the  result  of  mixing  any  tint  or  simple  colour  with  black  or  white,  so 
that  each  tint  is  susceptible  of  an  infinite  gradation  of  shades.  A  tint  is  weakened  or 
lowered  by  the  addition  of  white,  strengthened  or  heightened  by  addition  of  black. 
Colours  mixed  with  black  are  said  by  painters  to  be  deadened  (rabattues),  they  then 
reflect  less  light ;  in  fact,  if  a  coloured  surface  be  less  and  less  illuminated,  it  becomes 
continually  darker  and  ultimately  black.  This  effect  is  experienced  at  the  close  of 
day,  all  the  colours  then  becoming  darker  and  turning  towards  black. 

ChevreuVs  Chromatic  Circle. — Chevreul  has  formed  a  table  of  72  tints  passing  gra- 
dually one  into  the  other,  and  each  modified  by  20  shades,  some  produced  by  admixture  of 
white  in  various  proportions,  the  rest  by  admixture  of  black.  Imagine  a  circle  divided  into 
72  equal  sectors.  Three  equidistant  sectors  are  coloured  respectively  with  red,  yellow, 
and  blue,  and  at  equal  distances  from  these  three  colours  are  placed  those  which  result  from 
their  mixture  two  by  two,  viz.  orange  between  red  and  yellow,  green  between  yellow 
and  blue,  violet  between:red  and  blue  ;  then  between  these  six  tints  are  placed  the  in- 
termediate tints,  and  so  on  till  the  whole  72  are  complete.  Each  of  these  72  sectors 
is  then  divided  into  quadrangular  segments  by  20  concentric  circles,  and  in  the  seg- 
ments thus  formed  are  placed  the  shades  belonging  to  each  colour.  At  the  centre  is  a 
small  white  circle,  starting  from  which  each  tint  becomes  gradually  deeper  by  the  con- 
tinual abstraction  of  white,  till  the  pure  tint  is  reached,  and  beyond  this  the  shade  is 
continually  deepened  by  addition  of  black  till  the  circumference  is  reached,  which  is 
quite  black.  There  is  therefore  a  circular  series  of  segments  containing  the  pure  tints 
with  their  maximum  of  intensity,  and  starting  from  these,  the  shades  in  each  sector 
become  weaker  towards  the  centre,  stronger  towards  the  circumference.  The  series  of 
colours  contained  in  any  one  sector  forms  a  gamut  of  shades  of  the  corresponding  tint. 
Each  circle  of  segments  contains  the  72  tints  corresponding  with  the  shade  of  that 
circle.  We  have  thus  a  diagram  of  1440  colours  forming  types  near  enough  to  one 
another  for  the  requirements  of  the  arts.  It  would  be  useful  also  to  add  the  gamut  of 
white,  that  is  to  say,  the  series  of  grey  shades  from  white  to  black.  Such  a  diagram 
constructed  with  permanent  colours,  on  painted  porcelain  for  example,  is  capable  cf 
rendering  important  service  in  the  arts,  by  affording  a  standard  nomenclature  of 
colours,  which  may  be  designated  by  the  numbers  of  the  sector  and  the  circumference  in 
which  they  occur. 

Lecocq  arranges  the  coloured  segments  in  a  different  way.  He  divides  the  surface 
of  a  sphere  into  quadrangular  spaces  by  means  of  meridians  and  parallels.  The  pure 
colours  are  placed  at  the  equator,  and  each  of  them  becomes  darker  along  the  course  of 
its  meridian  towards  one  pole,  at  which  there  is  a  black  spot,  and  lighter  towards  the 
other  pole,  where  there  is  a  white  spot.  It  would  be  more  convenient  to  use  a  cylinder, 
having  one  of  its  bases  bordered  with  black,  the  other  with  white,  and  the  pure  colours 
arranged  round  a  zone  in  the  middle.  The  cylinder  might  also  be  developed  on  a 
plane,  and  the  whole  series  of  tints  and  shades  thus  presented  to  the  eye  at  once.  By 
repeating  at  one  end  of  the  diagram  thus  formed,  some  of  the  gamuts  from  the  op- 
posite end,  each  gamut  will  be  placed  next  to  those  which  differ  from  it  the  least. 
In  this  form  the  diagram  is  more  easily  constructed,  especially  if  it  is  to  be  made  in 
porcelain. 

Polarisation  and  Double  Refraction. 

When  a  beam  of  light  proceeding  from  a  self-luminous  source  traverses  a  homo- 
tgeneous  medium  without  encountering  any  obstacle,  it  exhibits  the  same  properties  on 
all  sides, — on  the  north,  south,  east,  and  west,  for  example,  if  we  suppose  it  to  be  ver- 
tical. The  light  composing  such  a  beam  is  called  ordinary  or  natural  light.  But  after 
the  light  has  met  with  any  obstacle,  and  has  consequently  undergone  reflection  or 
refraction,  it  exhibits,  for  the  most  part,  different  properties  on  different  sides.  If,  for 
example,  the  beam  of  light  be  received  obliquely  on  a  glass  mirror,  and  the  mirror  be 
turned  round  it,  taking  care  not  to  alter  the  angle  of  incidence,  the  intensity  of  the 
reflected  beam  will  vary  according  to  the  side  of  it  which  is  presented  to  the  mirror. 
A  ray  thus  modified  is  said  to  be  polarised.  The  properties  of  polarised  rays  all 
relate  to  changes  of  intensity  or  modifications  of  colour,  and  never  affect  the  direction 
in  which  they  are  reflected  or  refracted. 
Light  may  be  polarised  in  either  of  the  following  ways  ;^ 
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i.  By  Reflection  from  the  surface  of  transparent  media.— Suppose  a  ray  of  light  AC 
(fig.  674)  to  fall  upon  a  plate  of  glass  (not  silvered,  but  blackened  at  the  lower  surface) 


Fiff.  G74. 


at  C,  making  an  angle  of  54|°  with  the  normal  PC,  or  35^°  with  the  reflecting  surface. 
This  ray  will  be  reflected  in  the  direction  CD,  making  an  angle  PCD  =  ACP,  and  in 
the  same  plane  as  AC  and  CP.  Now  suppose  the  reflected  ray  to  fall  upon  a  second 
surface  of  glass  at  the  same  angle  of  54^°  with  the  normal.  If,  then,  the  second 
mirror  be  so  placed,  that  its  plane  of  reflection  is  parallel  to  the  plane  of  reflection  from 
the  first  surface  (see  left-hand  figure),  then  the  ray  will  be  reflected  from  the  second 
surface  in  the  direction  DE,  just  as  if  it  proceeded  directly  from  a  luminous  source,  and 
had  not  undergone  previous  reflection  ;  but  if  the  second  mirror  be  so  adjusted  that  its 
plane  of  reflection  is  perpendicular  to  that  of  the  first  (see  right-hand  figure),  then  the 
ray  CD  will  not  be  reflected  from  it  at  all,  or  at  least  the  intensity  of  the  reflected  beam 
will  be  comparatively  small.  In  intermediate  positions,  still  at  the  same  angle  of  inci- 
dence, the  ray  CD  will  be  partially  reflected,  the  quantity  of  light  in  the  reflected  ray 
DE  being  greater  as  the  planes  of  reflection  of  the  two  mirrors  are  more  nearly  parallel. 

The  ray,  after  reflection  from  glass  at  an  angle  of  54^-°,  appears  then  to  exhibit  dif- 
ferent properties,  according  to  the  direction  in  which  it  is  a  second  time  reflected,  being 
in  fact  reflexible  in  different  degrees  at  -different  azimuths ;  it  is  therefore  polarised. 

The  plane  in  which  a  polarised  ray  is  most  easily  reflected  is  called  the  plane  of 
polarisation  ;  it  coincides  with  the  plane  of  reflection  (or  of  incidence). 

The  angle  54^°  is  called  the  polarising  angle 

for  glass.     For  every  medium  there  is  a  particular  Fig.  675. 

polarising  angle,  the  magnitude  of  which  depends 
upon  .the  refracting  power  of  the  medium,  according 
to  the  following  law,  discovered  by  Brewster:  The 
polarising  angle  ACP  (fig.  675)  is  that  for  which  the 
refracted  ray  CD  is  perpendicular  to  the  reflected 
ray  CB.  Now  let  ^  denote  the  index  of  refraction, 


then 


[ 
Q 


;   but  the  angle  ACP  =  BCP 


(0] ;  and  since  BC  is  perpendicular  to  CD,  and- 
C  to  CN,  angle  QCD  =  BCN  =  90°  -  0;  therefore, 

y,  =  ' =  tan  6 ;    that  is  ito  say,  the  polarising     • 

cos  6 

angle  is  the  angle  whose  tangent  is  equal  to  the  index  of  refraction. 

The  following  table  exhibits  the  polarising  angles  of  a  few  transparent  substances, 
cliiefly  according  to  the  observations  of  Biot  and  Arago : — 


Polarising  angle. 

Polarising  angle. 

Name  of  substance. 

Measured 

Measured 

Name  of  substance. 

Measured 

Measured 

from 

from 

from 

from 

normal. 

surface. 

normal. 

surface. 

Fluor  spar 
Water    . 

54°  50' 
52     45 

36°   10' 
37     15 

Topaz 
Iceland  spar     . 

58°  40' 
58    23 

31°  20' 
31     37 

Glass      . 

54     35 

35     25 

Spinel  ruby 

*60    16 

29     44 

Obsidian 

56     03 

33     57 

Zircon 

*63    08 

26     52 

Selenite  . 

56     28 

33     -32 

Sulphur  (native) 

*64    10 

25     50 

Amber    . 

56     35 

33     25 

Antimony-glass 

*64    45 

55     15 

Stock-crystal 

57     22 

33     38 

Chromate  of  lead 

*G7    42 

22     18 

Sulphate  of  barium 

58       0 

32       0 

Diamond  . 

*68    02 

21     58 

654  LIGHT:  POLARISATION 

There  are  but  few  substances  capable  of  completely  polarising  light  by  reflection,  aud 
generally  speaking  the  polarising  power  is  least  in  those  media  which  have  the  largest 
indices  of  refraction.  According  to  Brewster,  it  is  only  those  media  whose  refractive 
index  is  less  than  17,  which  are  capable  of  polarising  completely  ;  such  are  those  not 
marked  with  an  asterisk  in  the  preceding  table.  But  even  when  the  index  is  less  than 
17,  the  polarisation  is  never  complete,  if  the  beam  of  light  is  bright.  In  general,  sub- 
stances which  reflect  but  little  light,  polarise  a  large  proportion  of  it.  Metals,  with 
clean  and  polished  surface,  polarise  scarcely  at  all.  In  all  cases,  however,  Brewster's 
law  applies  to  the  incidence  at  which  the  reflected  beam  contains  the  largest  proportion 
of  polarised  light. 

As  the  several  coloured  rays  have  different  indices  of  refraction,  it  is  evident  that 
only  homogeneous  light  can  be  completely  polarised  by  reflection.  Solar  light,  or  ordi- 
nary gas  or  candle  light,  can  never  be  made  to  disappear  completely  in  the  manner 
above  described.  In  fact,  with  media  of  high  dispersive  power,  such  as  oil  of  cassia, 
diamond,  chromate  of  lead,  or  specular  iron,  all  the  colours  of  the  spectrum  may  bo 
successively  brought  into  view  by  slightly  altering  the  inclination  of  the  reflecting 
surface  in  the  vicinity  of  the  polarising  angle.  With  glass  .and  water,  in  which  the 
angles  of  polarisation  for  the  extreme  rays  of  the  spectrum  do  not  differ  by  more  than 
15'  or  20',  the  colours  are  less  perceptible;  nevertheless  the  light  never  disappears 
entirely,  and  always  exhibits  a  slight  coloration  after  the  second  reflection. 

Light  is  more  or  less  polarised  by  reflection  at  all  angles  of  incidence,  excepting 
perpendicular  incidence,  the  proportion  of  polarised  light  in  the  reflected  beam  being 
greater  as  the  angle  of  incidence  differs  less  from  the  polarising  angle  determined  by 
Brewster's  law. 

If  a  ray,  partially  polarised  by  reflection  at  any  angle  differing  from  the  polarising 
angle,  be  again  reflected  from  the  same  medium  at  the  same  angle,  the  proportion  of 
polarised  light  in  it  will  be  increased ;  and  by  a  number  of  successive  reflections,  the 
ray  may  be  brought  indefinitely  near  to  the  state  of  complete  polarisation,  the  number 
of  reflections  required  for  the  purpose  being  less  as  the  angle  of  reflection  differs  less 
from  the  polarising  angle. 

2.  By  ordinary  Refraction. — When  light  passes  from  one  medium  to  another,  the  re- 
fracted ray  is  polarised  as  well  as  the  reflected  ray,  its  plane  of  polarisation  being 
perpendicular  to  the  plane  of  refraction,  or  of  incidence,  and,  therefore,  also  to  the 
plane  of  polarisation  of  the  reflected  ray.     The  refracted  ray  will  therefore  be  reflected 
from  a  surface  of  glass  at  an  angle  of  54£°,  just  under  the  circumstances  in  which  the 
ray  polarised  by  reflection  would  not.     Light,  however,  is  never  completely  polarised 
by  one  refraction  ;  but  the  proportion  of  polarised  light  in  the  refracted  beam  is  greater 
as  the  angle  of  incidence  is  nearer  to  the  polarising  angle ;  and  by  successive  refrac- 
tions through  a  number  of  surfaces  of  glass,  or  other  medium,  it  may  be  brought 
within  any  assigned  limit  of  complete  polarisation.     A  bundle  of  thin  plates  of  glass 
or  mica,  bound  together  in  a  frame,  forms  a  very  convenient  apparatus  for  polarising 
light,  whether  by  refraction  or  by  reflection. 

3.  By  Double  Refraction. — All  crystalline  bodies  not  belonging  to  the  regular 
system,  possess  the  power  of  double  refraction;    that  is  to  say,  a  ray  of  light 
entering  such  a  medium  is  split  up  into  two  rays  of  equal  intensity,  which  traverse  the 
crystal  in  different  directions.     In  all  such  media,  however,  there  are  either  one  or  two- 
directions  in  which  double  refraction  does  not  take  place,  and  these  lines  are  called 
the  optic  axes  of  the  crystal.  Transparent  calcspar,  or  Iceland  spar,  which  crystallises 
in  rhombohedrons,  and  exhibits  double  refraction  more  distinctly  than  any  other  sub- 
.etance,  is  a  crystal  with  one  optic  axis,  the  direction  of  that  axis  being  parallel  to  the 
line  joining  the  obtuse  summits  of  the  rhomb.    A  ray  traversing  the  crystal  in  a 
direction  parallel  to  this  axis  is  not  divided  into  two  ;  but  in  all  other  directions  the 
ray  is  doubly  refracted ;   and  the  two  rays  into  which  it  is  thus  divided  are  both 
completely  polarised,  the  plane  of  polarisation  of  the  one  being  parallel  to  the  principal 
section  of  the  crystal,  that  is  to  say,  a  plane  passing  through  the  optic  axis  and  the 
direction  in  which  the  ray  traverses  the  crystal ;  the  other  in  a  plane  at  right  angles 
co  that  section.   The  ray  which  is  polarised  in  the  principal  section  follows  the  ordinary 
laws  of  refraction,  remaining  always  in  the  plane  of  incidence,  and  having  for  all  inci- 
cidences  a  constant  index  of  refraction ;  but  the  ray  polarised  perpendicularly  to  the 
principal  section  follows  different  laws  of  refraction,  its  direction  not  being  confined 
within  the  plane  of  incidence,  unless  that  plane  coincides  with  or  is  perpendicular  to 
the  principal  section,  and  its  index  of  refraction,  excepting  in  the  last-mentioned  case, 
varying  continually  with  the  angle  of  incidence.     The  former  of  these  rays  is  called 
the  ordinary,  the  latter  the  extraordinary  ray.     The  mode  of  refraction  of  the  latter 
vrill  be  more  fully  explained  hereafter. 

When  these  two  oppositely  polarised  rays,  which  have  traversed  a  rhomb  of  Iceland 
spar,  fall  on  a  plate  of  glass  at  the  angle  of  54£°,  so  placed  that  the  plane  of  reflection 
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Is  parallel  to  the  principal  section  of  the  crystal,  tho  ordinary  ray  is  reflected,  and  tho 
extraordinary  ray  is  not,  tho  contrary  effect  taking  place  when  these  planes  are  at 
"piffht  angles  to  each  other.  When  the  plane  of  reflection  is  inclined  to  the  principal 
section  at  any  angle  between  0°  and  90°,  both  rays  are  reflected,  but  with  different 
intensities. 

The  two  polarised  beams,  on  emerging  from  the  crystal,  will  overlap  each  other,  or 
will  be  completely  separated,  according  to  their  breadth  and  the  thickness  of  tho 
crystal.  When,  however,  it  is  desired  to  examine  only  one  of  them,  it  is  most  con- 
venient to  throw  the  other  completely  out  of  the  field  of  view.  This  may  be  effected 
in  one  of  the  following  ways : 

a.  By  Reflection. — The  apparatus  for  this  purpose,  called  a  Nic hoi's  prism,  con- 
gists   of  two   similar   prisms   of   calcspar   (Jiff.  676),  ABCD, 
CDEF,  'cemented  together  with  Canada  balsam  at  the  faces 
CD.     The  faces  AB,  EF  are  cut  so  as  to  make  an  angle  of 
68°  with  the  obtuse  edges  AE,  BF  of  the  natural  crystal  (the 
natural  faces  make  an  angle  of  71°  with  the  obtuse  edges), 
and  the  faces  CD  are  perpendicular  to  AB  and  EF.     With 
this  arrangement,  it  is  found  that  of  the  two  rays,  no,  ne,  into 
which  an  incident  ray,  mn,  is  divided,  the  ordinary  ray,  no,  on 
reaching  the  surface  of  Canada  balsam  (whose  index  of  re- 
fraction is  less  than  that  of  the  ordinary,  and  greater  than 
that  of  the  extraordinary,  ray),  suffers  total  reflection  in  the 
direction  op,  while  the  extraordinary  ray  passes  on  in  the  di- 
rection efy  and  emerges  in  fg,  parallel  to  mn.     An  eye  placed 
at  /,  therefore,  sees  but  one  image,  viz.  that  formed  by  the 
extraordinary  ray.    Hence,  a  beam  of  ordinary  light  passing 
through  it  will  be  polarised  in  a  plane  perpendicular  to  the 
principal  section — that  is  to  say,  to  the  shorter  diagonal  of  the 
rhomb,  ab  (fig.  677) ;  and  a  ray,  already  polarised,  will  be 
stopped  by  the  prism  if  its  plane  of  polarisation  is  parallel  to 
ab,  but  will  pass  freely  through  it  when  the 
plane  of  polarisation  is  perpendicular  to  ab, 
or  parallel  to  the  longer  diagonal  cd.  Hence, 
also,  two  Nichol's  prisms,  placed  one  behind 
the   other,    appear    perfectly  opaque  when 
their  principal  sections  are  at  right  angles 
to  each  other,  perfectly  transparent  when  the 
principal  sections  are  parallel,  and  transmit 
light  with  diminished  intensity  in  interme- 
diate positions. 

J.  By  Absorption.— Certain  double-refracting  crvstals,  espe 


Fig.  677. 


cially  the  tourmaline,  have  the  power  of  transmitting  light  only  when  polarised  in  a 
particular  direction  with  regard  to  their  optic  axes.  The  tourmaline  forms  crystals  be- 
longing to  the  hexagonal  system,  having  one  optic  axis  parallel  to  the  axis  of  "figure, 
And  transmitting  light  only  when  polarised  in  a  plane  perpendicular  to  the  optic  axis. 
Hence,  when  a  ray  of  light  polarised  by  reflection  from  glass  at  the  angle  o'f  54^°,  is 
viewed  through  a  plate  of  tourmaline  cut  with  its  faces  parallel  to  the  optic  "axis, 
then  if  the  crystal  be  held  with  its  optic  axis  perpendicular  to  the  plane  of  reflec- 
tion, the  ray  will  pass  through  it  as  freely  as  its  colour  will  permit ;  but  if  the  tour- 
maline be  held  with  its  axis  parallel  to  the  plane  of  reflection,  the  reflected  rays 
will  be  completely  absorbed,  and  no  light  will  pass.  If  the  tourmaline  be  gradually 
turned  round  from  the  first  position  to  the  second,  the  quantity  of  light  which  passes 
through  it  will  continually  decrease,  because  the  polarised  ray  is  then  divided  by  the 
tourmaline  into  two,  one  polarised  at  right  angles  to  the  axis,  the  other  parallel 
thereto,  the  intensity  of  the  former  continually  decreasing,  and  that  of  the  latter 
increasing  as  the  tourmaline  is  turned  round.  When  a  ray  of  ordinary  light  i« 
Transmitted  through  a  tourmaline  plate  of  a  certain  thickness,  cut  as  above  described, 
it  is  divided  into  two,  as  by  other  double-refracting  crystals ;  but  the  ordinary  ray  is 
completely  absorbed,  and  only  the  extraordinary  ray  passes  through,  so  that  the  emer- 
gent beam  is  completely  polarised  in  a  plane  perpendicular  to  the  axis  of  the  tourmaline. 
Hence  if  two  such  plates  of  tourmaline  be  superposed,  and  the  light  of  the  sky  be 
viewed  through  them,  then  if  the  two  be  placed  with  their  optic  axes  parallel,  the 
light  will  pass  through  them  as  freely  as  their  colour  and  imperfect  transparency  will 
permit ;  but  if  one  of  the  tourmalines  be  then  turned  round,  the  quantity  of  light  trans- 
mitted will  decrease  as  the  axes  deviate  more  and  more  from  parallelism,  and  at  last, 
when  the  two  axes  cross  one  another  at  right  angles,  the  light  will  be  completely 
intercepted. 
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the  axis  are  arrested  by  it.  But  when  the  ray  passes  through  a  plato  of  tourmaline 
cut  parallel  to  the  axis,  only  the  ordinary  ray  is  intercepted,  the  extraordinary  ray 
passing  through.  The  vibrations  of  the  ordinary  ray  must  therefore  bo  perpendicular 
to  the  axis,  and  consequently  to  the  principal  section  of  the  crystal,  parallel  to  which 
the  ray  is  polarised. 

From  this  direction  of  the  vibratory  movements,  it  follows  that  a  polarised  ray  is 
most  easily  reflected  when  its  vibrations  are  parallel  to  the  reflecting  surface,  and  on 
the  contrary,  that  it  is  most  easily  transmitted  through  a  pile  of  plates  when  the 
vibrations  take  place  in  the  plane  of  incidence  or  at  right  angles  to  the  surface  ;  also  that 
the  ray  passes  most  completely  through  a  tourmaline  cut  parallel  to  its  axis,  when  the 
vibrations  are  parallel  to  this  axis.  The  tourmaline  acts  therefore  like  a  grating, 
which  gives  free  passage  to  a  surface,  such  as  a  knife-blade,  parallel  to  the  bars,  but 
stops  it  when  presented  transversely. 

The  form  of  the  curve  which  the  ether-molecules  describe  in  the  plane  perpendicular 

to  the  direction  of  the  ray — for  example,  in  the  row  a  a'  (fig.  677)— determines  the 

Fig.  677.    *  state  of  polarisation  of  the  ray.    If 

the  oscillation  consists  in  a  mere 

£•***.•*  •  <*  motion    of     the     particles      back- 
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particles  vibrate,  iy  the  plane  of 


•/  £'*•«••  polarisation  of  the  ray.      The 

n  particles      originally     situated    in 

the  straight  line  which  is  the  direction  of  the  ray,  appear  at  a  certain  moment, 
arranged  in  the  wave-line  acb.  If  each  of  the  vibrating  particles  describes  a  circle,  the 
direction  of  its  velocity  will  change  from  0°  to  180°  while  the  vibration  is  extending 
through  the  space  of  half  an  undulation,  and  to  360°  in  the  space  of  a  whole  undu- 
lation :  hence,  a  series  of  particles  in  all  phases  of  velocity,  extending  from  one  ex- 
tremity of  the  wave  to  the  other,  will  be  situated  on  a  screw-line  having  the  direction 
of  the  ray  for  its  axis.  The  ray  is  then  circularly  polarised,  and  right  or  left, 
according  as  the  direction  of  revolution  of  the  ether-molecules,  regarded  from  the 
centre  of  the  circle,  or  the  axis  of  the  screw,  is  like  that  of  the  hands  of  a  watch  or  the 
contrary.  The  result  is  the  same  as  if  the  ray  were  polarised  in  one  plane,  and  this 
plane  revolved,  making  a  complete  revolution  during  the  time  of  one  vibration. 

If  each  of  the  vibrating  particles  describes  an  ellipse,  the  successive  particles  may 
be  conceived  as  arranged  on  an  elliptical  screw-line.  In  this  case,  to  determine  the 
state  of  polarisation  of  the  ray,  it  is  necessary  to  specify,  not  only  the  length  of  tho 
major  and  minor  axes  of  the  ellipse,  but  likewise  the  position  of  these  axes  in  space,  as 
determined,  for  example,  by  a  system  of  rectangular  co-ordinates,  one  axis  coinciding 
with  the  ray,  while  the  other  two  are  drawn  at  right  angles  to  each  other  in  tho 
plane  of  vibration  of  the  ether-molecules.  The  direction  of  the  rotation  must  also  be 
stated  as  in  the  case  of  circular  polarisation. 

A  circularly  polarised  ray  examined  by  an  analyser  exhibits  the  same  intensity 
in  all  azimuths,  just  like  natural  light,  but  is  distinguished  therefrom  by  appearing 
coloured  when  viewed  through  the  analyser,  after  passing  through  a  thin  plate  of  a 
double  refracting  crystal  (p.  671).  An  elliptical ly  polarised  ray  exhibits  a  maxi- 
mum and  minimum  of  intensity  in  two  positions  of  the  analyser  at  right  angles  to  each 
other,  but  is  never  completely  extinguished  like  a  plane-polarised  ray,  and  is  likewise 
coloured  by  transmission  through  a  double-refracting  film.  The  colours  thus  imparted 
both  to  circularly  and  to  elliptically  polarised  light,  differ  from  those  exhibited  under 
similar  circumstances  by  plane-polarised  light. 

To  understand  the  manner  in  which  these  different  states  of  polarisation  arise,  it  is 
necessary  to  take  account  of  the  movement  impressed  upon  the  molecules  of  the  ether 
when  they  transmit  several  systems  of  waves  at  once,  the  velocities  being  then 
compounded  according  to  the  principle  of  the  parallelogram  of  forces.  When  this 
composition  is  effected  by  construction  or  by  calculation,  it  is  found  that  when  the 
lengths  of  the  component  waves  are  equal  (the  only  case  that  will  be  here  considered) 
the  waves  of  the  resulting  system  always  have  the  same  length,  so  that  the  changes 
produced  can  affect  only  the  amplitude  of  vibration  and  the  state  of  polarisation. 

1 .  When  the  two  rays  are  polarised  in  the  same  plane. — In  this  case,  the  amplitude 
of  the  resultant  wave  is  equal  to  the  sum  or  difference  of  the  component  waves, 
according  as  the  two  rays  are  in  corresponding  or  in  opposite  phases  ;  and  if  they  are 
in  exactly  opposite  phases,  and  of  equal  amplitude,  they  destroy  each  other's  motion 
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Fig.  678. 


completely,  and  produce  darkness.  The  case  is,  in  fact,  that  already  considered  under 
INTERFERENCE  (p.  598). 

2.  When  the  two  rays  arc  polarised  at  right  angles  to  each  other. — In  this  case,  the 
vibrations  of  the  two  wave-systems  take  place  in  planes  at  right  angles  to  one 
another,  and  therefore  the  resulting  system  cannot  be  rectilinearly  polarised,  unless 
the  difference  of  phase  of  the  two  component  wave-systems  is  either  nothing  or  an 
exact  multiple  of  a  half  wave-length.  If  we  imagine  two  rays  travelling  at  right  angles 
to  the  surface  of  the  paper,  and  passing  through  the  point  A  (fig.  678),  the  vibrations 
of  the  first  (positive)  half-wave  of  the  one  system 
being  directed  parallel  to  A??.,  and  those  of  the 
other  parallel  to  Am ;  then  if  both  the  waves  af- 
fect the  particle  A  simultaneously  and  with  equal 
force,  the  resulting  vibrations  will  make  an  angle 
of  45°  with  those  of  the  component  wave.  The 
azimuth  of  the  vibration  is  then  45°,  reckon- 
ing from  An.  If,  on  the  other  hand,  the  second 
system  is  half  a  wave-length  before  or  behind  the 
other,  it  will  affect  the  particle  A  with  its  negative 
vibration  Am',  at  the  same  time  that  the  positive 
vibration  An  of  the  other  system  begins  to  act.  The 
azimuth  of  vibration  is  then  —  45°,  always  reckon- 
ing from  An. 

But  if  the  difference  of  phase  of  the  two  wave- 
systems  is  equal  to  a  quarter  of  a  wave-length, 

the  velocity  Am  then  affects  the  particle  A,  just  as  the  vibration  imparted  to  it 
by  the  other  system  has  brought  it  to  n,  and  it  is  about  to  return  towards  A :  it 
therefore  acquires  a  rotatory  movement  round  the  point  A.  The  ray  is  therefore 
circularly  polarised,  and  right  or  left,  according  as  the  system  Am  is  before  or  behind 
the  system  An  by  a  quarter  of  an  undulation.  If  the  amplitudes  of  the  two  systems 
are  unequal,  a  difference  of  phase  amounting  to  a  quarter  of  a  wave-length  will  produce 
elliptical  polarisation.  This  kind  of  polarisation  is  likewise  produced  with  any  other 

difference  of  phase  f  excepting  0  or  m .  ~  \ ,  whether  the  amplitudes  are  equal  or  unequal. 

If  the  two  systems  are  polarised  in  planes  making  an  oblique  angle  with  one  another, 

u  difference  of  phase  equal  to  0  or  m .  -  produces  rectilinear  or  plane  polarisation,  while 

every  other  difference  produces  elliptical  polarisation. 

It  follows,  from  the  preceding  considerations,  that  elliptical  polarisation  is  the  usual 
state  of  polarised  light,  circular  and  rectilinear  polarisation  being  merely  particular 
cases  of  it. 

Suppose  now  a  plane-polarised  ray  to  fall  on  the  separating  surface  of  two  transpa- 
rent media,  its  plane  of  vibration  being  inclined  to  the  plane  of  incidence  at  an  angle 
of  45°.  Each  vibration  may  then  be  regarded  as  resolved  into  a  component  (P) 
vibrating  in  the  plane  of  incidence,  and  another  (7?)  vibrating  at  right  angles  to  that 
plane ;  and  these  two  components  will  be  weakened  by  reflection  in  unequal  degrees. 
At  the  incidences  90°  and  0°  (measured  from  the  normal),  the  two  components  of  the 
reflected  ray  are  of  equal  intensity ;  but  from  90°  to  0°  the  intensity  of  7?  continually 
diminishes,  whereas  that  of  P,  though  it  likewise  diminishes  for  a  certain  •  distance 
from  90°  towards  0°,  attains  a  minimum  value  at  a  certain  angle  of  incidence,  whose 
magnitude  depends  on  the  refractive  index,  and  increases  again  from  that  point  up  to 
perpendicular  incidence. 

In  reflection  from  metals,  and  also  from  non- metallic  substances  of  high  refractive 

p 
power,  the  quotient  «  has  always  a  considerable  value ;  but  in  the  case  of  media  of 

comparatively  low  refractive  power,  such  as  water  and  glass,  it  very  nearly  vanishes  at 
the  limiting  angle  above  mentioned.  Moreover,  as  the  variously  directed  vibrations  of 
an  ordinary  (unpolarised)  ray  may  be  resolved  into  the  two  principal  components  above 
mentioned,  it  follows  that,  at  the  limiting  angle,  the  vibrations  of  the  ray  (if  mono- 
chromatic) will  all,  or  nearly  all,  be  reduced  to  one  plane — namely,  a  plane  perpen- 
dicular to  the  plane  of  incidence ;  in  other  words,  the  ray,  after  reflection,  will  be 
completely  polarised,  or  nearly  so,  in  the  plane  of  incidence.  The  limiting  angle 
above  referred  to  is  therefore  the  polarising  angle  (p.  653).  It  is  clear  also  that  if  the 
ray  thus  polarised  falls  upon  a  second  mirror  at  the  same  angle,  and  this  mirror  is  so 
placed  that  the  vibrations  of  the  polarised  ray  are  parallel  to  its  plane  of  incidence, 
little  or  no  light  will  be  reflected  from  it ;  but  that,  if  the  second  reflector  be  turned 
round  from  this  azimuth,  always  remaining  at  the  same  angle  to  the  ray,  the  quantity 
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of  light  reflected  will  gradually  increase  till  the  plane  of  incidence  upon  the  second 
mirror  coincides  with  that  upon  the  first,  at  which  the  quantity  of  light  reflected  from 
the  second  mirror  will  be  a  maximum.  (Sec  page  653.) 

When  light  falls  at  the  polarising  angle  on  a  substance  of  comparatively  small 
refracting  power,  as  glass,  water,  &c.,  the  intensity  of  the  refracted  ray  is  much  greater 
than  that  of  the  reflected  ray,  inasmuch  as  a  small  portion  of  the  light  polarised  at 
right  angles  to  the  plane  of  incidence,  and  nearly  the  whole  of  that  which  is  polarised 
parallel  to  the  plane  of  incidence,  pass  into  the  refracted  ray.  The  former  component 
unites  with  an  equal  portion  of  the  latter,  reproducing  unpolarised  light,  so  that  tho 
refracted  ray  consists  of  natural  light  mixed  with  light  polarised  in  the  plane  of 
incidence. 

The  two  components  P  and  7?  not  only  differ  in  intensity  after  reflection,  but  like- 
wise exhibit  a  difference  of  phase,  P  being  always  more  or  less  behind  R,  excepting, 
according  to  Jamin,  in  reflection  from  one  or  two  varieties  of  silica. 

At  the  incidence  of  90°,  since  a  ray  polarised  in  the  azimuth  of  45°  retains  its 
azimuth  unaltered,  the  difference  of  phase  of  the  two  components  P  and  E  is  either 
nothing  or  equal  to  an  entire  wave-length  (p.  659).  At  perpendicular  incidence,  tho 

azimuth  changes  from  45°  to  —  45°;  consequently  the  difference  of  phase  is  7:.     In  both 

L 

cases,  therefore,  a  plane-polarised 'ray  remains  plane-polarised  after  reflection.  But 
at  all  other  incidences,  the  difference  of  phase  is  between  A.  and  -,  and  consequently  the 
plane  or  rectilinear  polarisation  is  converted  into  elliptical  polarisation.  The  angle  of 

f\\ 

incidence  for  which  the  difference  of  phase  =  — -  is  called  the  principal  incidence. 

It  is  very  little  smaller  than  the  polarising  angle  (p.  653),  calculated  from  Brewster's 

P 

formula,  tan  i  =  ju :  hence,  at  the  principal  incidence,  the  quotient  -^  differs  but  little 

from  its  smallest  value.  In  substances  of  small  refracting  power,  the  passage  from  tho 
difference  of  phase  -  to  A  takes  place  quickly,  so  that  the  elliptical  polarisation  is  per- 
ceptible only  between  very  narrow  limits ;  but  in  bodies  of  greater  refracting  power, 

such   as   diamond,    it   is    more    easily   observed. 


Fig.  679. 
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Fig.  679,  in  which  the  angles  of  incidence  aro 
laid  down  as  abscissae,  and  the  differences  of  phase 

diminished  by  -  as  ordinates,  exhibits  the  differ- 
ence of  behaviour  of  glass,  sulphide  of  arsenic,  and 
zinc.  The  points  p,  p',  p"  correspond  to  the  prin- 

3A 
cipal  incidences,  or  to  a  difference  of  phase  =  — . 

The  more  refrangible  rays  acquire  a  greater  dif- 
ference of  phase  in  their  two  components  under  a 
given  incidence  than  the  less  refrangible  rays.  In 
many  metals,  as  silver,  copper,  brass,  and  nickel- 
silver,  the  ratio  of  the  intensities  P  :  R  is  smaller, 
while  in  others,  as  zinc  and  steel,  it  is  larger  for  the 
more  refrangible  rays.  In  consequence  of  this  in- 
equality, the  former  metals,  especially  when  illu- 
minated by  light  vibrating  in  the  plane  of  reflec- 
tion, exhibit  a  yellow  or  red,  the  latter  a  bluish 
colour,  the  tints  often  coming  out  with  continually 
greater  distinctness  after  repeated  reflection.  At 


the  incidence  of  90°,  that  is  to  say,  when  the  incident  ray  just  grazes  the  surface,  all 
well-polished  metals  appear  white. 

Theory  of  Double  Refraction. 

The  phenomena  of  reflection,  refraction,  and  coloration  undergo  considerable  altera- 
tions when  light  falls  upon  media  through  which  it  travels  with  different  velocities  in 
different  directions.  This  is  the  case  in  all  crystals  not  belonging  to  the  regular  or 
monometric  system  ;  likewise  in  all  media  whose  molecular  condition  is  altered  in  par- 
ticular directions  by  pressure,  or  by  heating  and  sudden  cooling,  such  as  unannealed  glass. 

Crystals  with  one  Optic  Axis. — Consider,  in  the  first  place,  crystals  belonging  to  the 
dime  trie  and  hexagonal  systems,  which  resemble  one  another  greatly  in  their 
optical  as  well  as  in  their  other  physical  properties,  such  as  expansion  by  heat  (iii.  72), 
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and  capacity  of  conducting  heat  and  electricity  (ii.  122).  In  these  crystals,  the  elasti- 
city of  the  _  ether  is  either  greatest  (negative  crystals),  or  least  (positive 
crystals),  in  the  direction  of  the  principal  crystallographic  axis,  but  equal  in  all 
directions  at  right  angles  to  that  axis.  If,  now,  from  any  point  within  the  crystal, 
straight  lines  be  drawn  in  all  directions,  and  proportional  in  length  to  the  square  roots 
of  the  elasticities  of  the  ether  in  these  several  directions,  the  terminal  points  of  these 
lines  will  be  situated  on  a  surface  of  revolution  called  the  surface  of  elasticity 
To  find  the  velocities  with  which  rays  are  transmitted  in  these  several  directions, 
imagine  a  number  of  plane  waves  to  pass  in  all  directions  through  the  centre.  Every 
such  wave  cuts  the  surface  of  elasticity  in  a  closed  curve,  like 
fig.  680.  If  the  crystal  is  negative — calcspar,  for  example — the 
longest  diameter  of  this  curve  lies  in  a  meridional  plane  (called, 
in  optical  language,  the  principal  section),  the  shortest  dia- 
meter in  the  equatorial  plane  of  the  surface  of  elasticity.  If  the 
light-wave  is  polarised,  and  its  vibrations  take  place  in  the  di- 
rection cs,  it  will,  after  penetrating  through  an  extremely  thin 
layer  of  the  crystal,  divide  itself  into  two  polarised  waves, 
which  vibrate  in  the  directions  of  greatest  and  least  elasticity, 
cp  and  cr,  with  the  amplitudes  ca  and  cb,  and  will  there- 
fore travel  with  unequal  velocities  in  the  direction  perpendi- 
cular to  mnpr.  It  is  as  if  the  molecules  of  the  ether  were  com- 
pressed in  the  direction  of  the  principal  axis,  so  that  a  vibratory 
movement  cannot  easily  be  propagated  in  a  direction  oblique 
to  that  axis,  but  is  resolved  into  two  in  the  manner  above  men- 
tioned. 

The  same  result  will  ensue  if  the  incident  wave  consists,  not  of  polarised  but;  of 
natural  light,  excepting  that  the  two  polarised  components  will  then  have  equal  inten- 
sities, since  they  are  made  up,  not  only  of  the  components  of  vibrations  in  the  direction 
cs,  but  likewise  of  those  of  vibrations  in  all  other  directions  within  the  plane  mnpr. 
If  the  incident  wave  coincides  with  the  equatorial  plane  of  the  surface  of  elasticity,  the 
two  semidiameters  c  p,  c  r  are  equal.  In  this  case,  the  light  is  not  polarised  in  two 
directions  at  right  angles  to  one  another,  but  the  wave  travels  onward^  without  dividing 
itself,  in  the  direction  of  the  principal  crystallographic  axis,  which,  on  account  of  this 
property,  is  denominated  the  optic  axis.  Crystals  of  the  dimetric  and  hexagonal 
systems  are  optically  uniaxial. — If  the  plane  wave  passing  through  c  coincides 
with  a  meridional  plane,  the  difference  of  the  two  velocities  of  transmission  is  a 
maximum,  since  one  of  the  components  calls  into  action  the  maximum  amount  of 
elasticity  in  the  direction  of  the  axis  itselt.  The  velocity  of  transmission  of  the  other 
component  remains,  as  above  mentioned,  the  same  in  all  directions,  inasmuch  as  -it  is 
always  proportional  to  the  radius,  cr,  of  the  surface  of  elasticity.  If,  now,  we  imagine 
the  infinite  number  of  plane  wave-surfaces  passing  in  all  directions  through  the  point  c 
Bet  in  motion  at  the  same  time,  according  to  the  laws  above  detailed,  they  will,  after  a 
short  time,  enclose  two  different  curved  surfaces  called  the  wave-surfaces  ofmono- 
axial  crystals.  Oneof  these  surfaces,  corresponding  to  the  light  which  vibrates  in  the 
equatorial  plane,  or  at  right  angles  to  the  principal  section  (i.e.  polarised  in  the  principal 
section,  p.  657),  is  a  sphere ;  the  second,  corresponding  to  that  which  vibrates  in  the 
principal  section  (or  is  polarised  at  right  angles  to  that  section),  is  shown  by  calculation 
to  be  an  ellipsoid  of  revolution,  which  touches 
the  sphere  at  two  points  situated  on  the  optic 
axis.  Fig.  681  is  a  meridional  section  of  the  two 
wave-surfaces.  In  any  direction  through  such  a 
crystal,  two  rays,  polarised  at  right  angles  to 
each  other,  travel  with  the  velocities  rug  and  tnf. 
The  vibrations  of  the  first  ray  are  perpendicu- 
lar to  its  direction,  but  those  of  the  second  are 
not;  they  take  place  in  a  plane  touching  the 
ellipsoid  at  the  point/,  so  that,  to  find  the  velo- 
city of  transmission  of  the  plane  wave  correspond- 
ing to  the  ray  mf,  it  is  necessary  to  draw  a 
perpendicular  from  m  to  the  plane  which  touches 
the  ellipsoid  r,if. 

From  this  theory,  first  developed  by  Fresnel,  all  the  phenomena  of  double  refraction 
may  be  deduced  in  a  very  simple  manner.  Suppose  a  beam  of  parallel  rays  correspond- 
ing to  the  plane  wave  b  g  (jig.  682)  to  fall  upon  the  surface  of  a  monoaxial  crystal— 
calcspar,  for  example— whose  optic  axis  is  in  the  direction  bi.  Eound  b  as  a  centre 
describe  the  two  wave-surfaces,  so  that,  taking  gf  as  unity,  the  radius  of  the  spherical 

surface  may  be     ~,  and  that  of  the  ellipsoid  ^^.     Imagine  also  a  line  drawA 


Fig.  681. 
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through  /  at  right  angles  to  the  plane  of  the  figure,  and  through  this  line  suppose 
planes  to  pass  touching  the  sphere  in  h,  the  ellipsoid  in  n ;  then,  as  explained  with 


Fig.  682. 


ray. 


reference  to  fig.  655  (p.  609),  b  h  and 
b  n  will  be  the  directions  of  the  two 
refracted  rays.  The  vibrations  of  the 
ray  bh  are  perpendicular  to  the  plane  of 
incidence,  which  in  this  case  is  also  the 
principal  section  ;  those  of  the  ray  b  n 
are  parallel  to  the  plane  of  incidence. 
The  ratio  of  the  velocities  of  the  ray  b  h, 
without  and  within  the  crystal,  is  inde- 
pendent of  the  angle  of  incidence,  as  in 
uncrystallised  media  and  crystals  be- 
longing to  the  regular  system  (iso- 
phanous  media),  since  the  corre- 
sponding wave-surface  is  a  sphere. 
This  ray  is  therefore  called  the  ordi- 
nary ray  (0).  But  the  index  of  re- 
fraction of  the  second  ray,  bn,  varies 
with  the  angle  of  incidence  :  hence  this 
ray  is  called  the  extraordinary  ray 


In  calcspar,  and  all  other  negative  crystals,  it  is  less  than  that  of  the  ordinary 


If  the  plane  of  incidence  neither  coincides  with  a  principal  section,  as  in  the  pre- 
ceding example,  nor  is  perpendicular  thereto,  the  plane  drawn  through  /  tangential  to 
Fig.  683.  the  ellipse  will  touch  it  in  a  point  not  contained  in  the 

plane  of  incidence  ;  the  extraordinary  ray  then  deviates 
from  the  plane  of  incidence,  which  is  never  the  case  in 
ordinary  refraction.  As  in  negative  crystals,  the  ex- 
traordinary ray  is  always  less  refracted  than  the  ordi- 
nary ray,  and,  in  comparison  with  this,  appears  to  be 
repelled  from  the  optic  axis,  these  crystals  are  sometimes 
called  repu Isi  ve  :  positive  crystals,  on  the  other  hand, 
in  which  the  extraordinary  ray  is  more  refracted  than 
the  ordinary  ray,  are  called  attractive  crystals. 

The  optical  relations  of  positive  uniaxial  crystals  are 
exactly  similar  to  those  of  negative  crystals,  excepting 
that,  as  the  elasticity  of  the  ether  is  a  minimum  in  the 
direction  of  the  optic  axis,  the  velocity  of  the  light  in 
this  direction  is  a  maximum.  The  wave-surface  of  the 
ordinary  ray  encloses  that  of  the  extraordinary  ray,  as 

phown  in  section  in  fig.  683.     The  ray  E  in  these  crystals—  rock-crystal,  for  example 
• — is  more  strongly  refracted  than  0. 

The  following  is  a  list  of  the  most  important  uniaxial  crystals : 


Zircon. 
Quartz. 

Tungstate  of  zinc. 
Stannite. 
Boracite. 


Positive  or  Attractive  Crystals. 

Apophyllite. 

Sulphate  of  potassium  and 

iron. 
Acid  acetate  of  copper  and 

calcium. 


Hydrate  of  magnesium. 
Ice. 


Hyposulphate  of  calcium. 
)tase. 
silver. 


Diopta 
Redsil 


Iceland  spar. 

Carbonate  of  calcium  and 

magnesium. 
Carbonate  of  calcium  and 

iron. 

Tourmalin?. 
Rubellite, 
Corundum. 
Sapphire. 
Ruby. 
Beryl. 
Apatite. 


Negative  or  Repulsive  Crystals. 

Idocrase. 

Wernerite. 

Mica. 

Phosphate  of  lead. 

Arsenic-phosphate  of  lead, 

Hydrate  of  strontium. 

Arsenate  of  potassium. 

Chloride  of  calcium. 

Chloride  of  strontium. 

Basic  phosphate  of  potas- 


Sulphate    of   nickel  and 

copper. 
Cinnabar. 
Mellite. 

Molybdate  of  lead. 
Octahedrite. 
Phosphate  of  calcium. 
Arsenate  of  lead. 
Arsenate  of  copper. 
Nepheline. 
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From  the  explanation  just  given  of  double  refraction  in  uniaxial  crystals,  it  follows 
that,  for  the  complete  optical  characterisation  of  such  a  body,  it  is  sufficient  to  know 
the  greatest  and  least  velocities  of  light  therein,  or — which  comes  to  the  same  thing — 
the  indices  of  refraction  for  the  two  oppositely  polarised  rays  which  traverse  the 
crystal  in  a  plane  perpendicular  to  the  axis.  To  find  these  indices  of  refraction,  the 
crystal  must  be  cut  in  the  form  of  a  prism,  with  its  refracting  angle  parallel  to  the 
optic  (or  principal  crystallographic)  axis,  and  the  least  deviations  of  the  several 
coloured  rays  in  the  ordinary  and  extraordinary  image  measured  by  the  methods  already 
described.  The  values  thus  found  are,  of  course,  true  only  for  the  particular  tempera- 
tures at  which  they  are  measured.  Change  of  temperature  likewise  affects  the  refractive 
indices  of  double-refracting  crystals  in  a  peculiar  manner,  because  the  rate  of  expansion 
by  heat  of  these  crystals,  in  the  direction  of  the  optic  axis,  is  not  the  same  as  in 
directions  perpendicular  to  that  axis.  Calcspar,  for  example,  expands  in  the  direction 
of  its  optic  axis  joining  two  obtuse  summits  of  the  rhombohedron,  more  strongly  than 
in  any  other  direction,  the  rhombohedron  at  the  same  time  approaching  in  form  to  the 
cube,  while  the  double  refraction  perceptibly  diminishes,  or,  in  other  words,  the 
refractive  indices  of  the  rays  E  and  0  approach  more  nearly  to  equality.  Very  exact 
measurements  of  indices  of  refraction  of  Fraunhofer's  seven  lines  (B — H),  in  the 
ordinary  and  extraordinary  images  of  calcspar  and  rock-crystal,  together  with  the 
alterations  produced  in  them  by  change  of  temperature,  have  been  made  byEudberg 
(Pogg.  Ann.  xiv.  45;  xxvi.  291).  Double  refraction  is  frequently  also  different  in 
degree  for  the  different  coloured  rays.  In  apophyllite,  indeed,  this  inequality  is  so 
great  that  the  crystal  is  positively  double-refracting  for  the  blue,  negatively  for  the 
red  rays,  and  single-refracting  for  an  intermediate  ray. 

2.  Crystals  with  two  Optic  axes. — In  all  crystals  belonging  to  the  remaining  systems, 
viz.,  the  trimetric,  monoclinic,  diclinic,  and  triclinic,  there  are  two  directions 
or  axes  in  which  an  ordinary  ray  of  light  may  pass  without  being  split  into  two. 
Hence  these  crystals  are  called  bi-  or  di-axial.  The  somewhat  more  complex 
phenomena  which  they  exhibit  are  also  completely  explained  by  Fresnel's  theory. 

The  elasticity  of  the  ether  in  these  crystals  is  of  unequal  magnitude  in  three  direc- 
tions at  right  angles  to  each  other  (the  three  axes  of  elasticity).  If  we  call  the  modulus 
of  greatest  elasticity  a2,  of  the  middle  b-,  and  of  the  least  e2,  and  imagine  lines  drawn 
from  the  centre  of  the  crystal  in  all  directions,  proportional  to  the  square  roots  of  the 
elasticities  called  into  activity  in  these  several  directions,  the  ends  of  these  lines  will 
be  situated  on  a  surface,  called  the  surface  of  elasticity,  having  three  unequal 
axes,  2a,  2b,  2c,  at  right  angles  to  one  another;  and  if  plane  waves  be  supposed  to  pass 
through  the  centre  of  this  surface  in  all  possible  directions,  as  in  the  case  of  uniaxial 
crystals,  each  of  these  will  cut  the  surface  of  elasticity  in  a  closed  curve.  All  vibra- 
tions in  such  a  plane  wave-surface  are  very  quickly  resolved  in  the  direction  of  the 
greatest  and  least  diameters  of  the  plane  section,  which  are  perpendicular  to  one 
another;  and  the  wave  is  divided  into  two  which  travel  onwards  parallel  to  each  other, 
but  with  unequal  velocities,  proportional  to  the  square  roots  of  the  elasticities 
which  are  set  in  action  in  the  direction  of  those  diameters.  If  all  these  plane 
waves  are  supposed  to  be  set  in  motion  at  once,  they  will,  after  a  given  time,  enclose 
the  wave-surface  of  biaxial  media. 

Fig.  684  exhibits  three  sections  of  the  wave-surface  cutting  one  another  at  right 
angles.  Of  the  two  perpendicular  to  the  plane  of  the  figure,  the  vertical  section  con- 
tains an  ellipse  enveloped  by  a  circle ;  the  horizontal  section,  a  circle  enveloped  by  an 
ellipse ;  the  section  in  the  plane  of  the  paper  consists  of  an  ellipse  and  a  circle  inter- 
secting one  another :  they  are  represented  separately  in  fig.  685.  The  circle  in  each 
section  belongs  to  rays  whose  vibrations  are  perpendicular  to  the  plane  of  that  section, 
and  therefore  in  the  direction  of  an  axis  of  elasticity :  such  rays  suffer  ordinary  refrac- 
tion. The  ellipse,  on  the  other  hand,  gives  the  velocity  of  transmission  of  the  extra- 
ordinary rays,  whose  vibrations  are  parallel  to  the  plane  of  the  section.  To  obtain  the 
three  characteristic  refractive  indices  of  /*,  //,  ju"  of  a  biaxial  crystal,  three  prisms  must 
be  cut,  having  their  refracting  angles  respectively  parallel  to  the  three  axes  of  elasti- 
city, and  the  minimum  deviation  of  the  seven  principal  rays  determined  in  each  of 
them,  for  that  one  of  the  two  coloured  images,  whose  plane  of  polarisation  is  perpen- 
dicular to  the  refracting  angle.  This  measurement  has  been  very  carefully  performed 
by  Kudberg  for  arragonite  and  topaz.  Both  the  refractive  indices,  and  the  ratios 
between  them,  vary  with  the  temperature  in  biaxial  as  well  as  in  uniaxial  crystals. 

The  ratios  — ,  — „  which  express  the  strength  of  the  double  refraction,  appear  to 

increase  in  all  crystals  from  the  less  to  the  more  refrangible  rays.     In  crystals  of  the 
trimetric  system,  the  axes  of  elasticity  have  the  same  direction  for  all  the  coloured  rays. 
The  crystals  of  the  mono-,  di-,  and  tri-clinic  systems  appear  to  exhibit  a  different 
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behaviour  in  this  respect.     Their  peculiarities  will  be  considered  in  connection  with 
the  colours  which  they  exhibit  in  polarised  light  (p.  669). 

Fig.  684.  Fig.  685. 


In  two  directions,  db  and  a'b'  (fig.  686)  making  equal  angles  with  the  axis  of  greatest, 
and  also  with  that  of  least  elasticity,  the  surface  of  elas- 
ticity is  cut  in  circles.  At  right  angles  to  the  planes  of 
these  circles,  and  therefore  in  the  directions  Or,  Or',  a 
plane  wave  is  propagated  without  being  resolved  into 
others,  or  altered  as  to  its  state  of  polarisation.  These 
directions  were  designated  by  Fresnel,  as  the  true  optic 
axes  of  the  crystal.  But,  as  shown  by  fig.  685,  there 
are  likewise  two  directions  in  which  the  ordinary  and 
extraordinary  rays,  which,  therefore,  belong  to  different 
waves,  are  transmitted  with  the  same  velocity.  These 
directions,  which  unite  the  points  of  intersection  P  of  the 
ellipse  and  circle  with  the  centre  M,  have  received  the  name  of  apparent  optic 
axes. 

As  may  be  seen  from  the  figure,  it  depends  upon  the  ratio  of  the  mean  velocity  of 
transmission  Mg  to  the  greatest  Mw  and  least  Mo',  whether  the  apparent  optic  axes 
form  a  smaller  angle  with  the  axis  of  greatest  elasticity  and  least  velocity  of  trans- 
mission, or  with  that  of  least  elasticity  and  greatest  velocity  of  transmission.  In  the 
former  case,  the  crystal  approximates  in  its  optical  character  to  calcspar,  and  is  there- 
fore called  optically  negative  (e.g.  arragonite);  in  the  latter,  to  rock-crystal,  and 
is  therefore  called  optically  positive  (e.g.  topaz).  The  line  which  bisects  the 
acute  angle  of  the  optic  axes  is  the  median  line;  that  which  bisects  their  obtuse 
angle,  the  supplemental  line;  and  the  line  perpendicular  to  both  of  these  is  the 
normal.  The  last  is  always  the  axis  of  mean  elasticity;  the  median  line  coincides 
with  the  axis  of  greatest  elasticity  in  negative,  and  with  that  of  least  elasticity  in 
positive  crystals. 

To  find  the  rays  belonging  to  a  given  plane  wave-surface,  planes  must  be  drawn 
parallel  to  this  plane  and  tangential  to  the  wave-surface,  and  the  points  of  contact 
joined  with  the  centre.  This  construction  always  yields  two  tangent-planes,  and  there- 
fore two  rays.  It  is  only  when  the  wave-plane  is  perpendicular  to  one  of  the  true  optic 
axes,  that  the  two  tangent  planes  coincide  in  one,  which,  however,  then  touches  the 
wave-surface  in  a  circle.  At  the  point  P  (fig.  685),  the  wave-surface  forms  funnel- 
shaped  depressions  or  re-entering  cones,  the  plane  wave  US,  which  is  perpendicular  to 
the  true  optic  axis  MT,  closing  the  funnel  and  touching  the  curved  wave-surface  in  a 
circle  having  the  diameter  QT.  To  this  wave-plane,  therefore,  correspond  all  rays 
proceeding  from  the  centre  M  to  the  several  points  of  the  circumference  of  that  circle. 
If,  therefore,  a  ray  of  common  light  falls  upon  a  plate  of  arragonite  cut  and  polished 
at  right  angles  to  the  median  line,  in  such  a  direction  that  it  would  emerge  in  the 
direction  of  the  true  optic  axis,  it  divides  itself  into  a  conical  beam  of  rays,  which,  as 
they  belong  to  the  same  wave-plane,  proceed,  after  emerging,  parallel  to  one  another 
in  a  cylindrical  beam.  This  phenomenon,  the  so-called  cylindrical  or  inner 
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conical  refraction,  becomes  perceptible  only  when  the  arragonite  plate  has  a 
thickness  of  at  least  a  centimetre. 

Every  line  drawn  from  the  centre  to  the  surface  of  the  ware,  e.g.  MT  or  MQ,  cuts 
this  surface  in  two  points  corresponding  to  the  two  rays  which  travel  in  this  direction. 
The  wave-planes  belonging  to  these  rays  are  found  by  drawing  tangent-planes  to  the 
points  of  intersection  with  the  upper  wave-surface.  It  is  only  the  ray  MP,  which 
travels  in  the  direction  of  the  apparent  optic  axis,  that  cuts  the  wave-surface  in  a  single 
point  only :  at  this  point,  however,  the  wave-surface  has  an  infinite  number  of  tangent 
planes;  and,  consequently,  since  the  velocity  of  the  wave-plane  within  the  crystal 
determines  the  strength  of  the  refraction,  the  ray  MP  yields  an  infinite  number  of 
refracted  rays  diverging  from  one  another  in  a  cone.  This  remarkable  phenomenon, 
called  external  conical  refraction,  maybe  observed  by  covering  the  two  parallel 
faces  of  a  plate  of  arragonite  cut  perpendicular  to  the  median  line,  with  screens,  each 
having  a  fine  aperture  so  situated  that  the  line  joining  the  two  apertures  coincides  with 
an  apparent  optic  axis  of  the  crystal.  If  a  converging  pencil  of  rays  from  a  near  source 
of  light  be  directed  on  one  face  of  the  arragonite  plate,  a  conically  divergent  pencil 
emerges  from  the  other. 

The  polarisation  phenomena  of  the  two  rays  proceeding  in  any  given  direction  are 
easily  determined.  If  planes  be  made  to  pass  through  the  ray  and  the  two  apparent 
optic  axes,  the  direction  of  vibration  of  the  one  ray  bisects  the  acute,  and  that  of  the 
other  ray  the  obtuse  angle  of  the  two  planes.  The  directions  of  vibration  (and  there- 
fore also  the  planes  of  polarisation)  of  the  two  rays  are  therefore  always  perpendicular 
to  one  another. 

If  the  three  characteristic  refractive  indices,  /*,  fjf,  p.",  of  a  crystal  are  known,  and 
p"  >  p  >  n,  then,  as  Fresnel  has  shown,  the  angle  2$  of  the  true  optic  axes  may 
be  calculated  by  the  formulae: 


For  negative  crystals. 


For  positive  crystals. 


and  the  angle  2a  of  the  apparent  optic  axes  by  the  formulae  : 


sin  2a 


sin  8a  = 


/l"2  -  tf  ' 

It  will  be  seen  that,  in  negative  crystals,  the  apparent  optic  axes  form  a  somewhat 
larger  angle  than  the  true  optic  axes,  whereas  in  positive  crystals  the  contrary  is  the 
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Angle  of  axes. 

Sulphate  of  nickel  (certain  speci- 
mens)        3°   0' 

Nitrate  of  potassium    .        .        .     5  20 

Carbonate  of  strontium         .        .     6  56 

Carbonate  of  barium    .        .        .     6  56 

Talc    .        .        .        .        .        .     7  24 

Sulphocarbonate  of  lead        .  ,      .  10  35 

Mother  of  pearl    .        .        .        .  11  28 

Hydrate  of  barium       .        .        .  13  18 

Arragonite 18  18 

Cyanide  of  potassium   .         .         .  19  24 

Cymophane          .         .         .         .  27  51 

Anhydrite 28     7 

Borax 28  42 

Apophyllite 35     8 

Sulphate  of  magnesium         .        .  37  24 

Sulphate  of  barium       .        .        .  37  42 

Spermaceti  (about)       .        .        .  37  40 

Borax  (native)     .        .        .        .  38  48 

Nitrate  of  zinc     .         .         .         .  40  48 

Stilbite 41  42 

Sulphate  of  nickel        .        .        .  42     4 

Anhydrite  (Biot)         .         .         .  44  41 

Lepidolite 45  41 

Benzoate  of  ammonium         .         .458 

Sulphate  of  sodium  and  magnesium  46  49 
Sulphate  of  ammonium  .  .  46  8 
Topaz  .  .  .  .  49°  to  65  0  ! 

uu 


Angle  of  axes. 
Sugar 50°  0' 

Sulphate  of  strontium  .  .  .  50  0 
Sulphohydrochlorate  of  magnesium 

and  iron 51  16 

Sulphate  of  magnesium  and  ammo- 
nium      .        .         .        .        .  51  22 
Phosphate  of  sodium    .        .        .  55  20 

Comptonite 56     6 

Sulphate  of  calcium  .  .  .  60  0 
Nitrate  of  silver  .  .  .  .  62  16 

lolite 62  50 

Felspar 63     0 

Sulphate  of  potassium  .  .  .  67  0 
Carbonate  of  sodium  .  .  .  70  1 
Acetate  of  lead  .  .  .  .  70  25 

Citric  acid 70  29 

Tartrate  of  potassium  .  .  .  71  20 
Tartaricacid  .  .  .  .  79  0 
Tartrate  of  potassium  and  sodium  80  0 
Carbonate  of  potassium  .  .  80  30 

Cyanite 81  48 

Chlorate  of  potassium  .        .  82     0 

Epidote       .  .  84  19 

Chloride  of  copper  .        .  84  30 

Peridote      .  .  87  56 

Succinic  acid  (about)  .        .  90     0 

Sulphate  of  iron  (about)       .        .  90     0 

Mica 0°  to  76    0 

2 
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It  will  be  observed  that  topaz,  and  more  especially  mica,  exhibit  very  different  angles 
in  different  specimens.  Senarmont  explains  this  anomaly  by  regarding  these  bodies  as 
mixtures  of  two  isomorphous  substances,  in  which  the  planes  of  the  axes  are  perpen- 
dicular to  each  other.  He  has  shown,  in  fact,  that  a  crystal  formed  by  a  mixture  of  two 
substances  has  its  axes  more  or  less  inclined  to  one  another,  or  situated  in  planes  whose 
position  varies  by  90°  from  one  specimen  to  another,  according  to  the  proportions  of 
the  mixture.  In  the  case  of  mica,  which,  as  Senarmont  has  shown,  crystallises  in 
right  prisms  with  rhombic  base  (trimetric),  the  plane  of  the  axes  is  parallel,  sometimes 
to  the  longer,  sometimes  to  the  shorter  diagonal  of  the  base.  (Daguin,  Traite  de 
Physique,  iv.  489.) 

Reflection  of  Light  from  Double-refracting  Media. — The  reflection  of  light  from  the 
surface  of  double-refracting  crystals  follows,  so  far  as  regards  the  difference  of  phase 
of  the  two  principal  components  polarised  parallel  and  perpendicular  to  the  plane  of 
incidence,  the  same  laws  as  those  which  are  observed  in  reflection  from  isophanous  media. 

On  the  other  hand,  the  alterations  in  the  azimuth  of  polarisation  depend,  not  only  on 
the  angle  of  incidence,  but  likewise  on  the  inclination  of  the  reflecting  surface,  and  the 
plane  of  incidence  to  the  axes  of  the  crystal.  Even  when  a  polarised  r^ay  falls  perpen- 
dicularly on  a  double-refracting  surface,  the  azimuth  of  polarisation  does  not  remain 
unaltered.  In  particular  cases,  however,  no  alteration  takes  place :  for  example,  in 
uniaxial  crystals,  when  the  reflecting  surface  is  perpendicular  to  the  optic  axis,  or  when 
the  plane  of  incidence  coincides  with  the  principal  section.  For  each  relative  position 
of  the  reflecting  surface  and  the  plane  of  incidence,  there  is  always  an  angle  of  inci- 
dence at  which  the  azimuth  remains  unaltered.  It  must  also  be  observed,  that  when 
light  is  reflected  within  a  double-refracting  medium,  each  incident  ray  gives  two 
reflected  rays ;  that  in  uniaxial  crystals,  only  one  of  the  reflected  rays  remains  con- 
stantly in  the  plane  of  incidence,  whereas  the  other  may  deviate  therefrom ;  and  that 
in  biaxial  crystals,  for  the  most  part,  neither  of  the  two  reflected  rays  remains  in  the 
plane  of  incidence. 

Colours  of  Polarised  Light. 

Double-refracting  substances  viewed  in  polarised  light  often  exhibit  brilliant  colours, 
the  exact  observation  of  which  affords,  in  most  cases,  an  easier  method  of  determining 
the  position  of  the  axes  of  the  crystal,  than  the  mere  separation  of  a  ray  of  light  into 
two,  which  is  distinctly  perceptible  only  when  the  double  refraction  is  strong,  and  the 
crystal  has  a  considerable  thickness.  Hence,  the  observation  of  these  coloured  phe* 
nomena  is  of  great  service  in  the  study  of  crystalline  structure. 

Since  the  two  rays  into  which  an  incident  ray  of  common  light  is  divided  on  entering 
a  double-refracting  medium  travel  through  that  medium  with  unequal  velocities 
(p.  661),  they  will,  on  emerging  from  the  medium,  exhibit  a  certain  difference  of  phase. 
As,  however,  the  vibrations  of  the  two  rays  always  take  place  in  planes  at  right  angles 
to  one  another,  they  cannot  interfere  so  as  to  produce  any  coloration  or  variation  of  in- 
tensity. Hence,  the  two  images  seen  through  a  double-refracting  crystal  in  ordinary 
light  are  colourless. 

But  the  case  is  different  when  the  crystalline  plate  is  viewed  in  a  polarising  appa- 
ratus, say,  between  two  tourmalines,  or  two  Nichol's  prisms,  one  serving  as  polariser, 
the  other  as  analyser  (p.  655).  The  rays  which  fall  on  this  plate  are  then  polarised  by 
the  action  of  the  first  prism  or  tourmaline,  that  is  to  say,  their  vibrations  are  reduced 
to  one  plane.  If  this  plane  is  parallel  to  one  of  the  directions  of  vibration  in  the 
double-refracting  plate,  they  pass  through  it  without  further  decomposition,  so  that 
only  one  ray — ordinary  or  extraordinary,  as  the  case  may  be — passes  through  the  plate. 
But  if  the  direction  of  vibration  CP  (fig.  687)  of  the  polariser  is  inclined  at  45°  to  the 
two  directions  of  vibration  Co,  O,  of  the  double-refracting  plate, 
two  components,  Co,  Ce,  of  equal  intensity  are  obtained.  Suppose 
now  that  the  difference  of  path  of  the  two  corresponding  rays,  after 
passing  through  the  plate,  is  equal  to  an  even  number  of  half  wave- 
lengths; the  vibrations  will  then-  proceed  simultaneously  from  C 
towards  o  and  e ;  and  if  the  direction  of  vibration,  pq,  of  the  ana- 
lyser is  at  right  angles  to  that  of  the  polariser,  Ps,  the  vibrations 
Co,  Ce,  will  then  yield  two  equal  and  opposite  components,  Cp, 
Qq,  which  will  destroy  one  another.  Consequently,  if  the  incident 
light  is  monochromatic,  the  field  of  view,  in  this  position  of  the 
analyser,  will  be  dark.  If,  on  the  other  hand,  the  polariser  and 
analyser  are  placed  with  their  axes  parallel,  so  th&tpq  coincides  with 
CP,  the  components  of  Co  and  Ce  will  both  lie  in  the  direction  Cr, 
and  will  strengthen  one  another,  so  that  the  field  will  be  light. 

If  the  difference  of  path  of  the  ordinary  and  extraordinary  rays  is  equal  to  an  uneven 
number  of  half  wave-lengths,  the  vibrations  will  proceed  from  C  simultaneously  in  the 
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directions  Co  and  Ce  ;  consequently,  the  phenomena  just  described  will  be  exactly 
reversed,  the  field  being  dark  when  the  axes  of  the  two  tourmalines  or  Nichol's  prisms 
are  parallel,  and  light  when  they  are  crossed. 

When  the  incident  light  is  white,  it  is  only  particular  coloured  rays  that  destroy 
each  other  completely,  or  strengthen  one  another's  effect  in  the  greatest  degree; 
consequently,  the  field  is  never  dark,  but  the  double-refracting  plate  appears  coloured, 
the  colours  varying  according  to  the  thickness  of  the  plate  ;  and  for  any  particular 
thickness,  being  complementary  to  one  another  in  the  two  relative  positions  of  the 
polariser  and  analyser.  When  a  double-refracting  prism  (p.  655)  is  used  as  analyser, 
two  images  are  seen,  the  colours  of  which  are  complementary  to  one  another ;  and  if 
they  are  large  enough  to  intersect,  the  overlapping  portion  is  white. 

When  a  'thin  wedge-shaped  plate  of  a  double-refracting  crystal — gypsum,  for  ex- 
ample—  is  placed  between  the  crossed  Nichol's  prisms  or  tourmalines,  a  series  of 
coloured  stripes  is  observed  following  exactly  the  order  of  colours  of  Newton's  rings 
(p.  646).  In  the  thinnest  part,  the  wedge  is  colourless,  because  there  the  difference  of 
path  of  o  and  e  is  only  a  small  fraction  of  the  wave-lengths  of  all  the  coloured  rays. 
At  a  somewhat  greater  thickness,  the  violet  and  blue  rays  disappear  first,  and  the 
.colour  passes  through  yellowish  white  and  orange  into  red  of  the  first  order.  Beyond 
this  point  the  yellow  and  red  rays  disappear,  and  a  blue  stripe  is  produced,  and  so  on. 
When  the  thickness  is  so  great  that  the  difference  in  length  of  path  of  o  and  e  amounts 
to  a  multiple  of  the  wave-lengths  of  a  great  number  of  rays  diffused  through  the 
entire  spectrum,  the  remaining  rays  together  produce  white  light:  hence  plates  of 
double-refracting  substances,  above  a  certain  thickness,  no  longer  appear  coloured  in 
polarised  light.  If,  however,  the  white  light  which  has  passed  through  such  a  plate  be 
decomposed  by  a  prism,  the  resulting  spectrum  is  seen  to  be  traversed  by  a  great 
number  of  black  lines. 

When  the  tourmalines  or  Nichol's  prisms  are  placed  with  their  axes  parallel,  the 
colours  produced  are  complementary  to  those  above  described  ;  hence  it  is  clear  that 
unpolarised  light  can  never  produce  any  colours  in  double-refracting  plates,  inasmuch 
as  it  consists  of  vibrations  in  all  possible  azimuths,  so  that  the  colour  produced  by  any 
particular  set  of  vibrations  is  exactly  compensated  by  the  complementary  colour  of 
another  set  at  right  angles  to  the  first,  the  two  together  reproducing  white  light. 

A  thin  film  of  gypsum  in  which  a  circular  cavity  of  very  long  radius  is  made,  exhibits 
in  polarised  right  a  series  of  coloured  rings  exactly  similar  to  Newton's  rings. 

The  order  of  the  colour  of  any  crystalline  plate  in  polarised  light  may  be  determined 
by  laying  it  over  the  above-described  wedge,  in  such  a  manner  that  the  o  of  the  plate 
may  coincide  in  its  direction  of  vibration  with  the  e  of  the  wedge.  At  the  place  where 
the  plate  and  wedge  give  equal  differences  of  path,  their  actions  compensate  one 
another,  so  that  a  black  stripe  is  seen  with  the  tourmalines  crossed,  and  a  white  stripe 
if  they  are  parallel.  The  order  of  the  colour  may  then  be  read  off  on  the  wedge. 

We  have  hitherto  supposed  the  plate  to  be  placed  at  right  angles  to  the  rays.  On 
gradually  inclining  it,  the  colours  change  —first,  because  the  rays  have  then  to  pass 
through  a  greater  thickness  of  the  plate ;  secondly,  because  the  angle  which  the  rays 
form  with  the  axis  or  axes  of  the  crystal  also  varies,  and  this  circumstance  likewise 
affects  the  difference  of  path  corresponding  to  a  given  thickness  of  the  crystal. 

Coloured  Rings. — A  plate  of  a  double-refracting  crystal  cut  perpendicularly  to 
the  axis  does  not  exhibit  the  colours  above  described  when  viewed  by  parallel  rays, 
because,  in  the  direction  of  the  axis,  the  two  rays  o  and  e  have  equal  velocities,  or,  in 
other  words,  are  reduced  to  one  ray.  But,  when  diverging  light>  proceeding  from  a 
luminous  point  at  a  short  distance,  is  made  to  pass  through  the  crystalline  plate  placed 
between  two  tourmalines,  or  when  the  analysing  tourmaline  is  placed  so  Fig. 
close  to  the  eye  that  the  visual  rays  converge  strongly  towards  the  optic 
centre  of  the  eye,  brilliantly-coloured  rings  are  produced,  the  form,  of 
which  differs  according  as  the  crystalline  plate  is  uniaxial  or  biaxial. 

A  simple  apparatus  for  viewing  these  phenomena  consists  of  two  plates 
of  tourmaline  capable  of  rotating  in  their  own  planes  in  two  rings,  or 
sockets,  a,  b  (fig.  688),  fixed  to  the  end  of  a  spring,  c,  so  that  the  crystal- 
line plate,  attached  to  a  piece  of  cork,  may  be  firmly  held  between  them, 
but  still  be  capable  of  turning  round  in  its  own  plane. 

A  plate  of  a  uniaxial  crystal,  such  as  calcspar,  cut  with  parallel 
faces  perpendicular  to  the  optic  axis,  exhibits,  when  viewed  between  the 
crossed  tourmalines,  a  series  of  circular  coloured  rings,  intersected  by  a 
black  cross  (fig.  689).  If,  on  the  other  hand,  the  tourmalines  are  placed 
with  their  axes  parallel,  the  cross  is  white,  as  in  fig.  690,  and  the 
colours  are  complementary  to  the  former.  To  understand  their  forma- 
tion, it  is  merely  necessary  to  remember  that,  in  the  direction  of  the  axis  ba 
(fig.  690),  the  rays  o  and  c  have  equal  velocities,  but  that  their  difference  of 
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path  becomes  greater  and  greater  in  proportion  as  they  are  more  inclined  to  the  axis 
because,  in  the  first  place,  the  difference  of  velocity  of  the  two  rays  then  becomes  con- 


Fig.  689. 


Fig.  690. 


tinually  greater ;  and,  secondly,  because  the  thickness  of  the  plate  which  has  to  be 
traversed  by  the  rays  increases  at  the  same  time.  The  colours  which,  in  the  wedge 
above  described  (p.  667),  are  arranged  parallel  to  the  edge  are,  in  this  case,  grouped  in 
concentric  circles  round  the  axis,  the  order  of  the  tints  being  again  that  of  Newton's 
rings. 

The  vibrations  parallel  and  perpendicular  to  the  axis  of  the  second  tourmaline  not 
being  resolved  into  two  components,  there  can  be  no  interference  along  lines  passing 
through  the  centre  of  the  field  in  those  directions.  Hence  the  appearance  of  the  black 
cross  when  the  tourmalines  are  crossed,  and  of  the  white  one  when  their  axes  are 
parallel. 

The  rings  are  closer  together  in  proportion  as  the  double  refraction  is  stronger,  and 
the  thickness  of  the  plate  greater. 

The  colours  of  the  rings  change,  to  a  certain  extent,  according  to  the  relative  amount 
of  double  refraction  for  the  different  coloured  rays.  A  very  peculiar  character,  in  this 
respect,  is  exhibited  by  apophyllite,  which,  as  already  observed,  is  positive  for  the  blue, 
and  negative  for  the  red  rays. 

A  plate  of  a  biaxial  crystal,  cut  at  right  angles  to  the  median  line,  and  placed 
between  two  tourmalines,  in  such  a  manner  that  the  plane  of  the  optic  axes  is  parallel 
to  the  axis  of  one  of  the  tourmalines,  exhibits,  when  the  tourmalines  are  crossed,  the 
system  of  rings  delineated  in  fig.  691.  The  mode  of  formation  of  the  black  cross  is  the  same 
as  that  above  explained  with  regard  to  uniaxial  crystals.  But,  as  the  difference  of  path 
of  the  rays  o  and  e  increases  with  their  inclination  to  both  the  optic  axes,  the  rings  of 
colour  embrace  both  these  axes.  The  form  of  these  rings  is  nearly  that  of  the  lemnis- 
cate,  a  curve  distinguished  by  the  property  that  the  product  of  any  two  radii  vectores, 
drawn  from  the  two  poles  to  any  point  of  the  curve,  is  a  constant  quantity.  On  turning 
the  double-refracting  plate  round  in  its  own  plane,  the  whole  system  of  rings  turns 
round  in  the  same  direction,  and  the  black  cross  separates  into  two  branches,  presenting 


Fig.  691. 


Fig.  692. 


Fig.  693. 


the  appearance  shown  in  fig.  692 ;  and  when  the  plane  of  the  axes  makes  an  angle 
of  45°  with  the  axes  of  the  two  tourmalines,  the  two  black  bands  form  branches  of 
hyperbolas,  as  in  fig.  J693.  The  general  direction  of  the  branches  of  the  black  bands 
is  always  parallel  or  perpendicular  to  the  plane  of  primitive  polarisation.  On  con- 
tinuing the  rotation  of  the  plate  from  45°  to  90°,  the  same  appearances  are  presented 
in  the  reverse  order,  and  the  whole  series  of  changes  is  repeated  in  each  of  the  four 
quadrants. 
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When  the  polariser  and  analyser  are  placed  with  their  axes  parallel,  the  form  of  the 
curves  and  of  the  cross  are  exactly  the  same  as  above,  but  the  colours  are  complemen- 
tary and  the  cross  is  white. 

The  preceding  figures  represent  the  appearance  in  crystals,  such  as  nitre,  which  have 
their  optic  axes  inclined  at  a  small  angle  not  exceeding  5°  or  6° ;  when  the  axes  are 
more  inclined,  only  half  the  figure  can  be  seen  at  once. 

Fig.  694  shows  the  appearance  of  the  rings  formed  by  a  biaxial  crystal  cut  perpen- 
dicularly to  one  of  its  optic  axes. 

The  distribution  of  the  colours  in  the  neighbourhood  of  the  axes  shows  plainly 
whether  the  angle  of  inclination  of  the  axes  increases  ^-  gg^ 

or  diminishes  from  the  violet  to  the  red  rays.  The  for- 
mer is  the  case  in  tartrate  of  potassium,  the  latter  in 
nitrate  of  potassium.  In  crystals  of  the  monoclinic,  as 
also  of  the  di-  and  tri-clinic  systems,  even  the  direction 
of  the  axes  of  elasticity  is  different  for  the  different 
coloured  rays:  thus  in  gypsum,  diopside,  and  cupric 
formate,  the  position  of  the  median  line  varies  accord- 
ing to  the  colour.  In  borax,  adularia,  tartaric  acid,  and  acetate  of  sodium,  the  different 
colours  have  the  same  median  line,  but  differently  directed  ordinates,  so  that  the  planes 
of  their  axes  vary  with  the  refrangibility  of  the  light. 

The  optical  phenomena  exhibited  by  many  biaxial  crystals  are  altered  in  a  very 
remarkable  manner  by  change  of  temperature.  Grlauberite,  for  example,  is  uniaxial  at 
ordinary  temperatures  for  violet  light,  but  biaxial  for  all  other  colours.  At  lower 
temperatures,  the  violet  axis  also  splits  into  two,  and  the  angles  between  the  axes  of  the 
other  rays  increase.  When,  on  the  other  hand,  the  temperature  is  raised,  the  violet 
axis  becomes  divided  in  a  plane  at  right  angles  to  the  former ;  the  axial  angles  of  the 
other  colours  diminish,  become  nothing,  and  then  likewise  pass  into  the  perpendicular 
plane,  in  which  they  are  all  situated  together,  even  before  the  temperature  rises  as  high 
as  the  boiling  point  of  water. 

Determination  of  the  Axes. — The  form  of  the  curves,  and  of  the  dark  bands  which 
cross  them,  afford  the  best  means  of  determining  the  position  of  the  axes  in  biaxial 
crystals.  To  find  the  position  of  the  plane  of  the  optic  axes,  the  crystal,  cut  in  the  form 
of  a  plate  with  parallel  faces,  is  placed  between  a  polariser  and  analyser  with  their 
planes  of  polarisation  crossed,  so  as  to  produce  darkness,  and  the  plate  is  turned  round 
in  its  own  plane  till  its  presence  does  not  restore  the  light.  Two  positions  are  thus 
found,  for  which  the  traces  of  the  primitive  plane  of  polarisation  are  to  be  marked  on 
the  crystalline  plate.  These  two  traces  form  a  right  angle,  and  one  of  them  is  situated 
in  the  plane  of  the  axes.  The  plate  is  then  turned  round  in  its  own  plane,  till  each  of 
the  traces  makes  an  angle  of  45°  with  the  primitive  plane  of  polarisation ;  then,  by 
inclining  it  successively  round  these  traces,  a  position  is  sought  in  which  the  rings  can 
be  seen  surrounding  the  axes.  The  plane  of  the  axes  is  perpendicular  to  the  line 
round  which  the  plane  has  been  turned  to  discover  the  rings. 

Measurement  of  the  Angle  between  the  Axes. — The  most  convenient  apparatus  for  this 
purpose,  and  for  all  exact  measurements  p- 

of  the  coloured  rings,  is  that  of  Soleil, 
represented  in  fig.  695. 

A  beam  of  light,  polarised  by  reflec- 
tion from  the  mirror  V,  which  may  be 
placed  at  any  required  inclination  by 
means  of  the  joint  o,  passes  through  a 
lens,  II,  and  is  brought  to  a  focus  on 
the  crystalline  plate  c,  where  the  rays 
cross  each  other  and  issue  in  diverging, 
cones.  They  then  pass  through  an  eye- 
piece, I'l",  II",  forming  at  ff,  the  focus 
of  the  lens  I,  an  image  of  the  curves 
produced  by  the  plate  c,  and  this  image 
is  viewed  through  the  lens  Tand  the  an- 
alyser a.  At //is  placed  a  micrometer, 
m,  represented  separately  at  M.  It  has 
three  wires,  two  parallel  to  one  another, 
perpendicular  to  the  third,  and  capable 
of  being  brought  together  or  separated 
by  a  screw,  one  part  of  which  is  right-,  and  the  other  left-handed.  The  plate  c  is  held 
by  a  socket  capable  of  turning  on  a  horizontal  axis,  its  rotation  being  measured  by  a 
divided  screw-head,  n,  and  a  vernier  which  is  read  off  by  the  magnifier  v.  The  sup- 
port of  the  socket  is  also  capable  of  turning  on  o,  so  that  the  crystalline  plate  c  may 
be  placed  in  any  required  position. 
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To  measure  the  angle  between  the  axes,  it  is  best  to  use  homogeneous  light.  Tho 
crystalline  plate  c,  cut  nearly  at  right  angles  to  the  median  line,  is  fixed  in  the  socket 
in  such  a  position  that  the  plane  of  its  axes  may  be  vertical,  and  the  socket  is  turned 
round  in  its  own  plane,  so  as  to  bring  each  of  the  poles  successively  to  coincide  with 
the  intersection  of  the  wires  of  the  micrometer.  The  arc  through  which  the  screw  is 
turned  between  the  two  positions  gives  the  observed  angle  2o'  between  the  apparent 
optic  axes  (p.  664).  From  this  the  real  angle  between  these  axes  is  calculated  by  the 
equation  sin  a  =  /*'  sin  o,  in  which  /u'  is  the  middle  of  the  three  characteristic  refractive 
indices  for  the  coloured  ray  observed. 

Soleil's  apparatus  serves  also  to  measure  the  diameters  of  the  rings ;  the  micrometer 
being  capable  of  turning  round  on  itself,  the  diameters  can  easily  be  measured  in  any 
required  direction. 

Double-refracting  structure  produced  by  Molecular  Tension. — Glass,  gelatin,  and 
other  amorphous  bodies,  also  crystals  belonging  to  the  regular  system,  acquire  the 
double-refracting  structure,  when  pressed,  stretched,  or  heated  unequally  in  different 
parts,  and  exhibit,  when  examined  by  polarised  light,  coloured  bands  similar  to  those 
produced  by  double-refracting  crystals.  A  rectangular  plate  of  glass  laid  edge-ways 
on  a  very  hot  iron  plate,  exhibits,  when  examined  in  a  polarising  apparatus,  a  series  of 
coloured  bands  parallel  to  its  edges,  these  bands  altering  their  arrangements  as  the 
heat  is  gradually  conducted  across  the  plate,  and  disappearing  altogether  when  it 
becomes  uniformly  heated  all  over.  A  similar  effect  is  produced  by  placing  the  glass 
in  the  same  manner  on  a  plate  of  metal  cooled  by  a  freezing  mixture,  or  by  subjecting 
it  to  lateral  compression. 

These  effects  are,  however,  most  strikingly  exhibited  by  unannealed  glass — that  is 
to  say,  glass  which  has  been  heated  and  quickly  cooled.  Glass  thus  treated  has  an 
irregular  structure,  the  parts  near  the  surface  having  been  more  quickly  cooled  than 
the  interior  parts,  and  torn  away  from  them,  as  it  were,  by  the  sudden  contraction  in 
cooling.  In  consequence  of  this  irregularity  of  structure,  the  glass  produces  double 
refraction  on  all  rays  which  traverse  it,  but  in  different  degrees  in  its  different  parts, 
whence  there  results  a  variable  coloration  when  the  glass  is  viewed  by  polarised  light. 
The  figures  produced  exhibit  a  symmetry  depending  on  that  of  the  contour  of  the 
plate.  A  circular  plate  of  unannealed  glass,  the  structure  of  which  is  symmetrical 
round  the  axis,  acts  like  a  uniaxial  crystal,  exhibiting  concentric  rings,  intersected  by 
a  black  or  white  cross,  according  to  the  relative  positions  of  the  polariser  and  analyser. 
If  the  structure  is  not  quite  symmetrical  round  the  axis,  the  rings  and  cross  are  dis- 
torted. A  square  plate  exhibits  a  cross  with  coloured  fringes  in  the  angles.  An 
elliptical  plate  exhibits  a  figure  resembling  those  of  biaxial  crystals. 

Absorption  of  Light  by  Double-refracting  Crystals.    Dichro'ism. 

Certain  coloured  double-refracting  crystals,  when  traversed  by  ordinary  white  light, 
exhibit  different  colours  according  to  the  direction  of  the  rays  with  regard  to  their  axes ; 
thus  dichroite  or  iolite  (ii.  320)  appears  of  a  yellowish  white  colour  inclining  to  brown, 
or  of  a  fine  azure  blue,  according  as  the  rays  traverse  it  parallel  or  perpendicular  to  the 
axis  ;  in  like  manner,  chloride  of  palladium  and  potassium  exhibits  either  a  dark-brown, 
or  a  fine  green  colour ;  some  varieties  of  sapphire  are  blue  or  yellowish  green.  Some 
green  tourmalines  appear  dark  brown-red  when  viewed  along  the  axis. 

.This  effect  is  due  to  the  property  possessed  by  double-refracting  media,  of  absorbing 
polarised  rays  in  different  proportions  according  to  the  inclination  of  those  rays  with 
regard  to  their  axes.  The  tourmaline  absorbs  completely  all  rays  polarised  in  a  plane 
parallel  to  its  axis,  and  transmits  them  in  greater  and  greater  proportion  as  this  axis 
is  inclined  to  the  plane  of  polarisation  ;  moreover  it  absorbs  aU  the  simple  rays  com- 
posing white  light  in  the  same  proportion,  consequently  the  transmitted  light  remains 
always  of  the  same  colour,  excepting  in  the  case  of  the  green  tourmalines  above  men- 
tioned. But  when  the  absorption-coefficients  of  the  several  simple  rays  vary  in  dif- 
ferent proportions  with  the  change  of  direction  of  the  rays  in  the  crystal,  the  tint 
formed  by  the  mixture  of  the  unabsorbed  rays  likewise  varies  with  their  inclination 
to  the  axis. 

Some  biaxial  crystals  exhibit  trichroi'sm;  thus  certain  Brazilian  topazes  of  a  yel- 
lowish rose  tint  in  the  direction  of  the  median  line,  are  violet  when  viewed  along  the 
complementary  line,  and  yellowish  white  perpendicular  to  the  plane  of  the  axes. 

Babinet  has  observed  that,  of  the  two  rays  into  which  an  incident  ray  is  divided  on 
entering  a  uniaxial  crystal,  that  which  travels  most  slowly  and  is  therefore  most  re- 
fracted, is  also  absorbed  in  the  largest  proportion ;  in  positive  crystals  therefore,  such 
as  tourmaline,  it  is  the  ordinary,  and  in  negative  crystals,  like  smoky  quartz,  it  is  the 
extraordinary  ray  which  is  most  absorbed.  This  law,  true  in  the  greater  number  of 
cases,  nevertheless  admits  of  numerous  exceptions.  Thus,  Haidinger  observed  that 
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the  order  of  absorption  is  different  in  the  blue  and  yellow  varieties  of  beryl,  although 
both  are  negative.  Beer  observed  that  acid  chromate  of  potassium,  cyanite,  and  certain 
varieties  of  topaz  also  form  exceptions  to  the  rule  ;  and  that  idocrase  and  cupric  acetate, 
which  follow  the  law  as  regards  the  blue  rays,  deviate  from  it  as  regards  the  yellow, 
orange,  and  red. 

Ha  gen  has  demonstrated  the  following  laws  regarding  the  absorption  of  light  by 
double-refracting  crystals. 

1.  The  general  law  of  the  decrease  of  intensity  in  geometric  progression  as   the 
thicknesses  increase  in  arithmetic  progression  (p.  636),  holds  good  for  double-refract- 
ing, as  well  as  for  isophanous  media,  so  that  the  ratio  o  :  e  likewise  varies  according  to 
the  same  law. 

2.  The  ratio  o  :  e  is  a  continuous  function  of  \,  exhibiting,  in  all  the  crystals  observed, 
a  maximum  and  a  minimum. 

3.  The  variations  of  o  :  e  are  equal  on  either  side  of  the  maximum  or  the  minimum ; 
BO  that  if  the  maximum  or  minimum  occurs  at  a  particular  wave-length  A.',  the  values 
of  o  :  e  for  A.'  +  n  and  A'— n  are  equal. 

4.  The  absolute  value  and  the  position  of  the  maximum  and  minimum  depend  upon 
the  direction  of  the  plate  with  regard  to  the  axes  of  the  crystal. 

5.  From  the  mode  of  variation  of  the  function  o  :  e,  it  is  probable  that  in  crystals, 
which  form  exceptions  to  Babinet's  law,  the  exception  applies  only  to  certain  rays  of 
the  spectrum. 

Circular  Polarisation. 

It  has  already  been  pointed  out  (p.  658),  that  when  two  rays  of  light  travelling  along 
the  same  path  are  polarised  in  planes  at  right  angles  to  each  other,  and  differ  in  phase 
by  a  quarter  of  a  wave-length,  then  if  the  amplitudes  of  vibration  of  the  two  are  equal, 
the  molecules  of  the  resultant  wave  vibrate  in  circles  transversely  to  the  direction  of 
the  ray.  In  this  state  the  ray  is  said  to  be  circularly  polarised,  and  the  pheno- 
mena which  it  exhibits  are  the  same  as  if  the  ray  were  polarised  in  one  plane,  and  that 
plane  were  made  to  rotate  round  the  direction  of  the  ray  as  an  axis. 

Circular  polarisation  is  exhibited  in  a  remarkable  manner  by  quartz,  in  which 
it  was  first  discovered.  A  plate  of  this  substance  (which  is  uniaxial)  cut  at  right 
angles  to  the  optic  axis,  exhibits  when  viewed  between  two  tourmalines  or  Nichol's 
prisms  with  their  axes  crossed,  a  system  of  coloured  rings  similar  to  those  produced  by 
calcspar  (p.  668);  but  the  centre  of  the  field  of  view,  instead  of  exhibiting  a  black  cross, 
is  illuminated  with  brilliant  colours,  red,  yellow,  green,  blue,  &c.,  according  to  the 
thickness  of  the  plate.  On  turning  the  analyser  on  its  axis,  the  colours  in  the  centre 
go  through  the  regular  prismatic  series  from  red  to  violet,  or  the  contrary,  according 
to  the  direction  of  rotation,  but  no  alteration  of  colour  is  produced  by  rotating  the 
plate  of  quartz  while  the  analyser  remains  stationary. 

To  understand  these  phenomena,  we  must  examine  what  takes  place  when  homo- 
geneous light  is  used.  Suppose,  then,  a  plate  of  dark  red  glass  coloured  with  red  oxide 
of  copper  to  be  interposed  between  the  two  tourmalines  or  Nichol's  prisms,  crossed  as 
before,  so  that  no  light  is  transmitted  by  the  analyser.  If  the  plate  of  quartz  be  now 
interposed,  a  red  light  immediately  makes  its  appearance,  and  to  render  the  field  again 
dark,  it  is  necessary  to  turn  the  analyser  through  a  certain  angle,  either  to  the  right  or 
to  the  left.  Hence  it  follows  that  the  ray  which  has  traversed  the  quartz  must  have 
had  its  plane  of  vibration  deflected  through  an  angle  equal  to  that  through  which  the 
analyser  has  been  moved. 

Precisely  similar  effects  are  produced  with  yellow,  green,  violet,  or  any  other  kind 
of  homogeneous  light ;  but  the  angle  of  rotation  varies  according  to  the  nature  of  the 
ray,  being  least  for  red  and  greatest  for  violet  light. 


Colours. 

Angle  of  rotation. 

Plate 
1  mm.  thick. 

Plate 
375  mm.  thick. 

15° 
19 
24 

27 
32 
38 
44 

56|° 

71J 

90 
101£ 
120 
142$ 
166 

„        blue      
„       indigo  
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Fig.696. 


Some  crystals  of  quartz  rotate  the  plane  of  polarisation  of  a  ray  to  the  right,  others 
to  the  left ;  the  former  are  called  right-handed,  the  latter  left-handed  quartz.  But  in 
whichever  direction  the  rotation  takes  place,  a  plate  of  quartz  of  given  thickness  always 
produces  the  same  amount  of  angular  deviation  for  a  ray  of  given  refrangibility ;  and 
for  plates  of  different  thickness  the  deviation  for  any  particular  ray  increases  in  direct 
proportion  to  the  thickness.  The  preceding  table  gives  the  angles  of  deviation  for  the 
principal  rays  of  the  spectrum  produced  by  plates  of  quartz  of  the  thickness  of  1  milli- 
metre and  375  millimetres. 

Biot  found  by  observation  that  the  angles  of  rotation  for  the  different  simple  colours 
are  nearly  proportional  to  the  squares  of  the  indices  of  refraction,  or  inversely  as  the 
squares  of  the  wave-lengths.  This  law  is  approximately  true  also  for  most  substances 
which  exhibit  circular  polarisation,  while  some,  on  the  other  hand,  exhibit  remarkable 
deviations  from  it :  thus  an  aqueous  solution  of  tartaric  acid  deflects  the  green  rays 
more  than  the  violet ;  and  an  alcoholic  solution  of  camphor,  though  it  deflects  the  seve- 
ral coloured  rays  in  the  order  of  their  refrangibility,  produces  a  much  greater  difference 
of  deviation  between  the  less  and  the  more  refrangible  rays  than  that  which  is  indicated 
by  Biot's  law. 

"We  can  now  explain  the  succession  of  colours  produced  when  ordinary  daylight  is 
used.  Suppose  a  beam  of  white  light,  polarised  by  a  Nicholas  prism,  whose  principal 
action  is  parallel  to  A  A'  (fig.  696),  to  pass  through  a  plate  of  right-handed  quartz, 
375  mm.  thick.  The  vibrations  of  the  several  coloured 
rays  composing  the  beam  of  polarised  light  are  all  at 
first  parallel  to  A  A' ;  but  by  passing  through  the 
quartz,  their  planes  of  vibration  are  deflected  through 
the  several  angles  given  in  the  above  table,  the  red 
ray  then  vibrating  in  the  line  r  r',  the  yellow  in  y  y', 
the  violet  in  v  v\  &c.  Now,  let  the  ray  be  viewed 
through  another  Nichol's  prism,  placed  with  its  prin- 
cipal section  also  parallel  to  A  A' ;  then  on  resolving 
each  of  these  vibrations  into  two  others,  one  parallel 
and  the  other  perpendicular  to  A  A',  it  will  be  seen 
that  the  red  and  violet  rays  will  be  transmitted  with 
but  slightly  diminished  intensity,  the  orange  and  blue 
with  less,  the  yellow  still  less,  and  the  green  not  at 
all.  The  result  will,  therefore,  be  a  purple  tint.  Now 
let  the  eye-piece  be  turned  from  left  to  right.  As  the 
principal  section  passes  successively  over  the  lines  r  r', 
o  o',  &c.,  the  red,  orange,  yellow,  &c.,  will,  in  succes- 
sion, be  more  fully  transmitted  than  the  other  rays,  so 
that  a  series  of  tints  will  be  produced,  agreeing  nearly 
with  the  colours  of  the  spectrum  and  following  in  the  same  order,  from  red  through 
yellow  to  violet.  If  the  analyser  be  turned  the  contrary  way,  the  order  of  the  tints 
will  be  reversed.  If  the  quartz  were  left-handed,  the  phenomena  would  be  precisely 
similar,  excepting  that  the  colours  would  change  from  red  through  yellow  to  violet 
when  the  analyser  was  turned  from  right  to  left. 

Similar  changes  of  colour  are  produced  with  a  plate  of  quartz  of  any  other 
thickness ;  but  the  tint  produced  at  any  given  inclination  of  the  polariser  and  eye-piece 
is,  of  course,  different. 

The  tint  produced  with  a  quartz-plate  375  mm.  thick,  when  the  principal  sections 
of  the  polariser  and  analyser  are  parallel  to  one  another,  deserves  particular  notice. 
As  already  observed,  it  is  a  purple,  and,  moreover,  it  changes  very  quickly  to  red 
or  to  violet,  when  the  analyser  is  turned  one  way  or  the  other,  the  change  of  colour 
thus  produced  being,  in  fact,  very  much  more  rapid  and  decided  than  in  any  other 
part  of  the  circuit.  This  peculiar  tint  is  accordingly  distinguished  by  the  term 
sensitive  tint,  or  transition  tint  (couleur  sensible,  teinte  de passage}.  On  account 
of  the  facility  and  certainty  with  which  it  may  be  recognised,  it  is  frequently  adopted 
as  the  standard  tint  in  measuring  the  angles  of  rotation  produced  by  different  sub- 
stances ;  it  is,  in  fact,  much  easier  to  determine  when  this  particular  colour  makes  its 
appearance,  than  to  seize  the  exact  moment  when  a  ray  of  red,  yellow,  or  other 
homogeneous  light  completely  disappears. 

The  rotatory  power  of  quartz  is  essentially  related  to  its  crystalline  form,  as  will  be 
more  fully  explained  hereafter.  It  is  not  exhibited  by  opal,  or  any  other  amorphous 
variety  of  silica,  or  by  silica  dissolved  in  potash,  or  fused  by  the  oxyhydrogen  blowpipe. 
The  same  is  true  with  regard  to  a  few  metallic  salts  possessing  the  rotatory  power, 
viz.  chlorate  of  sodium,  bromate  of  sodium,  and  sodio-uranic  acetate,  these  salts 
exhibiting  that  power  only  when  crystallised,  not  in  solution. 

Circular  polarisation  in  organic  bodies. — The  power  of  rotating  the  plane  of  vibra- 
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tion  of  a  polarised  ray  is  much  more  widely  diffused  among  organic  than  among 
inorganic  bodies  ;  moreover,  organic  substances  possess  it  in  the  liquid,  as  well  as  in 
the  crystalline  state.  Among  organic  compounds  which  rotate  the  plane  of  polarisation 
to  the  right,  may  be  mentioned:  Cane-sugar,  glucose,  diabetic  sugar,  milk-sugar, 
dextrin,  camphor,  asparagin,  cinchonine,  quinidine,  narcotine,  tartaric  acid,  camphoric 
acid,  aspartic  acid,  oil  of  lemons,  castor-oil,  croton-oil.  The  following  rotate  to  the 
left  :  Sugar  of  fruits,  starch,  albumin,  amygdalin,  quinine,  nicotine,  strychnine,  brucine, 
morphine,  codeine,  malic  acid,  antitartaric  acid,  oil  of  turpentine,  oil  of  valerian. 

By  passing  a  polarised  ray  through  tubes  of  different  lengths,  filled  with  the  same 
solution  of  cane-sugar,  or  other  rotatory  substance,  it  is  found  that  the  angle  of  devia- 
tion is  proportional  to  the  length  of  the  column  of  liquid;  and,  by  filling  the  same  tube 
with  solutions  containing  different  quantities  of  sugar,  &c.,  it  is  found  that  the  angle  of 
deviation  is  proportional  to  the  quantity  of  the  substance  contained  in  a  column  of 
given  length.  Generally,  then,  the  angle  of  deviation  is  proportionate  to  the  number 
of  active  particles  which  the  light  has  to  pass. 

If,  then,  e  be  the  quantity  of  active  substance  contained  in  a  unit  of  weight  of  the 
solution,  I  the  length  of  the  column,  and  a  the  observed  angle  of  rotation  for  a  par- 
ticular tint  —  the  transition-tint,  for  example,  —  the  angle  of  rotation  for  the  unit  of 
length,  supposing  the  entire  column  to  be  filled  with  the  optically  active  substance, 

will  be  -j.    But  as  the  solution  of  a  substance  is  often  attended  with  condensation 

of  volume,  it  is  best,  in  order  to  obtain  a  measure  of  the  rotatory  power,  independent 
of  such  irregularities,  to  refer  the  observed  angle  of  deviation  to  a  hypothetical  unit 

of  density,  that  is  to  say,  to  divide  the  quantity  -^  by  the  density,  8,  of  the  solution. 

The  fraction  thus  obtained,  viz.  [a]  =  —  .  is  called  the  specific  rotatory  power, 

elo 

and  expresses  the  angle  of  rotation  which  the  pure  substance,  in  a  column  of  the  unit 
of  length  and  density  =  1,  would  impart  to  the  ray  corresponding  to  the  transition-tint. 
For  example,  a  solution  containing  155  milligrammes  of  cane-sugar  in  a  gramme  of 
liquid,  has  a  specific  gravity  =  1-06,  and  deflects  the  transition  -tint  by  24°,  in  a  column 
20  centimetres  long  ;  its  specific  rotatory  power  is  therefore 

24 

-  7'3°' 


0-155  .  20  .  1-06 

The  apparatus  used  for  measuring  the  rotatory  power  of  liquids  consists  of  a  glass 
tube,  surrounded  with  a  case  of  wood  or  brass,  and  closed  at  both  ends  with  plate-glasa 
discs  ground  to  fit  water-tight,  and  pressed  against  the  tube  by  means  of  screw-caps. 
The  tube,  being  completely  filled  with  the  liquid,  is  placed  on  the  supports,  between 
two  Nichol's  prisms,  one  of  which  serves  as  polariser,  the  other  as  analyser.  The 
latter  carries  a  vernier  moving  round  a  graduated  circle.  The  simplest  way  of  using 
this  apparatus  is  to  interpose  between  the  tube  and  the  polariser  a  glass  coloured  with 
red  oxide  of  copper,  the  tint  of  which  corresponds  with  the  red  of  the  fixed  line  C  of 
the  spectrum,  and,  having  set  the  analyser  with  its  principal  section  at  right  angles  to 
that  of  the  polariser  (which  makes  the  field  of  view  dark  so  long  as  the  tube  is  not 
interposed),  adjust  the  tube  in  its  place,  and  turn  the  eye-piece  round  till  the  red  light 
completely  disappears.  The  angle  through  which  the  eye-piece  is  turned  measures  the 
deviation  produced  by  the  liquid. 

The  direct  measurement  of  the  rotation  of  the  red  ray  is  not,  however,  always  the  best 
mode  of  observation,  because,  as  already  observed  (p.  672),  it  is  difficult  to  tell  with  pre- 
cision when  the  light  completely  disappears.  For  this  purpose,  there  is  introduced  behind 
the  polarising  prism,  instead  of  the  red  glass,  a  plate  of  quartz  3'75  millimetres  thick, 
which,  when  the  polariser  and  analyser  are  set  with  their  principal  sections  parallel, 
exhibits  the  transition-tint.  The  interposition  of  the  circularly  polarising  liquid  causes 
this  tint  to  change,  and  the  rotation  is  measured  by  the  number  of  degrees  through 
which  the  prism  must  be  turned  to  show  the  transition-tint. 

Greater  exactness  is  obtained  by  using  a  double  plate  of  quartz  3-75  millimetres 
thick,  one-half  being  composed  of  right-handed,  the  other  of  left-handed  quartz.  Such 
a  plate  exhibits  the  transition-tint  with  perfect  uniformity  on  both  halves,  when  the 
polariser  and  analyser  are  set  with  their  principal  sections  parallel  ;  but  on  turning  the 
analyser  to  the  right,  one-half  of  the  plate  inclines  to  red,  and  the  other  to  blue.  The 
same  change  will,  of  course,  take  place  on  introducing  the  tube  containing  the  circularly 
polarising  liquid  ;  and  to  restore  the  uniformity  of  tint,  the  analyser  must  be  turned  a 
certain  number  of  degrees  the  contrary  way.  If  the  liquid  has  but  a  slight  rotatory 
power,  this  method  is  quite  satisfactory  ;  but  if  the  rotatory  power  is  considerable,  an 
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error  may  arise  from  the  different  angles  of  rotation  imparted  to  the  different-coloured 
rays. 

To  obviate  this  source  of  inaccuracy,  a  contrivance  called  the  compensator  has 
been  invented  by  Soleil,  which,  together  with  the  other  parts  of  his  apparatus — called 
a  saccharins eter,  being  especially  adapted  to  the  estimation  of  the  strength  of 
saccharine  solutions — is  represented  in  fig.  697.  The  tube  T,  containing  the  saccharine 

solution,  or  other  liquid  to  be 

D/      fig.  697.  g    p.       ^         examined,   is  placed  between 

-=^  r*m<^       .^       two     perforated    diaphragms, 

one  of  which,  D,  is  fixed,  while  . 
the  other,  D',  can  be  removed 
at  pleasure  to  a  greater  dis- 
tance from  D,  towards  which 
it  is  again  pressed  by  a  spring, 
shown  in  section  at  p :  this 
arrangement  keeps  the  tube  in 
position,  and  facilitates  its 
adjustment.  The  incident 
light  is  polarised  by  the 
achromatised  calc-spar  prism 
n,  one  image  of  which  is-  in- 
tercepted by  a  screen.  At  p 
is  a  double  plate  of  quartz,  375 
millimetres  thick,  a  front  view 
of  which  is  shown  at  g  d — one- 
half,  d,  being  dextro-,  and  the 
other  half,  g,  Isevo-rotatory. 
The  light  having  traversed  this 
double  quartz-plate  and  then 
the  tube  T,  arrives  at  a  quartz-plate,  j,  cut  perpendicularly  to  its  axis,  then  passes 
through  the  compensator,  r,  is  analysed  by  the  double-refracting  prism,  a,  and  is 
finally  viewed  through  the  small  telescope,  L  L. 

RE/  is  a  horizontal  section  of  the  compensator,  consisting  of  two  quartz  prisms 
perpendicular  to  the  axis,  and  of  contrary  rotation  to  the  plate  q.  These  prisms  can 
slide  one  over  the  other  horizontally,  and  in  contrary  directions,  so  as  to  vary  the 
thickness  which  the  modified  light  has  to  traverse.  They  are  set  in  motion  by  a 
toothed  pinion  fixed  to  the  button  b,  and  acting  on  two  racks  adapted  to  the  lower  part 
of  the  mounting  of  the  prisms.  One  of  these  mountings  carries  an  ivory  scale,  e, 
represented  separately  at  E ;  the  other,  a  vernier,  which  slides  along  the  scale,  and 
serves  to  measure  the  opposite  displacements  of  the  two  prisms.  When  the  zeros  of  the 
scale  and  vernier  coincide,  the  two  prisms  are  opposite  to  one  another,  and  their  thick- 
nesses are  together  equal  to  that  of  the  plate  q,  the  rotatory  power  of  which  is  therefore 
neutralised  by  them.  The  analyser  may  then  be  turned  by  means  of  the  endless  screw, 
-y,  into  such  a  position,  that  the  two  halves  of  the  double  quartz-plate,  g ld,  may  exhibit 
the  sensitive  tint.  If  the  tube  T,  containing  the  liquid,  be  then  put  in  its  place,  the 
two  halves,  g,  d,  will  then  exhibit  very  different  colours ;  and  to  restore  them  to  equality 
the  compensator,  r,  must  be  so  adjusted  as  to  produce,  together  with  the  plate  q,  an 
inversion  opposite  to  that  of  the  liquid,  either  by  increasing  the  thickness  of  the  double 
prism,  r,  or  diminishing  it,  so  as  to  allow  the  action  of  the  plate  q  to  predominate. 
The  direction  in  which  the  vernier  is  moved  along  the  rule,  which  is  marked  with  two 
series  of  divisions  on  opposite  sides  of  the  zero  point,  indicates  the  direction  of  the 
rotation  exerted  by  the  liquid,  and  the  displacement  of  the  vernier  gives  the  angle  of 
deviation  when  the  thickness  of  quartz  corresponding  to  one  division  of  the  scale  is 
known.  These  divisions  are  usually  made  to  correspond  with  the  tenth  of  a  milli- 
metre ;  the  vernier  indicates  the  tenth  of  these,  so  that  the  estimation  may  be  made 
to  the  hundredth  of  a  millimetre.  The  half  of  this  quantity  suffices  to  produce  an 
appreciable  difference  of  tint  in  the  two  halves  of  the  double  quartz-plate. 

When  either  the  light,  or  the  liquid  in  the  tube,  is  coloured,  this  colour,  added  to  that 
produced  by  the  polarisation,  modifies  the  sensitive  tint,  and  diminishes  the  accuracy 
of  the  observation.  To  neutralise  this  colour,  Soleil  places  at  the  extremity,  K,  of  the 
instrument,  a  double-refracting  prism,  n,  and  a  quartz-plate,  i,  fixed  in  a  socket,  which 
can  be  turned  round  in  its  own  plane  by  means  of  a  toothed  wheel  or  pinion,  t,  and 
the  button  B.  This  plate  is  interposed  between  the  two  prisms  n  and  c,  the  second  of 
which  acts  as  analyser,  and  yields  a  colour  which  may  be  varied  by  turning  the  prism 
n,  BO  that  a  position  of  this  prism  may  be  found  which  gives  a  tint  capable  of  sensibly 
neutralising  that  of  the  liquid,  or  of  the  light  employed. 

As  the  apparatus  above  described  requires  the  observation  of  the  transition-tint,  its 
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Fig.  698. 


Fig.  699. 


results  are  exact  only  when  applied  to  liquids  which  disperse  polarised  light  according 
to  the  same  law.  Now  Biot  has  shown  that  this  is  the  case  with  saccharine  solutions, 
to  which,  indeed,  Soleil's  apparatus  is  especially  adapted ;  but  with  other  liquids,  such 
as  aqueous  tartaric  acid,  whose  rotatory  power  for  the  different  coloured  rays 
does  not  follow  Biot's  law  (p.  672),  the  observation  of  the  transition-tint  does  not  give 
good  results.  With  such  liquids  it  is  best  to  resort  to  the  simpler  mode  of  observation 
previously  described  (p.  673),  using  homogeneous  light. 

Relation  between  Optical  Rotatory  power  and  Crystalline  form. — Circular  polarisa- 
tion appears  to  depend  on  a  certain  want  of  symmetry  in  the  molecules  of  the  medium 
through  which  the  rays  pass  :  in  fact,  all  crystals  which  exhibit  circular  polarisation 
are  hemihedral  or  tetartohedral.  This  is  remarkably  the  case  with  quartz,  which  is 
a  combination  of  the  opposite  rhombohedrons  +  K  and  —  E  with  the  hexagonal 
prism  ooR,  some  varieties  of  it  exhibiting  hemihedral  and  tetartohedral  com- 
binations (CRYSTALLOGRAPHY,  ii.  •  143,  fig.  258).  Moreover  the  six  faces  y  (6P|), 
which  are  unequally  inclined  to  those 
of  the  prism,  are  not  always  placed 
alike,  occurring  in  some  crystals  on 
the  right  of  a  prismatic  face  above,  and 
on  the  left  below,  and  the  contrary  in 
others,  as  shown  in  figs.  698,  699. 
The  two  forms  of  crystal  thus  produced, 
though  their  faces  are  alike  in  number 
and  in  form,  are  not  superposible,  but 
one  may  be  regarded  as  the  reflected 
image  of  the  other.  The  crystals  of 
the  one  kind  exhibit  dextro-rotatory, 
those  of  the  other  Isevo-rotatory 
power.  The  same  kind  of  opposite 
tetartohedry,  accompanied  by  a  cor- 
responding opposition  of  optical  ro- 
tatory power,  is  found  also  in  other 
bodies  which  exhibit  circular  polarisa- 
tion. 

Tartaric  acid  and  its  salts  turn  the  plane  of  polarisation  to  the  right;  racemic 
acid,  which  is  identical  in  chemical  composition  with  tartaric  acid,  and  agrees  with  it 
in  nearly  all  its  chemical  relations,  has  no  action  whatever  on  polarised  light,  either  in 
the  free  state,  or  when  combined  with  bases.  Now,  the  crystals  of  tartaric  acid  and 
the  tartrates  are  hemihedral ;  those  of  racemic  acid  and  the  racemates,  with  one 
exception,  are  holohedral.  The  exception  alluded  to  is  the  racemate  of  sodium  and 
ammonium.  A  solution  of  racemate  of  sodium  and  racemate  of  ammonium,  in  equiva- 
lent proportions,  yields  by  evaporation,  crystals  of  a  double  salt,  the  form  of  which  is 
represented  in  figs.  700,  701. 

It  is  a  right  rectangular  prism,  P,  M,  T, 
having  its  lateral  edges  replaced  by  the  faces 
b\  and  the  intersection  of  these  latter  faces,  with 
the  face  T,  replaced  by  a  face  h.  If  the  crystal 
were  holohedral,  there  would  be  eight  of  these 
faces,  four  above,  and  four  below ;  but,  as  the 
figures  show,  there  are  but  four  of  them,  placed 
alternately:  moreover,  these  hemihedral  faces 
occupy  in  different  crystals,  not  similar,  but, 
opposite  positions  ;  so  that,  as  in  the  case  of 
quartz,  the  one  kind  of  crystal  is,  as  it  were,  the 
reflected  image  of  the  other. 

But  further;  by  Carefully  picking  out  the 
two  kinds  of  crystals,  and  dissolving  them 
separately  in  water,  solutions  are  obtained  which,  at  the  same  degree  of  concentration, 
exert  equal  and  opposite  actions  upon  polarised  light,  the  one  deflecting  the  plane  of 
polarisation  to  the  right,  the  other,  by  an  equal  amount,  to  the  left.  Moreover,  the 
solutions  of  the  right  and  left-handed  crystals,  yield  by  evaporation,  crystals,  each  of 
its  own  kind  only  ;  and  by  mixing  the  solutions  of  these  crystals  with  chloride  of 
calcium,  calcium-salts  are  obtained,  which,  when  decomposed  by  sulphuric  acid,  yield 
acids,  agreeing  with  each  other  in  composition,  and  in  every  other  respect,  except  that 
their  crystalline  forms  exhibit  opposite  hemihedral  modifications,  and  their  solutions, 
when  reduced  to  the  same  degree  of  concentration,  exhibit  equal  and  opposite  effecte 
on  polarised  light. 


Fig.  700. 


Fig.  701. 


\ 
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Of  the  two  acids  thus  obtained,  the  one  which  turns  the  plane  of  polarisation  to  the 
right  is  identical  in  every  respect  with  ordinary  tartaric  acid ;  the  other  is  called  anti- 
tartaricacid.  The  two  acids  are  also  distinguished  as  dextro- and  laevo-r a cemic, 
d  ex  tr  o-  and  laevo-  tartaric  acid.  When  equal  weights  of  these  two  acids  are  dissolved 
in  water,  and  the  solutions  mixed,  a  liquid  is  obtained,  which  has  no  action  whatever 
on  polarised  light,  and  yields  by  evaporation,  holohedral  crystals  ofracemicacid.  A 
similar  result  is  obtained  by  mixing  equal  quantities  of  any  of  the  salts  of  the  two 
acids,  excepting  the  double  salt  of  sodium  and  ammonium. 

Hence  it  appears  that  racemic  acid,  a  body  which  has  no  action  upon  polarised  light, 
and  crystallises  in  holohedral  forms,  is  a  compound  of  two  acids  (tartaric  and  antitar- 
taric),  which  have  equal  and  opposite  effects  on  polarised  light,  and  crystallise  in 
similar  but  opposite  hemihedral  forms.  These  acids  differ  also  in  their  pyro-electric 
relations.  The  crystals  of  both  become  electric  when  heated,  but  the  corresponding 
extremities  of  the  two  exhibit  opposite  electrical  states.  Eacemic  acid  is  not  pyro- 
electric. 

Tartaric  acid  may  be  converted  into  racemic  acid  by  the  action  of  heat,  provided 
only  it  be  associated  with  some  substance  which  will  enable  it  to  bear  a  somewhat  high 
temperature  without  decomposing.  There  are  many  substances  whose  effect  on 
polarised  light  is  altered  by  heat.  This  is  remarkably  the  case  with  the  alkaloids  of 
cinchona  bark.  When  cinchonine,  or  any  of  its  salts  (which  rotate  to  the  right), 
is  heated  in  such  a  manner  as  not  to  produce  decomposition,  it  is  transformed  into  an 
isomeric  alkaloid,  einchonicine,  which  turns  the  plane  of  polarisation  to  the  left. 
Similarly,  quinine,  which  rotates  the  plane  of  polarisation  to  the  left,  is  converted  by 
heat  into  quinicine,  which  turns  it  to  the  right.  Now,  when  tartrate  of  cinchonine 
is  heated,  it  is  first  converted  into  tartrate  of  einchonicine,  and  if  the  heat  be  then  con- 
tinued, the  change  extends  to  the  tartaric  acid,  half  of  which  is  converted  into  anti- 
tartaric  acid.  If  the  process  be  stopped  at  a  certain  point,  and  the  fused  mass  treated 
with  water,  a  solution  is  obtained  which  yields,  first,  crystals  of  antitartrate,  and  after- 
wards, of  tartrate  of  einchonicine.  But  if  the  heat  be  longer  continued,  the  two  acids 
unite,  and  form  racemate  of  einchonicine,  from  which  racemic  acid  may  be  prepared, 
identical  in  every  respect  with  ordinary  racemic  acid,  and  separable  by  the  same  means 
into  the  two  opposite  tartaric  acids. 

But,  what  is  very  remarkable,  there  is  formed  at  the  same  time  a  modification  of 
tartaric  acid,  which  has  no  action  whatever  on  polarised  light,  and  yet  is  not  separable 
into  the  two  opposite  acids.  In  fact,  when  the  fused  mass  obtained  by  heating  tartrate 
of  cinchonine  is  treated  with  water,  and  chloride  of  calcium  added,  a  precipitate  is 
formed,  consisting  of  racemate  of  calcium,  and  the  filtrate,  if  left  at  rest,  deposits  crystals 
of  the  calcium-salt  of  inactive  tartaric  acid. 

There  are  other  organic  compounds,  which  are  also  optically  active  in  their  ordinary 
forms,  but  exhibit  inactive  and  inseparable  modifications.  Malic  acid,  as  it  exists 
in  fruits,  turns  the  plane  of  polarisation  to  the  right;  so  likewise  does  aspartic  acid, 
obtained  by  the  action  of  acids  and  alkalis  on  asparagin.  Now,  both  these  acids  may 
be  formed  from  f  u  m  a  r  i  c  a  c  i  d,  an  optically  inactive  substance.  Acid  fumarate  of  ammo- 
nium is  C4HS(NH4)04  =  C4H7N04,  which  is  also  the  formula  of  aspartic  acid,  and  this 
acid  is  actually  formed  by  heating  the  acid  fumarate  of  ammonium.  But  the  aspartic 
acid  thus  produced  is,  like  fumaric  acid,  optically  inactive.  Again,  aspartic  acid  is 
converted  into  malic  acid  by  the  action  of  nitrous  acid : 

C*H7NO«  4-  HNO2     =     C4H605  +  N2  +  H20. 

Both  active  and  inactive  aspartic  acids  undergo  this  transformation;  but  active 
aspartic  acid  yields  active  malic  acid,  and  inactive  aspartic  acid  yields  inactive  malic 
acid.  Neither  inactive  aspartic  nor  inactive  malic  acid  can  be  separated  into  two  acids 
oppositely  active. 

Common  oil  of  turpentine  possesses  considerable  dextro-rotatory  power;  but 
the  isomeric  substance  obtained  by  heating  the  artificial  solid  camphor  of  turpentine 
with  quicklime  is  optically  inactive. 

Fusel  oil  has  been  shown  by  Pasteur  to  be  a  mixture  of  two  kinds  of  amylic 
alcohol,  which  differ  slightly  in  boiling  point.  One  of  these  acids  is  optically  active, 
the  other  inactive. 

Circular  Polarisation  induced  by  Magnetic  action. — Faraday,  in  1845,  made  the  im- 
portant discovery,  that  bodies  which,  in  their  ordinary  state,  exert  no  particular 
action  on  polarised  light,  acquire  the  power  of  circular  polarisation,  when  subjected  to 
the  influence  of  powerful  electric  or  magnetic  forces.  A  polarised  ray  passing  along 
the  axis  of  a  prism  or  cylinder  of  a  transparent  substance,  such  as  water  or  glass,  has 
its  plane  of  polarisation  deflected  to  the  right  or  left,  as  soon  as  the  medium  is  sub- 
jected to  the  action  of  an  electric  current  passing  round  it  at  right  angles  to  the  ray, 
or  to  that  of  two  opposite  magnetic  poles  (permanent  or  electro-magnetic),  so  placed 


LIGHT:    CIRCULAR  POLARISATION. 


677 


that  their  line  of  junction  coincides  -with  the  direction  of  the  ray.  The  rotation  ceases 
as  soon  as  the  electric  or  magnetic  force  ceases  to  act  ;  its  amount  varies  directly  as 
the  strength  of  the  current,  and  its  direction  changes  with  that  of  the  current  or  of  the 
magnetic  force.  If  the  medium  has  a  rotatory  power  of  its  own,  the  total  effect  is 
equal  to  the  sum  or  difference  of  the  natural  and  induced  rotations,  according  as  the 
electric  or  magnetic  force  acts  with  or  against  the  natural  rotatory  power  of  the 
medium.  (Faraday,  Phil.  Trans.  1846,  p.  1.) 

These  remarkable  phenomena,  which  led  to  the  discovery  of  the  universality  of 
magnetic  action,  have  since  been  foDowed  out  in  greater  detail  by  Pouillet,  E.  Bec- 
querel,  Wiedemann,  Matthiessen,  Verdet,  and  others. 

Verdet(Ann.  Ch.  Phys.  [3]  xli.  370  ;  xliii.  37)  has  confirmed  Faraday's  result  relat- 
ing to  the  proportionality  of  the  rotation  to  the  magnetic  force  ;  and  has  also  shown 
that  when  the  magnetic  force  acts  obliquely  to  the  ray,  the  rotation  of  the  plane  of 
polarisation  is  proportional  to  the  cosine  of  the  angle  contained  between  the  direction  of 
the  ray  and  that  of  the  magnetic  action;  in  other  words,  the  rotation  is  proportional  to 
the  component  of  the  magnetic  force  which  is  parallel  to  the  ray.  In  accordance  with 
this  law,  the  action  is  greatest  when  the  direction  of  the  magnetic  force  coincides  with 
that  of  the  ray,  and  is  reduced  to  nothing  when  it  acts  at  right  angles  to  the  ray. 

Direction  of  the  rotation.  —  Faraday  found  that  the  direction  of  the  induced  rotation 
is  the  same  as  that  of  the  acting  electric  current,  or  of  an  electric  current  which  would 
induce  the  acting  magnetic  polarity.  This  law  is  true  with  regard  to  all  diamagnetic 
substances  ;  but  Verdet  has  shown  that  in  certain  magnetic  bodies  the  direction  of  the 
induced  rotation  is  opposite  to  that  of  the  current.  This  inverse  or  negative  rotation 
is  exhibited  by  the  salts  of  iron,  titanium,  cerium,  and  lanthanum  ;  whereas  those  of 
nickel,  cobalt,  and  molybdenum  exhibit  positive  rotation,  that  is,  in  the  same  direction 
as  the  current  ;  while  of  manganese  salts,  some  exhibit  positive,  others  negative  rota- 
tion. When  a  salt,  such  as  ferric  chloride,  which  exhibits  negative  rotatory  power,  is 
dissolved  in  water,  which  is  positive,  the  negative  rotation  actually  produced  increases 
with  the  strength  of  the  solution  ;  the  same  salt  dissolved  in  alcohol,  ether,  or  wood- 
spirit,  which  produce  much  less  positive  solution  than  water,  exhibits  a  still  greater 
negative  rotation. 

Magnetic  rotatory  powers  of  different  substances.  —  All  the  liquids  and  transparent 
non-crystalline  solids  on  which  Faraday  experimented,  exhibited  more  or  less  magnetic 
rotatory  power.  According  to  Matthiessen  (Pogg.  Ann.  Ixxiii.  65,  71  ;  Compt. 
rend.  xxiv.  969  ;  xxv.  200),  this  power  is  not  exhibited  by  fused  phosphoric  acid,  flint, 
agate,  or  fluoride  of  calcium.  Crystallised  bodies  in  general  do  not  exhibit  it  ;  rock- 
salt,  however,  is  susceptible  of  it  in  a  very  high  degree.  Mercuric  chloride,  carbonate  of 
lead,  and  chromate  of  lead  are  quite  unsusceptible  of  magnetic  rotatory  power,  when 
crystallised,  but  exhibit  it  strongly  in  the  amorphous  state. 

Faraday's  heavy  glass  (boro-silicate  of  lead)  was  formerly  regarded  as  the  substance 
most  highly  susceptible  of  magnetic  rotatory  power  ;  but  Matthiessen  has  shown  that 
several  other  kinds  of  glass  exhibit  it  in  a  still  higher  degree.  The  greatest  rotatory 
power  is  exhibited  by  the  silicates,  and  perhaps  by  the  chlorides.  Among  bases,  oxide 
of  lead  is  the  one  which,  when  introduced  into  glass,  produces  the  greatest  increase  of 
magnetic  rotatory  power  ;  then  follow  the  oxides  of  bismuth,  antimony,  zinc,  mercury, 
silver.  Magnesia,  strontia,  and  baryta  do  not  appear  to  exert  any  influence  ;  lime, 
potash,  and  soda  diminish  the  effect. 

Bert  in  (Ann.  Ch.  Phys.  [3]  xxiii.  5)  has  obtained  the  following  values  of  the  mag- 
netic rotatory  powers  of  several  substances,  as  compared  with  that  of  Faraday's  heavy 
glass: 


Heavy  glass          . 
Guinand's  flint-glass     . 
Matthiessen's  flint-glass 
Common  flint-glass        . 
Stannic  chloride    . 
Sulphide  of  carbon        . 


100 
87 
89 
53 
77 
74 


Trichloride  of  phosphorus  .  .51 
Solution  of  chloride  of  zinc  .  ,  55 
Solution  of  chloride  of  calcium  .  45 

Water 25 

Alcohol  at  36°  .  .  .  .  18 
Ether  .  .  15 


The  dispersion  of  the  different  coloured  rays  by  magnetic  rotation  in  flint-glass 
(Berti  n)  and  in  oil  of  turpentine  (Wiedemann),  follows  the  same  laws  as  in  circular 
polarisation,  produced  by  quartz  (p.  672). 

Cause  of  the  Magnetic  Rotatory  action.  —  Faraday  at  first  attributed  the  observed 
effects  to  the  direct  action  of  the  magnet  on  the  rays  of  light;  but  further  research 
convinced  him  that  the  rotation  of  the  plane  of  polarisation  is  due  to  a  temporary 
modification  in  the  molecular  structure  of  the  transparent  medium,  induced  by  the 
action  of  the  current  or  magnet.  In  accordance  with  this  view,  it  is  found  that  any 
cause  which  interferes  with  molecular  displacement,  likewise  impedes  the  development 
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of  the  rotatory  power  by  magnetic  action :  hence  it  is  that  this  power  is  but  rarelj 
developed  in  crystals.  The  development  of  this  power  is  likewise  hindered  by  pres- 
sure, but  favoured  by  heat,  which  increases  the  spaces  between  the  molecules,  and 
thereby  facilitates  their  displacement  by  magnetic  action.  H.  W. 

XiZGKT,  CHEMICAIi  ACTION1  OF.  A  large  number  of  substances  suffer 
chemical  change  on  exposure  either  to  sunlight  or  to  certain  artificial  sources  of  light; 
the  action  thus  effected  is  said  to  be  chemical  action  induced  by  light.  The  undulatory 
or  mechanical  theory  of  light  and  heat  easily  explains  this  peculiar  action  of  light, 
inasmuch  as  this  theory  supposes,  in  accordance  with  the  principle  of  the  conservation 
of  energy,  that  the  rapid  vibrations  of  the  luminiferous  ether,  giving  rise  to  what  we 
term  light,  are  transferred  to  the  smallest  particles  of  the  material  substance,  thus 
producing  the  chemical  change.  Amongst  the  most  striking  effects  of  the  chemical 
changes  effected  by  the  action  of  light  may  in  the  first  place  be  mentioned  the  action 
by  light  upon  the  salts  of  silver,  giving  rise  to  all  the  marvellous  results  of  photography; 
and  secondly,  the  conversion  of  the  carbonic  acid  gas  contained  in  the  air  into  its  con- 
stituent elements,  by  plants  in  sunlight,  a  chemical  decomposition  upon  which  the 
whole  living  world  depends. 

The  peculiar  blackening  which  exposure  to  light  effects  upon  chloride  of  silver  was 
observed  as  early  as  the  middle  of  the  sixteenth  century,  but  the  explanation  of  the 
phenomenon  was  first  given  by  Scheele  in  the  year  1777  (Von  der  Luft  und  dem 
Feuer,  Leipsic,  1784,  p.  64).  He  clearly  proved  that  when  chloride  of  silver  is  exposed 
to  light  a  black  substance,  insoluble  in  ammonia,  but  soluble  in  acids,  is  formed,  whilst 
at  the  same  time  hydrochloric  acid  is  set  free ;  and  hence  Scheele  concluded  "  that  the 
blackness  which  the  luna  cornua  acquires  from  the  sun's  light  is  silver  by  reduction." 
Scheele  likewise  proved  that  the  variously  coloured  solar  rays  do  not  affect  silver-salts 
in  the  same  degree,  and  that  the  chloride  of  silver  is  blackened  sooner  in  the  violet 
than  in  any  other  of  the  rays.  The  theory  of  the  decomposition  of  silver-salts  by 
light  has  made  but  slight  progress  since  these  first  experiments  of  Scheele,  in  spite  of 
the  enormous  development  which  practical  photography  has  attained ;  and  even  at  the 
present  day,  as  regards  the  chemistry  of  the  photographic  processes,  we  are  unable  to 
advance  far  beyond  Scheele's  three  fundamental  discoveries,  (1)  the  production  of  a 
black  powder  insoluble  in  nitric  acid,  (2)  the  formation  of  free  hydrochloric  acid, 
(3)  the  specific  activity  of  the  violet  rays. 

The  first  definite  experiments  made  on  the  chemical  action  of  light  upon  vegetation 
were  those  of  Priestley.  This  acute  reason er  and  active  experimenter  showed  (Experi- 
ments and  Observations  on  Different  Kinds  of  Air,  Birmingham,  1790,  p.  293),  that  it 
is  only  in  presence  of  light  that  plants  are  able  to  decompose  the  carbonic  acid  of  the 
air,  assimilating  the  carbon,  and  liberating  the  oxygen,  and  thus  purifying  a  closed  at- 
mosphere rendered  impure  by  the  respiration  of  animals  or  by  the  burning  of  a  candle. 
These  results  were  soon  afterwards  confirmed  and  enlarged  by  the  labours  of  many 
chemists  and  botanists,  amongst  others  by  Ingenhousz,  Decandolle,  Saussure,  and 
Hitter,  and  thus  by  degrees  the  grand  relations  of  the  atmospheric  equilibrium  of 
animal  and  vegetable  life  became  apparent.  It  is,  however,  only  within  the  last  few 
years  that  the  immediate  dependence  of  all  terrestrial  life  upon  the  solar  radiations  has 
been  universally  admitted.  "We  now  know  that  the  animal,  through  the  vegetable, 
derives  its  power  from  the  sun  ;  that  it  is  the  rapidly  vibrating  solar  rays  which  are 
absorbed  by  plants  and  stored  up  in  them,  to  be  given  out  again  in  the  various  forms  of 
energy,  either  animal  or  mechanical,  upon  the  destruction  of  the  vegetable  organism 
by  oxidation.  Only  the  most  rapidly  vibrating  of  the  solar  rays  are  able,  as  a  rule, 
to  effect  chemical  change,  and  hence  these  violet  or  most  refrangible  rays  have  received 
the  special  name  of  the  "  chemical  rays ;  "  there  is,  however,  no  difference  in  kind 
between  these  and  the  other  solar  radiations,  they  all  differ  only  in  wave-lengths  and  in 
intensity  of  vibration. 

Measurement  of  the  Chemical  action  of  Light. 

The  measurement  of  the  chemical  action  of  light  and  the  investigation  of  the  laws 
which  regulate  these  important  actions  are  subjects  which  have  naturally  attracted 
considerable  attention.  The  first  person  who  succeeded  in  measuring,  although  but 
roughly,  the  chemical  action  of  light  was  Dr.  Draper  of  New  York.  He  employed  for 
this  purpose  a  reaction  originally  observed  by  Gay-Lussac  and  Thenard,  that  chlorine 
and  hydrogen  when  mixed  in  equal  volumes,  do  not  combine  in  the  dark,  but  when 
exposed  to  diffused  light,  gradually  unite,  and  even  combine  so  rapidly  as  to  produce 
an  explosion  when  placed  in  direct  sunlight.  Draper  constructed  an  instrument  by 
which  the  quantity  of  hydrochloric  acid  formed  by  the  action  of  light  during  a  given 
time  could  na  approximately  determined,  and  although  the  method  which  he  employed 
was  very  incomplete,  his  experiments  led  him  to  the  first  great  law  of  photo-chemical 


LIGHT,   CHEMICAL  ACTION  OF. 


679 


actions,  viz.,  that  the,  chemical  action  of  light  varies  in  direct  proportion  to  the  in- 
tensity of  the  light,  and  to  the  time  of  the  exposure.  The  subject  of  the  measurement 
of  the  chemical  action  of  light  has  been  placed  upon  an  exact  scientific  basis  by 
the  researches  of  Bun  sen  and  Roscoe.  For  the  detailed  description  of  the  methods 
employed,  and  for  many  of  the  results  which  these  chemists  obtained,  we  must  refer  to 
'their  original  memoirs  (Phil.  Trans.  1857,  pp.  355,  381,  601 ;  1859,  p.  879 ;  1862, 
P.  139),  as  we  can  here  only  give  a  short  summary  of  the  principles  upon  which  their 
modes  of  measuring  the  chemical  action  of  light  are  founded,  and  a  statement  of  some  of 
the  more  important  results  to  which  they  have  been  led. 

Description  of  the  Chlorine  and  Hydrogen  Chemical  Photometer  of  JBunsen  and 
Itoscoc. — This  instrument  is  founded  on  the  same  principle  as  the  photometer  of  Draper, 
that  of  the  combination  of  a  mixture  of  chlorine  and  hydrogen  when  exposed  to  light, 
but  differs  from  Draper's  instrument  in  being  capable  of  giving  accurate  and 
trustworthy  measurements,  inasmuch  as  certain  necessary  conditions  for  giving 
exactness  to  the  indications  are  fulfilled.  These  consist  mainly  in  the  perfect  unifor- 
mity of  the  gaseous  mixture,  constancy  of  pressure  on  the  gas  and  liquids  throughout 
the  apparatus,  and  elimination  of  the  disturbing  action  of  radiant  heat.  This  most 
delicate  chemical  photometer  is  represented  v&fig.  702.  It  consists  essentially  of  three 

Fig.  702. 


parts ;  namely,  first  the  apparatus  in  which  the  sensitive  gas  is  generated  by  the 
electrolysis  of  hydrochloric  acid ;  secondly,  the  apparatus  in  which  the  gas  is  exposed 
to  light,  and  thirdly,  the  apparatus  in  which  the  volume  of  hydrochloric  acid  produced 
in  a  given  time  is  read  off.  The  mixed  gas,  consisting  of  hydrogen  and  chlorine  in  equal 
volumes,  is  evolved  from  hydrochloric  acid  in  the  glass  vessel  a  containing  two  carbon 
poles,  by  means  of  the  four  cells  of  the  Bunsen  battery  C.  By  help  of  the  gyrotrope  D, 
the  current  of  electricity  can  be  greatly  weakened  at  pleasure,  and  the  evolution  of  gas 
in  the  vessel  a  reduced  to  a  small  amount.  The  mixed  gases  pass  from  the  vessel  a 
through  the  water  contained  in  the  washing-bulbs  w,  and  thence  through  a  horizontal 
tube  provided  with  a  glass  stopcock  s,  into  the  insolation  vessel  i,  in  which  the  gases 
arc  exposed  to  the  action  of  light.  The  lower  half  of  this  vessel  is  blackened  to  protect 
it  from  the  action  of  the  light.  From  the  insolation  vessel,  the  gas  passes  through  the 
horizontal  measuring  tube  k  provided  with  a  millimetre  scale,  then  through  the  water 
in  the  vessel  I,  and  finally  into  a  cylinder  filled  with  slaked  lime  and  charcoal  to  absorb 
the  chlorine.  When  the  gas  is  allowed  to  pass  through  the  apparatus,  the  liquids  in 
«,  w,  i  and  I  gradually  become  saturated  with  the  gas  ;  but  as  the  saturation  goes  on 
the  composition  of  the  gas  varies,  and  it  is  only  after  the  gas  has  continued  to  pass 
through  for  three  or  four  days  that  the  liquids  become  perfectly  saturated,  and  the 
mixture  consists  of  exactly  equal  volumes  of  hydrogen  and  chlorine.  During  the  pro- 
cess of  saturation,  the  photochemical  sensitiveness  of  the  gas  increases  continually, 
until,  when  the  absorptiometric  equilibrium  is  attained,  the  sensitiveness  reaches  its 
maximum  degree  and  the  apparatus  is  ready  for  use.  It  retains  this  same  sensitiveness 
for  weeks,  and  only  requires  a  short  saturation  each  day  previous  to  the  actual  observa- 
tion. The  observations  are  made  by  closing  the  stop-cock  s,  and  allowing  the  light  to 
act  on  the  gas  in  the  upper  part  of  the  vessel  i.  Combination  then  occurs,  accompanied 
by  a  diminution  of  volume,  owing  to  the  absorption  by  the  water  of  the  hydrochloric 
acid  formed,  so  that  the  atmospheric  pressure  forces  the  water  in  through  the  tube  k 
towards  i.  The  rate  of  movement  of  the  column  of  water  per  minute  gives  the  dimi- 
nution of  volume,  and  therefore  the  chemical  action  effected.  The  pressure  on  the  gas 
in  the  jar  in  the  insolation-vessel  and  measuring-tube,  during  the  observations,  ia 
necessarily  uniform,  from  the  construction  of  the  apparatus ;  but  it  is  also  necessary 
that  uniformity  of  pressure  be  insured  in  all  other  parts  of  the  apparatus  in  the  intervale 
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between  the  observations ;  otherwise  the  composition  of  the  gaseous  mixture  will  be 
altered,  and  the  results  will  be  no  longer  exact.  This  uniformity  of  pressure  is  in- 
sured, by  making  the  gas  pass,  after  the  stop-cock  s  is  closed,  through  the  bent  tube 
m  v,  containing  water,  and  thence  through  the  tube  k,  which  dips  under  the  water  in 
the  vessel  E,  the  pressure  being  regulated  by  raising  or  depressing  the  tube  through 
the  caoutchouc  mouthpiece  t.  When  the  stop-cock  is  open  the  gas  will  pass  either 
through  the  insolation  vessel  or  through  the  pressure-regulator  F,  according  to  the 
depth  to  which  the  tube  h  is  immersed  in  the  water. 

To  prevent  any  disturbance  from  the  effects  of  radiant  heat  (for  the  instrument  acts 
as  a  delicate  air-thermometer)  the  light  from  a  coal-gas  flame,  or  other  source,  having 
been  condensed  by  the  convex  lens  M,  is  made  to  pass  through  the  cylinder  N,  closed 
with  plate-glass  ends,  and  filled  with  water.  A  screen  is  also  placed  in  front  of  the 
insolation  vessel  to  prevent  radiation  of  heat  from  the  body  of  the  observer ;  and  this, 
together  with  the  screen  L,  serves  to  prevent  radiation  from  external  objects.  It  was 
found  by  experiment  that  the  heat  evolved  by  the  combination  of  the  m'ixed  gases  did 
not  exert  any  sensible  influence  upon  the  results.  The  whole  of  the  apparatus  between 
a  and  I  is  connected  by  ground-glass  joints,  or  by  fusion,  no  caoutchouc  or  other 
organic  substance,  which  could  be  acted  upon  by  chlorine,  being  introduced,  except 
where  the  waste  gas  is  carried  off.  The  instrument,  when  thus  arranged,  is  extremely 
delicate ;  the  light  emitted  from  a  small  straight  flame  of  coal-gas,  42  mm.  in  height, 
placed  at  a  distance  of  216  mm.  from  the  insolation  vessel,  producing  an  action  repre- 
sented by  the  motion  of  the  column  of  water  over  nearly  14  divisions  of  the  scale  in 
one  minute.  The  -several  indications  obtained  agree  closely  with  each  other,  and  show 
that  the  instrument  gives  both  accurate  and  trustworthy  results.  Thus  the  action 
effected  by  a  coal-gas  flame  of  constant  dimensions  on  different  days  was  as  follows : 

Difference  from 
mean. 

+  0-01 


Date. 

June  11 
12 
13 
19 
21 
26 


Action  in  1  minute. 


14-00 
14-26 
13-80 
13-83 
13-88 
13-72 

13-91 


+  0-35 
-  0-11 
-0-08 
-0-03 
-0-19 


Observations  made  with  the  constant  flame  placed  at  different  known  distances  from 
the  insolation  vessel,  proved  that  the  amount  of  the  chemical  action  varied  inversely  as 
the  square  of  the  distance ;  and  experiments  made  in  September  with  a  flame  of  the 
same  dimensions  as  used  in  June,  gave  results  agreeing  most  exactly  with  those  obtained 
three  months  previously. 

Photochemical  Induction. — When  the  gas  is  exposed  to  light,  the  quantity 
of  hydrochloric  acid  does  not  at  once  attain  the  maximum.  A  certain  time  always 
elapses  before  any  alteration  of  volume  is  observed ;  a  slight  alteration  is,  however, 
soon  noticed,  and  this  gradually  increases  until  the  permanent  maximum  is  attained. 
This  remarkable  fact  was  first  observed  by  Draper,  who  explained  it  by  supposing  that 
the  chlorine,  on  exposure  to  light,  imderwent  a  permanent  allotropic  modification,  in 
which  it  possessed  more  than  usually  active  properties.  Bunsen  and  Eoscoe  have, 
however,  shown  that  neither  chlorine  nor  hydrogen,  when  separately  insolated,  under- 
goes any  such  modification,  no  difference  indeed  being  perceptible  between  the  action 
of  light  on  the  gases  which  have  been  separately  insolated  before  mixing,  and  on  a 
mixture  of  the  same  gases  evolved,  and  previously  kept  in  the  dark.  The  light  appears, 
therefore,  to  act  by  increasing  the  attraction  between  the  chemically  active  molecules, 
or  by  overcoming  certain  resistances  which  oppose  their  combination.  This  peculiar 
action  is  termed  photochemical  induction.  The  authors  have  fully  investigated 
the  laws  of  photochemical  induction,  and  have  determined  the  relation  existing  between 
the  intensity  of  the  light,  the  mass  of  the  gas,  and  the  duration  of  the  inductive  action ; 
for  the  results  thereby  obtained  we  must,  however,  refer  the  reader  to  the  original  papers. 

The  resistance  to  combination  which  prevents  the  union  of  the  chlorine  and  hydrogen 
gases  until  the  action  is  assisted  by  light,  is  increased  to  a  remarkable  extent  by  the 
presence  of  even  the  minutest  trace  of  foreign  gases.  Thus,  an  excess  of  — „  of 
hydrogen  above  that  contained  in  the  normal  mixture  reduces  the  action  from  100 
to  38.  The  following  table  shows  the  effect  of  the  presence  of  small  quantities  of 
foreign  gases  upon  the  sensitiveness  of  the  mixture.  In  each  case  the  rate  of  combi- 
nation of  the  pure  gases  is  supposed  to  be  100. 
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Nature  of  foreign  gas. 

Volume  of  chlorine 
+  hydrogen. 

Volume  of  foreign 
gas. 

Ratio  of  combination 
of  mixture. 

None      .... 

1000 

0 

100-0° 

Hydrochloric  acid  . 

1000 

1-3 

lOO'O 

(10- 

60-2 

Chlorine 

1000 

75- 

50-3 

180- 

41-3 

Hydrogen 

1000 

3- 

37-8 

Oxygen  .... 

1000 

<      5- 

i  is- 

9-7 
2-7 

Non-insolated  gas 

1000 

6- 

55-6 

The  increase  in  the  rate  at  which  combination  goes  on  up  to  a  certain  point,  under 
the  influence  of  light,  appears  to  arise,  not  from  any  peculiarity  in  light,  but  rather 
from  the  mode  of  action  of  the  chemical  attractions  themselves.  Chemical  induction 
is  in  fact  observed,  when  there  is  nothing  but  pure  chemical  action  to  produce  the 
change.  Thus,  if  a  dilute  solution  of  aqueous  bromine  be  mixed  with  tartaric  acid 
and  left  in  the  dark,  hydrobromic  acid  is  formed,  and  the  rate  at  which  this  hydro- 
bromic  acid  is  produced  is  not  uniform,  but  increases  up  to  a  certain  point,  according 
to  a,  law  similar  to  that  which  is  observed  in  photochemical  induction.  These  pheno- 
mena seem  to  lead  to  the  conclusion,  that  the  chemical  attraction  between  any  two 
bodies  is  in  itself  a  force  of  constant  amount,  but  that  its  action  is  liable  to  be  modi- 
fied by  opposing  forces,  similar  to  those  which  affect  the  conduction  of  heat  or  electri- 
city, or  the  distribution  of  magnetism  in  steel.  "We  overcome  those  resistances  when 
we  accelerate  the  formation  of  a  precipitate  by  agitation,  or  a  decomposition  by  inso- 
lation. 

One  of  the  many  interesting  applications  of  the  law  of  photochemical  induction 
relates  to  the  phenomena  of  photography.  As  an  instance  of  this  application,  Bunsen 
and  Eoscoe  quote  the  remarkable  observations  of  Becquerel,  from  which  he  assumed 
the  existence  of  certain  rays  which  can  continue  but  not  commence  chemical  action. 
In  order  to  explain  the  phenomenon  observed  by  the  French  physicist,  it  is  not  neces- 
sary to  suppose  the  existence  of  a  new  property  of  light,  as  the  facts  are  easily 
explained  by  the  laws  of  photochemical  induction  (Phil.  Trans.  1857,  p.  400).  It  ia 
probable,  indeed,  according  to  Bunsen  and  Koscoe,  that  the  relations  thus  proved  in 
the  case  of  chlorine  and  hydrogen  occur  in  a  slightly  modified  form  in  other  photo- 
chemical processes. 

Comparative  and  Absolute  Measurement  of  the  Chemical  Rays. — The 
first  essential  for  the  exact  measurement  of  photochemical  actions  is  the  possession  of 
a  constant  source  of  light.  This  Bunsen  and  Roscoe  secured  by  employing  a  flame  of 
pure  carbonic  oxide  gas,  burning  from  a  platinum  jet  of  7  mm.  in  diameter,  and  issuing 
at  a  given  rate  and  under  a  pressure  very  slightly  differing  from  that  of  the  atmosphere. 
The  action  which  such  a  standard  flame  produces  in  a  given  time  on  the  sensitive  mix- 
ture of  the  chlorine  and  hydrogen,  placed  at  a  given  distance,  is  taken  as  the  arbitrary 
unit  of  photochemical  illumination.  This  action  is,  however,  not  that  which  is  directly 
observed  on- the  scale  of  the  instrument.  The  true  action  is  obtained  only  by  taking 
account  of  the  absorption  and  extinction  which  the  light  undergoes  in  passing  through 
the  various  glass-,  water-,  and  mica-screens  placed  between  the  flame  and  the  sensitive 
gas.  These  reductions  can  be  made  by  help  of  the  determinations  detailed  in  the  me- 
moirs above  referred  to.  "When  these  sources  of  error  are  eliminated,  it  is  possible,  by 
means  of  this  standard  flame,  to  reduce  the  indications  of  different  instruments  to  the 
same  unit  of  luminous  intensity,  and  thus  to  render  them  comparable.  For  this  pur- 
pose, the  authors  define  the  photometric  unit  for  the  chemically  active  rays,  as  the  amount 
of  action  produced  in.  one  minute  by  a  standard  flame  placed  at  a  distance  of  one  metre 
from  the  normal  mixture  of  chlorine  and  hydrogen  ;  and  they  determine  experimentally 
for  each  instrument  the  number  of  such  units  which  correspond  to  one  division  on  the 
scale  of  the  instrument.  By  multiplying  the  observed  number  of  divisions  by  the  num- 
ber of  photometric  units  equal  to  one  division,  the  observations  are  reduced  to  a  com- 
parable standard.  It  is  proposed  to  call  this  unit  a  chemical  unitof  light,  and 
ten  thousand  of  them,  one  chemical  degree  of  light.  According  to  this  standard 
of  measurement,  the  chemical  illumination  of  a  surface,  that  is,  the  amountof  chemically 
active  light  which  falls  perpendicularly  on  the  plane  surface,  can  be  obtained.  It  has 
thus  been  found  that  the  distance  to  which  two  flames  of  coal-gas  and  carbonic  oxide, 
each  fed  with  gas  at  the  rate  of  4-105  c.  c.  per  second,  must  be  removed  from  a  plane 
surface,  in  order  to  effect  upon  it  an  amount  of  chemical  action  represented  by  one 
degree  of  light,  was,  in  the  case  of  the  coal-gas  flame,  0-929  metre,  in  that  of  carbonic 
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oxide,  0'561  metre.  The  chemical  illuminating  power,  or  chemical  intensity',  of  various 
sources  of  light,  measured  by  the  chemical  action  effected  by  these  sources  at  equal 
distances  and  in  equal  times,  can  also  be  expressed  in  terms  of  this  unit  of  light ;  and 
these  chemical  intensities  may  be  compared  with  the  risible  light-giving  intensities. 
In  like  manner,  the  authors  define  chemical  brightness,  as  the  amount  of  light 
measured  photochemically,  which  falls  perpendicularly  from  a  luminous  surface  upon  a 
physical  point,  divided  by  the  apparent  magnitude  of  the  surface ;  and  this  chemical 
brightness  of  circles  of  zenith-sky  of  different  sizes  has  been  determined.  Experiment 
shows  that  the  chemical  brightness  of  various  sized  portions  of  zenith-sky,  not  exceed- 
ing 0'00009  of  the  total  heavens,  is  the  same ;  or,  that  the  chemical  action  effected  is 
directly  proportional  to  the  apparent  magnitude  of  the  illuminating  surface  of  zenith- 
sky.  It  is,  however,  possible  to  express  photochemical  actions,  not  only  according  to 
an  arbitrary  standard,  but  in  absolute  units  of  time  and  space.  This  has  been  done  by 
determining  the  absolute  volume  of  hydrochloric  acid  formed  by  the  action  of  a  fixed 
source  of  light  during  a  given  space  of  time ;  and  in  this  way  the  chemical  illumination 
of  any  surface  may  be  expressed  by  the  height  of  the  column  of  hydrochloric  acid 
which  the  light  falling  upon  that  surface  would  produce,  if  it  passed  through  an  unli- 
mited atmosphere  of  chlorine  and  hydrogen.  This  height,  measured  in  metres,  Bunsen 
and  Koscoe  call  a  1  ight-met  re.  The  chemical  action  of  the  solar  rays  can  be  expressed 
in  light-metres,  and  the  mean  daily  or  annual  light  thus  obtained  regulates  the  che- 
mical climate  of  a  place,  and  points  the  way  to  relations  for  the  chemical  actions  of  the 
solar  rays,  which  in  the  thermic  actions  are  already  represented  by  isothermals,  iso- 
therals,  &c. 

Chemical  Action  of  Diffuse  Daylight. — In  order  to  determine  the  chemical 
action  exerted  by  the  whole  diffuse  daylight  upon  a  given  point  on  the  earth's  surface, 
llhe  authors  were  obliged  to  have  recourse  to  an  indirect  method  of  experimenting, 
owing  to  the  impossibility  of  measuring  the  whole  action  directly,  by  means  of  the 
sensitive  mixture  of  chlorine  and  hydrogen.  For  the  purpose  of  obtaining  the  wished- 
for  result,  the  chemical  action  proceeding  from  a  portion  of  sky  at  the  zenith,  of  known 
magnitude,  was  determined  in  absolute  measure ;  and  then,  by  means  of  a  photometer, 
whose  peculiar  construction  can  only  be  understood  by  a  long  description,  the  relation 
between  the  visible  illuminating  power  of  the  same  portion  of  zenith-sky  and  that  of 
the  total  heavens  was  determined.  As,  in  the  case  of  lights  from  the  same  source,  but 
of  different  degrees  of  intensity,  the  chemical  actions  are  proportioned  to  the  visible 
illuminating  effects,  it  was  only  necessary,  in  order  to  obtain  the  chemical  action  pro- 
duced by  the  total  diffuse  light,  to  multiply  the  chemical  action  of  the  zenith-portion 
of  sky  by  the  number  representing  the  relation  between  the  visible  illumination  of  the 
total  sky  and  that  of  the  same  zenith-portion.  The  laws  according  to  which  the  chemical 
rays  are  dispersed  by  the  atmosphere  can  only  be  ascertained  from  experiments  made 
when  the  sky  is  perfectly  cloudless.  In  the  determinations  made  with  this  specially 
arranged  photometer,  care  was  therefore  taken  that  the  slightest  trace  of  cloud  or 
mist  was  absent,  and  the  relations  between  the  visible  illuminating  effect  of  a  portion 
of  sky  at  the  zenith  and  that  of  the  whole  visible  heavens,  was  determined  for  every 
half  hour  from  sunrise  to  sunset,  the  observations  being  made  on  the  summit  of  a 
hill  near  Heidelberg,  from  which  the  horizon  was  perfectly  free. 

The  amount  of  chemical  illumination  which  a  point  on  the  earth's  surface  receives 
from  the  whole  heavens,  depends  on  the  height  of  the  sun  above  the  horizon,  and  on 
the  transparency  of  the  atmosphere.  If  the  atmospheric  transparency  undergoes  much 
change  when  the  sky  is  cloudless,  a  long  series  of  experiments  would  be  needed  before 
the  true  relations  of  atmospheric  extinction  for  the  chemical  rays  could  be  arrived  at ; 
the  authors,  however,  believe  that  the  alterations  in  the  transparency  of  the  air  with  a 
cloudless  sky  are  very  slight,  and  they  think  themselves  justified  in  considering  the 
chemical  illumination  of  the  earth's  surface  on  cloudless  days  to  be  represented  simply 
as  a  function  of  the  sun's  zenith-distance.  This  supposition  is  confirmed  by  experi- 
ments made  on  different  occasions  with  varying  zenith-distance  of  the  sun,  inasmuch 
as  these  all  agree  closely  amongst  themselves.  From  a  series  of  observations  made  on 
June  6,  1858,  the  relation  between  the  amount  of  light  optically  measured,  falling  from 
the  whole  sky,  and  the  amount  (taken  as  unity)  which  at  the  same  time  falls  from  a 
portion  of  zenith-sky  equal  to  y^joth  part  of  the  whole  visible  heavens,  has  been  calcu- 
lated for  every  degree  of  the  sun's  zenith-distance  from  20°  to  90°.  These  numbers 
multiplied  by  the  chcmwal  light  proceeding  from  the  same  portion  of  zenith-sky  for  the 
same  zenith-distance,  give  the  chemical  action  effected  by  the  whole  diffuse  light.  The 
amQunt  of  chemical  light  which  falls  from  the  zenith-portion  of  sky  is,  however,  the 
chemical  brightness  of  that  portion  of  sky.  This  chemical  brightness  was  determined 
by  the  chlorine  and  hydrogen  photometer  on  various  days  and  at  various  hours  when 
the  sky  was  perfectly  cloudless;  thence  the  authors  obtained  the  chemical  action, 
expressed  in  degrees  of  light,  which  i,s  effected  on  the  earth's  surface  by  a  portion  of 
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zenith-sky  equal  in  area  to  Y^fJo^1  Par^  of  the  whole  heavens,  under  corresponding  sun's 
zenith-distances  from  20°  to  90°.  The  numbers  thus  obtained  have  only  to  be  multi- 
plied by  those  of  the  former  series  of  observations,  in  order  to  give  the  chemical  action 
effected  by  the  total  diffuse  light  of  day  for  zenith-distances  varying  from  20°  to  90°. 
Knowing  the  relation  existing  between  the  sun's  altitude  and  the  chemical  action,  the 
chemical  illumination  effected  during  each  minute  at  any  given  locality  at  a  given 
time  may  be  calculated.  For  the  following  places,  the  amount  of  chemical  illumination 
expressed  in  degrees  of  light  which  falls  from  sunrise  to  sunset  at  the  vernal  equinox  ii> : 


Melville  Island 
Kejkiavik . 
St.  Petersburg  . 
Manchester 


10,590 
15,020 
16,410 
18,220 


Heidelberg 

Naples 

Cairo 


18,220 
20,550 
21,670 


Chemical  Action  of  Direct  Sunlight. — The  chemical  action  of  the  direct  sun- 
light was  determined  by  allowing  a  small  but  known  portion  of  direct  sunlight  to  fall 
into  the  dark  room  in  which  the  instrument  was  placed,  so  that  the  insolation  vessel 
was  bathed  in  the  pencil  of  rays  thus  admitted.  By  help  of  Silbermann's  heliostat, 
the  sun's  image  was  reflected  during  the  whole  day  upon  one  spot,  a  small  opening  of 
known  size,  in  the  window-shutter  of  a  dark  room.  The  fraction  of  the  total  sun's 
rays  thus  admitted  and  allowed  to  fall  upon  the  chemical  photometer  was  calculated, 
and  the  action  thus  effected  was  observed :  hence  the  amount  of  action  can  be  found 
which  the  sun  would  have  produced  if  directly  shining  upon  the  instrument, — a  con- 
dition impossible  of  course  to  fulfil,  as  the  action  would  become  too  rapid  and  the 
whole  apparatus  would  be  shattered  by  explosion. 

The  day  chosen  for  observation  of  the  sun's  action  must  obviously  be  cloudless,  if 
we  wish  to  obtain  an  idea  of  the  relation  existing  between  the  chemical  action  and  the 
height  of  the  sun.  Beginning  the  observations  as  near  sunrise  as  possible,  we  find,  for 
instance,  on  September  15,  1858,  one  of  the  days  on  which  such  a  series  of  experiments 
was  made,  that  at  7b  9m  a.m.,  when  the  sun's  zenith-distance  was  76°  30',  the  observed 
action  amounted  to  1*52  :  that  is,  in  one  minute  the  column  of  water  moved  through 
I -52  division  ;  or  the  quantity  of  hydrochloric  acid  formed,  when  the  sun  stood  at  the 
height  mentioned,  was  represented  by  1'52  division  on  the  scale.  Gradually,  as  the 
day  wore  on,  the  observed  action  for  each  minute  became  larger ;  until  at  9h  14m  a.m., 
the  latest  observation  possible  on  the  day  in  question,  owing  to  the  formation  of  clouds, 
the  action  reached  18-5  divisions,  or  was  thirteen  times  as  large  as  at  7U  9™.  In  the 
last  column  of  the  accompanying  table  is  found  the  action,  expressed  in  degrees  of 
light,  which  would  have  been  observed  at  the  foregoing  times,  if  the  whole  sunlight  had 
been  allowed  to  fall  on  the  instrument : 


Hour. 

Sun's  zenith- 
distance. 

Observed  action. 
1  minute. 

Total  sun's 
action  in  degrees 
of  light. 

7h        9m 

76°  30' 

1-52 

5-54 

7     26 

73     49 

4-22 

15-50 

7     40 

71     37 

6-09 

22-43 

8       0 

68     34 

7-56 

27-85 

8      7  • 

67     30 

8-38 

38-87 

8     26 

64    42 

12-48 

45-85 

8     54 

60     48 

17-09 

62-59 

9     14 

58     11 

18-51 

67-61 

This  great  increase  in  the  chemical  action  with  the  rise  of  the  sun  in  the  heavens 
results  simply  from  the  fact  that  the  solar  rays,  in  passing  through  the  air,  are  extin- 
guished or  absorbed,  lost  in  fact  as  light ;  and  that  as  the  sun  rises  higher  above  the 
horizon,  the  column  of  air  through  which  the  rays  pass  is  constantly  being  lessened : 
consequently,  more  of  the  direct  rays  reach  the  earth. 

Now,  the  law  according  to  which  the  direct  rays  of  the  sun  are  thus  absorbed  in  the 
air  can  be  obtained  from  the  experiments,  of  which  the  foregoing  is  only  an  example : 
hence,  if  the  action  which  the  sun  produces,  when  at  a  given  height,  is  known,  it  is 
possible  to  calculate  the  action  which  it  would  produce  at  any  other  height. 

The  law  regulating  the  chemical  action  of  direct  sunlight  may  be  thus  expressed  : 
The  amount  of  chemical  action  effected  at  a  point  upon  the  earth's  surface  on  any 
cloudless  day,  by  the  direct  solar  rays,  depends  alone  upon  the  suns's  zenith-distance, 
or  upon  the  height  of  the  column  of  air  through  which  the  rays  have  to  pass. 

That  these  calculated  results  agree  very  closely  with  the  experimental  data— with 
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the  observed  action — is  seen  by  comparing  the  numbers  in  Table  II.,  expressing  tho 
observed  and  calculated  action: 

TABLE  II. 


Sun's  zenith-dis- 

Chemical illumination  of  sun's  di- 

tance at  time  of 

rect  rays  at  the  earth's  surface  ex- 

observation. 

pressed  in  degrees  of  light. 

Observed. 

Calculated. 

46°     8' 

93-0 

96-4 

50    51 

89-2 

85-8 

57    35 

63-1 

67'9 

58    11 

67-6 

66-2 

60    48 

62-6 

58-3 

64    42 

45-9 

47-9 

67    30 

38-9 

36-6 

68    34 

27-9 

33-1 

71    37 

22-4 

24-5 

73    49 

15-5 

16-3 

76    30 

5-5 

9-2 

Probable  error  =  +  27  degrees  of  light. 

Knowing  the  law  which  regulates  the  absorption  of  the  chemical  rays,  we  can 
calculate  what  the  action  would  be  if  there  were  no  atmosphere  to  diminish  the  power 
of  the  rays.  It  is  thus  found  that  if  the  sun's  rays  were  not  thus  weakened,  by  pas- 
sage through  the  atmosphere,  they  would  produce  an  illumination  represented  by  318 
degrees  of  light  ;  or  they  would  effect  a  combination  in  one  minute,  upon  an  unlimited 
atmosphere  of  chlorine  and  hydrogen  on  which  they  fell  perpendicularly,  of  a  column 
of  hydrochloric  acid,  35  '3  metres  in  height.  The  sun's  rays  having  passed  perpendicu- 
larly through  our  atmosphere  to  the  sea's  level,  effect  an  action  of  only  14'4  light- 
metres;  or  three-fifths  of  their  chemical  activity  has  been  lost  by  extinction  and  dis- 
persion in  the  atmosphere. 

A  large  number  of  most  interesting  conclusions  may  be  drawn  from  the  facts  already 
noticed.  Thus,  for  instance,  we  may  determine  the  chemical  action  which  the  solar 
rays  will  produce  on  the  various  planets  ;  for  we  know  that  the  intensity  of  the 
chemical  illumination  varies  inversely  as  the  square  of  the  distance  of  the  planet  from 
the  sun.  The  numbers  in  Table  III.  express  this  chemical  action  in  degrees  of  light, 
and  in  heights  of  columns  of  hydrochloric  acid  called  light-metres.  Hence,  we  see  how 
much  the  sun's  chemical  action  varies  on  the  different  planets,  the  superior  planets 
receiving  so  small  a  portion  as  to  render  it  impossible  that  the  kind  of  animal  and 
life  which  we  here  enjoy  can  there  exist. 


recevng 
vegetable 


TABLE  III.  —  Chemical  Action  produced  by  Direct  Sunlight  on  each  Planet. 


Mean  distances. 
0-387 
0-723 
1-000 
1-524 
5-203 
9-539 
19-183 
30-040 

Chemical 
Light-degrees. 
2125-0 
608-9 
318-3 
137-1 
11-8 
3-5 
1-0 
0-4 

action  in 
Light-metres. 
235-4 
67-5 
35-3 
15-2 
1-2 
0-4 
0-1 
0-04 

Interesting  conclusions  can  be  drawn  from  these  facts,  concerning  the  distribution  of 
the  chemical  rays  on  the  surface  of  our  earth  in  different  latitudes,  and  at  different 
elevations  above  the  sea's  level.  The  farther  removed  a  situation  is  from  the  level  of 
the  sea,  the  higher  up  in  the  atmosphere  it  is  placed,  the  greater  is  the  amount  of 
chemical  action  which  it  receives.  Thus,  in  the  highlands  of  Thibet,  where  corn  and 
grain  nourish  at  a  height  of  from  12,000  to  14,000  feet,  the  chemical  action  of  the  direct 
sunlight  is  l£  times  as  great  as  in  the  neighbouring  lowland  plains  of  Hindostan.  In 
the  same  way  we  can  calculate,  for  any  point  of  tho  earth's  surface  whose  latitude  is 
known,  the  amount  of  chemical  action  which  the  direct  sunlight  effects  at  any  given 
time  of  day  or  year.  In  Table  IV.  the  numbers  represent  the  chemical  action  effected  by 
direct  sunlight  in  one  minute  at  the  places  and  hours  named,  on  the  2  let  of  March.  Curves 
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accompany  the  original  memoirs,  showing  the  rise  of  the  action  with  the  progress  of 
the  sun  through  the  heavens.  By  comparing  the  numbers  in  the  table,  it  is  seen  how 
greatly  this  chemical  action  differs  at  vai'ious  points  on  the  earth's  surface;  and  we  can 
understand  how  it  is,  that  at  the  latitude  of  Cairo,  where  the  chemical  action  of  the 
direct  sunlight  is  twice  as  great  as  it  is  in  that  of  Manchester,  the  whole  flora  and 
fauna  assume  a  more  tropical  and  luxuriant  character. 

TABLE  IV. — Chemical  Action  effected,  by  Direct  Sunlight  in  One  Minute  on  the 
Vernal  Equinox  at 


HOUR. 

A. 

B. 

C. 

D. 

E. 

F. 

G. 

6  A.M.  or  6  P.M. 

o-o 

o-o 

o-o 

o-o 

o-o 

o-o 

o-o 

7              5 

o-o 

0-02 

0-07 

0-22 

0-38 

0-89 

1-74 

8               4 

0-07 

1-53 

2-88 

5-85 

8-02 

13-31 

20-12 

9               3 

0-67 

6-62 

10-74 

18-71 

23-99 

35-88 

50-01 

10               2 

1-86 

13-27 

20-26 

32-91 

40-94 

58-46 

78-61 

11                1 

3-02 

18-60 

27-55 

43-34 

53-19 

74-37 

98-33 

12  at  noon 

3-51 

20-60 

30-26 

47-15 

57-62 

80-07 

105-3 

A.  Melville  Island.                                            E.  Heidelberg. 

B.  Eejkiavik,  Iceland.                                       F.  Naples. 

C.  St.  Petersburg.                                              G.  Cairo. 

D.  Manchester. 

Measurement  of  the  Cbemical  Action  of  the  Constituent  parts  of  the 
Solar  Spectrum.— For  the  purpose  of  measuring  the  chemical  activity  of  the 
various  portions  of  the  solar  spectrum  (as  regards  the  mixture  of  chlorine  and  hydrogen), 
Bunsen  and  Roscoe  reflected  the  sun's  rays  through  a  narrow  slit,  and  then  decom- 
posed them  by  passing  them  through  two  quartz  prisms.  The  spectrum  thus  produced 
was  allowed  to  fall  upon  a  white  screen  covered  with  a  solution  of  quinine,  and  any 
desired  portion  of  the  light  measured  by  a  finely-divided  scale  allowed  to  fall  upon  the 
insolation  vessel  of  the  photometer.  For  the  purpose  of  identifying  the  fixed  lines  in 
the  lavender  rays,  use  was  made  of  a  map  of  those  lines  made  by  Professor  Stokes. 
As  the  various  components  of  white  light  are  irregularly  absorbed  by  the  atmosphere, 
it  was  necessary  to  make  all  the  observations  quickly  one  after  the  other,  so  that  no 
appreciable  difference  in  the  column  of  air  through  which  the  rays  passed  should  occur. 
Fig.  703  exhibits  the  chemical  action  effected  by  various  portions  of  the  spectrum  on 

Fig.  703. 


the  sensitive  mixture  for  one  particular  zenith-distance  of  the  sun.     Several  maxima 
of  chemical  intensity  in  the  spectrum  are  here  noticed. 

Between  the  lines  G  in  the  indigo,  and  H  in  the  violet,  the  greatest  amount  of  action 
was  observed,  whilst  another  maximum  was  found  to  lie  near  I  in  the  ultra-violet  rays. 
In  the  direction  of  the  red  end  of  the  spectrum,  the  action  became  imperceptible 
about  D  in  the  orange  (the  maximum  of  visible  illumination) ;  but  towards  the  other 
end  of  the  spectrum,  the  action  was  found  to  extend  as  far  as  Stokes's  line  U,  or  to  a 
distance  from  the  line  H  greater  than  the  total  length  of  the  ordinary  visible 
spectrum. 
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We  must,  however,  remember  that  the  curve  which  represents  the  amount  of  decom- 
position effected  by  the  chemically  active  rays,  varies  according  to  the  nature  of  the 
substance  acted  upon  ;  thus  Sir  John  Herschel  showed  (Phil.  Trans.  1840,  Part  I.)  that 
iodide  of  silver  washed  with  nitrate  was  decomposed  by  ultra-violet  rays  which  exerted 
no  action  whatever  upon  the  chloride  of  silver ;  and  whereas,  in  the  case  of  the  iodide, 
the  action  extends  but  a  little  beyond  the  line  E,  the  action  in  the  case  of  the  bromide  is 
visible  to  the  very  extremity  of  the  visible  red  rays,  and  the  maximum  action  on  tho 
bromide  lies  in  the  indigo  rays,  that  of  the  iodide  lying  in  the  lavender  rays  between 
the  lines  I  and  M.  (See  also  Becquerel's  results,  p.  632;  and  Daguin,  Traitt 
de  Physique,  iv.  226.) 

Chemical  Photometer  adapted  to  tbe  purposes  of  Meteorological 
Registration. — Having  thus  ascertained  the  chief  laws  regulating  the  chemical  action 
of  light,  and  the  distribution  of  direct  and  diffuse  sunlight  upon  the  earth's  surface 
when  the  sky  is  unclouded,  Professors  Bunsen  and  Eoscoe  proceeded  to  found  a  method 
of  measuring  applicable  to  the  direct  determination  of  the  total  effect  produced  by  the 
varying  cloud  and  sunshine  of  our  changing  climate.  Tho  object  of  this  new  investi- 
gation (Phil.  Trans.  1863,  p.  139)  has  been  to  invent  a  trustworthy  mode  of  measuring 
the  daily  variation  in  the  sun's  chemical  intensity,  which  shall  be  so  easy  and  simple 
of  practice  as  to  be  applicable  to  regular  meteorological  registration. 

Although  many  fruitless  attempts  have  been  made  to  construct  photometers  by  a 
comparison  of  the  blackness  produced  by  sunlight  upon  photographic  paper,  Bunsen 
and  Koscoe  found  that  the  desired  end  could  be  obtained  in  this  way  by  attention  to 
certain  essential  conditions. 

For  this  purpose  it  was  necessary  to  construct  an  apparatus  in  which  photographic 
sensitive  paper  could  be  exposed  to  sunlight  for  definite  times  measured  by  small  frac- 
tions of  a  second.    This  in- 

Fiff.  704.  strument,  called apendulum 

photometer,  is  represented 
in  ^.704. 

An  iron  stand  carries  the 
metal  plate  A,  which  can  be 
placed  horizontally  by  three 
set-screws,  and  in  which  a 
straight  slit,  15  millimetres 
broad  and  190  millimetres 
long,  is  cut.  Over  this  slit, 
which  is  shaded  black  in  the 
drawing,  is  placed  a  very  thin 
and  elastic  sheet  of  mica,  bed, 
blackened  at  one  end  from  b 
to  c,  and  fastened  at  d  to  the 
curved  drum  E  attached  to 
the  pendulum  F.  When  the 
pendulum  is  allowed  to  vi- 
brate, the  sheet  of  mica,  as  it 
rolls  on  and  off  the  curved 
drum  E  at  each  vibration,  un- 
covers and  again  covers  the 
slit,  so  that  each  point 
„  ,  ...  ,  throughout  the  whole  length 

of  the  slit  is  exposed  for  a  different  period.  If  we  wish  to  use  this  instrument  for  the 
purpose  of  exposing  a  photographic  surface  to  the  action  of  the  light  for  different 
times,  the  paper  is  gummed  upon  the  white  surface  of  the  metallic  slide  (G-  fig  704)  • 
this  is  then  covered  bv  a  metallic  lid,  which  does  not  touch  the  paper,  and  the  whole 
arrangement  pushed  into  the  dark  groove  k,  placed  directly  under  the  slit  and 
protected  from  the  entrance  of  light  by  a  lappet  of  cloth,  which  hangs  in  front.  The 
metallic  lid  is  then  withdrawn,  the  screw  k  turned,  and  thus  the  paper  is  slightly  pressed 
against  the  slit,  so  that  no  light  can  enter  sideways  between  the  paper  and  the  thin 
metallic  edges  of  the  slit.  By  raising  the  lever  nml  at  I,  the  pendulum  is  released 
from  the  catch  at  m,  and,  after  completing  a  vibration,  it  is  held  fast  by  a  lower  catch 
at  n.  If  it  be  required  to  double  or  to  multiply  the  time  of  insolation,  it  is  only 
necessary  to  repeat  the  vibration,  once  or  several  times,  care  being  taken  before  each 
vibration  to  raise  the  rod  of  the  pendulum  so  as  to  aUow  the  end  to  fall  into  the  upper 
catch.  In  order  thus  to  set  the  pendulum  in  motion,  and  to  stop  it  with  certainty  and 
ease,  the  lever  is  once  for  all  balanced  by  a  small  weight  at  I,  so  that  the  arm  n  m  is 
but  slightly  heavier  than  the  arm  I. 

Before  this  instrument  can  be  used  for  measuring  the  chemical  action  of  light,  it  is 
necessary — 
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1.  To  know  the  relation  existing  between  the  several  tints  and  the  intensity  of  the 
light  necessary  to  produce  such  tints. 

2.  To  construct  sensitive  paper  which  shall  always  possess  the  same  degree  of  sensi- 
tiveness, and  can  easily  be  prepared  when  required. 

It  was  found,  by  a  long  series  of  experiments,  that  it  was  possible,  by  adhering 
strictly  to  a  certain  method  of  manipulation,  to  prepare  standard  papers  which,  when 
made,  possess  a  constant  degree  of  sensitiveness ;  so  that  if  the  same  light  falls  upon 
them,  the  papers  are  always  coloured  to  the  same  tint. 

Experiment  likewise  showed  that  the  tint  attained  by  such  a  paper  was  constant 
when  the  quantity  of  light  falling  upon  it  also  remained  constant ;  so  that  light  of  the 
intensity  50  falling  upon  the  paper  for  the  time  1,  produced  the  same  blackening  effect 
as  light  of  the  intensity  1  falling  upon  it  for  the  time  50. 

Knowing  this  law,  which  regulates  the  degree  of  shade  of  the  paper,  and  having  a 
surface  of  a  perfectly  constant  degree  of  sensitiveness,  it  is  easy  to  obtain  absolute 
measurements  of  the  chemical  action  of  light.  For  this  purpose,  an  arbitrary  unit  of 
measurement  is  chosen,  by  making  a  standard  tint  or  paint  which  can  be  easily  and 
exactly  reproduced  at  any  time. 

The  quantity  of  light  which  shall,  in  a  second,  or  the  unit  of  time,  produce  a  blacken- 
ing effect  on  the  standard  photographic  paper  equal  to  that  of  the  standard  tint,  is  said 
to  have  the  chemical  intensity  1.  If  the  time  needed  to  produce  this  same  tint  is 
found  by  experiment  with  the  pendulum-photometer  to  be  2  seconds,  then  the  chemical 
intensity  is  one  half,  and  so  on. 

All  that  is  needed,  in  order  to  obtain  accurate  measurements  of  the  chemical  action 
of  diffuse  daylight  or  sunlight,  is  to  be  able  to  find  the  time  necessary  to  effect  u 
blackening  of  the  normal  paper  equal  in  shade  to  the  standard  tint.  This  is  done  by 
means  of  the  graduated  strip  made  in  the  pendulum-photometer. 

For  the  purpose  of  accurately  comparing  these  tints,  the  ordinary  daylight,  or  even 
lamplight,  cannot  be  used,  as  a  change  would  thereby  be  produced  on  the  sensitive 
paper.  A  light  which  does  not  act  chemically  must  be  used ;  such  a  light  is  the  mono- 
chromatic soda-flame.  The  light  from  this  flame  possesses  another  advantage,  namely, 
that  the  unavoidable  differences  of  colour  are  not  seen ;  variation  in  shade  alone  being 
perceptible.  The  arrangement  for  thus  reading  off  the  point  having  a  shade  equal  to 
that  of  the  standard  tint  is  seen  in  Jig.  705.  A  millimetre  scale,  similar  to  the  ono 
upon  the  slit,  is  fastened  upon  a  wooden  board,  a  (fig.  705),  covered  with  paper,  and 
moveable  in  a  groove  across  a  fixed  wooden  stand.  The  strip  of  photographically 

Figs.  705  and  706. 


tinted  paper  is  then  cut  off  from  the  slide  G  and  gummed  upon  the  board  a,  so  that  it 
has  the  same  position  relative  to  the  scale  on  the  board  as  it  had  to  the  scale  on  the 
slit.  A,  fig.  706,  represents  a  small  square  wooden  block  having  a  circular  hole  in  the 
middle  5  to  6  mm.  in  diameter,  the  lower  half  being  covered  by  the  paper  of  which  the 
degree  of  shade  has  to  be  determined.  This  block  is  pressed  by  means  of  a  spring,  as 
is  seen  in  fig.  705  in  a  fixed  position  against  the  strip  of  paper.  On  throwing  the  image 
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of  the  soda-flame  C,  by  help  of  the  convex  lens  D,  upon  the  circular  opening  in  the 
block,  it  is  easy,  by  drawing  the  slide  backwards  and  forwards,  to  determine  the  exact 
point  at  which  the  upper  and  lower  halves  of  the  circular  hole  appear  equally  dark. 
It  is  then  only  necessary  to  read  off  on  the  scale  the  number  representing  the  time 
which  the  paper  at  that  point  has  been  insolated,  in  order  to  determine  the  degree  of 
shade  which  the  paper  in  that  time  has  attained.  To  ensure  accurac}'  in  the  observa- 
tions, it  is  necessary  that  the  eye  should  always  be  placed  in  one  and  the  same  position  ; 
most  advantageously  in  a  direction  nearly  perpendicular  to  the  surface  of  the  strip  of 
paper. 

By  help  of  this  soda-flame,  the  coincidence  of  shade  of  the  graduated  strip  with  the 
standard  tint  can  be  read  off  with  the  greatest  precision.  This  fact,  as  well  as  the 
possibility  of  preparing  a  constant  sensitive  paper,  is  seen  by  reference  to  the  following 
tables,  extracted  from  the  detailed  paper  printed  in  the  Philosophical  Transactions  for 
1863,  to  which  we  must  refer  for  positive  proof  of  the  delicacy  and  trustworthiness  of 
the  method. 

Papers  variously  prepared  were  exposed  for  the  same  time  to  the  same  light. 

Each  reading  is  the  mean  of  several  observations ;  identity  in  the  numbers  shows 
identity  in  the  shade,  and,  therefore,  the  constant  sensitiveness  of  the  papers. 

The  standard  paper  is  prepared  by  soaking  photographic  paper  in  a  solution  of  com^ 
mon  salt  of  given  strength  (3  to  100),  and  then  allowing  it  to  lie  upon  the  surface  of  a 
silver  solution  (12  nitrate  of  silver  to  100  of  water).  When  the  strength  of  the  salt  solu- 
tion varies,  the  sensitiveness  of  the  paper  alters  very  rapidly.  Variation  in  the  strength 
of  the  silver-bath  produces,  on  the  contrary,  but  little  change  in  the  sensitiveness  of  the 
paper. 

Different  qualities  of  paper  and  alterations  of  atmospheric  moisture  and  temperature 
de  not  affect  the  sensitiveness  of  the  paper. 

1.  Effect  of  altering  the  Strength  of  the  Silver-bath.     Paper  salted  in  a  Solution 
containing  3  pis.  Chloride  of  sodium  to  100  of  Water. 

Nitrate  of  silver  to  Readings. 

JOO  of  water.  Observer  A.  Observer  13. 

12         ....         128-6        .         .  1297 

10         .         .         .         .         1287         .         .  127-0 

8                                    .         1287  128-0 


129-7 


130-0 


2.  Effect  of  altering  the  Strength  of  the  Salt  Solution. 

Readings. 


NaCl  to 
100  of  water. 

1 
2 
3 
4 


Observer  A. 

2-6 

957 

132-6 

167-0 


Observer  B- 

60-4 

94-6 
129-6 
168-0 


3.  Experiment  showing  the  constant  Sensitiveness  of  the  Standard  Paper. 


NaCl  to 

Intensity  No.  1. 

Intensity  No.  2. 

100  of  water. 

Observer  A. 

Observer  B. 

Observer  A. 

Observer  B. 

Upper  part  of  sheet  2 
Lower  part  of  sheet  2 

2-950 
3-026 

70-2 
70-6 

70-0 
69-3 

101-3 
101-5 

101-5 

1017 

Middle  of  sheet  1      . 

3-026 

70-0 

69-5 

100-9 

100-9 

Middle  of  sheet  3      . 

3-000 

70-0 

70-4 

101-0 

100-0 

All  these  papers  were  silvered  in  a  solution  containing  12  pts.  of  nitrate  of  silver  to 
100  of  water. 

In  order  to  measure  the  chemical  intensity  of  the  daylight  at  any  time,  all  that  is 
needed  is  to  expose  a  strip  of  standard  paper  in  the  pendulum-photometer  for  a  given 
number  of  vibrations,  and  then  to  find  upon  the  strip  thus  exposed  the  point  at  which 
a  shade  equal  to  the  standard  tint  has  been  produced.  Reference  to  a  table  gives  the 
time  of  exposure  necessary  to  produce  this  tint,  and  the  reciprocal  of  this  time  repre- 
sents the  intensity  of  the  acting  light.  If  the  time  necessary  were  3  seconds,  the 
chemical  intensity  would  be  ^ ;  if  the  time  were  £  second,  the  intensity  would  be  2. 
In  this  way  curves  of  daily  chemical  intensity  are  made,  which  show  the  variation 
caused  by  clouds,  or  by  the  changing  altitude  of  the  sun.  These  curves  show  maxima 
and  minima  exactly  corresponding  to  the  appearance  and  disappearance  of  the  sun 
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behind  a  cloud.    The  difference  between  the  sun's  chemical  intensity  in  summer  and 
winter  is  clearly  seen  by  reference  to  the  curves  on  fig.  707. 

Fig.  707. 


Based  upon  the  principles  of  the  pendulum-photometer,  a  much  simpler  method  of 
making  these  measurements  has  been  arranged,  as  follows.  A  graduated  strip  made 
in  the  pendulum-photometer  is  fixed  in  hyposulphite  of  sodium,  and  pasted  upon  a 
board  furnished  with  a  scale.  The  shades  of  certain  points  on  this  fixed  strip  are 
compared  with  the  shades  on  given  points  upon  a  graduated  strip  prepared  in  the  usual 
way,  and  not  fixed  in  hyposulphite.  The  fixed  strip  is  thus  calibrated  in  terms  of  the 
unit  of  measurement,  and  it  may  then  be  used  as  a  means  of  measuring  the  chemical 
action  of  light.  Small  pieces  of  the  standard  paper  are  then  exposed  for  a  given  time 
to  the  light  which  it  is  desired  to  measure,  until  the  shade  approaches  that  of  a  part  of 
the  fixed  strip.  The  point  of  exact  coincidence  is  then  read  off  by  the  soda  flame  as 
usual.  In  this  way  a  piece  of  standard  paper  of  1  square  inch  of  area  will  serve  for 
40  separate  determinations,  and  the  whole  arrangement  for  exposure  may  be  carried  in 
the  pocket.  The  curve  of  the  chemical  intensity  of  day-  and  sun-light  in  Manchester, 
made  with  this  small  instrument  on  more  than  40  separate  days  of  the  year  1864,  fully 
bears  out  the  accuracy  and  ease  with  which  these  measurements  can  be  made,  and  the 
results  of  his  experiments  induces  the  writer  of  this  article  to  express  a  hope  that 
before  long  these  instruments  may  be  introduced  into  meteorological  observatories. 

Chemical  Brightness  of  various  Points  on  the  Sim's  Surface. — The  determination  of 
the  chemical  brightness  of  the  various  portions  of  the  sun's  disc  is  an  interesting 
application  of  this  new  method  of  photometric  measurements. 

By  help  of  a  camera  placed  on  a  3 -inch  refractor,  the  writer  allowed  the  image  of 
the  sun — of  about  4  inches  in  diameter — to  fall  upon  the  standard  paper.  The  sun- 
picture  thus  obtained  presents  interesting  features  :  in  the  first  place,  the  chemical  in- 
tensity of  the  central  portions  are  3-5  times  as  great  as  that  of  the  portions  on  the 
limb.  A  difference  of  this  kind,  in  the  case  of  the  luminous  and  calorific  rays,  has 
already  been  observed  by  astronomers,  and  it  is  doubtless  caused  by  the  absorption 
effected  by  the  solar  atmosphere. 

The  following  results  were  obtained  by  measuring  the  chemical  brightness  at  various 
points  on  the  sun's  disc,  on  May  9,  1863  ;  from  these  numbers  it  will  be  seen  that  the 
luminous  intensity  varies  very  irregularly. 

CHEMICAL  BRIGHTNESS  OF  SUN'S  Disc. 


1.  At  centre  of 
sun's  disc. 

2. 

15°  from  edge  of 
sun's  disc. 

3. 

At  the  edge  of 
sun's  disc. 

No.  1.   . 

.  100-0 

N.  Polo. 

38-8 

Equator.  £ 
.  48-4  . 

>.  Pole. 
58-1 

N.  Pole. 

18-7 

Equator. 
.      30-2     . 

S.  Pole. 

28-2 

No.  2.   . 

.  100-0 

52-8 

— 

56-6 

30-5 

.       —       . 

41-0 
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Bright  patches  of  considerable  area  were  seen  on  the  picture ;  these  patches,  which 
were  not  caused  by  irregularity  in  the  paper  or  in  the  lenses,  are  probably  owing  to 
the  presence  of  clouds  in  the  luminous  atmosphere  of  the  sun,  and  they  may  probably 
have  some  intimate  connection  with  the  well-known  phenomena  of  the  red  prominences 
seen  during  the  solar  eclipse. 

Optical  and  Chemical  Extinction  of  the  Chemical  Rays. — In  order  to 
determine  whether  the  act  of  photochemical  combination  (in  the  case  of  chlorine  and 
hydrogen)  necessitates  the  production  of  a  certain  amount  of  mechanical  effect,  for 
which  an  equivalent  quantity  of  light  is  expended,  or  whether  this  phenomenon  is  de- 
pendent upon  a  restoration  of  equilibrium  effected  without  any  corresponding  equivalent 
loss  of  light,  Bunsen  and  Koscoe  have  studied  the  phenomena  occurring  at  the  bounding 
surfaces,  and  in  the  interior  of  a  medium  exposed  to  the  chemical  rays. 

When  light  passes  through  any  medium,  part  of  it  is  lost  by  reflection  at  the  surface, 
another  portion  by  absorption  within  the  medium,  so  that  the  quantity  of  emergent 
light  is  only  a  fraction  of  the  incident  light.  This  is  true  with  the  chemical  as 
with  the  luminous  rays,  and  Bunsen  and  Koscoe  have  determined  the  coefficients 
of  absorption  and  reflection  of  the  chemical  rays  for  glass,  water,  and  mien.  By 
passing  light  from  a  constant  source,  through  cylinders  with  plate-glass  ends  filled  with 
dry  chlorine,  they  found  that,  with  a  given  length  of  cylinder,  the  quantity  of  chemical 
rays  transmitted,  when  no  chemical  action  takes  place,  is  to  the  quantity  in  the  inci- 
dent light  in  a  constant  ratio  ;  or  in  other  words,  the  absorption  of  the  chemical  rays  is 
proportional  to  the  intensity  of  the  light.  They  also  found  that  the  quantity  of  the 
chemical  rays  transmitted  varies  proportionally  to  the  density  of  the  absorbing  medium. 
If,  however,  the  light  passes  through  a  medium  in  which  it  is  not  only  absorbed,  but 
also  excites  chemical  action,  it  is  found  that,  in  addition  to  the  optical  extinction  al- 
ready spoken  of,  a  quantity  of  light  is  lost  proportional  to  the  amount  of  chemical 
action  produced.  Thus  the  depth  of  pure  chlorine  gas  at  0°  C.  and  G'76  m.  pressure, 
through  which  the  light  of  a  coal-gas  flame  must  pass  in  order  to  be  reduced  to  -^ 
is  found  to  be  173'3  mm. :  hence,  since  the  quantity  of  light  absorbed  varies  as  the 
density,  the  depth  of  chlorine  diluted  with  an  equal  volume  of  air  or  other  non-absorb- 
ing and  chemically  inactive  gas  required  to  produce  an  extinction  of  ^  would  be  346'6 
mm.  But  when  the  sensitive  mixture  of  equal  volumes  of  chlorine  and  hydrogen  is 
used,  the  depth  of  the  mixture  to  which  the  light  must  penetrate  in  order  to  be  reduced 
to  i  is  found  only  to  be  234  mm.  Hence  Bunsen  and  Eoscoe  conclude  that  light  is 
in  this  case  absorbed  in  doing  chemical  work. 

Light  from  other  sources  gives  results  similar  in  character,  although  different  in 
amount.  Diffuse  light  of  morning  reflected  from  the  zenith  of  a  cloudless  sky  is  reduced 
to  JL  by  passing  through  45-6  mm.  of  chlorine,  and  through  73  '5  mm.  of  the  sensitive  mix- 
ture ;  diffuse  light  is  reduced  to  ^  by  passing  through  19*7  mm.  of  chlorine,  and  through 
57 '4  mm.  of  the  sensitive  mixture.  Hence  it  appears  that  the  chemical  rays  of  diffuse 
morning  light  are  absorbed  by  chlorine  much  more  quickly  than  those  of  lamp-light  ; 
and  those  of  evening  light  with  still  greater  facility.  From  this  we  may  conclude  that 
the  chemical  rays  reflected  at  different  times  and  hours,  possess,  not  only  quantitative, 
but  also  qualitative  differences,  similar  to  the  various  coloured  rays  of  the  visible  spec- 
trum. Photographers  are  well  aware  of  this  qualitative  difference  in  the  light,  as  they 
know  that  the  amount  of  light  photometrically  estimated  gives  no  measure  of  its  photo- 
chemical activity ;  they  prefer  a  less  intense  morning  light  to  a  bright  evening  light 
for  taking  pictures. 

Photographic  Transparency,  or  Diactinic  Power  of  different  Media. — It  has  already 
been  mentioned  (p.  632),  that  the  chemical  rays  of  the  spectrum  are  absorbed  in  various 
degrees  by  different  media.  On  this  subject,  some  important  experiments  have  lately  been 
made  by  Professor  W.  A.  Miller  (Phil.  Trans.  1863,  p.  1;  Chem.  Soc.  J.  xvii.  59). 
The  mode  of  observation  consisted  in  refracting  the  rays  which  had  traversed  a  trans- 
parent medium,  through  a  prism  and  lens  of  quartz,  and  receiving  them  on  a  surface 
of  collodion  coated  with  iodide  of  silver  (p.  693),  whereby  a  permanent  image  of  the 
chemical  spectrum  was  obtained.  The  light  employed  was  the  electric  light  (obtained 
from  an  induction-coil  between  two  metallic  wires,  generally  of  fine  silver),  which  is 
peculiarly  rich  in  chemical  rays,  yielding  a  chemical  spectrum  equal  to  four  or  five 
times  the  length  of  the  visible  spectrum.  The  following  are  among  the  most  important 
results  obtained : 

1.  Colourless  solids  which  are  equally  transparent  to  the  risible  rays,  vary  greatly 
in  permeability  to  the  chemical  rays. — 2.  Bodies  which  are  photographicallly  transpa- 
rent in  the  solid  form,  preserve  their  transparency  in  the  liquid  and  gaseous  states. — 
3.  Colourless  transparent  solids  which  absorb  the  chemical  rays,  preserve  their 
absorptive  action  in  the  liquid  and  gaseous  states. — 4.  Pure  water  is  photographically 
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transparent,  so  that  many  compounds  which  cannot  bo  obtained  in  the  solid  form 
sufficiently  transparent  for  such  experiments,  may  be  subjected  to  trial  in  aqueous 
solution. 

The  following  tables  exhibit  the  photographic  transparency  of  a  few  of  the  various 
eolids,  liquids,  gases,  and  vapours  subjected  to  experiment : — 

PHOTOGRAPHIC  TRANSPARENCY  OR  DIACTINIC  POWER  OF 


Solids. 

Liquids,  0'75  in. 

Gases  and  Vapours. 

Rock-crystal 

74 

Water 

74 

Oxygen 

74 

Ice      ... 

74 

Alcohol 

63 

Nitrogen     . 

74 

Fluor-spar  . 

74 

Dutch  liquid 

36 

Hydrogen  . 

74 

Topaz 

65 

Chloroform 

26 

Carbonic  anhydride 

74 

Rock-salt     . 

63 

Benzene 

21 

Ethylene 

66 

Iceland  spar 

63 

Methylic  alcohol 

20 

Marsh-gas  . 

63 

Sulphate  of  magnesium 

62 

Amylic  alcohol  . 

20 

Hydrochloric  acid 

55 

Borax          . 

62 

Oxalic  ether 

19 

Coal-gas 

37 

Diamond     . 

62 

Glycerin     . 

18 

Benzene  vapour  . 

35 

Bromide  of  potassium 

48 

Ether 

16 

Hydrobromic  acid 

23 

Thin  glass  (0'009  in.) 

20 

Acetic  acid 

16 

Hydriodic  acid    . 

15 

Iodide  of  potassium 

18 

Oil  of  turpentine 

8 

Sulphurous  anhydride 

14 

Mica  (0-Q07  in.)  . 

16 

Sulphide  of  carbon 

6 

Sulphydric  acid  . 

14 

Nitrate  of  potassium 

16 

Trichloride  of  arsenic 

5 

Air,  O'l  in.  pressure 

74 

The  photographic  image  obtained  upon  the  collodion  plate  commenced  in  each  case 
at  the  same  point  of  the  spectrum,  corresponding  with  a  spot  a  little  more  refrangible 
than  the  line  Of.  Calling  the  line  H  100,  and  numbering  backwards  for  the  less 
refrangible  rays,  the  line  B  being  at  84,  the  commencement  of  the  photograph  in  each 
case  is  at  96'5,  and  the  extreme  limit  of  the  most  refrangible  rays  at  170'5. 

When  absorption  occurs,  it  is  almost  always  exerted  upon  the  most  refrangible  rays ;. 
but  in  the  case  of  the  coloured  gases  and  vapours,  chlorine,  bromine,  and  iodine, 
the  absorption  differs  from  the  general  rule,  and  is  by  no  means  proportional  to  the 
depth  of  colour.  A  column  of  chlorine,  with  its  yellowish-green  colour,  cuts  off  the 
rays  of  the  less  refrangible  extremity  through  fully  two-thirds  of  the  spectrum ;  the 
red  vapour  of  bromine  cuts  off  about  one-sixth  of  the  length  of  the  spectrum,  the 
absorbent  action  being  limited  to  the  less  refrangible  extremity,  whilst  the  deep  violet 
vapours  of  iodine  allow  the  less  refrangible  rays  to  pass  freely  for  the  first  fourth  of 
the  spectrum ;  then  a  considerable  absorption  occurs,  and  afterwards  a  feeble  renewal 
of  the  photographic  action  is  exhibited  towards  the  more  refrangible  end. 

Among  the  various  compounds  submitted  to  examination,  the  fluorides  were 
found  to  be  chemically  the  most  transparent;  then  follow  the  chlorides  of  the 
alkali-metals  and  alkaline  earth-metals;  the  bromides  are  less  diactinic, 
and  the  iodides  show  a  striking  diminution  in  this  respect.  The  group  most  remark- 
able for  its  absorptive  power  is  that  of  the  nitrates.  Nitric  acid,  whether  simply 
dissolved  in  water  or  combined  with  bases,  has  a  specific  power  in  arresting  the 
chemical  rays ;  the  less  refrangible  portion  it  transmits  freely,  but  intercepts  the 
spectrum  abruptly  at  the  same  points,  whatever  salt  be  employed,  provided  the  base 
be  diactinic.  The  chlorates  are  remarkably  diactinic. 

Glass,  even  in  very  thin  layers,  absorbs  the  whole  of  the  more  refrangible  chemical 
rays.  Hence  it  might  appear  that  lenses  of  quartz,  or  of  water  enclosed  in  quartz, 
would  be  far  superior  to  those  of  glass  for  the  use  of  the  photographer.  This,  however, 
is  not  the  case ;  for  glass  is  very  transparent  to  the  less  refrangible  portion  of  the 
chemical  rays,  extending  beyond  the  violet  end  of  the  visible  spectrum  to  a  distance  as 
much  beyond  the  line  H  as  the  red  end  of  the  spectrum  is  below  it ;  and  these  rays  are 
precisely  the  most  abundant  and  powerful  chemical  rays  in  the  solar  spectrum,  which 
contains  but  few  rays  of  refrangibility  much  beyond  this  point ;  whereas  in  the  elec- 
tric arc,  these  highly  ^  refrangible  rays  predominate. 

Diactinic  bases,  united  with  diactinic  acids,  usually  furnish  diactinic  salts ;  but  such 
a  result  is  not  uniform:  none  of  the  silicates  are  as  diactinic  as  silica  itself  in  the 
form  of  rock-crystal.  Again,  hydrogen  is  eminently  diactinic;  and  iodine-vapour, 
notwithstanding  its  deep  violet  colour,  is  also  largely  diactinic,  but  hydriodic  acid 
gas  is  greatly  inferior  to  either  of  them. 

Compounds,  as  such,  do  not  appear  to  act  more  energetically  as  absorbents  than 
simple  bodies. 

Stokes  (Phil.  Trans.  1862,  p.  606),  by  receiving  the  invisible  rays  upon  a  fluorescent 
Bcreen,  finds  that  the  vegetable  alkaloids  and  the  glucosides  arc,  almost  without 
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exception,  intensely  opaque  for  a  portion  of  the  invisible  rays,  absorbing  them  with  an 
energy  comparable,  for  the  most  part,  to  that  with  which  colouring  matters,  such  as 
indigo  or  madder,  absorb  the  visible  rays.  The  mode  of  absorption  is  also  generally 
highly  characteristic  of  each  compound,  and  frequently  very  different  in  the  same 
body,  according  as  it  is  examined  in  an  acid  or  an  alkaline  solution. 

The  quality  of  the  rays  reflected  from  polished  surfaces  varies  in  a  manner  which 
cannot  be  predicted  from  the  degree  of  luminosity  of  the  surface.  Gold  and  lead, 
though  not  the  most  brilliant  of  the  metals,  reflect  the  chemical  rays  more  uniformly 
tlran  the  brilliant  white  surfaces  of  silver  and  speculum-metal.  (Miller's  Elements 
of  Chemistry,  3rd  ed.  vol.  ii.  p.  899.) 

Influence  of  Light  upon  Plants. 

The  important  effects  produced  by  sun-light  on  living  plants  has  already  been 
noticed.  Many  experiments  have  been  made  for  the  purpose  of  determining  the  action 
which  the  different  portions  of  solar  light  effect  upon  plants  during  various  stages  of 
their  growth.  The  subject  is  an  extremely  complicated  one,  and  the  results  of  various 
Experimenters  differ  widely.  Thus,  for  instance,  whilst  Payer  concludes  that  the  violet 
rays  are  those  which  especially  determine  the  growth  of  the  plant,  Daubeny  and 
Draper  state,  as  the  result  of  their  experiments,  that  the  yellow,  or  most  luminous  rays, 
are  those  which  act  most  powerfully  in  decomposing  the  carbonic  acid  of  the  air, 
Mr.  Robert  Hunt  *  draws  the  following  conclusions  from  his  investigations  on  this 
subject : 

1.  The  luminous  rays  prevent  the  germination  of  seeds. 

2.  The  chemically  active  rays  quicken  germination. 

3.  Light  acts  to  effect  the  decomposition  of  carbonic  acid  by  the  growing  plant. 

4.  The  luminous  and  chemical  rays  are  essential  to  the  formation  of  the  colouring 
matter  of  leaves. 

5.  The  luminous  and  chemical  rays,  independent  of  the  calorific  rays,  prevent  tho 
development  of  the  reproductive  organs  of  plants. 

6.  The  heat-radiations  corresponding  with  the  extreme  red  rays  of  the  spectrum 
facilitate  the  flowering  of  plants  and  the  perfecting  of  their  reproductive  organs. 

Photography. 

The  first  well-authenticated  attempts  to  produce  pictures  by  means  of  the  chemical 
action  of  sun-light  were  made  by  Thomas  Wedgwood  and  Sir  H.  Davy  in 
the  year  1802 ;  f  but  it  would  appear  probable  from  recent  investigations  that  I>oul- 
ton  and  Watt  actually  obtained  sun-pictures  at  the  Soho  Works  so  early  as  the 
year  1799.  No  written  statement  of  the  method  employed  in  their  experiments  has, 
however,  as  yet  been  found,  and  we  must  therefore  still  give  to  the  former  experimenters 
the  credit  of  having  first  described  a  mode  of  obtaining  pictures  by  the  means  of  sun- 
light. The  method  adopted  by  Wedgwood  was  that  of  moistening  white  paper  or 
leather  with  a  solution  of  nitrate  of  silver.  By  this  means  he  copied  leaves  and  paintings 
on  glass,  and  took  profiles,  and  Davy  even  succeeded  in  obtaining  pictures  of  objects 
seen  in  the  solar  microscope ;  but  neither  of  these  chemists  was  able  to  prevent  the 
unshaded  portions  of  the  picture  from  being  coloured  by  exposure  to  diffused  light.  In 
the  year  1814  M.  Niepce  examined  the  action  of  light  on  certain  resinous  substances 
with  the  object  of  obtaining  an  unalterable  image  in  the  camera.  In  this  lie  succeeded 
to  a  certain  extent,  inasmuch  as  the  light  rendered  the  resin  insoluble  in  the  usual  sol- 
vents, so  that,  by  the  subsequent  action  of  an  acid  on  the  exposed  metallic  plate,  those 
parts  upon  which  the  light  had  not  fallen  were  etched.  In  1827  M.  Niepce  communicated 
an  account  of  his  experiments  to  the  Royal  Society,  and  in  the  same  year  he  informed 
M.  D  aguerre,  who  had  been  previously  but  unsuccsssfully  engaged  in  the  same  pursuit, 
of  the  particulars  of  his  process.  The  two  investigators  continued  their  researches  in 
common,  proposing  many  different  modes  of  producing  the  "  Heliographic  pictures,"  as 
they  were  termed,  without  great  success,  until  the  death  of  Niepce  in  1833.  Daguerre, 
continuing  his  experiments  after  this  event  with  the  son  of  Niepce,  was  fortunate 
enough  to  discover,  in  1839,  the  method  which  bears  his  name,  and  to  obtain  a  prize 
and  pension  offered  by  the  French  government  for  the  discovery  of  a  method  for  per- 
manently fixing  the  image  formed  in  the  camera.  The  process  of  Daguerre  consisted 
essentially  in  allowing  the  vapour  of  iodine  to  act  upon  a  plate  of  polished  silver,  which 
thus  becomes  coated  with  a  thin  film  of  iodide  of  silver;  the  plate  prepared  in  this  way 

*  See  Report  by  R  o  b  e  r  t  H  u  n  t  "  On  the  present  state  of  our  knowledge  qf  the  Chemical  Action  ojthe 
Solur  Radiation,'1  Brit.  Assoc.  Reports  for  1850. 
f  Journal  of  Royal  Institution,  June  1802. 
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was  next  exposed  to  light  in  the  camera,  so  arranged  that  the  image  of  the  object  to  be 
copied  fell  upon  the  iodised  surface,  which  thereby  undergoes  a  change,  not  however 
visible  on  withdrawing  the  plate  from  the  camera.  In  order  to  develop  the  latent 
image,  the  plate  was  exposed  to  the  action  of  the  vapour  of  mercury,  which  produces 
different  effects  on  various  parts  of  the  plate,  according  as  the  iodide  has  been  more  or 
less  altered  by  the  action  of  the  light.  The  undecomposed  iodide  was  then  dissolved 
by  placing  the  plate  in  a  strong  solution  of  hyposulphite  of  sodium,  and  the  picture  was 
thereby  permanently  fixed.  Since  Daguerre's  time,  this  process  has  undergone  con- 
siderable improvements ;  amongst  these,  we  may  mention  the  exposure  of  the  plate  to 
the  vapour  of  bromine,  by  which  the  sensitiveness  of  the  film  is  greatly  increased,  and 
the  reduction  of  metallic  gold  upon  the  surface  of  the  film  during  the  process  of  fixing, 
by  which  the  lights  and  shades  of  the  picture  are  rendered  more  effective.  For  the  details 
of  the  process,  as  now  practised,  we  must  refer  the  reader  to  photographic  text-books. 

The  nature  of  the  invisible  chemical  change  effected  by  the  light  on  the  iodo- 
bromide  of  silver  is  not  understood,  but  it  is  evidently  analogous  to  the  change 
produced  by  the  light  on  the  mixture  of  chlorine  and  hydrogen  before  combination 
ensues,  which  has  been  termed  photochemical  induction,  the  film  being  so  modified  aa 
to  render  it  susceptible  of  decomposition  when  brought  into  contact  with  the  vapour  of 
mercury.  The  amalgam  thus  produced  varies  in  thickness  according  to  the  in- 
tensity and  duration  of  the  action  of  the  light,  and  different  shades  are  therefore  seen, 
when  the  picture  is  viewed  by  reflected  light,  corresponding  to  the  lights  and  shades  of 
the  real  object. 

The  subject  of  the  production  of  sun-pictures  on  paper  attracted  but  little  attention 
from  the  time  of  Wedgwood  until  the  year  1839,  when  Mr.  Fox  Talbot  published 
his  plan  of  "  photogenic  drawing."  This  consisted  in  exposing  in  the  camera  a  paper 
soaked  in  a  weak  solution  of  common  salt,  and  afterwards  washed  over  with  a  strong 
solution  of  nitrate  of  silver ;  the  image  thus  obtained  was  a  negative  one,  the  light 
being  dark  and  the  shadows  light,  and  the  pictures  were  fixed  by  immersion  in  a  solu- 
tion of  common  salt. 

Many  improvements  have  been  made  in  this  process.  In  1841  Fox  Talbot  patented 
the  beautiful  process  known  as  the  "Talbotype  or  Calotype  process,"  in  which  the 
paper  is  coated  with  iodide  of  silver  by  dipping  it  first  in  nitrate  of  silver,  then  in 
iodide  of  potassium.  Paper  thus  prepared  is  not  sensitive  per  sc  to  the  action  of  light, 
but  may  be  rendered  so  by  washing  it  over  with  a  mixture  of  nitrate  of  silver  and 
gallic  or  acetic  acid.  If  it  be  exposed  to  the  camera  for  two  or  three  minutes,  it  does 
not  receive  a  visible  image  (unless  the  light  has  been  very  strong) ;  but  still  the  com- 
pound has  undergone  a  certain  change  by  the  influence  of  the  light :  for,  on  subse- 
quently washing  it  over  with  the  mixture  of  aceto-nitrate  of  silver  and  gallic  acid, 
and  gently  warming  it,  a  negative  image  comes  out  on  it  with  great  distinctness. 
This  image  is  fixed  by  washing  the  paper  with  hyposulphite  of  sodium,  which  removes 
the  whole  of  the  iodide  of  silver  not  acted  upon  by  the  light,  and  thus  protects  the 
picture  from  further  change  by  exposure  to  light.  The  negative  picture  thus  obtained 
is  rendered  transparent  by  placing  it  between  two  sheets  of  blotting-paper  saturated 
with  white  wax,  and  passing  a  moderately  heated  smoothing-iron  over  the  whole.  It 
may  then  be  used  for  printing  positive  pictures,  by  laying  it  on  a^ sheet  of  paper  prepared 
with  chloride  or  iodide  of  silver,  and  exposing  it  to  the  sun. 

A  most  important  step  in  the  progress  of  photography  is  the  substitution,  by  Mr. 
Archer,  of  a  transparent  film  of  iodised  collodion  spread  upon  glass  for  the  iodised 
paper  used  in  Talbot's  process,  to  receive  the  negative  image  in  the  camera. 
The  process  is  thus  rendered  so  much  more  certain  and  rapid,  and  the  positive  pic- 
tures obtained  by  transferring  the  negative  by  printing  on  paper  are  found  to  be  so 
much  sharper  in  outline,  than  when  the  transference  occurs  through  paper,  as  in  the 
Talbotype  process,  that  this  method  is  now  universally  employed.  In  this  process,  as 
in  that  of  the  Calotype,  the  image  produced  in  the  camera  is  a  latent  one,  and  requires 
development  with  substances  such  as  pyrogallic  acid,  or  protosulphate  of  iron,  which, 
having  a  tendency  to  absorb  oxygen,  induces,  in  presen.ce  of  nitrate  of  silver,  the  re- 
duction of  the  chloride  or  iodide  to  the  .metallic  state.  For  a  description  of  the  best 
apparatus  and  latest  processes  used  in  the  Collodion  method,  the  reader  may  consult 
Hardwich's  "Manual  of  Photographic  Chemistry." 

A  large  number  of  other  metallic  salts  besides  the  salts  of  silver  are  acted  upon  by 
light.  The  photochemical  relations  of  many  of  these  salts  have  been  specially  studied 
by  Sir  John  Herschel  (Phil.  Trans.  1840),  in  his  celebrated  Memoir  "On  the 
Chemical  Action  of  the  Eays  of  the  Solar  Spectrum ;"  and,  founded  upon  these  different 
actions,  a  number  of  methods  of  producing  pictures  have  been  described,  all  of  which  are 
of  secondary  interest.  For  a  full  description  of  these  methods,  we  may  refer  the  reader 
to  Hunt's  "  Researches  on  Light." 
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Nature  of  the  Chemical  Change  effected  "by  Light  on  Silver  Salts. — Although  the  exact 
chemical  decomposition  effected  by  light  on  the  chloride,  bromide,  and  iodide  of  silver 
has  long  been  a  subject  of  experimental  discussion,  still  much  remains  to  be  learnt 
concerning  the  composition  of  the  photographic  image.  The  general  result  of  investiga- 
tions upon  this  subject  may  be  stated  to  be  that,  in  the  first  place,  a  sub-salt  of  silver 
of  a  grey  or  violet  colour  is  formed,  whilst  by  a  further  action  of  the  light  the  silver  is 
probably  reduced  to  the  metallic  state.  It  appears,  however,*  most  difficult  to  prepare 
the  sub-salts  of  silver  in  a  pure  state,  either  by  the  action  of  light,  or  by  other  chemical 
methods,  the  evidence  of  the  presence  of  such  a  salt  in  the  violet-coloured  chloride 
depending  upon  the  well-known  fact  that  this  substance  is  unacted  upon  by  nitric 
acid,  but  decomposed  by  ammonia  into  chloride  and  metal.  The  recent  experiments  of 
Vo  gel  (Pogg.  Ann.  cxvi.  497)  confirm  this  result,  as  he  shows  that  when  pure  and  dry 
chloride  and  bromide  of  silver  are  insolated,  chlorine  and  bromine  are  liberated,  and 
a  substance  insoluble  in  nitric  acid,  in  each  case,  produced :  he  was  unable  to  detect 
free  iodine  when  pure  iodide  of  silver  is  exposed  to  light,  and  hence  he  concludes  that 
this  salt  is  not  decomposed  by  light.  Vogel  has  likewise  observed  that  the  results 
obtained  when  the  above-mentioned  salts  are  prepared  with  an  excess  of  silver-salt, 
instead  of  an  excess  of  the  precipitant,  are  somewhat  different :  thus,  whilst  the  iodide 
prepared  with  excess  of  iodide  of  potassium  shows  no  change  of  colour,  that  prepared 
with  excess  of  silver  becomes  decidedly  grey  on  exposure  to  light. 

A  singular  effect  produced  by  the  red  rays  upon  a  blackened  silvered  paper  was 
observed  long  ago  by  B,  i  1 1  e  r,  and  confirmed  by  H  e  r  s  c  h  e  1.  If  prepared  paper  soaked  in 
nitrate  of  silver  solution  be  blackened  by  exposure  to  light,  and  then  submitted  to  the 
action  of  the  solar  spectrum,  those  portions  upon  which  the  violet  rays  fall  become 
darker,  whilst  those  exposed  to  the  red  rays  become  lighter,  and  assume  a  brick-red 
colour ;  hence  it  would  appear  that  the  least  refrangible  rays  exert  opposite  actions 
upon  the  sensitive  silver-salts.  Claudethas  also  shown  (Phil.  Trans.  1847)  that  ex- 
posure to  the  red  rays  neutralises  the  effect  previously  produced  on  a  sensitised 
daguerreotype  plate  by  white  light. 

We  are  as  yet  quite  unacquainted  with  the  essential  nature  of  the  change  brought 
about  by  the  action  of  light.  Thus,  we  do  not  know  whether,  in  the  blackening  of 
chloride  of  silver,  the  light  used  up  in  the  decomposition  is  equivalent  to  the  work 
done,  as  in  the  case  of  the  decomposition  of  water  by  the  galvanic  current  where  the 
force  needed  to  separate  the  molecules  of  oxygen  and  hydrogen  is  as  large  as  that 
evolved  by  the  combinations  of  the  gases ;  or,  whether  the  chemical  actions  of  light  re- 
semble that  sudden  splitting  up  which  occurs  in  certain  compounds  (the  chloride 
of  nitrogen,  for  example)  where  they  are  placed  in  circumstances  under  which  they 
can  no  longer  exist,  and  where  the  force  establishing  the  change  bears  no  equivalent  rela- 
tion to  the  forces  developed  in  the  resulting  decomposition. 

Chrom  o-p  ho  tog  raphy. — Many  attempts  have  been  made  to  reproduce  in  the  photo- 
graph the  colours  of  natural  bodies ;  and  although  these  attempts  have  not  succeeded 
to  the  full  extent  of  fixing  the  coloured  picture,  yet  a  certain  degree  of  progress  in  the 
production  of  tinted  images  has  been  made.  Thus,  for  instance,  Becquerel  (Ann. 
Ch.  Phys.  [3]  xlii.  81)  has  described  a  method  by  which  a  coloured  image  of  the  solat 
spectrum  can  be  prepared,  as  well  as  representations  of  the  coloured  rings  formed  in 
crystals  by  polarised  light.  In  order  to  obtain  these  coloured  images,  a  polished  plate 
of  silver  is  immersed  in  dilute  hydrochloric  acid,  and  a  film  of  sub-chloride  formed 
upon  the  silver  by  allowing  the  plate  to  form  the  positive  electrode  of  a  Bunseu's  bat- 
tery. The  plate  thus  prepared  becomes  variously  tinted  when  exposed  to  the  solar 
spectrum,  some  of  the  rays  being  reproduced  with  their  distinctive  colours,  whilst 
others  either  produce  no  effect  or  give  rise  to  tints  differing  from  their  own.  Other 
experimenters,  especially  Niepce  de  St.  Victor  and  Campbell,  have  obtained 
somewhat  analogous  results  ;  but,  as  yet,  the  coloured  images  produced  by  these  and 
similar  processes  have  resisted  all  attempts  to  render  them  permanent. 

Photographic  Engraving,  Lithography,  and  G-alvanography. — The 
original  photographic  process  proposed  in  1827  by  Niepce  has  been  lately  modified 
by  M.  Niepce  de  St.  Victor,  for  the  production  of  photographic  engraving  on  steel. 
A  plate  of  steel  is  covered  with  a  layer  of  prepared  bitumen,  and  being  placed  under  an 
ordinary  positive  photograph,  is  exposed  to  light;  on  treating  the  bitumen  with  naphtha 
and  benzol,  those  portions  which  have  not  been  insolated  dissolve,  leaving  the  steel 
plate  exposed  for  the  subsequent  action  of  acid.  The  plate  thus  prepared  is  then  sub- 
mitted to  the  usual  processes  employed  in  aqua-tint  engraving.  A  somewhat  similar 
process  was  patented  by  Mr.  Fox  Talbot,  in  1858,  for  etching  by  chemical  means 
a  positive  photograph  on  a  copper  plate.  This  method  has  recently  been  modified 

*  See  Report  on  the  Nature  of  the  Photographic  Image,  Brit.  Assoc.  Reports,  1859,  p.  106. 
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and  applied  independently  by  Sir  H.  James  and  Mr.  Os  borne  of  Melbourne,  to  the 
production  of  lithographs  and  zincographs  from  photographs.  Mr.  Osborne's  process 
consists  in  coating  a  sheet  of  paper  with  a  solution  of  acid  chromate  of  potassium  in 
gelatin,  and  exposing  the  prepared  paper  to  light  by  placing  a  negative  photograph 
over  it.  After  a  few  minutes'  exposure,  the  paper  is  placed  in  water  ;  the  unchanged 
portions  are  then  easily  washed  away,  and  those  parts  which  have  been  acted  upon  by  the 
light  remain.  This  picture  is  then  coated  with  lithographic  ink,  and  transferred  to  the 
lithographic  stone  by  pressure  ;  the  prints,  obtained  by  transfer  in  the  usual  way,  are 
remarkably  sharp  and  delicate. 

A  process  of  photogalvanography,  founded  on  the  decomposition  of  gelatin  and 
acid  chromate  of  potassium,  has  likewise  been  proposed.  The  action  of  light  on  this 
mixture  produces  a  change  in  the  gelatin,  rendered  evident  on  immersing  the  plate  in 
water,  by  a  difference  of  level  of  the  various  parts.  A  mould  of  this  raised  picture  is 
then  taken  in  gutta  percha,  and  a  copper  plate  is  made  from  the  gutta-percha  mould 
by  the  electrotype  process  ;  this  plate  is  again  copied  by  electrolysis,  and  from  this 
second  copper  plate  the  prints  are  struck  off.  This  process  gives  the  means  of 
making  an  infinite  number  of  multiplications  of  the  same  subject,  but  the  impressions 
obtained  are  not  very  distinct.  H.  E.  E. 

LIGNIN.     Syn.  with  CELLULOSE  (i.  818). 

LIGNITE.     See  COAL  (i.  1032)  and  FUEL  (ii.  721). 

LIGNOIN.  C28H23N08.—  A  brown  substance  obtained  by  Keichel  (Ueber 
Chinarinde  und  deren  chemische  Bestandtheile,  Leipzig,  1856)  from  old  Huanoco  cin- 
chona-bark, and  further  examined  by  Hesse  (Ann.  Ch.  Pharm.  cix.  341).  It  is  very 
soluble  in  alkaline  carbonates  ;  the  solution  does  not  absorb  oxygen  from  the  air  at 
common  temperatures.  The  brown  substance,  boiled  with  caustic  potash,  gives  off 
ammonia  ;  and  the  substance  then  remaining  in  solution  appears  to  have  the  composi- 
tion C20H2008,  agreeing  with  quinova-red  and  phlobaphene,  and  resembling  a  substance 
obtained  by  Reichel  from  red  cinchona-bark.  Hesse  is  of  opinion  that  a  brown  humus- 
like  substance,  having  also  the  composition  C20H2008,  and  essentially  different  from 
Schwartz's  cinchona-red  (i.  969),  is  deposited  in  the  barks  of  cinchona  and  other  allied 
species. 

LIGNONE  or  XYIiITE.  These  names  were  applied  to  a  volatile  liquid  of  vari- 
able composition,  and  boiling  at  about  60°,  obtained  from  crude  wood-spirit  by  treatment 
with  chloride  of  calcium,  and  subsequent  rectification.  Volckel  (Pogg.  Ann.  Ixxxiii. 
272,  557)  assigned  to  it  the  composition  CaH1202;  but  the  analyses  made  of  it  by  other 
chemists,  viz.  Weidemann  and  Schweizer,  Liebig,  Kane,  andL.  Grmelin,  exhibit 
great  discrepancies  (the  percentage  of  carbon  differing  by  about  10  per  cent.),  and  Dancer 
(Chem.  Soc.  J.  xvii.  222),  by  a  more  careful  investigation  of  crude  wood-spirit,  has 
shown  that  it  is  a  mixture,  in  variable  proportions,  of  methylic  alcohol,  acetone,  acetate 

of  methyl,  and  dimethyl-acetal,  C4H1002  =    /3\202,  and  that  the  supposed  lignone 


or  xylite  has  no  existence.     (See  METHYL-ACETAL  and  METHYL-  ALCOHOL.) 
XilGUIilN.     See  LIGUSTBUM. 

IiIGITRlTE.    A  mineral  having  the  angles  and  character  of  sphene  (Dufrenoy), 
found  in  a  talcose  rock  in  the  Apennines. 
LIGUSTRIN.     See  the  next  article. 

IiIGUSTRUIVE  VUXiGARE.  Privet.  —  The  ripe  berries  of  this  plant  contain, 
according  to  Nickles  (J.  Pharm.  [3]  xxxv.  328),  a  crimson  colouring  matter,  ligulin, 
soluble  in  water  and  in  alcohol,  either  pure  or  etherised,  but  insoluble  in  ether.  It  does 
not  contain  nitrogen,  is  not  decomposed  by  48  hours'  boiling  with  pure  water,  is  coloured 
green  by  alkalis  (Nickles  recommends  this  reaction  for  detecting  acid  carbonate  of 
calcium  in  water),  and  reddened  again  by  acids.  It  has  not  been  obtained  pure. 

The  leaves  of  privet  yield,  according  to  Pol  ex  (Arch.  Pharm.  [2]  xvii.  75),  a 
yellow,  hygroscopic,  bitter  extract,  called  ligustrin,  insoluble  in  ether  and  in  abso- 
lute alcohol,  but  soluble  in  water  and  in  dilute  alcohol,  forming  solutions  which  do  not 
give  distinct  reactions  with  any  metallic  salts.  Strong  sulphuric  acid  gives,  with  ligus- 
trin, a  deep  indigo-blue  colour,  changing  on  dilution  to  a  cornflower-blue  or  violet. 

The  leaves  and  bark  of  privet  contain  mannite.  (Polex,  loc.  cit.  Kromayer, 
ibid.  ci.  281.) 

XiXXiXiITE.  A  silicate  of  iron  from  Przibram  in  Bohemia,  having  the  appearance 
of  green  earth  or  glauconite,  and  probably  a  product  of  the  decomposition  of  iron 
pyrites.  It  is  a  dull,  amorphous,  earthy  substance  of  blackish-green  colour,  and  in  fine 
powder,  appearing  translucent  with  leek-green  colour  under  the  microscope.  Hardness 
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—  about  2.  Specific  gravity  =  3-043.  A  specimen,  as  pure  as  could  be  obtained  (it  is 
often  mixed  with  iron  pyrites  and  ferric  hydrate),  gave,  by  analysis,  32*48  silica,  51'52  iron 
and  oxygen,  and  10'20  water  ( =94*20.  including  1-96  carbonate  of  calcium,  and  0*63  iron 
pyrites),  agreeing  approximately  with  the  formula  (2Fe0.3Si02.H1!0).(lV)TlH204. 

X.HVKACXJT.  A  substance  obtained  byBraconnot  (Ann.  Ch.  Phys.  [3]  x.  319) 
from  the  garden-snail  (Limax  agrcstis).  When  dry  it  forms  a  white  earthy  mass,  easily 
crumbled  between  the  fingers.  It  is  somewhat  soluble  in  cold,  more  soluble  in  boiling 
water,  soluble  in  boiling  alcohol,  in  concentrated  hydrochloric  acid,  and  easily  in  alka- 
line liquors.  The  solution  in  cold  water  is  precipitated  by  tannic  acid,  corrosive  sub- 
limate, neutral  lead-acetate,  ferrous  sulphate,  and  the  acetates  of  copper  and  manganese, 
but  not  by  oxalate  of  ammonium.  By  dry  distillation  it  yields  carbonate  of  ammo- 
nium, and  leaves  charcoal  with  a  small  quantity  of  alkaline  ash. 

X.ZIVXAX.  According  to  A.  Vogel  and  C.  Keischauer  (N.  Jahrb.  Pharm.ix.  179), 
many  coloured  snails  of  the  genus  Limax  contain  a  colouring  matter  which  appears 
violet  in  dilute  acid  solution,  brown  or  black  in  more  concentrated  solution.  It  is 
obtained  by  macerating  the  animals,  freed  from  their  viscera,  with  dilute  nitric  acid, 
and  precipitating  the  solution  with  ammonia.  The  brown  or  black  iridescent  precipi- 
tate is  insoluble  in  water  and  in  alcohol.  The  nitric  acid  solution  gradually  assumes 
a  crimson  colour,  then  becomes  colourless.  The  colouring  matter,  when  ignited,  leaves 
a  large  quantity  of  phosphate  of  calcium. 

LIMBELITE.     Syn.  with  CHBYSOLITE  (i.  958). 

LIIVEE.     Oxide  of  calcium  (see  CALCIUM,  i.  718). 

LIME,  CHLORIDE  OF.  See  CHLORINE  (i.  904,  908)  and  HYTOCHLOBITES 
(iii.  237). 

LIIVIE,  OIXi  OP.  C10H16. — The  volatile  oil  of  Citrus  Limetta,  obtained  by  distil- 
ling the  torn  and  pressed  rinds  with  water  (i.  1003). 

tlME-FLOWER,  OIL  OF.  A  volatile  oil,  obtained  from  the  flowers  of  Tilia 
europcea,  by  distillation  with  water  (Brossat,  J.  Pharm.  vi.  396),  or  by  exhaustion 
with  ether  in  a  percolator.  The  amount  does  not  exceed  O'l  per  cent.  It  is  lighter 
than  water,  very  volatile,  and  has  a  strong  odour  of  lime-flowers.  (Gm.  xiv.  378.) 

LIMESTONE.  The  generic  name  of  all  rocks  having  carbonate  of  calcium  for 
their  principal  constituent.  The  principal  accessory  constituents  are  as  follows : — 
1.  Silica  and  alumina.  The  former  occurs  in  crystalline  limestones,  sometimes  as 
crystalline  quartz ;  in  compact  limestones,  sometimes  as  sand  in  small  quantity ;  most 
frequently  combined  with  alumina,  in  the  form  of  clay.  Nearly  all  limestones  contain 
small  quantities  of  clay,  and  in  some  the  quantity  amounts  to  several  units  per  cent., 
the  limestone  then  passing  into  marl.  Limestones  also  occur  containing  silicate  of 
calcium,  as  at  Gjellebak  in  South  Norway. — 2.  Iron :  sometimes  as  ferric  oxide,  some- 
times as  ferrous  carbonate ;  generally  only  in  small  quantities  and  traces. — 3.  Manga- 
nese :  either  as  manganic  oxide  or  as  manganous  carbonate.  In  'still  smaller  quantity 
than  the  iron,  and  often  absent  altogether. — 4.  Magnesia,  as  carbonate:  a  very  frequent 
accessory  constituent  of  limestones,  but  in  true  limestones  not  exceeding  0'5  to  1-0 
per  cent.  -When  the  proportion  is  larger,  the  limestone  passes  into  dolomitic  lime- 
stone and  dolomite. — 5.  Phosphoric  acid :  appears  to  occur  only  occasionally,  and  in 
very  inconsiderable  quantity,  no  limestone  having  yet  been  found  to  contain  more 

than  0'2  per  cent,  of  it 6.  Alkalis,  namely  potash  and  soda,  have  been  found  in  a 

considerable  number  of  limestones  by  Schramm  (J.  pr.  Chem.  xlvii.  440)  and 
Fehling  (ibid.  446).  Schramm  found  from  O'l  to  0'3  per  cent,  alkali,  for  the  -most 
part  as  carbonate,  in  smaller  quantity  as  chloride.  Fehling  obtained  from  aluminous 
limestones  about  3  per  cent,  alkaline  carbonate.  •  According  to  Schramm,  soda  always 
occurs  in  larger  quantity  than  potash,  about  in  the  ratio  of  2  at.  soda  to  1  at.  potash. — 
7.  Organic  (bituminous)  matter,  probably  in  all  limestones,  excepting  a  few  crystal- 
line ones ;  sometimes  in  mere  traces,  sometimes  in  more  considerable  quantities.  In 
anthraconite,  stinkstone,  and  bituminous  limestone,  the  presence  of  organic  matter  is 
very  conspicuous. 

The  following  enumeration  of  the  sub-species  and  varieties  of  limestone  is  taken 
from  Ure's  Dictionary  of  Chemistry,  and  originally  from  Jameson's  Mineralogy : 

1.  Foliated  limestone;  of  which  there  are  two  kinds — calcspar,  and  foliated 
granular  limestone.  The  first  will  be  found  in  its  alphabetical  place  in  this  Dictionary. 

Granular  foliated  limestone. — Colour  white,  of  various  shades,  sometimes  spotted; 
massive,  and  in  distinct  angulo-granular  concretions ;  lustre  glistening,  between 
pearly  and  vitreous ;  fracture  foliated  ;  translucent ;  hard  as  calcspar ;  brittle ;  specific 
gravity  (of  Carrara  marble)  2'717.  It  generally  phosphoresces  when  pounded,  or  when 
thrown  on  glowing  coals ;  infusible ;  effervesces  with  acids.  It  is  a  pure  carbonate  of 
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calcium.  Occurs  in  beds  in  granite,  gneiss,  &c.,  and  rarely  in  secondary  rocks ;  it  is 
found  in  all  the  great  ranges  of  primitive  rocks  in  Europe,  and  affords  the  finest  marbles. 
Parian  marble,  Pentelic  marble,  the  Marmo  Greco,  the  white  marble  of  Luni,  of  Car- 
rara and  of  Mount  Hymettus,  the  translucent  white  marble  of  statuaries,  and  flexible 
white  marble,  are  the  chief  of  the  white  marbles  which  the  ancients  used  for  sculpture 
and  architecture.  The  red  antique  marble*,  Rosso  antico  of  the  Italians,  and  Egyptian 
of  the  ancients ;  the  Verde  antico,  an  indeterminate  mixture  Of  white  marble  and  green 
serpentine ;  yellow  antique  marble ;  the  antique  Cipolin  marble,  marked  with  green- 
coloured  zones,  caused  by  talc  or  chlorite ;  and  African  breccia  marble,  are  the  prin- 
cipal coloured  marbles  of  the  ancients.  The  Scottish  marbles  are — the  red  and  white 
Tiree,  the  former  of  which  contains  hornblende,  sahlite,  mica,  and  green  earth ;  the 
lona  marble,  harder  than  most  others,  consisting  of  limestone  and  tremolite,  or  occa- 
sionally a  dolomite ;  the  Skye  marble  ;  the  Assynt  in  Sutherland,  introduced  into  com- 
merce by  Mr.  Joplin,  of  Gateshead :  it  is  white  and  grey,  of  various  shades.  The 
Glentilt  marble ;  the  Balachulish ;  the  Boyne ;  the  Blairgowrie ;  and  the  Glenavon. 
Hitherto,  but  few  marbles  of  granular  foliated  limestone  have  been  quarried  in  England. 
The  Mono,  marble  is  not  unlike  Verde  antico.  The  black  marbles  of  Ireland,  now  so 
generally  used  by  architects,  are  lucullites.  The  Toreen,  in  the  county  of  Waterford, 
is  a  fine  variegated  sort ;  and  a  grey  marble,  beautifully  clouded  with  white,  has  been 
found  near  Kilcrump,  in  the  same  county.  At  Loughlougher,  in  Tipperary,  a  fine 
purple  marble  is  found.  The  county  of  Kerry  affords  several  variegated  marbles.  Of 
the  Continental  marbles,  a  copious  account  is  given  by  Professor  Jameson,  Mineralogy ', 
vol.  ii.  p.  502. 

2.  Compact  limestone;  of  which  there  are  three  kinds — common  compact  lime- 
stone, blue  Vesuvian  limestone,  and  roestone. 

a.  Common  compact  limestone  has  usually  a  grey  colour,  with  coloured  delineations. 
Massive,  corroded,  and  in  various  extraneous  shapes ;  dull ;  fracture  fine  splintery ; 
translucent  on  the  edges ;   softer  than  the  preceding  sub-species ;   easily  frangible ; 
streak  greyish-white ;  specific  gravity  2'6  to  27.     It  effervesces  with  acids,  and  burns 
into  quicklime.     It  is  a  carbonate  of  calcium,  with  variable  and  generally  minute  pro- 
portions of  silica,  alumina,  iron,  magnesia,  and  manganese.     It  occurs  principally  in 
secondary  formations,  along  with  sandstone,  gypsum,  and  coal.     Many  animal  petri- 
factions, and  some  vegetable,  are  found  in  it.    It  is  rich  in  ores  of  lead  and  zinc,  the 
English  mines  of  the  former  metal  being  situated  in  limestone.    When  it  is  so  hard  as 
to  take  a  polish,  it  is  worked  as  a  marble,  under  the  name  of  shell,  or  lumaccella 
marble.     It  abounds  in  the  sandstone  and  coal  formations,  both  in  Scotland  and'Eng- 
land ;  and  in  Ireland  it  is  a  very  abundant  mineral  in  all  the  districts  where  clay-slate 
and  red  sandstone  occur.     The  Florentine  marble,  or  ruin  marble,  is  a  compact  lime- 
stone.    Seen  at  a  distance,  slabs  of  this  stone  resemble  drawings  done  in  bistre. 

b.  Blue   Vesuvian  Limestone.     Colour  dark  bluish-grey,  partly  veined  with  white ; 
rolled  and  uneven  on  the  surface ;  fracture  fine  earthy ;  opaque  ;  streak  white ;  semi- 
hard  in  a  low  degree  ;  feels  heavy.     Its  constituents  are,  lime  58,  carbonic  acid  28 '5, 
water  somewhat  ammoniacal  11,  magnesia  0P5,  oxide  of  iron  0*25,  carbon  0*25,  and 
silica  T25  (Klaproth).      It   is  found   in  loose  masses  among  unaltered  ejected 
minerals,  in  the  neighbourhood  of  Vesuvius.    In  mosaic  work,  it  is  used  for  represent- 
ing the  sky. 

c.  Roestone.     Colours  brown  and  grey ;  massive,  and  in  distinct  concretions,  which 
are  round  granular ;  dull ;  opaque  ;  fracture  of  the  mass  round  granular ;  approaching 
to  soft ;  brittle ;  specific  gravity,  2'6  to  2-68.   It  dissolves  with  effervescence  in  acids.   It 
occurs  along  with  red  sandstone  and  lias  limestone.  In  England  this  rock  is  called  Bath- 
stone,  Ketton-stone,  Portland-stone,  and  Oolite.   It  extends,  with  but  little  interruption, 
from  Somersetshire   to  the  banks  of  the  Humber  in  Lincolnshire.      It  is  used  in 
architecture,  but  is  porous,  and  apt  to  moulder  away,  as  is  seen  in  the  ornamented  work 
of  the  chapel  of  Henry  VII. 

3.  Chalk,  already  described  (i.  845). 

4.  Agaric  mineral,  or  Eock-milk.     Colour  white;  in  crusts  or  tuberose  pieces  ; 
dull ;  composed  of  fine  dusty  particles  ;  soils  strongly;  feels  meagre ;  adheres  slightly  to 
the  tongue ;  light,  almost  supernatant.     It  dissolves  in  hydrochloric  acid  with  effer- 
vescence, being  a  pure  carbonate  of  calcium.     It  is  found  on  the  north  side  of  Oxford, 
between  the  Isis  and  the  Cherwell,  and  near  Chipping  Norton:  as  also  in  the  fissures 
of  limestone  caves  on  the  Continent.     It  is  formed  by  the  attrition  of  water  on  lime- 
stone rocks, 

5.  Fibrous  limestone,  of  which  there  are  two  kinds — satin-spar,  or  the  common 
fibrous ;  and  fibrous  calc-sinter.    Satin-spar.     White  of  various  shades ;  massive,  and 
in  distinct  fibrous  concretions ;  lustre  glistening  and  pearly ;   fragments  splintery ; 
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feebly  translucent ;  as  hard  as  calcareous  spar  ;  easily  frangible ;  specific  gravity  2'7. 
Its  constituents  are,  lime  50-8,  carbonic  acid,  47'6  ?  Stromeyer  says  it  contains  small 
quantities  of  gypsum.  It  occurs  in  thin  layers  in  clay-slate  at  Alston  Moor  in  Cum- 
berland ;  in  layers  and  veins  in  the  middle  district  of  Scotland,  as  in  Fifeshire.  It  is 
sometimes  cut  into  necklaces,  &c. 

Fibrous  calc-sintcr.  Used  as  marble;  the  ancients  formed  it  into  unguent  vases, 
the  alabaster-box  of  Scripture.  See  CALC-SINTEB  (i.  720). 

6.  Tufaceous  limestone,  or  Calc-tuff.   Colour  grey ;  massive,  and  in  imitative 
shapes ;  enclosing  leaves,  bones,  shells,  &c. ;  dull ;  fracture  fine-grained  uneven ;  opaque ; 
soft;   feels  rough;   brittle.     It  is  pure  carbonate  of  calcium.     It   occurs  in    beds, 
generally  in  the  neighbourhood  of  rivers;  near  Starly-burn  in  Fifeshire,  and  other 
places.     Used  for  lime. 

7.  Pisiform  limestone,  or  Peastone.     Colour  yellowish-white ;  massive,  and 
in  distinct  concretions,  which  are  round  granular,  composed  of  others  which  are  very 
thin  and  concentric  lamellar.     In  the  centre  there  is  a  bubble  of  air,  a  grain  of  sand,  or 
of  some  mineral  matter ;  dull ;  fracture  even ;  opaque ;  soft ;  brittle ;  specific  gravity 
2-532.     It  is  carbonate  of  calcium.    It  is  found  in  great  masses  in  the  vicinity  of 
Carlsbad  in  Bohemia. 

8.  Slate-spar;  Schieferspath.     Colour  white  of  various  shades  ;  massive,  and  in 
distinct  curved  lamellar  concretions  ;  lustre  glistening  and  pearly  ;  feebly  translucent ; 
soft;  between  sectile  and  brittle ;  feels  rather  greasy;  specific  gravity  2-63.     Its  consti- 
tuents are,  carbonate  of  calcium,  with  three  per  cent,  of  oxide  of  manganese.   It  occurs 
in  primitive  limestone,  in  metalliferous  beds,  and  in  veins.     It  is  found  in  Glentilt ; 
in  Assynt ;  in  Cornwall ;  and  near  Granard  in  Ireland. 

9.  Aphrite  (i.  349). 

10.  Lucullite;of  which  there  are  three  kinds — compact,  prismatic,  and  foliated. 

a.  Compact  lucullite  is  subdivided  into  common  or  black  marble  ;  and  stinkstone. 

o.  The  common  compact.  Colour  greyish-black ;  massive  ;  glimmering ;  fracture  fine- 
grained, uneven ;  opaque ;  semi-hard  ;  streak  dark  ash-grey ;  brittle ;  specific  gravity  3. 
When  two  pieces  are  rubbed  together,  a  fetid  urinous  odour  is  exhaled,  which  is  in- 
creased by  breathing  on  them.  It  burns  white,  but  forms  a  black-coloured  mass  with 
sulphuric  acid.  Its  constituents  are,  lime  53*38,  carbonic  acid  41*5,  carbon  0'75,  mag- 
nesia and  oxide  of  manganese  0'12,  oxide  of  iron  0'25,  silica  T13,  sulphur  0*25, 
chloride  and  sulphate  of  potassium  with  water  2'62  (John).  It  is  said  to  occur  in  beds 
in  primitive  and  older  secondary  rocks.  Hills  of  this  mineral  occur  in  the  district  of 
Assynt  in  Sutherland.  Varieties  of  it  are  met  with  in  Derbyshire  ;  at  Kilkenny ;  in 
the  counties  of  Cork  and  Galway.  It  is  the  Nero  antico  of  the  Italians. 

$.  Stinkstone  or  Swinestone.  Colour  white  of  many  shades,  cream-yellow,  grey, 
black,  and  brown ;  massive,  disseminated,  and  in  distinct  granular  concretions  ;  dull ; 
fracture  splintery ;  opaque ;  semi- hard ;  streak  greyish- white ;  emits  a  fetid  odour  on 
friction  ;  brittle  ;  specific  gravity  27.  The  same  chemical  characters  as  the  preceding. 
Its  constituents  are,  88  carbonate  of  calcium,  4'13  silica,  3'1  alumina,  T47  oxide  of 
iron,  0*58  oxide  of  manganese,  0'30  carbon,  0-58  lime  ;  sulphur,  alkali,  salt,  water,  2*20 
(John).  It  occurs  in  beds,  in  secondary  limestone,  alternating  occasionally  with 
secondary  gypsum  and  beds  of  clay.  It  is  found  in  the  vicinity  of  North  Berwick, 
resting  on  red  sandstone,  and  in  the  parish  of  Kirbean  in  Galloway.  It  is  employed 
for  burning  into  lime. 

b.  Prismatic  lucullite.     Colours  black,  grey,  and  brown ;  massive,  in  balls,  and  in 
distinct  concretions;   external  surface  sometimes  streaked,  internal  lustre  shining; 
cleavage  threefold;  translucent  on  the  edges ;  semi-hard;  streak  grey;  brittle;  when 
rubbed  it  emits  a  strongly  fetid  urinous  smell ;  specific  gravity  2*67.   When  its  powder 
is  boiled  in  water,  it  gives  out  a  transient  hepatic  odour.     The  water  becomes  slightly 
alkaline.     It  dissolves  with  effervescence  in  hydrochloric  acid,  leaving  a  charcoaly  re- 
siduum.    Its  constituents  resemble  those  of  the  preceding.     It  occurs  in  balls,  in 
brown  dolomite,  at  Building-hill  near  Sunderland.     It  was  at  one  time  called  madre- 
porite. 

c.  Foliated  or  sparry  lucullite.   Colours  white,  grey,  and  black ;  massive ;  disseminated 
and  crystallised  in  acute  six-sided  pyramids ;  internal  lustre  glimmering ;  fragments 
rhomboidal ;    translucent ;    semi-hard ;  brittle ;  emits  on  friction  a  urinous    smell ; 
specific  gravity  2'65.     In  other  respects  similar  to  the  preceding.     It  is  found  in  veins 
at  Andreasberg  in  the  Hartz. 

11.  Marl ;  of  which  there  are  two  kinds,  earthy  and  compact.     Earthy  marl  has  a 
?rey  colour ;  consists  of  fine  dusty  particles,  feebly  cohering ;  dull ;  soils  slightly ;  is 
fight ;  effervesces  with  acids ;  and  emits  a  urinous  smell  when  first  dug  up.     Its 
constituents  are,  carbonate  of  calcium,  with  a  little  alumina,  silica,  and  bitumen.  It  occurs 
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in  beds  in  the  secondary  limestone  and  gypsum  formations  in  Thuringia  and  Mansfeld. 
Compact  marl  has  a  grey  colour  ;  is  massive,  vesicular,  or  in  flattened  balls  ;  contains 
petrifactions  ;  dull  ;  fracture  earthy,  but  in  the  large  masses  slaty  ;  yields  to  the  nail  ; 
opaque  ;  streak  greyish-  white  ;  brittle  ;  feels  meagre  ;  specific  gravity  2  '4.  It  intu- 
mesces  before  the  blowpipe,  and  melts  into  a  greenish-black  slag.  It  effervesces  with 
acids.  Its  constituents  are,  carbonate  of  calcium  50,  silica  12,  alumina  32,  iron  and 
oxide  of  manganese  2  (Kir  wan).  It  occurs  in  beds  in  the  secondary  floetz  limestone. 
It  is  frequent  in  the  coal-formations  of  Scotland  and  England. 

12.  Bituminous  marl-slate.  Colour  greyish-black  ;  massive,  and  frequently  with 
impressions  of  fishes  and  plants  ;  lustre  glistening  ;  fracture  slaty  ;  opaque  ;  shining 
streak  ;  soft  ;  sectile  ;  frangible  ;  specific  gravity  2'66.  It  is  said  to  be  carbonate  of 
calcium,  with  albumin,  iron,  and  bitumen.  It  occurs  in  floetz  limestone.  It  frequently 
contains  cupreous  minerals,  petrified  fishes,  and  fossil  remains  of  cryptogamous  plants. 
It  abounds  in  the  Hartz.  (Jameson.) 

LIMETTIC  ACID.  CUH806  (H.  Vohl,  N.  Ber.  Arch.  Ixxiv.  16).—  An  acid 
produced,  together  with  formic  and  acetic  acids,  by  treating  oil  of  lime,  or  oil  of  rose- 
mary, with  acid  chromate  of  potassium  and  sulphuric  acid.  As  soon  as  the  action  is 
finished,  the  liquid  is  diluted  with  water,  and  the  limettic  acid,  which  separates  as  a 
resin,  is  washed  and  purified  by  repeated  solution  in  aqueous  carbonate  of  potassium, 
precipitation  with  nitric  acid,  and  recrystallisation  from  alcohol. 

Limettic  acid  is  white,  crystalline;  volatilises  when  heated,  and  forms  a  crystalline 
deposit  on  cold  bodies.  It  has  neither  taste  nor  smell  ;  dissolves  sparingly  in  water, 
easily  in  alcohol. 

The  silver-salt,  C"H8Ag206,  obtained  by  adding  nitrate  of  silver  to  the  acid  neu- 
tralised with  ammonia,  forms  a  powder  sparingly  soluble  in  water  and  blackening  on 
exposure  to  light. 

XiXMONTlQ*.  The  bitter  principle  contained  in  the  pips  of  oranges  and  lemons. 
It  forms  small,  bitter  crystals,  sparingly  soluble  in  water,  ether,  and  ammonia  ;  easily 
in  alcohol,  acetic  acid,  and  potash  ;  from  the  potash-solution  it  is  precipitated  by  acids. 
Sulphuric  acid  dissolves  it,  forming  a  red  liquid,  from  which  the  limonin  is  precipitated 
by  water.  Nitric  acid  dissolves  it  without  alteration.  It  melts  at  124°,  and  solidifies 
to  an  amorphous  mass  on  cooling.  According  to  Schmidt's  analysis  (calculated  with 
the  old  atomic  weight  of  carbon),  it  contains  66'04  —  65*62  per  cent,  carbon,  and 
6-32—6-49  hydrogen,  whence  Schmidt  deduced  the  formula  C'-2H50013.  (Bernays, 
Buchner's  Kep.  [3]  xxi.  306.—  Schmidt,  Ann.  Ch.  Pharm.  li.  338.) 

XiXMONITE.  Brown  Hcematite.  Hydrous  Sesquioxtdc  of  Iron,  (See  IRON,  OXIDES 
OF,  p.  395.) 

LINARITE,  PbS04.CuH202.  Cupreous  Sulphate  of  Lead.  Cupreous  Anglesite. 
Bleilasur.  Kupferbleispath.  —  Occurs  in  crystals  belonging  to  the  monoclinic  system. 
Specific  gravity  5  '2  —  5"5.  Hardness  2-  5  —  3.  Lustre  vitreous  or  adamantine.  Colour 
deep  azure-blue.  Streak  pale  blue.  Translucent.  Fracture  conchoidal.  Analysis  by 
Brooke,  75'4  sulphate  of  lead,  18'0  oxide  of  copper,  4*7  water  =  98'1  ;  by  Thomson, 
74-8  sulphate  of  lead,  19-7  oxide  of  copper,  and  5'5  water.  It  occurs  at  Leadhills,  also 
at  Eoughten  Gill  in  Cumberland,  in  crystals  sometimes  an  inch  long;  at  Linares  iu 
Spain,  and  near  Ems.  It  occurs  altered  to  cerusite,  a  change  like  that  of  anglesite  to 
cerusite.  (Brooke,  Ann.  Phil.  [2]  iv.  117.—  Thorn  son,  Phil.  Mag.  1840;  see  p.  402.— 
Dana,  ii.  391.) 

LIUCOiNITE.     See  STILBITE. 


A  mineral  consisting  of  arsenite  of  copper  with  basic  sul- 
phate of  nickel,  and  water  ;  and  containing,  according  toLindacker's  analysis  (Jahrb. 
K.  K.  Geol.  Reichs.  iv.  552),  28'58  As203,  6-44  SO3,  16-15  NiO,  2'90  FeO,  and  9-32 
water  (  =  9973),  agreeing  nearly  with  the  formula  2Cu(As03)2.NiS04.2Ni0.8H20. 
Specific  gravity  2  —  2'5.  Hardness  2  —  2'5.  Lustre  vitreous.  Colour  verdigris  to 
apple-green.  Streak  pale  green  to  white.  It  dissolves  after  longer  heating  in  hydro- 
chloric acid.  (Dana,  ii.  500.) 

XiINXXar.  A  crystallisable  substance  from  lAnum  catharticum  (Pagenstecher,  Ann. 
Ch.  Pharm.  ad.  322.  —  Handw.  d.  Chem.  iv.  924).  According  to  C.  Schroder  (N. 
Kepert.  Pharm.  x.  11),  the  best  mode  of  preparing  it  is  to  digest  a  considerable  quantity 
of  the  plant  with  dilute  milk  of  lime  ;  mix  the  filtered  yellow  liquid  with  hydrochloric 
acid,  which  forms  a  precipitate  remaining  suspended  in  the  liquid  ;  agitate  with  ether, 
and  leave  the  linin  to  crystallise  from  the  ethereal  solution.  It  forms  small  white 
crystals,  having  a  silky  lustre,  heavier  than  water,  dissolving  very  sparingly  in  water, 
very  easily  in  alcohol  and  ether,  somewhat  less  easily  in  acetic  acid  and  in  chloroform. 
The  aqueous  solution  tastes  slightly,  the  alcoholic  solution  intensely  and  persistently 
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bitter.  Linin  melts  and  decomposes  when  heated.  It  gives  by  analysis  62'92  per 
cent,  carbon  and  4-72  hydrogen ;  does  not  evolve  ammonia  when  boiled  with  milk  of 
lime. 

X.nraJEITE.    Native  sulphide  of  cobalt. 

LINOLEIC  ACID.  Papaveroleic  acid.  Trockendlsaure.—Cl'H™0*.  (Pelouze 
and  Boudet,  Ann.  Ch.  Phys.  [2]  lix.  43.— Laurent,  ibid.  Ixv.  150  and  298. — Liebig, 
Ann.  Ch. Pharm.  xxxiii.  113.— S&cc,ibid.  li.  214.— Schiller,  ibid.ci. 252.— A. C.Oude- 
manns,  Jun.  Scheik.  Onderzoek.  i.  Stuk.  184. — Grm.  xvi.  306). — An  oily  acid  occurring 
in  linseed  and  poppy  oils,  and  perhaps  also  in  other  drying  oils.  To  prepare  it,  linseed 
oil  (or  poppy  oil)  is  saponified,  and  the  soap  purified  by  repeated  salting  out,  after 
which  it  is  dissolved  in  a  large  quantity  of  water,  and  thrown  down  by  an  excess  of 
chloride  of  calcium.  The  precipitated  calcium-salt  is  washed,  pressed,  and  digested 
in  ether,  which  dissolves  out  the  linoleate  of  calcium,  and  leaves  the  salts  of  the  solid 
fatty  acids  undissolved.  The  ethereal  solution  is  decomposed  by  cold  hydrochloric 
acid,  whereby  the  linoleic  acid  is  separated,  and  remains  dissolved  in  the  ether ;  the 
solution  is  drawn  off,  and  the  ether  distilled  at  as  low  a  temperature  as  possible,  in  a 
stream  of  hydrogen,  There  then  remains  dark-yellow  linoleic  acid,  which  is  dissolved 
in  alcohol,  and  precipitated  by  ammonia  and  chloride  of  barium.  The  barium-salt, 
after  being  washed  and  pressed,  is  dissolved  in  ether,  and  the  warts  and  granules, 
gradually  formed  in  the  solution,  are  repeatedly  recrystallised  from  ether.  From  the 
barium-salt  the  acid  is  separated  by  agitating  with  ether  and  hydrochloric  acid, 
pipetting  off  the  ethereal  layer  of  liquid,  and  distilling  off  the  ether ;  it  is  dried  in  a 
vacuum  over  oil  of  vitriol  and  a  mixture  of  lime  and  sulphate  of  iron  (Schiiler).  A 
similar  method  is  employed  by  Oudemanns,  who,  however,  prefers  precipitating  the 
linoleate  of  sodium  by  chloride  of  calcium  in  a  strongly  ammoniacal  solution.  Sacc 
digests  linseed  oil  with  oxide  of  lead  and  water,  at  a  gentle  heat;  exhausts  the  pale-grey, 
greasy  soap  with  ethter,  which  leaves  margarate  (palmitate  according  to  Schiller)  and 
a  little  basic  linoleate  of  lead  undissolved ;  evaporates  the  ethereal  solution  ;  and 
decomposes  the  residue  with  hydrochloric  acid.  The  acid  thus  obtained  is  washed  with 
boiling  water,  dissolved  in  ether,  and  recovered  by  evaporating  the  solution.  Or  he 
decomposes  the  lead-salt  with  sulphydric  acid,  and  extracts  the  linoleic  acid  with 
ether. 

Properties. — Linoleic  acid  is  a  faint-yellow,  limpid  oil,  of  specific  gravity  0*9206  at 
14°,  having  a  high  refractive  power,  and  a  weak  acid  reaction.  It  does  not  solidify  at 
18° ;  tastes  mild  at  first,  afterwards  harsh  (Schiller).  It  is  more  limpid  than  poppy 
oil  (Oudemanns).  It  is  insoluble  in  water,  but  dissolves  readily  in  ether,  less  easily 
in  alcohol. 

Decompositions. — 1.  On  standing  in  the  air  for  ten  weeks,  the  acid  absorbs  2  per 
cent,  oxygen,  and  becomes  viscid  and  tough  (Schiller).  It  takes  up  more  oxygen  the 
fresher  it  is,  and  thickens,  so  that  at  last  it  will  scarcely  flow,  but  remains  colourless, 
and  does  not  evolve  carbonic  acid  (Oudemanns).  A  thin  layer  on  wood  exposed  to 
the  air  forms  a  varnish;  on  glass  it  only  becomes  tough  (Schiller).  Linoleate  of 
potassium  or  sodium,  containing  an  excess  of  alkali,  exposed  in  the  finely  divided  state 
to  the  air,  absorbs  oxygen  greedily,  and  becomes  yellow  and  dry ;  it  then  dissolves  in 
water  with  dark  brown-red  colour,  and  deposits,  on  addition  of  hydrochloric  acid,  a 
brown  greasy  resin,  similar  to  that  produced  by  the  action  of  nitric  acid  (Sacc). — 
2  By  dry  distillation,  products  are  formed,  different  from  those  yielded  by  oleic  acid 
(Laurent). — 3.  With  nitric  acid,  the  acid  swells  up  considerably,  and  yields  a  greasy 
resin,  suberic  acid,  and  a  little  oxalic  acid,  the  last  probably  derived  from  adhering 
ether  (Sacc).  Nitrous  acid  and  mercurous  nitrate  do  not  form  elaidic  acid  with  linoleic 
acid.  (Pelouze  and  Boudet ;  Laurent;  Schiller;  Oudemanns.) 

Linoleates. — The  mono-acid  salts  are  difficult  to  obtain  pure,  and  generally  contain 
too  small  a  proportion  of  base,  on  account  of  their  easy  conversion  into  acid  salts 
(Schiller,  Oudemanns).  They  are  white,  for  the  most  part  uncrystallisable,  and 
separate  from  their  hot  solutions  in  flakes;  by  spontaneous  evaporation  they  are 
obtained  in  the  form  of  a  jelly.  When  exposed  to  the  air,  they  become  coloured  and 
odorous.  They  are  soluble  in  alcohol  and  ether.  (Oudemanns.) 

Barium-salt. — The  salt  produced  by  mixing  chloride  of  barium  with  the  acid  to  which 
a  large  excess  of  ammonia  has  been  added,  contains  a  portion  of  baryta,  varying  from 
1 2-04  to  24  per  cent.  (CS2H54Ba"04  =  23'46  per  cent.  BaO).  It  is  white ;  separates  from 
alcohol  on  cooling  in  microscopic  crystals,  and  from  ether  on  spontaneous  evaporation, 
in  more  distinct  crystals.  When  exposed  to  the  air,  or  when  kept,  and  also  on 
boiling  with  alcohol,  it  becomes  yellow  and  sticky.  It  dissolves  very  easily  in  ether, 
less  easily  in  alcohol;  and  is  insoluble  in  water.  (Oudemanns.) 

The  calcium-salt  resembles  the  barium-salt.     It  was  only  once  obtained  of  the  com- 
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position  C82H54Ca"04  (containing  972  per  cent.  CaO),  and  mostly  contained  a  smaller 
proportion  of  lime.  (Oudemanns.) 

The  cupric  salt  is  bluish-green,  insoluble  in  water,  and  nearly  so  in  alcohol. 
(Oudemanns.) 

Lead-salt.  —  The  acid  dissolves  a  large  quantity  of  oxide  of  lead,  and  forms  there- 
with a  solid,  plaster-like  mass  ;  with  a  smaller  quantity  of  oxide  of  lead  it  forms  a 
thick  liquid  which,  on  exposure  to  the  air,  remains  for  a  long  time  greasy,  and  of  the 
consistence  of  ointment  (Liebig).  The  ethereal  solution  of  the  lead-salt  becomes 
resinised  during  evaporation,  and  throws  down  a  white  basic  salt,  upon  which  an  acid, 
red-brown,  jelly-like  salt  is  deposited  ;  this  last  smells  like  linseed-oil,  and  shows  a 
varying  composition  on  analysis.  Exposed  to  the  air  in  thin  layers  upon  wood,  lino- 
leate  of  lead  does  not  form  a  varnish,  but  strips  off  in  scales.  (Sacc.) 

The  magnesium-salt  is  insoluble  in  water. 

Silver-salt.  —  Nitrate  of  silver  throws  down,  from  the  sodium-salt,  a  white  precipitate, 
which  easily  blackens  from  reduction  of  silver.  It  dissolves  readily  in  aqueous  ammo- 
nia, and,  on  evaporating  the  solution,  a  portion  crystallises  out;  another  portion  is 
decomposed  and  colours  the  liquid  black.  (Oudemauns.) 

Sodium-salt.  —  When  the  acid  is  dissolved  in  caustic  soda,  salted  out  with  chloride 
of  sodium,  and  dried,  and  the  residue  is  freed  from  chloride  of  sodium  by  dissolving  it 
in  ether  and  evaporating  the  solution,  an  acid  salt  is  obtained  containing  7  '5  per  cent. 
Na20,  and  agreeing  with  the  formula  2C16H27Na02.C'6H2802  ;  by  calculation,  775  per 
cent.  Na20.' 

The  zinc-salt  is  insoluble  in  water. 


The  seed  of  the  flax  plant  (Linum  usitatissimum).    The  following 
analyses  of  it  are  given  by  Way  (Journ.  Eoy.  Agr.  Soc.  x,  pt.  2.)  : 
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33  samples  of  oil-cake,  obtained  by  expressing  the  fixed  oil  from  linseed  grown  in 
various  countries,  exhibited  an  amount  of  nitrogen  varying  from  3 -9  2  to  5 -25  per  cent., 
fat  from  6-60  to  15*32  per  cent.,  ash  from  5'45  to  22'66  per  cent,  water  from  6'56  to 
10'26  per  cent.  The  quantity  of  albuminous  substances  calculated  from  that  of  the 
nitrogen  varies  in  the  33  samples  from  25  to  above  36  per  cent. 

Anderson  (Highland  Agr.  Soc.  J.  new  series,  No.  69,  p.  376)  found  in  linseed, 
24-44  albuminous  substance ;  34'00  oil;  3073  gum,  sugar,  and  cellulose;  3'33  ;  ash  and 
7-50  water. 

Meurein  (J.  Pharm.  [3]  xx.  96)  has  analysed  the  several  parts  of  linseed  with  the 
following  results : 

Gum  and  soluble  salts  .  14 
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Endosperm  23 
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Fixed  oil . 
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Matter  insoluble  in  water  and  in  ether.        .        .        .18 
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For  analysis  of  the  ash  of  linseed,  see  FLAX  (ii.  657). 

Linseed  also  contains  a  large  quantity  of  mucilage,  which  is  deposited  in  the 
outer  layers  of  cells  of  the  epidermis,  and  swells  up  when  the  seed  is  macerated  with 
water,  so  much  as  to  burst  the  cell-  walls.  1  pt.  of  linseed  boiled  with  16  pts.  water  yields 
a  mucilage  thick  enough  to  be  drawn  out  into  threads,  and  forming  a  dark-coloured 
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mass  when  dry.  This  crude  mucilage  contains,  in  addition  to  the  true  vegetable  muci- 
lage, also  legumin,  albumin,  an  organic  acid,  perhaps  malic  acid,  and  ash-constituents, 
chiefly  lime,  potash,  and  iron,  partly  as  phosphates,  partly  united  in  the  ash  with 
carbonic  acid.  Linseed  mucilage,  precipitated  by  alcohol,  gave  11  per  cent,  ash,  con- 
taining 4  per  cent,  carbonic  acid  (Schmidt,  Ann.  Ch.  Pharm.  li.  29).  .See  MUCILAGE. 

LINSEED  OIIi.  The  fixed  oil  expressed  from  the  seeds  of  Linum  usitatissimum 
may  be  taken  as  the  type  of  the  class  of  oils  called  drying  oils,  from  their  property 
of  drying  up,  when  exposed  to  the  air,  to  a  transparent  resinous,  not  brittle  mass. 
They  probably  all  resemble  linseed  oil  in  containing  a  glyceride  of  linoleic  acid,  together 
withpalmitin  (and  perhaps  stearin),  by  the  varying  proportions  of  which  their  differences 
are  determined.  In  the  impure  state,  they  contain  also  mucus,  gum,  and  albumin, 
together  with  a  yellow  colouring  principle  possessed  of  taste  and  smell. 

The  cold-pressed  oil  of  fresh  linseed  is  pale  yellow,  and  without  disagreeable  taste. 
The  commercial  oil  is  dark  yellow,  and  has  a  sharp  penetrating  smell  and  taste. 
Specific  gravity  at  13°  =  0-9347  (Schiiler,  Schubler),  0-9337  (van  Kerchoff, 
Jahresber.  1859,  p.  701) ;  other  statements  vary  between  0-928  and  0'953.  Specific 
gravity  at  12°  =  0'9395;  at  25°  =  0-931 ;  at  50°  =  0-9125;  at  94°  =  0'8815,  that  of 
water  at  15°  being  taken  as  unity  (Saussure).  It  does  not  solidify  at  —  15°  to  —  16° 
(Grusserow),  nor  at  —  28°  (Brandis);  according  to  Schiiler,  it  deposits  a  little 
solid  fat  at  —  18°.  It  contains,  on  an  average,  78-11  per  cent.  C,  10-98  H,  and  10-93  O 
(Sacc);  the  cold-drawn  oil  contains,  on  an  average,  75-17  per  cent.  C,  10-98  H,  and 
13-85  0,  corresponding  to  the  formula  C^H^O2  (Lefort).  (See  Saussure's  analysis, 
Ann.  Ch.  Phys.  [2]  xiii.  338.) 

It  contains  margarin  (palmitin,  according  to  Schuler;  stearin,  according  to 
Unverdorben),  and  a  glyceride  of  linoleic  acid  (Sacc).  By  saponification,  it  yields 
~th  margarate,  and  ^ths  linoleate  of  lead  (Grusserow,  Kastn.  Arch.  xix.  80). 

Linseed  oil  exposed  to  sunshine  for  some  weeks,  in  contact  with  an  aqueous  solution 
of  an  equal  weight  of  protosulphate  of  iron,  becomes  limpid  and  colourless.  Exposed 
to  the  air  in  thin  layers,  it  dries  up  to  a  transparent,  resinous,  moderately  elastic  mass, 
resembling  caoutchouc ;  when  heated,  however,  it  does  not  melt,  but  carbonises  and 
burns  (Leucho,  Kastn.  Arch.  iii.  107)-  A  peculiar  fat  is  produced  at  the  same  time, 
together  with  a  crumbly  substance,  insoluble  in  ether  (Hoppe,  J.  pr.  Chem.  Ixxx. 
117).  Mixed  with  chalk  so  as  to  form  a  powder,  and  exposed  to  the  air  for  four 
weeks,  it  dries  up  completely,  and  on  dissolving  out  the  carbonate  of  calcium  with 
hydrochloric  acid  and  exhausting  the  residue  with  ether,  a  white  mass  of  the 
consistence  of  tar  is  obtained,  which  behaves  like  oleic  acid  altered  by  exposure  to  the 
air.  There  remains  behind  resinous  linseed  oil  in  the  form  of  a  yellowish  conglome- 
rate mass,  which  is  insoluble  in  alcohol,  ether,  volatile  and  fixed  oils,  is  converted  by 
alcoholic  hydrochloric  acid  into  a  tarry  substance,  and  dissolves  in  caustic  potash 
(Unverdorben,  Schw.  J.  xvii.  245). 

Impure  oil,  containing  mucus  or  albumin,  becomes  rancid  in  the  air,  more  quickly 
in  sunshine,  and  has  then  a  repulsive  odour  and  taste,  a  dark  colour,  and  acid 
reaction.  Concerning  the  formation  of  ozonised  oxygen  in  the  oxidation  of  linseed  oil, 
see  Schonbein  (J.  pr.  Chem.  Ixxiv.  338).  When  the  oil  is  boiled  for  some  time, 
till  it  loses  about  |  of  its  weight,  it  becomes  thicker,  tenacious,  and  viscid,  and 
dries  up  still  more  readily  than  in  the  fresh  state  to  a  tough,  turpentine-like  mass, 
scarcely  soluble  in  oils:  Printers'  varnish.  (See INK,  p.  272.) 

Linseed  oil  (also  nut  or  poppy  oil),  heated  to  about  323° — 375°,  takes  fire 
and  burns  quietly,  without  further  heating  from  without,  till  tar  or  charcoal  remains. 
If  the  burning  be  interrupted  by  closing  the  vessel,  there  remains  a  brown,  turpentine- 
like  body  which  may  be  used  as  birdlime.  When  this  substance  is  boiled  con- 
tinuously with  water  containing  nitric  acid  (water  being  added  to  prevent  the  too 
violent  action  of  the  acid),  an  odour  of  acrolein  is  constantly  evolved,  and  the 
substance  becomes  solid,  of  the  consistence  of  plaster,  resembles  India-rubber,  and  no 
longer  sticks  to  the  fingers.  It  is  then  not  completely  fusible,  dissolves  to  an 
emulsion  in  sulphide  of  carbon,  shrinks  when  boiled  with  concentrated  caustic 
potash,  dissolves  only  on  addition  of  water,  and  is  again  precipitated  from  the  solution 
by  acids.  This  substance  is  soluble  in  alcoholic  potash  and  precipitable  by  acids  ;  it 
swells  in  ether  free  from  alcohol,  and  partly  dissolves  in  a  larger  quantity  of  ether ; 
alcohol  precipitates  it  from  the  solution.  In  rock-oil  it  swells  without  dissolving; 
also  in  a  little  oil  of  turpentine,  but  dissolves  completely  in  a  larger  quantity,  and 
remains  unaltered  on  evaporation.  Linseed  and  nut  oils  yield  eight  or  ten  times  as 
much  of  this  caoutchouc-like  substance  as  poppy  oil  (Jonas,  N.  Br.  Arch.  xlvi.  159; 
J.  pr.  Chem.  xxxvii.  381). 

Linseed  oil  submitted  to  dry  distillation  gives  off,  without  boiling,  white  vapours, 
which  condense  to  a  colourless  oil,  having  an  odour  of  bread ;  on  the  disappearance  of 
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these  vapours,  it  begins  to  boil,  expands,  and  yields  a  distillate  of  brown  em- 
pyreumatic  products,  until  a  mass  resembling  jelly  and  caoutchouc  remains  behind. 
(Sacc.) 

Sulphur  dissolves  in  hot  linseed  oil  with  red  colour,  partially  crystallising  011 
cooling ;  on  longer  heating,  the  oil  takes  up,  with  evolution  of  sulphydric  acid,  ^th  its 
weight  of  sulphur,  and  forms  therewith  a  brown  viscid  mass :  fatty  balsam  of  sulphur. 
(See  Kadig,  Horst  and  Ulex,  N.  Br.  Arch.  ii.  15 ;  also  Re'insch.  J.pr.  Chem.  xlii. 
]36.)  Linseed  oil  dissolves  selenium  (Berzelius)  ;  it  dissolves  nearly  -^th  arsenious 
acid,  whereby  it  is  rendered  heavier,  precipitable  by  oil  of  vitriol  and  hydrochloric 
acid,  and  coagulable  by  alkalis  (W.  Henry,  Schw.  J.  ii.  636).  Phosphorus  boiled 
with  linseed  oil  acquires  a  scarlet  colour  (Reinsch.  J.  pr.  Chem.  xiv.  257).  Heated 
with  ith  its  weight  of  phosphorus  to  75°,  the  oil  becomes  brown-black,  and  after 
cooling  forms  a  leathery  substance  insoluble*  in  linseed  oil ;  ^-th  phosphorus  forms  a 
thin  tar,  which  mixes  with  the  drying  oils.  (Jonas,  N.  Br.  Arch.  Ixx.  139.) 

When  linseed  oil  is  heated  with  |rd  iodine,  there  pass  over,  first  iodine,  then  an 
empyreumatic  oil  coloured  brown  by  iodine ;  afterwards  white  vapours  of  hydriodic 
acid  are  evolved,  followed  by  a  thick  yellowish  oil,  and  at  last  charcoal,  containing 
iodine,  remains.  (Reinsch.  J.  pr.  Chem.  xiv.  263.) 

Brominated  linseed  oil  is  obtained  by  drenching  the  oil  with  8  or  10  parts  of 
water,  heating  it  to  between  50°  and  80°,  and  adding  bromine  by  drops  as  long  as  the 
colour  disappears,  removing  the  excess  of  bromine,  if  necessary,  by  further  addition  of 
oil.  The  product  is  then  washed  with  warm  water  and  dissolved  in  ether ;  the 
solution  is  shaken  up  with  warm  water,  and  the  brominated  oil  thus  freed 
is  dried  at  120°.  It  is  brown,  smells  like  linseed  oil  when  heated,  has  a  specific 
gravity  of  1'345  at  14'5°,  and  contains  4077  per  cent,  bromine,  corresponding  to  the 
formula  C15Br2H2602.  Chlorinated  linseed  oil,  prepared  in  like  manner,  is  a  dark-yellow, 
thick  liquid,  of  specific  gravity  1'088  at  6'5°,  and  contains  22-62  per  cent  chlorine 
(C15C112H2602).  (Lefort,  J.  Pharm.  [3]  xxiii.  343.) 

On  mixing  from  15  to  25  pts.  chloride  of  sulphur  with  100  pts.  linseed  oil, 
caoutchouc-like  products  are  obtained,  which  are  the  harder  the  more  chloride  of 
sulphur  they  contain,  and  are  not  attacked  by  moderately  dilute  acids  and  aqueous 
alkalis,  but  are  ultimately  saponified  by  concentrated  alkalis.  They  become  brown  at 
120°,  and  blacken  and  melt  at  a  higher  temperature.  The  addition  of  5  per  cent, 
chloride  of  sulphur  thickens  linseed  oil,  but  does  not  cause  it  to  harden ;  the  product 
still  retains  the  solubility  of  the  fatty  oils.  When  to  a  solution  of  1  pt.  linseed  oil  in 
30  or  40  pts.  sulphide  of  carbon,  a  quantity  of  chloride  of  sulphur  is  added  equal  to 
|th  the  weight  of  the  oil,  the  mixture  remains  fluid  for  some  days,  and  dries  up 
to  a  varnish  on  wood.  (Perra,  Compt.  rend,  xlvii.  878;  see  also  Compt.  rend, 
xlvii.  972.) 

With  ^th  its  volume  of  syrupy  phosphoric  add,  linseed  oil  becomes  brownish-yellow 
or  green.  (Calvert.) 

Cold  strong  sulphuric  acid  colours  it  yellowish-brown  (G-aultier  de  Claubry), 
dark  red-brown  (Heidenreich,  van  Kerckhoff);  it  coagulates  the  oil,  colours  it 
purple-red,  violet,  and  black,  and  evolves  sulphurous  and  formic  acids;  and  there 
remains  at  last  a  tough,  black,  ropy,  saponifiable  mass  (Sacc).  From  this  last,  water 
and  alcohol  take  up  substances  which  precipitate  gelatin  :  Hatchett's  artificial  tannin. 
A  mixture  of  5  volumes  linseed  oil  with  1  volume  sulphuric  acid  of  specific  gravity 
1-478  to  T635,  shaken  vigorously,  becomes  green  in  15  minutes  (Calvert).  When 
15  grs.  linseed  oil  are  mixed  with  7£  grs.  sulphuric  acid  containing  90  per  cent.  H2SO*, 
the  temperature  rises  to  75°.  (Fehling,  Dingl.  pol.  J.  cxxix.  53.) 

Linseed  oil  takes  fire  with  fuming  nitric  acid.  Linseed,  hemp,  and  poppy  oils  take 
fire  more  easily  than  nut-oil ;  with  dilute  nitric  acid  an  addition  of  sulphuric  acid  is 
necessary  (Rouelle).  A  vigorously  shaken  mixture  of  linseed  oil  with  |th  its  volume 
of  nitric  acid  of  specific  gravity  118  to  1*22,  becomes  yellow  in  5  minutes ;  with  acid 
of  specific  gravity  1-33,  green  to  brown  ;  with  nitro-sulphuric  (equal  parts  of  oil  of 
vitriol  and  nitric  acid),  green  (Calvert,  Phil.  Mag.  [4]  vii.  101 ;  J.  pr.  Chem.  Ixi.  354). 
See  also  Lescallier,  J.  Pharm.  xiii.  203.  Linseed  oil  shaken  with  water  and  very 
dilute  nitric  acid,  is  decolorised  after  some  time,  and  converted  into  a  varnish  (Aim. 
1782,  49).  On  dropping  2  to  4  drams  of  strong  nitric  acid  into  a  hundredweight  of. 
not  linseed  oil,  a  slimy  sediment  is  formed,  with  frothing,  and  the  oil  is  changed  to  a 
varnish,  as  with  oxide  of  lead  (Jonas,  Ann.  Ch.  Pharm.  xxxiv.  238). — A  mixture  of 
1  pt.  linseed  oil,  and  2  pts.  commercial  nitric  acid,  heated  with  4  times  its  bulk  of  water, 
acquires  a  red  colour,  swells  up,  evolves  nitric  oxide,  and  forms  a  tough,  elastic  resin. 
This  last  contains  margaric  acid,  and  the  mother-liquor  oxalic  and  suberic  acids.  The 
resin,  heated  with  nitric  acid,  again  becomes  oily,  and  is  then  decomposed  (the  mar- 
garic acid  only  remaining),  with  formation  of  suberic  and  pimelic  acids  and  a  volatile 
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fatty  substance  having  the  odour  of  butyric  acid  (Sacc). — With  nitrous  acid  linseed 
oil  does  not  form  elaidic  acid.  (Pelouze  and  Boudet.) 

In  contact  with  aqueous  ammonia  and  alcohol,  it  is  attacked  with  difficulty,  and 
yields  a  small  quantity  of  warty  crystals  of  an  amide  which  melts  at  100°,  solidifies  at 
97°,  and  dissolves  easily  in  alcohol ;  it  contains,  on  an  average,  75'25  per  cent.  C,  13 '02 
H,  and  5*03  N,  and  has  therefore  the  composition  of  margaramide,  with  which  it  is 
identical.  (Rowney,  J.  pr.  Chem.  Ixvii.  159.) 

Linseed  oil  yields,  with  alkalis,  a  very  soft  soap.  On  heating  with  |th  its  volume 
of  caustic  soda  of  specific  gravity  T34,  it  turns  yellow  and  remains  fluid  (Gal vert). 
By  distillation  with  an  excess  of  alkali,  it  evolves  hydrogen,  together  with  a  fishy  odour, 
and  yields  a  green  distillate.  (Al.  Muller,  Handwbrterb.,  vi.  874.) 

Potassium  and  sodium  oxidise  in  linseed  oil  somewhat  more  quickly  than  in  volatile 
oils,  with  formation  of  soap.  (Gray-Lussac  and  Thenard.) 

Linseed  oil  is  oxidised  with  peculiar  facility  by  acid  chromate  of  potassium  and 
dilute  sulphuric  acid,  and  yields  an  acid,  strongly-smelling  distillate.  (Arzbacher, 
Ann.  Ch.  Pharm.  Ixxiii.  199.) 

It  dissolves  oxide  of  lead  when  heated,  and  is  decolorised  thereby  and  rendered  more 
easily  drying,  forming  what  is  called  boiled  oil  (see  Lie  big,  Arm.  Ch.  Pharm.  xxxiii. 
110;  W.Henry,  Scher.J.ii.  636;  Schindler,  N.  Br.  Arch.  xli.  146;  Varrentrapp 
Handwb'rterb.  iii.  123).  When  shaken  with  basic  acetate  of  lead  and  left  at  rest,  it 
throws  down  a  turbid  mucus  containing  oxide  of  lead,  above  which  is  a  yellow  var- 
nish containing  4  or  6  per  cent,  oxide  of  lead.  Exposed  to  the  sun  in  contact  with 
mercuric  oxide,  it  reduces  the  mercury  to  a  liquid  mass  (Fuchs,  Ann.  Ch.  Pharm. 
xx.  200);  partial  reduction  takes  place  in  strong  sunshine,  the  oxide  becoming  blackish- 
grey;  but  it  is  only  when  heat  is  applied,  that  a  small  quantity  of  metal  is  obtained. 
(Ann.  Ch.  Pharm.  xx.  200.) 

Linseed  oil  dissolves,  accordiug  to  Bucholz,  in  about  5  pts.  of  boiling  and  40  pts. 
of  cold  alcohol;  according  to  Brandes  (Gilb.  Ann.  xliv.  289),  in  32  pts.  alcohol  of 
specific  gravity  0'82  and  in  T6  pt.  ether. 

X.XPARXTE.     Syn.  with  FLUOR  SPAB  (ii.  677). 

XiXPXC  ACID.  C5H805  =  C5H604  .  H20  according  to  Laurent  (Ann.  Ch. 
Phys.  Ixvi.  169);  C5H804  according  to  Wirz  (Ann.  Ch.  Pharm.  cv.  257) ;'  the  latter 
formula  places  it  among  the  homologues  of  oxalic  acid,  included  in  the  general  formula 
(jnjpn— 2Q4  This  acid,  discovered  by  Laurent,  is  produced,  together  with  pimelic,  su- 
beric, adipic,  and  other  acids,  by  the  action  of  nitric  acid  upon  oleic,  stearic,  or  palmitic 
acid,  and  is  contained  in  the  mother-liquor  which  remains  after  the  pimelic  and  suberic 
acids  have  been  separated. 

The  best  mode  of  preparing  it,  is  to  heat  oleic  acid  in  a  retort  for  about  12  hours 
with  an  equal  weight  of  nitric  acid  of  ordinary  strength,  then  add  fresh  nitric  acid,  and 
repeat  the  operation  four  or  five  times.  The  united  solutions  are  then  to  be  evaporated 
to  a  fourth  of  their  bulk,  and  the  concentrated  liquid  left  at  rest,  till  pimelic  and  su- 
beric acids  crystallise  out.  The  remainder  of  the  nitric  acid  must  then  be  removed  from 
the  mother-liquor  by  evaporation  as  completely  as  possible,  taking  care  that  the  mass 
does  not  blacken  from  too  great  concentration ;  the  crystals  which  separate  from  it, 
consisting  of  adipic  and  lipic  acids,  are  dried  and  dissolved  in  hot  ether,  which  leaves 
a  few  brown  impurities  undissolved ;  the  solution  is  left  to  evaporate  to  half  its  bulk, 
and  the  liquid  which  covers  the  crystals  is  evaporated.  The  two  products  thus  obtained 
by  evaporating  the  ether  are  separately  dissolved  in  boiling  alcohol,  and  the  solutions 
are  left  to  evaporate  in  the  air.  By  repeating  these  operations  several  times,  two  acids 
are  obtained,  viz.  adipic  acid  crystallised  in  rounded  tuberculous  aggregated  grains, 
and  lipic  acid  in  slightly  elongated  laminae  (Laurent),  in  translucent  crusts  made  up 
of  nodular  groups  of  small  prisms.  (Wirz.) 

Lipic  acid  is  moderately  soluble  in  cold  water.  When  a  few  grains  of  it  are  heated 
on  a  watch-glass,  till  partial  fusion  takes  place,  the  acid  crystallises  on  cooling  in  a 
fibrous  mass,  while  a  portion  volatilises  and  condenses  on  the  non-melted  mass  in 
beautiful  needles  having  the  form  of  prisms  with  rectangular  base. 

The  acid  crystallised  from  water,  contains  1  at.  water,  which  it  loses  by  sublimation, 
the  anhydrous  acid  then  condensing  in  long  shining  needles  (Wirz).  Its  vapour  is 
'  very  suffocating  and  excites  coughing.  When  deprived  of  its  water  of  crystallisation, 
it  does  not  melt  below  140°  or  145°  (Laurent) ;  according  to  Wirz  it  melts  at  150°. 
It  is  very  soluble  in  alcohol  and  ether. 

Lipic  acid  is  dibasic,  the  formula  of  its  gilts  being  C5H4M20*,  which  is  the  same  as 
that  of  the  itaconates  (Laurent);  C5H8M204  (Wirz).  The  salts  when  heated  with 
sulphuric  acid  give  off  lipic  acid. 

The  ammonium-salt  crystallises  in  long  prisms  (Laurent). — The  barium-salt 
separates  after  a  while  from  a  mixed  solution  of  chloride  of  barium  and  lipate  of  am- 
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monium  in  quadratic  prisms,  passing  into  the  octahedron  (Laurent). — The  calcium- 
salt  is  precipitated  in  like  manner  in  square-based  prisms,  containing,  according  to 
Wirz,  C5H6Ca'  04.H-0.— The  cupric  salt,  C5H6Cu"04,  is  obtained,  by  boiling  cupric 
carbonate  with  the  acid,  in  green  crystalline  scales,  which  may  be  freed  from  adhering 
acid  by  heating  to  150-— 200°  (Wirz).  — The  silver-salt  contains  C5H4Ag204 
(Laurent);  CaH6Ag204  (Wirz). — The  sodium-salt  crystallises  in  flat  rhombic  prisms 
containing  C5H«Na"O4.6H20.  (Wirz.) 

The  existence  of  lipic  acid  must,  however,  be  regarded  as  somewhat  doubtful. 
Gerhardt  regarded  it  merely  as  impure  succinic  acid,  and  Arppe  (Ann.  Ch.  Pharm. 
cxv.  143)  in  his  more  recent  investigation  of  the  products  of  the  action  of  nitric  acid 
on  oleic  acid,  has  arrived  at  the  same  conchision.  He  prepared  the  acids  by  Laurent's 


and  was  found  to  consist  of  suberic  acid  mixed  with  another  acid  which  could  be  ex- 
tracted by  cold  ether,  and  proved  to  be  azelaic  acid  (p.  572)  ;  the  same  acid  was  also 
found  in  the  mother-liquors  of  the  suberic  acid. 

XiXPirii.  A  hypothetical  radicle,  C3H4,  supposed  by  Berzelius  to  exist  in  the 
natural  fats  and  fatty  acids.  At  present  however  these  compounds  are  regarded  as 
derivatives  of  the  triatomic  radical  gtyceryl,  C3H5.  (See  ETHEBS,  ii.  519,  and  GLYCE- 
BIDES,  ii.  877.) 

IiIQUID.  This  term  is  applied  to  bodies  in  that  peculiar  state  of  aggregation,  in- 
termediate between  the  solid  and  the  gaseous,  in  which  the  particles  are  free  to  move 
amongst  themselves  in  all  directions,  but  do  not  exhibit  the  constant  tendency  to  fly 
asunder  which  is  characteristic  of  the  gaseous  state.*  The  conditions  which  are 
supposed  to  give  rise  to  this  particular  state  of  aggregation  have  been  already  con- 
sidered in  connection  with  the  dynamical  theory  of  heat  (p.  133). 

LIQUID  AlWBAR.  A  balsam  produced  from  a  large  tree  (Liquidambar  styraci- 
folia)  growing  in  Lousiana,  Florida,  and  Mexico. 

Liquid  liquidambar,  or  Oil  of  liquidambar,  which  is  obtained  by  making  incisions 
in  the  tree,  is  received  immediately  in  vessels  to  protect  it  from  the  air,  and  decanted 
after  a  while  to  separate  a  portion  of  the  opaque  balsam  which  settles  to  the  bottom. 
It  has  the  consistence  of  a  thick  oil,  is  transparent,  of  amber-yellow  colour,  and  hag  an 
odour  like  that  of  liquid  storax,  but  more  agreeable ;  its  taste  is  aromatic  and  irritates 
the  throat.  It  contains  a  considerable  quantity  of  benzoic  or  cinnamic  acid,  and  a 
drop  of  it  reddens  litmus  strongly.  Treated  with  boiling  alcohol,  it  leaves  only  a  small 
residue,  and  the  filtered  liquid  becomes  turbid  on  cooling. 

Soft  or  White  Liquidambar  proceeds  either  from  the  opaque  deposit  above  men- 
tioned, or  from  parts  of  the  balsam  which  have  run  down  the  stem  of  the  tree,  and 
thickened  by  exposure  to  the  air.  It  has  the  consistence  of  very  thick  turpentine  or 
soft  pitch ;  it  is  opaque  and  whitish  ;  its  odour  is  less  strong  and  more  agreeable  than 
that  of  the  oil  just  mentioned ;  taste,  sweet  and  aromatic,  but  irritating.  It  contains 
a  large  quantity  of  benzoic  or  cinnamic  acid.  By  long  exposure  to  the  air  it  solidifies 
completely  and  becomes  almost  transparent.  It  was  formerly  sold  under  the  name  of 
White  Peru  balsam.  (Gerh.,  iv.  386.) 

LIQUIDS,  DIFFUSION  OF.  When  two  liquids  of  different  density,  and 
capable  of  mixing,  are  placed  in  contact,  diffusion  takes  place  between  them,  much  in  the 
same  manner  as  between  gases,  excepting  that,  as  the  particles  of  the  liquid  are  less 
freely  mobile  than  those  of  the  gas,  the  rate  of  diffusion  is  slower.  The  phenomena  of 
liquid  diffusion  have  been  minutely  investigated  by  Graham,  in  two  classical  series  of 
researches  published  in  the  Philosophical  Transactions  for  1850  and  1862,  also  in  the 
Journal  of  the  Chemical  Society,  iii.  60,  257  ;  iv.  83,  and  xv.  216  ;  and  important  con- 
tributions to  the  subject  have  also  been  made  by  Fick,  Simmler  and  Wilde, 
Beilstein  and  others. 

The  rate  of  diffusion  varies  with  the  nature  of  the  liquids,  the  temperature,  and  in 
the  case  of  solutions,  with  the  degree  of  concentration. 

1.  Diffusion  of  Saline  Solutions.  The  apparatus  used  in  Graham's  first  series 
of  experiments  consisted  of  a  set  of  phials  of  nearly  equal  capacity,  cast  in  the  same 
mould,  and  further  adjusted  by  grinding  to  a  uniform  size  of  aperture.  The  phials 
were  3'8  inches  high,  with  a  neck  0'5  inch  in  depth,  and  aperture  1'25  inch  wide ; 
capacity  to  base  of  neck  equal  to  2080  grains  of  water  or  between  4  and  5  ounces.  For 
each  diffusion-phial  a  plain  glass  water-jar  was  also  provided  4  inches  in  diameter  and 
7  inches  deep.  (Fig.  708.) 

*  Many  writers  use  the  term  "  fluid  "  as  synonymous  with  liquid  ;  but  this  is  incorrect ;  fluid  it,  pro- 
peily  speaking,  the  correlative  of  solid,  and  includes  both  liquid  and  gas. 
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The  diffusion-phial  was  filled  with  the  saline  solution,  sal-ammoniac  for  instance,  to 
the  base  of  the  neck,  or  more  correctly  to  a  distance  of  0'5  inch  from  the  ground 
surface  of  the  lip.  The  neck  of  the  phial  was  then  filled  up  with 
distilled  water,  a  light  float  being  first  placed  on  the  surface  of 
the  solution,  and  care  being  taken  to  avoid  agitation.  After 
the  phial  had  been  placed  within  the  jar,  water  was  poured  into 
the  jar,  so  as  to  cover  the  open  phial  to  the  depth  of  an  inch, 
which  required  about  20  ounces  of  water.  The  saline  liquid  in 
the  phial  is  thus  allowed  to  communicate  freely  wi.th  the  water 
in  the  jar.  The  diffusion  is  interrupted  by  placing  a  small  plate 
of  ground  glass  on  the  mouth  of  the  phial,  and  raising  the  latter 
out  of  the  jar.  The  amount  of  salt  diffused,  called  the  diffu- 
sion-product, or  diffusate,  is  ascertained  by  evaporating  the 
r  water  in  the  jar  to  dry  ness,  or,  in  the  case  of  chlorides,  by  pre- 
F  cipitating  with  nitrate  of  silver. 

The  results  of  several  series  of  experiments  made  in  this  manner 
are  given  in  the  following  table,  the  second  column  of  which  givea 
the  quantity  of  salt  in  100  pts.  of  the  solution,  one  per  cent,  of  salt  amounting  to 
20-8  grains ;  the  third,  the  time  of  diffusion ;  the  fourth,  the  temperature,  on  the 
Fahrenheit  scale ;  the  fifth,  the  quantity  of  salt  diffused  in  grains : — 
TABLE  I. — DIFFUSION  OF  SALINE  SOLUTIONS. 


Substance. 

Per  cent. 

Days. 

Fahr. 

D  ffusate. 

1 

5 

51    ° 

7-41 

2 

5 

51-0 

15-04 

Hydrochloric  acid  .                  .     - 

2 

5 

59-7 

16-55 

4 

5 

51-0 

30-72 

8 

5 

51-0 

67-68 

Hydriodic  acid 

2 

5 

51-0 

15-11 

Hydrobromic  acid  . 

2 

. 

59-7 

16-58 

Bromine         .... 

0'864 

10 

60-1 

5-84 

Hydrocyanic  acid   . 

1766 

5 

64-2 

11-68 

1 

5 

51-2 

6-99 

Hydrated  nitric  acid  (N06H)  .     . 

2 
4 

5 
5 

51-2 
51-2 

14-74 
28-76 

8 

5 

51-2 

57-92 

1 

10 

49-7 

8-69 

Hydrated  sulphuric  acid  (S04H)- 

2 

4 

10 
10 

49-7 
49-7 

16-91 
33-89 

8 

10 

49-7 

68-96 

Chromic  acid 

1762 

10 

67-3 

19-78 

2 

10 

48-8 

11-31 

Acetic  acid  (C4H404)      .        .     . 

4 

10 

48-8 

22-02 

8 

10 

48-8 

41-80 

1 

10 

68-1 

8-09 

Sulphurous  acid     .        ,        .     . 

2 

4 

10 
10 

68-1 
68-1 

16-96 
33-00 

8 

10 

68-1 

66-38 

1 

4-04 

63-4 

4-93 

Ammonia       

2 
4 

4-04 
4-04 

63-4 
63-4 

9-59 
19-72 

8 

4-04 

63-4 

41-22 

2 

10 

48-7 

8-62 

Alcohol          . 

4 

10 

48-7 

16-12 

8 

10 

48-7 

35-50 

1 

11-43 

64-1 

7-72 

Nitrate  of  barium  .        .        . 

2 
4 

11-43 
11-43 

64-1 
64-1 

15-04 
29-60 

8 

11-43 

64-1 

54-50 

Nitrate  of  strontium       .        . 

0-82 

11-43 

51-5 

5-59 

1 

11-43 

64-1 

7-66 

2 
4 

11-43 
11-43 

64-1 
64-1 

15-01 
29-04 

. 

8 

11-43 

64-1 

55-10 

Acetate  of  barium  .        »    ,    ,        \        1 

16-17 

53-5 

7-50 

i 
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Substance. 

Per  cent. 

Days. 

Fahr. 

P 

Diffusate. 

Acetate  of  lead       .         .        . 

1 

16-17 

53-1° 

7-84 

1 

8-57 

63-0 

6-32 

Chloride  of  barium         .        .     • 

2 
4 

8-57 
8-57 

63-0 
63-0 

12-07 
23-96 

8 

8-57 

63-0 

45-92 

1 

8-57 

63-0 

6-09 

Chloride  of  strontium      .        .     - 

2 
4 

8-57 
8-57 

63-0 
63-0 

11-66 
23-56 

8 

8-57 

63-0 

44-46 

1 

11-43 

63-8 

7-92 

2 

11;43 

63-8 

1535 

Chloride  of  calcium         .        .     • 

4 

11-43 

63-8 

30-78 

8 

11-43 

63-8 

61-56 

1 

11-43 

50-8 

6-51 

Chloride  of  manganese    . 

1 

11-43 

50-8 

6-63 

Nitrate  of  magnesium     . 

1 

11-43 

50-8 

6-49 

Nitrate  of  copper    .         .         . 

1 

11-43 

50-8 

6-44 

Chloride  of  zinc 

1 

11-43 

50-8 

6-29 

Chloride  of  magnesium  .        . 

1 

11-43 

50-8 

6-17 

Cupric  chloride 

1 

11-43 

50-8 

6-06 

Ferrous  chloride     .        .        .     • 

1 

11-43 

53-5 

6-30 

1 

16-17 

65-4 

7-31 

2 

16-17 

65-4 

12-79 

4 

16-17 

65-4 

23-46 

Sulphate  of  magnesium  .        .     • 

8 

16-17 

65-4 

42-82 

8 

16-17 

62-8 

42-66 

16 

16-17 

62-8 

75-06 

24 

16-17 

62-8 

102-04 

1 

16-17 

65-4 

6-67 

2 

16-17 

65-4 

12-22 

4 

16-17 

65-4 

23-12 

Sulphate  of  zinc     . 

8 

16-17 

65-4 

42-26 

8 

16-17 

62-8 

39-62 

16 

16-17 

62-8 

74-40 

24 

16-17 

62-8 

101-42 

1 

16-17 

65-4 

5-48 

Sulphate  of  aluminium   .        .     • 

2 
4 

16-17 
16-17 

65-4 
65-4 

10-21 
19-28 

8 

16-17 

65-4 

33-52 

f 

2 

7 

63-4 

13-61 

Nitrate  of  silver                       .     \ 

4 

7 

63-4 

26-34 

\ 

8 

7 

63-4 

51-88 

( 

2 

7 

63-4 

12-35 

Nitrate  of  sodium  .        .         .     -I 

4 

7 

63-4 

23-56 

1 

8 

7 

63-4 

47-74 

1 

7 

63-4 

6-32 

2 

7 

63-4 

12-37 

4 

7 

63-4 

24-96 

8 

7 

63-4 

48-44 

. 

2 

7 

63-4 

12-14 

Iodide  of  sodium    . 

2 

7 

59-8 

12-18 

Bromide  of  sodium 

2 

7 

59-8 

12-14 

Chloride  of  potassium,     . 

2 

5-716 

59-8 

12-24 

Bromide  of  potassium    . 

2 

5-716 

59-8 

12-46 

Iodide  of  potassium 

2 

5-716 

59-8 

12-51 

Chloride  of  ammonium  . 

1 

5-716 

59-8 

5-99 

1 

8-08 

68-2 

7-23 

2 
4 

8-08 
8-08 

68-2 
68-2 

14-05 
26-72 

8 

8-08 

68-2 

52-01 

Bicarbonate  of  ammonium 

1 

2 

8-08 
8-08 

68-2 
68-2 

6-91 
13-65 
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Substance. 

Per  cent. 

Days. 

Fahr. 

Diffusate. 

Bicarbonate  of  ammonium     V 

4 

8 

9-87 
9-87 

68-2° 
68-2 

27-00 
50-10 

1 

9-87 

68-2 

7'31 

Bicarbonate  of  sodium    .        .     • 

2 
4 

9-87 
9-87 

68-2 
68-2 

13-81 
2670 

8 

9-87 

68-2 

52-38 

1 

4-04 

63-3 

6-56 

Hydrate  of  potassium     .        .     . 

2 
4 

4-04 
4-04 

63-3 
63-3 

12-84 
25-04 

8 

4-04 

63-3 

52-24 

1 

4-95 

63-2 

5-81 

Hydrate  of  sodium         .        .     • 

2 
4 

4-95 
4-95 

63-2 
63-2 

11-09 
20-86 

8 

4-95 

63-2 

40-44 

1 

8-08 

636 

6-13 

Carbonate  of  potassium  .        .     . 

2 
4 

8-08 
8-08 

63-6 
63-6 

11-92 
22-88 

8 

8-08 

63-6 

45-44 

1 

9-9 

63-4 

6-02 

Carbonate  of  sodium       .        .     . 

2 

9-9 

63-4 

11-70 

4 

9'9 

63-4 

21-42 

8 

9-9 

63-4 

3974 

1 

8-08 

60-2 

6-16 

Sulphate  of  potassium     .        .     • 

2 
4 

8-08 
8-08 

60-2 
60-2 

11-60 
22-70 

> 

8 

8-08 

60-2 

43-92 

1 

9-9 

59-9 

6'33 

Sulphate  of  sodium         .        .     . 

2 

4 

9'9 
9'9 

59-9 
59-9 

12-00 
21-96 

8 

9'9 

59-9 

41-38 

Sulphite  of  potassium 

2 

8'08 

59-5 

11-63 

Sulphite  of  sodium 

2 

9'9 

59-5 

11-83 

Hyposulphite  of  potassium 

2 

8-08 

597 

12-37 

Hyposulphite  of  sodium  . 
Sulphovinate  of  potassium 

2 
2 

9'9 

8-08 

59'9 
59-7 

11-89 
12-60 

Sulphovinate  of  sodium  . 

2 

9'9 

59-5 

13-03 

( 

1 

8-08 

59-9 

6-20 

Oxalate  of  potassium      .         .     J 

2 
4 

8-08 
8-08 

59-9 
69-9 

12-17 
2-4 

I 

8 

8-08 

59-9 

42-82 

Oxalate  of  sodium  . 

1 

9-9 

59-9 

6-24 

• 

1 

8-08 

60-2 

6-44 

Acetate  of  potassium      .        .     . 

2 

4 

8-08 
8-08 

60-2 
60-2 

12-52 
23-44 

8 

8-08 

60-2 

47-26 

1 

9-9 

69-5 

6-67 

Acetate  of  sodium  

2 
4 

9-9 
9-9 

59-5 
59-5 

12-46 
25-04 

8 

9-9 

59-5 

48-04 

Tartrate  of  potassium     . 

2 

8-08 

59-9 

10-96 

Tartrate  of  sodium 

2 

9-9 

59-5 

10-65 

Hydrochlorate  of  morphine     . 

2 

11-43 

64-1 

11-60 

Hydrochlorate  of  strychnine   . 

2 

11-43 

64-1 

11-49 

These  experiments,  and  a  number  of  others  made  in  a  similar  manner,  lead  to  the 
following  general  conclusions : 

1.  Different  salts,  in  solutions  of  equal  strength,  diffuse  unequally  in  equal  times. 
<  2.  With  each  salt,  the  rate  of  diffusion  increases  with  the  temperature,  and  at  any 
given  temperature,  is  proportionate  to  the  strength  of  the  solution,  at  least  when  the 
quantity  of  salt  dissolved  does  not  exceed  4  or  5  per  cent. 

Later  experiments  (Chem.  Soc.  J.  XT.  235)  have  shown  that  diffusion  increases  at  a 
higher,  though  not  greatly  higher,  rate  than  the  temperature,  and  that  the  more 
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hignly  diffusive  the  substance,  the  less  does  it  gain  in  diffusiveness  by  rate  of 
tejnperature.  For  hydrochloric  acid  the  rate  of  diffusion  was  found  to  increase  as 
follows : 

Diffusion  at  15-55  C.    (60°  F.)   =   1 

26-66  C.    (80°  F.)   =   1-3545 

3777  C.  (100°  F.)  =   1-7732 

41-88  C.  (120°  F.)   =   2-1812 

3.  There  exist  classes  of  equidiffusive  substances  which  coincide  in  many  cases 
with  the  isomorphous  groups,  but  are,  on  the  whole,  more  comprehensive  than  the 
latter.     Thus,  the  same  rate  of  diffusion  is  exhibited  by  hydrochloric,  hydrobromic, 
and  hydriodic  acid  ;  by  the  chlorides,  iodides,  and  bromides  of  the  alkali-metals;  by 
the   nitrates  of  barium,  strontium,   and  calcium;    the  sulphates  of  magnesium  and 
zinc,  &c.  &c. 

4.  For  several  groups  of  salts,  it  is  found  that  the  squares  of  the  times  of  equal 
diffusion,   from  solutions  of  the  same  strength,  stand  to  one  another  in   a  simple 
numerical  relation.      Thus,  the  diffusate  from  a  solution  of  nitrate  of  potassium  in 
7  days,  was  equal  to  that  obtained  from  an  equally  strong  solution  of  carbonate  of 
potassium,  in  9'9  days,  numbers  which  are  to  one  another  as  1  :  V  2  =  1-414.     Similar 
results  were  obtained  with  2  per  cent. solutions  of  nitrate  and  sulphate  of  potassium, 
equal  diffusates  of  the  two  being  obtained  in  3'5  and  4'95  days,  in  7  and  9'9  days,  and 
in  10'5  and  14 '85  days;  also,  with  hydrate  and  nitrate  of  potassium,  and  with  nitrate 
and  carbonate  of  sodium.     The  times  of  equal  diffusion  of  1  per  cent,  solutions  of 
chloride  of  ammonium  and  chloride  of  sodium,  were  to  one  another  as  V  2  :  V  3. 
Now,  according  to  Graham's  experiments  (ii.  812),  the  squares  of  the  times  of  equal 
diffusion  of  gases  are  to  one  another  in  the  ratio  of  their  densities.     Hence,  by 
analogy,  it  may  be  inferred  that  the  molecules  of  these  several  salts,  as  they  exist  in 
solution,  possess  densities  which  are  to  one  another  as  the  squares  of  the  times  of 
equal  diffusion.     Thus  the  solution-densities  of  sulphate,  nitrate,  and  hydrate  of  potas- 
sium, are  to  one  another  as  the  squares  of  the  numbers  4,  2  and  1,  that  is  as  16,  4  and  1. 
These  solution-densities  appear  to  relate  to  a  kind  of  molecules  different  from  the 
chemical  atoms,  and  the  weights  of  which  are  either  equal,  or  bear  to  one  another  a 
simple  numerical  relation. 

The  diffusion  of  a  salt  into  the  solution  of  another  salt  takes  place  with  nearly  the 
same  velocity  as  into  pure  water ;  at  least,  when  the  solutions  are  dilute.  Graham 
has  shown  that  the  diffusion  of  a  4  per  cent,  solution  of  carbonate  of  sodium,  is  not 
sensibly  affected  by  the  presence  of  4  per  cent,  of  sulphate  of  sodium  in  the  liquid 
atmosphere ;  nor  that  of  a  4  per  cent,  solution  of  nitrate  of  potassium,  by  the  same 
proportion  of  nitrate  of  ammonium.  The  presence  of  4  per  cent,  of  sulphate  of 
sodium  reduced  the  diffusion  of  carbonate  of  sodium  by  only  |  of  the  whole.  In 
stronger  solutions  the  retardation  would  probably  be  greater.  There  is,  indeed, 
reason  to  believe  that  the  phenomena  of  liquid  diffusion  are  exhibited  in  their 
simplest  form  only  by  weak  solutions,  the  effect  of  concentration,  like  that  of 
compression  in  gases,  being  to  produce  a  departure  from  the  normal  character. 

The  rate  of  diffusion  is,  however,  materially  affected  when  the  liquid  atmosphere 
already  contains  a  portion  of  the  diffusing  salt.  The  consideration  of  this  case  leads  to 
the  general  question  of  the  motion  of  particles  of  a  dissolved  substance  in  a  solution  of 
unequal  concentration.  The  general  law  which  regulates  such  movements  appears  to 
be  this  :  —  The  velocity  with  which  a  soluble  salt  diffuses  from  a  stronger  into  a  weaker 
solution,  is  proportioned  to  the  difference  of  concentration  between  two  contiguous 
strata.  This  law  has  not  yet  been  experimentally  demonstrated  in  a  sufficient 
number  of  cases  to  establish  it  completely ;  but  in  the  case  of  chloride  of  sodium,  it 
has  been  shown  to  be  true  by  the  following  experiments  of  Fick.  (Phil.  Mag.  [4] 
x.  30.) 

A  cylindrical  glass  tube,  open  at  both  ends,  was  cemented  into  a  vessel  completely 
filled  with  common  salt,  the  cylindrical  space  filled  up  with  water,  and  the  whole 
immersed  in  a  large  jar  containing  water.  The  apparatus  was  then  left  to  itself  for 
several  weeks,  the  water  in  the  jar  being  from  time  to  time  taken  out  and  renewed. 
Now,  as  the  lowest  stratum  of  liquid  in  the  tube,  being  in  contact  with  ^undissolved 
salt,  must  remain  constantly  saturated,  while  the  uppermost  layer,  which  is  in  contact 
with  pure  water,  contains  no  salt  at  all,  a  certain  normal  state  of  diffusion  will 
ultimately  establish  itself  throughout  the  length  of  the  tube,  characterised  by  the 
condition,  that  each  horizontal  stratum  will,  in  a  given  time,  give  up  to  the  stratum 
immediately  above  it  as  much  salt  as  it  receives  from  the  one  below.  When  this 
state  is  attained,  the  densities  of  the  successive  strata  decrease  from  below  upwards 
in  arithmetical  progression.  This  law  of  decrease  was  verified  experimentally  by 
immersing  in  the  liquid,  at  various  depths,  a  glass  bulb  suspended  from  the  arm  of  a 
balance,  and  counterpoised  by  weights  in  the  opposite  scale.  This  law  of  decrease, 
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However,  is  true  only  with  regard  to  cylindrical  columns  of  liquid,  or  others,  in  which 
the  horizontal  section  is  .of  uniform  magnitude.  In  other  cases,  the  law  of  decrease  of 
density  may  be  calculated  according  to  the  form  of  the  vertical  section.  In  funnel- 
shaped  tubes  Fick  has  shown  that  the  results  of  calculation  agree  with  those  of 
experiment. 

Now  let  K  denote  the  quantity  of  salt  which,  in  the  normal  state  of  diffusion, 
passes,  in  a  unit  of  time,  through  a  unit  of  horizontal  section  of  a  cylindrical  tube 
whose  height  is  equal  to  the  unit  of  length ;  this  quantity  is  called  the  diffusion- 
coefficient;  also,  let  Q  be  the  quantity  of  salt  which,  in  the  time  t,  flows  from  the 
mouth  of  the  tube  into  the  water-atmosphere ;  h,  the  height  of  the  tube ;  s,  its 
horizontal  section  ;  and  d,  the  density  of  the  liquid  at  the  bottom ;  then 

Q    =    K.d.h-t. 
s 

Hence,  with  a  tube  of  given  dimensions,  and  a  solution  of  known  and  constant- 
density  at  the  bottom,  the  diffusion-coefficient  K,  of  any  salt  may  be  calculated  from 
the  quantity  Q,  diffused  out  in  a  given  time. 

This  method  has  been  applied  by  Fick  only  in  the  case  of  chloride  of  sodium.  It 
is,  in  fact,  though  simple  in  principle,  somewhat  inconvenient  of  application,  on  account 
of  the  long  time— at  least  fourteen  days— which  must  elapse  before  the  normal  state  is 
attained. 

Another  method  of  determining  the  diffusion-coefficient  of  a  salt  has  been  devised  by 
Jolly,  and  applied  in  several  cases  by  Beilstein  (Ann.  Ch.  Pharm.  xcix.  165).  The 
F'  70Q  apparatus  used  consists  of  a  glass  tube  (Jig.  709),  about  three  inches 
fig.  70y.  long,  bent  round  at  the  bottom,  and  cut  off  near  the  bend,  so  that  the 
level  of  the  orifice  is  not  much  more  than  a  millimetre  above  the 
bottom  of  the  bend.  The  upper  end  of  the  tube  is  slightly  drawn  out 
and  closed  with  a  stopper.  This  tube  is  filled  with  a  solution  of  known 
concentration,  and  fixed  upright  within  a  jar  of  water,  the  orifice  of 
the  tube  being  two  or  three  lines  below  the  level  of  the  water.  The 
salt  then  immediately  begins  to  diffuse  into  the  water,  and  as  the  liquid 
near  the  orifice  becomes  diluted,  it  passes  round  the  bend  to  the  upper  • 
part  of  the  tube,  its  place  being  supplied  by  more  concentrated  liquid 
from  above.  With  this  apparatus,  Beilstein  has  obtained  the  follow- 
ing diffusion-coefficients  (taking  that  of  chloride  of  potassium  for  unity), 
for  solutions  containing  4  per  cent,  of  salt,  and  at  the  temperature  of 
6°  C.  (42-8°  F.) 

* 

TABLE  II. — Diffusion-coefficients. 


Chloride  of  potassium      ..  I'OOOO 

Nitrate  of  potassium          .  0-9487 

Chloride  of  sodium    .         .  0'8337 

Bichromate  of  potassium  .  07543 

Carbonate  of  potassium     .  07371 


Sulphate  of  potassium  .  0-6987 

Carbonate  of  sodium .  .  0-5436 

Sulphate  of  sodium    .  .  0*5369 

Sulphate  of  magnesium  .  0-3587 

Sulphate  of  copper     .  .  0'3440 


Beilstein  infers  from  his  experiments,  that  the  rate  of  diffusion  is  not  exactly 
proportional  to  the  difference  of  density  of  two  contiguous  strata,  but  increases  in  a 
somewhat  greater  ratio. 

Simmler  and  Wilde  (Pogg.  Ann.  c.  217)  are  of  opinion  that  the  want  of  agree- 
ment of  Beilstein' s  results  with  this  law  arises  from  a  defect  in  the  method  of 
experimenting.  Beilstein's  calculations,  indeed,  are  based  on  the  supposition  that  the 
strength  of  the  solution  in  the  tube  (fig.  709),  though  constantly  decreasing,  is 
uniform  at  any  instant  of  time  throughout  the  entire  length ;  whereas,  a  little  con- 
sideration will  show  that  the  density  near  the  orifice  must  be  less  than  that  in  the 
larger  arm  of  the  tube,  and  in  this  arm  less  than  near  the  bottom  of  the  bend,  where 
the  liquid  must  stagnate  to  a  certain  extent.  From  this  source  of  error,  Fick's  mode 
of  observation  is  free.  Simmler  and  Wilde,  however,  propose  other  methods,  easier 
of  execution  than  Fick's,  and  not  subject  to  the  necessity  of  waiting  till  the  normal 
state  of  diffusion  is  established.  One  of  these  methods  is  similar  to  that  adopted 
by  Graham  (p.  706),  excepting  that  the  vessel  containing  the  solution  is  perfectly 
cylindrical,  a  condition  which  greatly  simplifies  the  calculations ;  and,  instead  of  being 
placed  at  the  bottom  of  the  water-jar,  is  supported  on  a  stand,  so  as  to  bring  its  mouth 
within  a  line  or  two  below  the  surface  of  the  water ;  the  salt,  as  it  diffuses  out,  is  thus 
made  to  flow  over  the  sides  of  the  vessel  and  fall  to  the  bottom,  leaving  an  atmosphere 
of  pure  water  above.  Another  method  proposed  by  the  same  authors  is  to  place  the 
saline  solution  in  a  vessel  having  the  form  of  a  triangular  prism,  aud  determine  the 
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variation  of  density  at  different  depths  below  the  surface  by  observation  of  the  indices 
of  refraction. 

Graham,  in  his  later  experiments  (Phil.  Trans.  1862,  part  i.;  Chem.  Soc.  J.  xv. 
p.  217)  also  uses  a  plain  glass  jar,  in  which  the  salt  is  allowed  to  rise  from  below  in  a 
cylindrical  column.  The  jars  were  152  mm.  (6  inches)  in  height,  and  87  mm.  (3'45 
inches)  in  width.  In  operating,  seven-tenths  of  a  litre  of  water  were  first  placed  in 
the  jar,  and  then  one-tenth  of  a  litre  of  the  liquid  to  be  diffused  was  carefully  conveyed 
to  the  bottom  of  the  jar  by  means  of  a  fine  pipette.  The  whole  fluid  column  then 
measured  127  mm.  (5  inches)  in  height.  As  much  as  five  or  six  minutes  of  time  were 
occupied  in  emptying  the  pipette  at  the  bottom  of  the  jar,  and  extremely  little  dis- 
turbance was  occasioned  in  the  superincumbent  water,  as  could  be  distinctly  seen 
when  the  liquid  introduced  by  the  pipette  was  coloured.  The  jar  was  then  left  undis- 
turbed, to  allow  diffusion  to  proceed,  the  experiments  being  always  conducted  in  an 
apartment  of  constant,  or  nearly  constant  temperature.  When  a  certain  time  had 
elapsed,  the  diffusion  was  interrupted  by  drawing  off  the  liquid  from  the  top  by  means 
of  a  small  siphon,  slowly  and  deliberately,  as  the  liquid  had  been  first  introduced,  in 
portions  of  50  cubic  centimetres,  or  one-sixteenth  of  the  whole  volume.  The  open  end 
of  the  short  limb  of  the  siphon  was  kept  in  contact  with  the  surface  of  the  liquid  in 
the  jar,  and  the  portion  of  liquid  drawn  off  was  received  in  a  graduated  measure.  By 
evaporating  each  fraction  separately,,  the  quantity  of  salt  which  had  risen  into  equal 
sections  of  the  liquid  column  was  ascertained.  A  particular  advantage  of  this  method 
is  that  it  affords  the  means  of  ascertaining  the  absolute  rate  or  velocity  of  diffusion, 
rendering  it  possible  to  state  the  distance  which  a  salt  travels  per  second  in  terms  of 
the  meter.  Such  a  constant  must  enter  into  all  the  chronic  phenomena  of ^  physiology, 
and  holds  a  place  in  vital  science  not  unlike  the  time  of  the  falling  of  heavy  bodies  in 
the  physics  of  gravitation. 

2.— Crystalloids  and  Colloids. 

The  substances  whose  diffusion  has  been  considered  in  the  preceding  pages,  though 
they  exhibit  considerable  diversities  in  their  diffusive  mobility,  all  belong  to  the  more 
diffusive  class.  Opposed  to  them  is  another  class,  which  are  much  less  diffusive, 
and  are  likewise  distinguished  from  the  former  by  several  well-defined  physical  and 
chemical  characters,  especially  by  the  absence  of  the  power  to  crystallise.  Such  are 
hydrated  silicic  acid,  hydrated  alumina,  and  other  metallic  oxides  of  the  aluminous 
class,  when  they  exist  in  the  soluble  form ;  also  starchfdextrin  and  the  gums,  caramel, 
tannin,  albumin,  gelatin,  vegetable  and  animal  extractive  matters.  These  bodies  are 
also  distinguished  by  the  gelatinous  character  of  their  hydrates.  Although  often 
largely  soluble  in  water,  they  are  held  in  solution  by  a  most  feeble  force.  They  appear 
singularly  inert  in  the  capacity  of  acids  and  bases,  and  in  all  the  ordinary  chemical 
relations.  But,  on  the  other  hand,  their  peculiar  physical  aggregation,  together  with 
the  chemical  indifference  referred  to,  appears  to  be  required  in  substances  that  can 
intervene  in  the  organic  processes  of  life.  The  plastic  elements  of  the  animal  body  are 
found  in  this  class.  As  gelatin  appears  to  be  its  type,  substances  of  this  class  may  be 
designated  as  collo'ids  (from  K6\\-rj,  glue),  and.  their  peculiar  form  of  aggregation,  as 
the  colloidal  condition  of  matter.  Opposed  to  the  colloidal  is  the  crystalline  condition. 
Substances  affecting  the  latter  form  may  be  classed  as  crystalloids.  The  distinction  ia 
no  doubt  one  of  intimate  molecular  constitution. 

Although  chemically  inert  in  the  ordinary  sense,  colloi'ds  possess  a  compensating 
activity  of  their  own,  arising  out  of  .their  physical  properties.  While  the  rigidity  of 
the  crystalline  structure  shuts  out  external  impressions,  the  softness  of  the  gelatinous 
colloid  partakes  of  fluidity,  and  enables  the  colloid  to  become  a  medium  for  liquid  dif- 
fusion, like  water  itself.  The  same  penetrability  appears  to  take  the  form  of  cemen- 
tation in  such  colloids  as  can  exist  at  a  high  temperature.  Hence  a  wide  sensibility 
on  the  part  of  colloids  to  external  agents.  Another  and  eminently  characteristic 
quality  of  colloids,  is  their  mutability.  Their  existence  is  a  continued  metastasis.  A 
colloid  may  be  compared  in  this  respect  to  water  while  existing  liquid  at  a  temperature 
•under  its  usual  freezing-point,  or  to  a  supersaturated  saline  solution.  Fluid  colloids 
appear  to  have  always  a  pcctous  modification ;  and  they  often  pass,  under  the  slightest 
influences,  from  the  first  into  the  second  condition.  The  solution  of  hydrated  silicic 
acid,  for  instance,  is  easily  obtained  in  a  state  of  purity,  but  it  cannot  be  preserved. 
It  may  remain  fluid  for  days  or  weeks  in  a  sealed  tube,  but  is  sure  to  gelatinise  and 
become  insoluble  at  last.  Nor  does  the  change  of  this  colloid  appear  to  stop  at  that 
point.  For  the  mineral  forms  of  silicic  acid,  deposited  from  water,  such  as  flint,  are 
often  found  to  have  passed,  during  the  geological  ages  of  their  existence,  from  the 
vitreous  or  colloidal  into  the  crystalline  condition  (H.  Eose).  The  colloidal  is,  in  fact, 
a  dynamical  state  of  matter ;  the  crystalloidal  being  the  statical  condition.  It  may  be 
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looked  upon  as  the  probable  primary  source  of  the  force  appearing  in  the  phenomena 
of  vitality.  To  the  gradual  manner  in  which  colloidal  changes  take  place  (for  they 
always  demand  time  as  an  element),  may  the  characteristic  protraction  of  chemico- 
organic  changes  also  be  referred. 

The  following  experiments  made  by  the  method  of  jar-diffusion  (p.  700),  exhibit  tlw 
difference  of  diffusibility  of  colloids,  namely  gum,  tannin,  or  caramel,  as  compared 
with  the  crystalloi'dal  substances,  chloride  of  sodium,  sulphate  of  magnesium,  and  cane- 
sugar. 

TABLE  III. — Diffusion  of  10  per  cent,  solutions  (10  grms.  of  substance  'in  100  cubic 
centimetres  of  liquid)  into  pure  water,  after  fourteen  days,  at  10°  (50  Fahr.) 


Number  of 
stratum  (from 
above  down- 

Chloride of 
sodium. 

Sulphate  of 
magnesium, 
at  mo 

Sugar. 

Gum, 

Tannin. 

Albumin  at 
13°—  13°  5. 

Caramel  at 
10°—  11°. 

wards). 

at  l(Ju. 

1 

•104 

•007 

•005 

•003 

•003 

2 

•129 

•Oil 

•008 

•003 

•003 

3 

•162 

•018 

•012 

•003 

•004 

4 

•198 

•027 

•016 

•004 

•003 

5 

•267 

•049 

•030 

•003 

•005 

6 

•340 

•085 

•059 

•004 

•007 

, 

•003 

7 

•429 

•133 

•102 

•006 

•017 

.      , 

•005 

8       - 

•535 

•218 

•180 

•031 

•031 

•010 

•010 

9 

•654 

•331 

•305 

•097 

•069 

•015 

•023 

10 

•766 

•499 

•495 

•215 

•145 

•047 

•033 

11 

•881 

•730 

•740 

•407 

•288 

•113 

•075 

12 

•991 

1-022 

1-075 

•734 

•556 

•343 

•215 

13 

1-090 

1-383 

1-435 

1-157 

1-050 

•855 

•705 

14 

1-187 

1-803 

1-758 

1-731 

1-719 

1-892 

1-725 

15  and  16 

2-266 

3-684 

3-783 

5-601 

6-097 

6-725 

7-206 

9-999 

10-000 

10-003 

9-999 

9-997 

10-000 

10-000 

Here  the  superimposed  coltfmn  of  water  being  111  millimetres  (4-38  inches)  high, 
the  chloride  of  sodium  is  found  to  have  diffused  in  sensible  quantity  to  the  top,  and 
could  have  risen  higher.  The  top  of  the  diffusion-column  of  sulphate  of  magnesium, 
and  likewise  that  of  sugar,  appear  to  have  just  reached  the  top  of  the  liquid  in  the 
fourteen  days  of  the  experiment.  But  the  colloids,  gum,  tannin,  albumin  and  caramel, 
exhibit  a  great  falling  off  in  the  rate  of  diffusion.  G-um  and  tannin  do  not  appear  to 
be  carried  by  diffusion  higher  than  the  seventh  stratum,  the  minute  quantities  found  in 
the  higher  strata,  which  together  do  not  exceed  0'02  grm.,  being  doubtless  the  result 
of  accidental  dispersion,  arising  probably  from  a  movement  of  the  upper  liquid,  occa- 
sioned by  slight  inequalities  of  temperature.  The  diffusion  of  albumin  and  of  caramel 
is  still  slower. 

By  continuing  the  diffusion  of  different  substances  till  equal  quantities  had  diffused 
out,  the  following  results  were  obtained : 

Approximate  times  of  Equal  Diffusion. 

Hydrochloric  acid ....  1 

Chloride  of  sodium        .        .        .  2-33 

Sugar 7 

Sulphate  of  magnesium .        .        .  7 

Albumin 49 

Caramel 98 

The  diffusion  of  hydrochloric  acid  in  three  days  corresponds  with  the  diffusion  of 
chloride  of  sodium  in  seven  days.  Hydrochloric  and  the  allied  hydracids,  with  other 
monobasic  acids,  are  the  most  diffusive  substances  known. 

The  diffusion  process  in  alcohol  appears  to  be  several  times  slower  than  in  water. 
The  following  table  exhibits  the  results  of  experiments  on  three  substances  dissolved 
in  alcohol,  and  placed  under  a  column  of  alcohol,  the  experiments  being  conducted 
exactly  as  described  at  p.  700. 
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TABLE  IV. — Diffusion  of  10  per  cent,  solutions  of  Iodine  and  Acetate  of  Potassium 
in  alcohol  in  seven  days. 


Number  of 
stratum. 

Iodine  at  14°. 

Acetate  of  potas- 
sium at  14°—  15°. 

Resin  at  14-5°. 

1 

•028 

•055 

•017 

2 

•033 

•057 

•017 

3 

•046 

•061 

•018 

4 

•038 

•063 

•017 

5 

•037 

•064 

•019 

6 

•039 

•066 

•020 

7 

•081 

•070 

•022 

8 

•143 

•071 

•024 

9 

•263 

•072 

•025 

10 

•417 

•095 

•080 

11 

•637 

•285 

•210 

12 

•936 

•619 

•498 

13 

1-235 

1-157 

•992 

14 

1-506 

1-907 

1-700 

15  and  16 

4-561 

5-358 

6-341 

10-000 

10-000 

10-000 

3.— Application  of  liquid  Diffusion  to  Chemical  Analysis. 

Mixed  salts  may  be  more  or  less  separated  by  their  unequal  divisibility.  A  solution 
of  1  pt.  of  carbonate  of  potassium,  and  1  pt.  carbonate  of  sodium  in  10  pts.  of  water 
placed  in  a  a  diffusion- phial  (fig.  708),  yielded  in  10  days  at  15°  a  diffusate  containing 
63 '6  pts.  carbonate  of  potassium  to  36'4  pts.  carbonate  of  sodium;  the  diffu sate  in 
25  days  contained  the  same  salts  in  nearly  the  same  proportion.  Inequality  of  diffu- 
sion is  indeed  somewhat  increased  by  mixture,  so  that  the  actual  separation  is  greater 
than  that  calculated  from  the  relative  diffusibilities  of  the  mixed  substances. 

Similar  results  were  obtained  by  the  method  of  jar-diffusion  at  p.  700 ;  when  a 
mixture  of  two  salts  was  placed  at  the  bottom  of  the  jar,  the  more  diffusive  salt  tra- 
velled upwards  the  most  rapidly,  showing  itself  first,  and  always  most  largely,  in  the 
upper  strata.  The  following  table  shows  the  results  obtained  with  a  mixture  of  equal 
parts  of  the  chlorides  of  potassium  and  sodium. 

TABLE  V. — Diffusion  of  a  mixture  of  5  per  cent,  of  Chloride  of  Potassium,  and 
5  per  cent,  of  Chloride  of  Sodium,  for  seven  days  at  12° — 13°. 


Number  of 

Chloride  of 

Chloride  of 

Total 

stratum. 

potassium. 

sodium. 

Diffusate. 

1 

•018 

•014 

•032 

2 

•025 

•015 

•040 

3 

•044 

•014 

•058 

4 

•075 

•017 

•092 

5 

•101 

•034 

•135 

6 

•141 

•063 

•204 

7 

•185                   -104 

•289 

8 

•252 

•151 

•403 

9 

•330 

•212 

•542 

10 

•349 

•351 

•700 

11 

•418 

•458 

•876 

12 

•511 

•559 

1-070 

13 

•552 

•684 

1-236 

14 

•615 

•772 

1-387 

15  and  16 

1-385 

1-551 

2-936 

5-001 

4-999 

10-000 

The  first  six  strata  contain  together  561  milligrammes,  of  which  404  milligrammes,  or 
72  per  cent.,  that  is  nearly  three-fourths,  are  chloride  of  potassium.    We  have  to 
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descend  to  the  tenth  stratum  before  the  salts  are  found  in  equal  proportions. _  The 
progression  is  then  inverted,  and  chloride  of  sodium  comes  to  preponderate  in  the 
lower  strata. 

It  is  evident  that  the  preceding  experiment  might  be  so  conducted  as  to  diffuse 
away  the  chloride  of  potassium,  and  leave  below  a  mixture  containing  chloride  of  sodium 
in  relative  excess,  to  as  great  an  extent  as  the  chloride  of  potassium  is  found  above,  in 
the  last  experiment. 

Further,  the  mixture  in  which  chloride  of  potassium  was  concentrated  in  the  experi- 
ment described,  so  as  to  form  72  per  cent,  of  the  whole  mixture,  might  be  again 
subjected  to  diffusion  in  the  same  manner.  In  an  experiment  upon  a  mixture  of  7 '5 
grms.  of  chloride  of  potassium  and  2-5  grms.  of  chloride  of  sodium,  the  six  upper 
strata  gave  640  milligrms.  of  salt,  of  which  610  milHgrms.,  or  95-3  per  cent,,  were 
chloride  of  potassium.  It  is  obvious  that,  by  repeating  this  diffusive  rectification  a 
sufficient  number  of  times,  a  portion  of  the  more  diffusive  salt  might  be  obtained  at 
last  in  a  state  of  sensible  purity. 

The  preceding  example  illustrates  the  separation  of  unequally  diffusive  metals  or 
bases ;  the  following  example  represents,  on  the  other  hand,  the  separation  of  unequally 
diffusive  acids  united  with  a  common  base.  Chloride  and  sulphate  of  sodium  diffuse 
separately  in  the  phial  experiments  in  the  proportion  of  1  to  0707. 

TABLE  VI. — Diffusion  of  5  per  cent,  of  Chloride  of  Sodium  and  5  per  cent,  of 
anhydrous  Sulphate  of  Sodium,  for  7  days,  at  10° — 10°'75. 


Number  of 
stratum. 

Chloride  of 
sodium  in 

Sulphate  of 
sodium  in 

Total 
dififusate  in 

grammes. 

grammes. 

grammes. 

1 

•009 

•009 

2 

•012 

•001 

•014 

3 

•024 

•005 

•026 

4 

•038 

•003 

•041 

5 

•060 

•006 

•066 

6 

•095 

•012 

•107 

7 

•141 

•029 

•170 

8 

•203 

•059 

•262 

9 

•278 

•115 

•393 

10 

•360 

•205 

•565 

11 

•473 

•317 

•790 

12 

•560 

•507 

1-067 

13 

•637 

•694 

1-331 

14 

•718 

•909 

1-627 

15  and  16 

1-390 

2-141 

3-531 

4-999 

5-000 

9-999 

Here  the  separation  is  still  more  sensible  than  with  the  bases.  The  six  upper 
strata  contain  263  milligrammes  of  salt,  of  which  239  milligrammes,  that  is  90'8  per 
cent.,  are  chloride  of  sodium.  The  salt  of  the  upper  eight  strata  amounts  to  695 
milligrammes,  of  which  583  milligrammes,  or  83'9  per  cent,,  are  chloride. 

On  comparing  the  diffusion  of  a  mixture  of  equivalent  quantities  of  chloride  of  sodium 
and  sulphate  of  potassium  with  that  of  a  mixture,  also  in  equivalent  proportions,  of 
chloride  of  potassium  and  sulphate  of  sodium,  it  was  found  that  the  diffusion  of  the 
metals  is  not  affected  by  the  acid  with  which  each  of  them  is  originally  combined. 
This  result  is  quite  in  harmony  with  Berthelot's  view,  that  the  acids  and  bases  are 
indifferently  combined,  or  that  a  mixture  of  chloride  of  potassium  and  sulphate  of 
sodium  is  the  same  thing  as  a  mixture  of  chloride  of  sodium  and  sulphate  of  potassium, 
when  both  mixtures  are  in  the  state  of  solution.  With  two  acids  greatly  unequal  in 
their  affinity  for  bases,  however,  the  result  might  possibly  be  different. 

In  some  cases,  diffusion  is  also  capable  of  effecting  the  decomposition  of  chemical 
compounds.  Thus,  when  a  solution  of  common  alum  is  allowed  to  diffuse  into  water, 
the  sulphate  of  potassium  passes  out  more  rapidly  than  the  sulphate  of  aluminium.  A 
solution  of  sulphate  of  potassium  in  lime-water  left  to  diffuse  into  lime-water  yields 
a  diffusate  containing  hydrate  of  potassium ;  similarly  with  sulphate  of  sodium.  The 
sulphates  of  potassium  and  sodium  are  also  decomposed  by  carbonate  of  calcium  dis- 
solved in  carbonic  acid  water,  when  the  liquid  is  allowed  to  diffuse  into  pure  water. 
The  chlorides  of  potassium  and  sodium  are  not  sensibly  decomposed  by  lime-water  in 
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this  manner.  When  saturated  solutions  of  lime-water  and  sulphate  of  calcium  are 
mixed  in  equal  volumes,  1  per  cent,  of  chloride  of  sodium  dissolved  in  the  mixture,  and 
the  solution  left  to  diffuse  into  pure  water,  scarcely  a  trace  of  hydrate  of  sodium  is 
obtained;  but  when  the  solution  of  sulphate  of  calcium,  with  an  addition  of  2  per  cent, 
of  chloride  of  sodium,  is  kept  at  the  boiling  point  for  half  an  hour,  and  the  solution 
mixed  two  or  three  days  afterwards  with  an  equal  volume  of  lime-water,  and  diffused 
into  pure  water  for  3£  days,  the  diffusate  in  three  cells  is  found  to  contain  0'234 
grains  hydrate  of  sodium  and  0'371  sulphate  of  sodium.  It  appears,  then,  that  more 
than  one  condition  of  equilibrium  is  possible  for  mixed  solutions  of  sulphate  of  calcium 
and  chloride  of  sodium.  Cold  solutions  of  these  salts  may  be  mixed  without  decom- 
position, or  without  sensible  formation  of  sulphate ;  but,  on  heating,  this  change  is 
induced,  and  is  permanent,  sulphate  of  sodium  being  formed,  and  continuing  to  exist 
in  the  cold  solution ;  for  it  is  the  decomposition  of  that  salt  alone  by  hydrate  of  calcium 
which  appears  to  yield  the  diffused  hydrate  of  soda.  As  the  effects  of  time  and  tem- 
perature are  often  convertible,  it  is  possible  that  the  same  decomposition  might  take 
place  at  ordinary  temperatures  after  a  considerable  time.  If  such  be  the  case,  we  have 
an  agency  in  the  soil  by  which  the  alkaline  carbonates  required  by  plants  may  be 
formed  from  the  chlorides  of  potassium  and  sodium,  as  well  as  from  the  sulphates  ;  for 
the  sulphate  of  calcium,  generally  present,  will  convert  those  chlorides  into  sulphates. 
The  mode  in  which  the  soil  of  the  earth  is  moistened  by  rain  is  peculiarly  favourable 
to  separations  by  diffusion.  The  soluble  salts  of  the  soil  may  be  supposed  to  be  carried 
down  together,  to  a  certain  depth,  by  the  first  portion  of  rain  which  falls,  while  they 
find  afterwards  an  atmosphere  of  nearly  pure  water,  in  the  moisture  which  falls  last 
and  occupies  the  surface  stratum  of  the  soil.  Diffusion  of  the  salts  upwards  into  the 
water,  with  its  separations  and  decompositions,  must  necessarily  ensue.  The  salts  of 
potassium  and  ammonium,  which  are  most  required  for  vegetation,  possess  the  highest 
diffusibility,  and  will  rise  first.  The  pre-eminent  diffusibility  of  the  alkaline  hydrates 
may  also  be  called  into  action  in  the  soil  by  hydrate  of  calcium,  particularly  as  quick- 
lime is  applied  as  a  top-dressing  to  grass-lands,  (Graham.) 

4.— Dialysis. 

Membranes  or  septa  of  the  colloid  class  (p.  710)  possess  a  property  which  is  very 
useful  in  assisting  diffusive  separations.  The  jelly  of  starch,  that  of  animal  mucus,  of 
pectin,  of  Payen's  vegetable  gelose  (ii.  826),  and  other  solid  colloidal  hydrates,  all  of 
which  are  strictly  speaking  insoluble  in  cold  water,  are  themselves  permeable  when  in 
mass,  as  water  is,  by  the  more  highly  diffusive  substances.  But  such  jellies  greatly 
resist  the  passage  of  the  less  diffusive  substances,  and  cut  off  entirely  other  colloid 
substances  like  themselves  that  may  be  in  solution :  in  this  respect  they  resemble 
animal  membrane.  This  mode  of  separation  by  diffusion  through  a  septum  is  called 
dialysis.  A  mere  film  of  the  colloidal  septum  produces  this  separating  effect.  Thus, 
if  a  sheet  of  very  thin  letter-paper,  well  sized  with  starch,  and  having  no  porosity,  be 
laid  on  the  surface  of  water,  a  depression  made  in  its  centre,  and  a  mixed  solution  of 
cane-sugar  and  gum-arabic  containing  5  per  cent,  of  each  substance  poured  upon  it,  the 
sugar  diffuses  through  into  the  water  while  the  gum  remains  above,  so  that,  after  twenty- 
four  hours,  the  water  below  is  found  to  contain  about  three-fourths  of  the  whole  sugar,  in 
a  condition  so  pure  as  to  crystallise  when  the  liquid  is  evaporated  over  the  water-bath. 
Now  the  sized  paper  has  no  power  to  act  as  a  filter ;  it  is  mechanically  impenetrable, 
and  refuses  a  passage  to  the  mixed  liquid  as  a  whole.  Molecules  only  permeate  this 
septum,  and  not  masses.  The  molecules  also  are  moved  by  the  force  of  diffusion.  But 
the  water  of  the  gelatigenous  starch  with  which  the  paper  is  sized,  is  not  directly 
available  as  a  medium  for  the  diffusion  of  either  the  sugar  or  the  gum,  being  in  a  state  of 
real  though  feeble  chemical  combination.  The  hydrated  compound  itself  is  solid,  and 
also  insoluble.  Sugar,  however,  with  other  crystalloids,  can  separate  water,  molecule 
after  molecule,  from  any  hydrated  colloid,  such  as  starch.  The  sugar  thus  obtains  the 
liquid  medium  required  for  diffusion,  and  makes  its  way  through  the  gelatinous  septum. 
Gum,  on  the  other  hand,  presenting,  as  a  colloid,  an  affinity  for  water  of  the  feeblest 
description,  is  unable  to  separate  that  liquid  from  the  gelatinous  starch,  and  so  fails  to 
open  the  door  for  its  own  passage  outwards  by  diffusion. 

Diffusion  of  a  crystalloid  through  a  firm  jelly  appears  to  proceed  at  nearly  the  same 
rate  as  into  pure  water.  This  is  strikingly  shown  by  the  following  experiment. 

Ten  grammes  of' chloride  of  sodium  and  2  grammes  of  the  Japanese  gelatin,  or  gelose 
of  Payen,  were  dissolved  together  in  so  much  hot  water  as  to  form  100  cub.  cents,  of 
liquid.  Introduced  into  the  empty  diffusion-jar  and  allowed  to  cool,  this  liquid  set 
into  a  firm  jelly,  occupying  the  lower  part  of  the  jar,  and  containing  of  course  10  per 
cent,  of  chloride  of  sodium.  Instead  of  placing  pure  water  over  this  jelly,  it  was 
covered  by  700  cub,  cents,  of  water  containing  2  per  cent,  of  the  same  gelose,  cooled  so 
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far  as  to  be  on  the  point  of  gelatinising,  the  jar  at  the  same  time  being  placed  in  a 
cooling  mixture  in  order  to  expedite  that  change.  The  jar  with  its  contents  was  now 
left  undisturbed  for  eight  days  at  the  temperature  10°.  After  the  lapse  of  this  time, 
the  jelly  was  removed  from  the  jar  in  successive  portions  of  50  cub.  cents,  each  from 
the  top,  and  the  proportion  of  chloride  of  sodium  in  the  various  strata  ascertained. 
The  results  were  very  similar  to  those  obtained  in  diffusing  the  same  salt  in  a  jar  of 
pure  water,  excepting  that  the  diffusion  in  the  gelose  appeared  more  advanced  in  eight 
days  than  diffusion  in  water  for  seven  days.  With  a  coloured  crystalloid,  such  as  acid 
chromate  of  potassium,  the  gradual  elevation  of  the  salt  to  the  top  of  the  jar  is  very 
plainly  seen.  On  the  other  hand,  the  diffusion  of  a  coloured  colloid,  such  as  caramel, 
through  the  jelly,  appears  scarcely  to  have  begun  after  the  lapse  of  eight  days.  The 
diffusion  of  a  salt  into  the  solid  jelly  may  be  regarded  as  cementation  in  its  simplest 
form. 

The  most  suitable  of  all  substances  for  a  dialytic  septum  is  De  la  Eue's  vegetable 
parchment  or  parchment-paper  (i.  819),  which  is  unsized  paper,  altered  by  a 
short  immersion  in  sulphuric  acid,  or  in  chloride  of  zinc.  Paper  so  metamorphosed 
acquires  considerable  tenacity,  and  when  wetted,  expands  and  becomes  translucent, 
evidently  admitting  of  hydration.  In  the  wetted  state,  parchment-paper  can  easily  be 
applied  to  a  light  hoop  of  wood,  or  better,  to  a  hoop  made  of  sheet  gutta  percha, 
2  inches  in  depth  and  8  or  10  inches  in  diameter,  so  as  to  form  a  vessel  like  a  sieve  in 
form  (fig.  710).  The  disc  of  parchment-paper  used  should  exceed  in  diameter  the 
hoop  to  be  covered  by  4  inches,  so  as  to  rise  well  round  the  hoop.  It  may  be  bound 

to  the  hoop  by  string,  or  by  an  elastic  band, 
71°-  but  should  not  be  firmly  secured.     The  parch- 

ment-paper must  not  be  porous.  Its  soundness 
will  be  ascertained  by  sponging  the  upper  surface 
with  pure  water,  and  then  observing  that  no  wet 
spots  show  themselves  on  the  opposite  side.  Such 
defects  may  be  remedied  by  applying  liquid  albu- 
min, and  then  coagulating  the  same  by  heat.  Mr. 
De  la  Hue  recommends  the  use  of  albumin  in  cementing  parchment-paper,  which  may 
thus  be  formed  into  cells  and  bags  very  useful  in  dialytic  experiments.  The  mixed 
fluid  to  be  dialysed  is  poured  into  the  hoop  upon  the  surface  of  the  parchment-paper 
to  a  small  depth  only,  such  as  half  an  inch.  The  vessel  described  (dialyser)  is  then 
floated  in  a  basin  containing  a  considerable  volume  of  water,  in  order  to  induce  the 
egress  of  the  diffusive  constituents  of  the  mixture.  Half  a  litre  of  urine,  dialysed  for 
twenty-four  hours,  gave  its  crystalloi'dal  constituents  to  the  external  water.  The  latter, 
evaporated  by  a  water-bath,  yielded  a  white  saline  mass.  From  this  mass  urea  was 
extracted  by  alcohol  in  so  pure  a  condition  as  to  appear  in  crystalline  tufts  upon  the 
evaporation  of  the  alcohol. 

For  operating  on  smaller  quantities  of  liquid,  a  small  glass  bell  jar,  tied  round  at  the 
bottom,  as  shown  in  fig.  711,  may  be  used.     Figs.  712,  713  show  convenient  modes  of 
supporting  the  instrument  in  a  basin  or  a  jar  of  water.    In  Mr.  Graham's  experiments 
Fig.  711.  Fig.  712.  Fig.  713. 


two  sizes  of  bulb  were  employed,  3'14  and  4'44  inches  in 
diameter,  the  dialytic  septa  having  areas  very  nearly  of  ~ 
and  gM  of  a  square  metre  (15'6  and  7'8  square  inches). 
With  100  cub.  cents,  of  liquid  (the  quantity  usually  em- 
ployed) the  septum  of  the  smaller  instruments  was  covered 
to  the  depth  of  20  mm.  (0'8  inch)  and  the  septum  of  the 
larger  to  a  depth  of  10  mm.  (0-4  inch).  The  thinner  the 
stratum,  the  more  exhaustive  the  diffusion  in  a  given  time. 
When  a  considerable  diffusion  is  desired  within  24  hours,  it  is  generally  inadvisable 
to  cover  the  septum  deeper  than  10  or  12  mm.  (half  an  inch). 

Numerous   experiments   on  the  diffusion  of  crystalloids  through  various  dialy'ic 
septa,  such  as  gelatinous  starch,  coagulated  albumin,  gum-tragacanth,  besides  animal 
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mucus  and  parchment-paper,  all  tended  to  prove  how  little  the  diffusive  process  is  in- 
terfered with  by  the  intervention  of  colloid  matter.  Salts  appear  to  preserve  their  usual 
relative  diffusibility  unchanged.  The  same  partial  separation  of  mixed  salts  is  observed 
as  in  the  water-jar  (p.  713).  With  a  mixture,  for  instance,  of  equal  parts  of  chlorides 
of  potassium  and  sodium  in  a  dialyser,  the  first  tenth  part  of  the  mixture  which  passed 
through  was  found  to  consist  of  59'17  per  cent,  of  chloride  of  potassium  and  10-83 
per  cent,  of  chloride  of  sodium.  Double  salts  also,  such  as  alum,  and  the  sulphate  of 
copper  and  potassium,  which  admit  of  being  resolved  into  pairs  of  unequally  diffusive 
salts,  were  largely  decomposed  upon  tho  dialyser,  as  they  are  in  the  water-jar.  The 
effect  of  heat  in  promoting  diffusion  appears,  however,  to  be  diminished  in  dialysis,  at 
least  with  a  parchment-paper  septum.  Thus  the  diffusion  from  a  2  per  cent,  solution 
of  chloride  of  sodium,  in  a  constant  period  of  three  hours,  was — 

Ratio. 

At  10°  C.  .         .        .  0-738  grm.  1-00 

,,20  ...  0794  grm.  1-07 

,,30  ...  0-892  grm.  1-20 

,,40  ...  1-017  grm.  1-37 

The  rate  of  diffusion  in  water  alone,  without  the  septum,  would  have  been  doubled  by 
an  equal  rise  of  temperature,  instead  of  being  increased  one-third  only  as  above. 

The  following  table  exhibits  the  rate  of  diffusion  of  .several  substances,  both  crys- 
talloids and  colloids,  compared  with  chloride  of  sodium  as  a  standard.  The  larger 
bell-jar  (p.  716)  was  used,  and  the  parchment-paper  was  changed  in  each  experiment. 
The  substance  in  solution  amounted  to  2  grms.,  the  depth  of  liquid  in  the  dialyser  to 
10  mm.  (0-4  of  an  inch),  and  the  surface  of  tho  septum  to  O'Ol  square  metre  (15'G 
square  inches). 

TABLE  VII. — Dialysis  through  Parchment-paper  during  twenty -four  hours,  at  12°. 


Two  per  cent,  solutions. 

Diffusate  in 
grammes. 

Proportional 
diffusate. 

Chloride  of  sodium  . 

1-657 

1-000 

Picric  acid 

1-690 

1-020 

Ammonia 

1-404 

•847 

Theine     . 

1-166 

•703 

Salicin      .                  , 

•835 

•503 

Cane-sugar 

•783 

•472 

Amygdalin             .    . 

•517 

•311 

Extract  of  quercitron 

•305 

•184 

Extract  of  logwood  . 

•280 

•168 

Catechu    ... 

•265 

•159 

Extract  of  cochineal  . 

•086 

•051 

Gallotannic  acid 

•050 

•030 

Extract  of  litmus 

•033 

•019 

Purified  caramel 

•009 

•005 

The  picric  acid  and  theine  were  actually  diffused  from  1  per  cent,  solutions,  and  the 
numbers  observed  are  multiplied  by  2.  The  crystallisable  principles,  theine,  salicin, 
and  amygdalin,  appear  greatly  more  diffusible  than  gallo-tanuic  acid,  or  than  gum,  as 
has  been  already  seen.  Such  inequality  of  rate  is  likely  to  facilitate  the  separation  of 
vegetable  principles  by  the  agency  of  dialysis. 

Preparation  of  Colloid  Substances  by  Dialysis. 

The  purification  of  many  colloid  substances  may  be  effected  with  great  advantage  by 
placing  them  on  the  dialyser.  Accompanying  crystalloids  are  eliminated,  and  the 
colloid  is  left  behind  in  a  state  of  purity.  The  purification  of  soluble  colloids  can 
rarely  be  effected  by  any  other  known  means,  and  dialysis  is  evidently  the  appropriate 
mode  of  preparing  such  bodies  free  from  crystalloids. 

When  the  mixed  solution  obtained  by  pouring  silicate  of  sodium  into  water  acidu- 
lated with  hydrochloric  acid,  was  placed  upon  a  parchment-paper  dialyser,  and  allowed 
to  diffuse  into  water,  the  latter  being  occasionally  changed,  a  quantity  of  silicic  acid 
was  left  upon  the  septum,  amounting,  after  the  lapse  of  five  days,  to  seven-eighths  of 
the  original  silicic  acid,  and  the  solution  of  silicic  acid  which  subsequently  passes 
through,  is  so  free  from  hydrochloric  acid  and  chloride  of  sodium  as  not  to  give  a 
precipitate  with  nitrate  of  silver. 

Soluble  silicic  acid  forms  a  peculiar  class  of  compounds,  which  like  itself,  are  col- 
loidal, and  differ  entirely  from  the  ordinary  silicates.  These  compounds,  which  may 


718  LIQUIDS,   OSMOSE   OF. 

be  called  collisilicates  or  co-silicates,  appear  to  contain  an  acid  of  higher  atomic 
•weight  than  ordinary  silicic  acid.  Cosilicic  acid,  like  gallotannic,  gummic,  and  other 
colloidal  acids,  unites  with  gelatin,  forming  a  cosilicate  of  gelatin,  which  is  precipitated 
on  mixing  the  solutions  of  silicic  acid  and  gelatin;  but,  like  the  gallotannate  (i.  828), 
varies  in  composition  according  as  the  one  or  the  other  constituent  is  present  in  excess. 
Cosilicic  acid  also  precipitates  both  albuminic  acid  and  pure  casein. 

The  true  hydrated  alumina,  also  Crum's  metalumina  (i.  159),  are  obtained 
soluble  by  dialysing  solutions  of  these  oxides  in  the  chloride  and  acetate  of  the  same 
metal;  so, likewise,  hydrated  ferric  oxide,  and  the  peculiar  ferric  hydrate  (meta- 
ferric  hydrate)  discovered  by  Pean  de  St-Gilles  (p.  395),  and  soluble  chromic 
hydrate  (ii.  949).  The  several  varieties  of  Prussian  blue  (ii.  229,  244)  are  obtained 
soluble  by  dialysing  their  solutions  in  oxalate  of  ammonium,  the  latter  salt  diffusing 
away.  Stannic  and  metastannic  acids  both  give  soluble  modifications  when 
dialysed  from  alkaline  solutions ;  titanic  acid,  when  dialysed from  a  solution  in  dilute 
hydrochloric  acid;  tungstic  acid  and  molybdic  acids,  when  the  tungstate  and 
molybdate  of  sodium  in  dilute  solution  are  repeatedly  dialysed  with  a  slight  excess  of 
hydrochloric  acid.  (Chem.  Soc.  J.  [2]  ii.  318.) 

A  solution  of  gum-arabic  (gummate  of  calcium)  dialysed  after  addition  of  hydro- 
chloric acid,  gave  at  once  the  pure  gummic  acid  of  Fremy  (ii.  955).  Soluble  albumin 
is  obtained  in  a  state  of  purity  by  dialysing  albumin  with  addition  of  acetic  acid. 

Caramel  of  sugar  purified  by  repeated  precipitation  with  alcohol,  and  afterwards 
by  dialysis,  contains  the  proportion  of  carbon  in  the  highest  of  the  caramelic  bodies  of 
Gelis  (ii.  748) ;  it  forms  a  tremulous  jelly  when  concentrated,  and  appears  decidedly 
colloidal.  Like  all  other  colloids,  it  has  a  soluble  and  an  insoluble  modification.  The 
latter  has  its  solubility  restored  by  the  action  of  alkalis,  followed  by  that  of  acetic  acid 
and  subsequent  dialysis. 

For  further  details  on  the  preparation  of  colloids  by  dialysis,  see  Chem.  Soc.  J.  xv. 
243 — 260  ;  also  the  descriptions  of  the  several  substances  in  their  alphabetical  order 
to  this  Dictionary. 

Separation  of  Arsenious  Acid  from  Colloidal  Liquids. — Dialysis  may  be  advantage- 
ously applied  to  the  separation  of  arsenious  acidandmetallic  salts  from  organic 
solutions  in  medico-legal  enquiries.  The  process  has  the  advantage  of  introducing  no 
metallic  substance  or  chemical  reagent  of  any  kind  into  the  organic  fluid.  The 
arrangement  for  operating  is  also  of  the  simplest  nature. 

The  organic  liquid  is  placed,  to  the  depth  of  half  an  inch,  on  a  dialyser  formed  of  a 
hoop  of  gutta  percha  10  or  12  inches  in  diameter,  covered  with  parchment-paper  (fig.  710, 
p.  716).  The  dialyser  is  then  floated  in  a  basin  containing  a  volume  of  water  about 
four  times  greater  than  the  volume  of  organic  fluid  in  the  dialyser.  The  water  of  the 
basin  is  generally  found  to  remain  colourless  after  the  lapse  of  24  hours ;  and  after 
being  concentrated  by  evaporation,  it  admits  of  the  application  of  the  proper  reagents 
to  precipitate  and  remove  a  metal  from  solution.  One-half  to  three-fourths  of  the 
crystalloidal  and  diffusible  constituents  of  the  organic  liquid  will  generally  be  found  in 
the  water  of  the  basin. 

Tartar-emetic  and  strychnine  maybe  separated  from  viscid  organic  matter 
in  a  similar  manner:  indeed,  all  soluble  poisonous  substances  appear  to  be  crystalloids, 
and  therefore  pass  through  colloidal  septa. 

LIQUIDS,  DISPERSIVE  POWERS  OF.     See  LIGHT  (p.  624). 

LIQUIDS,  EXPANSION1  OF.    See  HEAT  (p.  52). 

LIQUIDS,  INDICES  OF  REFRACTION  OF.     See  LIGHT  (pp.  615,  627). 

LIQUIDS,  OSMOSE  OF.  When  two  liquids  are  separated  by  the  interven- 
tion of  a  porous  diaphragm,  a  flow  of  liquid  takes  place  from  one  side  of  the  septum 
to  the  other,  or  sometimes  an  unequal  flow  of  the  two  liquids  in  opposite  directions, 
so  that  the  quantity  of  liquid  increases  on  one  side  of  the  septum  and  diminishes  on 
the  other.  This  phenomenon  was  originally  designated  by  the  correlative  terms  En- 
d  osmose  and  Ex  osmose,  but  it  is  better  expressed  by  the  shorter  word  (Osmose, 
from  wff(ji.6s,  impulsion),  which  includes  the  two  former. 

The  passage  of  liquids  through  porous  septa  was  first  studied  byDutrochet,  whose 
apparatus,  called  an  endosmometer,  consisted  of  a  narrow  glass  tube,  having  a  funnel- 
shaped  expansion  at  the  bottom,  and  closed  at  that  end  by  a  piece  of  bladder.  This 
tube  was  filled  with  a  saline  solution,  and  placed  in  a  vertical  position  in  ajar  contain- 
ing water.  The  flow  of  liquid  in  the  one  direction  or  the  other  was  measured  by  tho 
rise  or  fall  of  the  liquid  in  the  tube.  Dutrochet  inferred,  from  his  experiments,  that  tho 
velocity  of  the  osmotic  current  is  proportionate  to  the  quantity  of  salt  or  other  solid 
substance  originally  contained  in  the  saline  solution.  The  experiments  were,  however, 
inexact,  because  no  allowance  was  made  for  the  alteration  of  hydrostatic  pressure 
caused  by  the  rise  or  fall  of  the  liquid  in  the  tube.  Vi  eror  d  t  (Pogg.  Ann.  Ixxxiii.  79), 
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who  used  a  modification  of  Dutrochet's  apparatus,  in  which  this  source  of  error  was 
removed,  found  that  the  velocity  of  the  current  increases  with  the  initial  concentration 
of  the  solution,  but  in  a  lower  ratio. 

Professor  Jolly,  of  Heidelberg,  has  examined  the  osmose  of  water  and  saline  solu- 
tions by  a  different  method.  The  saline  solution  containing  a  known  quantity  of  salt 
is  contained  in  a  glass  tube  closed  at  the  bottom  with  bladder,  and  plunged  into  water, 
which  is  frequently  changed,  so  as  to  keep  it  nearly  pure.  The  tube  with  its  content? 
is  taken  out  from  time  to  time  and  weighed,  and  these  operations  are  repeated  till  the 
weight  becomes  constant,  showing  that  the  whole  of  the  salt  has  passed  out  from  the 
tube,  and  nothing  but  water  remains. 

In  this  manner  it  is  found  that  a .  given  quantity  of  any  salt  which  passes  through 
the  septum  into  the  water  is  always  replaced  by  a  definite  quantity  of  water.  The 
quantity  of  water  which  is  thus  replaced  by  a  unit  of  weight  of  the  salt,  is  called  the 
endosmotic  (or  osmotic}  equivalent  of  that  salt.  This  quantity  varies  with  the  nature 
of  the  salt,  and  with  the  temperature,  increasing  as  the  temperature  rises ;  but  it  is 
independent  of  the  density  of  the  solution.  At  temperatures  near  0°  C.,  the  endos- 
motic equivalent  of  hydrate  of  potassium  was  found  to  be  200  ;  of  chloride  of  sodium, 
between  4-3  and  4'6  ;  of  sulphate  of  sodium,  between  11  and  12  ;  of  neutral  sulphate 
of  potassium,  12  ;  of  acid  sulphate  of  potassium,  2'3 ;  and  of  hydrated  sulphuric  acid 
(at  18°  C.),  0-35. 

These  results  point  to  the  conclusion,  that  the  osmose  between  water  and  saline  solu- 
tions consists,  not  in  the  opposite  passage  of  two  liquid  currents,  but  in  the  passage 
of  particles  of  the  salt  in  one  direction,  and  of  pure  water  in  the  other.  This  conclu- 
sion is  strengthened  by  Graham's  observation,  that  common  salt  diffuses  into  water, 
through  a  thin  membrane  of  ox-bladder  deprived  of  its  outer  muscular  coating,  at  the 
same  rate  as  when  no  membrane  is  interposed. 

The  flow  of  water  into  the  saline  solution  is  the  only  one  of  the  two  movements 
which  can  be  correctly  described  as  a  current.  This  is,  in  fact,  the  true  osmose,  and 
depends  essentially  on  the  action  of  the  membrane  or  other  porous  septum ;  for  tho 
quantity  of  water  which  thus  passes  into  the  solution  is  often  much  greater  than 
would  be  introduced  by  mere  liquid  diffusion,  amounting  in  some  cases  to  several 
hundred  times  that  of  the  salt  displaced. 

This  action  of  the  septum  has  been  explained  in  various  ways.  By  Dutrochet  and 
others,  it  was  attributed  to  capillarity;  but  this  force  is  quite  insufficient  to  account  for 
the  great  inequality  of  ascension  which  different  liquids  exhibit  in  the  osmotic  appa- 
ratus :  in  fact,  Graham  has  shown,  that  solutions  of  the  most  different  character  exhibit 
very  nearly  equal  ascension  in  tubes  of  equal  diameter. 

Osmose  has  likewise  been  attributed  to  the  unequal  absorption  of  the  two  liquids  by 
the  porous  septum.  Suppose  the  septum  to  be  of  such  a  nature  as  to  absorb  only  one 
of  the  liquids, — the  water,  for  instance.  The  water  will  then  penetrate  the  septum,  and 
coming  in  contact  with  the  saline  solution,  will  diffuse  into  it.  More  water  will  then 
be  absorbed,  and  subsequently  diffused,  and  thus  a  continuous  current  will  be  set  up. 
If  both  liquids  are  absorbed  by  the  septum,  but  in  different  degrees,  and  each  is  capable 
of  diffusing  into  the  other,  like  water  and  alcohol,  the  result  will  be  the  formation  of 
two  unequal  currents  in  opposite  directions.  Water  is  absorbed  by  animal  membrane 
much  more  rapidly  than  most  other  liquids,  and  accordingly,  when  a  septum  of  this 
kind  is  used,  the  direction  of  the  current  is  in  most  cases  from  the  water  to  the  other 
liquid.  According  to  Liebig,  a  given  weight  of  dried  ox-bladder  absorbs  in  the  same 
time,  200  vols.  of  water,  133  vols.  of  a  saturated  solution  of  common  salt,  38  vols.  of 
alcohol  of  the  strength  of  84  per  cent,  and  17  vols.  of  bone-oil.  "When  water  and 
alcohol  are  separated  by  an  animal  membrane,  the  quantity  of  water  which  passes  into 
the  alcohol  is  greater  than  the  quantity  of  alcohol  which  passes  into  the  water ;  but 
when  the  same  liquids  are  divided  by  a  thin  film  of  collodion,  which  absorbs  alcohol 
more  quickly  than  water,  the  contrary  effect  is  produced. 

On  the  other  hand,  the  numerous  experiments  recently  made  by  Graham  (Phil. 
Trans.  1855,  p.  177;  Chem.  Soc.  J.  viii.  43)  lead  to  the  conclusion  that  osmose 
depends  essentially  on  the  chemical  action  of  the  liquid  on  the  septum.  These  expe- 
riments were  made  partly  with  porous  mineral  septa,  partly  with  animal  membrane. 
The  earthenware  osmometer  consisted  of  the  porous  cylinders  employed  in  voltaic 
batteries,  about  five  inches  in  depth,  surmounted  by  a  glass  tube  0-  inch  in  diameter, 
attached  to  the  mouth  of  the  cylinder  by  means  of  a  cap  of  gutta  percha.  The 
cylinder  was  filled  to  the  base  of  the  glass  tube  with  a  saline  solution,  and  immediately 
placed  in  a  jar  of  distilled  water ;  and  as  the  liquid  within  the  instrument  rose  during 
the  experiment,  water  was  added  to  the  jar  to  equalise  the  pressure.  The  rise  (or  fall) 
of  the  liquid  in  the  tube  was  very  regular,  as  observed  from  hour  to  hour,  and  the 
experiment  was  generally  terminated  in  five  hours.  From  experiments  made  on  solu- 
tions of  every  variety  of  soluble  substance,  it  appeared  that  the  rise  or  osmose  is  quite 
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Fig.  7H. 


insignificant  with  neutral  organic  substances  in  general,  such  as  sugar,  alcohol,  urea, 
tannin,  &c. ;  so  likewise  with  neutral  salts  of  the  earths  and  ordinary  metals,  with 
the  chlorides  and  nitrates  of  potassium  and  sodium,  and  with  chloride  of  mercury. 
A  more  sensible  but  still  very  moderate  osmose  is  exhibited  by  hydrochloric,  nitric, 
acetic,  sulphurous,  citric,  and  tartaric  acids.  These  are  surpassed  by  the  stronger 
mineral  acids,  such  as  sulphuric  acid,  phosphoric,  and  by  sulphate  of  potassium,  which 
are  again  exceeded  by  salts  of  potassium  and  sodium,  possessing  a  decided  acid  or 
alkaline  reaction,  such  as  dioxalate  of  potassium,  phosphate  of  sodium,  or  the 
carbonates  of  potassium  and  sodium.  The  highly  osmotic  substances  were  also  found 
to  act  with  most  advantage  in  small  proportions — producing,  in  fact,  the  largest  osmose 
in  the  proportion  of  one-quarter  per  cent,  dissolved.  The  same  substances  are  likewise 
always  chemically  active  bodies,  and  possess  affinities  which  enable  them  to  act  on  the 
material  of  the  earthenware  septum.  Lime  and  alumina  were  always  found  in  solution 
after  osmose,  and  the  corrosion  of  the  septum  appeared  to  be  a  necessary  condition  of 
the  flow.  Septa  of  other  materials,  such  as  pure  carbonate  of  calcium,  gypsum, 
compressed  charcoal,  and  tanned  sole-leather,  although  not  deficient  in  porosity, 
gave  no  osmose  apparently,  because  they  are  not  chemically  acted  on  by  the  saline 
solutions. 

Similar  results  were  obtained  with  septa  of  animal  membrane.  Ox-bladder  was 
found  to  act  with  much  greater  strength  and  regularity  when  divested  of  its  outer 
muscular  coat.  Cotton  calico,  impregnated  with  liquid  albumin,  and  afterwards 
heated  to  coagulate  the  albumin,  formed  an  excellent  septum,  resembling  membrane  in 
every  respect.  The  osmometer  (fig.  714)  used  in  these  experi- 
ments was  arranged  like  the  original  instrument  of  Dutrochet ; 
but  the  membrane  was  supported  by  a  plate  of  perforated  zinc, 
and  the  tube  was  of  considerable  diameter,  viz.  one-tenth  of  that 
of  the  mouth  of  the  bulb,  or  of  the  disc  of  membrane  exposed  to 
the  liquids. 

Osmose  in  membrane  presents  many  points  of  similarity 
to  that  in  earthenware.  The  membrane  is  constantly  undergo- 
ing decomposition,  and  its  osmotic  action  is  exhaustible.  Salts 
and  other  substances  capable  of  determining  a  large  osmose  are 
all  chemically  active  substances,  while  the  great  mass  of  neutral 
organic  substances  and  perfectly  neutral  monobasic  salts  of  the 
metals,  such  as  chloride  of  sodium,  possess  only  a  low  degree 
of  action,  or  are  wholly  inert.  The  active  substances  are  also 
most  efficient  in  small  proportions.*  With  a  solution  contain- 
ing ^  per  cent,  of  carbonate  of  potash,  the  rise  in  the  osmometer 
was  167  millimetres;  and  with  1  per  cent,  of  the  same  salts,  206 
millimetres  in  five  hours.  With  another  membrane  and  a 
stronger  solution,  the  rise  was  863  millimetres,  or  upwards  of  38 
inches  in  the  same  time.  To  induce  osmose,  the  chemical  action 
on  the  membrane  must  be  different  on  the  two  sides,  and 
apparently  not  in  degree  only,  but  in  kind,  viz.  an  alkaline 
action  on  the  albuminous  substance  of  the  membrane  on  the 
one  side  and  an  acid  action  on  the  other.  The  water  appears 
always  to  accumulate  on  the  alkaline  or  basic  side  of  the  mem- 
brane. Hence  with  an  alkaline  salt,  such  as  carbonate  of  sodium,  in  the  osmometer, 
and  water  outside,  the  flow  is  inwards ;  but  with  an  acid  in  the  osmometer,  there  is 
negative  osmose,  or  the  flow  is  outwards,  the  liquid  then  falling  in  the  tube.  The 
chlorides  of  barium,  sodium,  and  magnesium,  and  similar  neutral  salts,  are  wholly  indif- 
ferent, or  appear  to  act  merely  in  a  subordinate  manner  to  some  other  active  acid  or 
basic  substance,  which  may  be  present  in  the  solution  or  the  membrane  in  the  most 
minute  quantity.  Salts  which  admit  of  division  into  a  basic  salt  and  free  acid  exhibit 
an  osmotic  activity  of  the  highest  order,  e.g.  the  acetate  and  various  other  salts  of 
alumina,  ferric  oxide  and  chromic  oxide,  cuprous  chloride,  stannous  chloride,  nitrate 
of  lead,  &c.  The  acid  travels  outwards  by  diffusion,  superinducing  a  basic  condition 
of  the  inner  surface  of  the  membrane,  and  an  acid  condition  of  the  outer  surface,  the 
most  favourable  condition  for  a  high  positive  osmose.  Again,  the  dibasic  salts  of 
potassium  and  sodium,  such  as  the  sulphate  and  tartrate,  though  strictly  neutral  in 
properties,  begin  to  exhibit  a  positive  osmose,  in  consequence,  perhaps,  of  their  resolu- 
tion into  an  acid  supersalt  and  free  alkaline  base. 

The  following  table  exhibits  the  osmose  of  substances  of  all  classes  through  mem- 
brane, the  degree  being  a  rise  or  fall  of  1  millimetre:  — 

*  The  action  increases  with  the  strength  of  the  solution  up  to  a  certain  point,  as  the  above  examples 
show.  With  stronger  solutions  the  pores  of  the  membrane  probably  becomes  topped  up  with  particles 
of  salt,  and  the  action  consequently  diminishes. 
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OSMOSE  OF  1  PER  CEXT.  SOLUTIONS  IN  MEMBRANE. 


Degrees. 

Oxalic  acid  .  .  .  .  —  148 
Hydrochloric  acid  (O'l  per  cent.)  —  92 
Trichloride  of  gold  .  —  54 

Stannic  chloride    .  —    46 

Platinic  chloride  . 
Chloride  of  magnesium 
Chloride  of  sodium 


Chloride  of  potassium  . 
Nitrate  of  sodium 
Nitrate  of  silver    . 
Sulphate  of  potassium  . 
Sulphate  of  magnesium 
Chloride  of  calcium 
Chloride  of  barium 
Chloride  of  strontium    . 
Chloride  of  cobalt 
Chloride  of  manganese 


2 


-      3 

*-       2 
18 
2 

84 

to  60 
14 
20 
21 
26 
26 
34 


Chloride  of  zinc 
Chloride  of  nickel  . 
Nitrate  of  lead 
Nitrate  of  cadmium 
Nitrate  of  uranium 
Nitrate  of  copper    . 
Chloride  of  copper 
Stannous  chloride  . 
Ferrous  chloride     . 
Mercuric  chloride 
Mercurous  nitrate  . 
Mercuric  nitrate 
Ferric  acetate 
Acetate  of  aluminium 
Chloride  of  aluminium 
Phosphate  of  sodium 
Carbonate  of  potassium 


Degrees 
.    +    f>4 

CO 

125  to  211 

;       137 

234  to  458 

204 

351 
.  289 

435 

.  121 
.  356 
.  476 
.  194 
280  to  393 
.  540 
.  311 

439 


The  osmotic  action  of  carbonate  of  potassium  and  other  alkaline  salts  is  interfered 
with  in  an  extraordinary  manner  by  the  presence  of  chloride  of  sodium,  being  reduced 
to  almost  nothing  by  an  equal  proportion  of  that  salt.  The  moderate  positive  osmose 
of  sulphate  of  potassium  is  converted  into  a  very  sensible  negative  osmose  by  the 
presence  of  the  merest  trace  of  a  strong  acid,  while  the  positive  osmose  of  the  same  salt 
is  singularly  promoted  by  a  small  proportion  of  alkaline  carbonate :  thus,  a  1  per  cent, 
solution  of  sulphate  of  potassium  gives  an  osmose  of  21°,  but  the  addition  of  O'l  per 
cent,  of  carbonate  of  potassium  raises  it  to  between  254  and  204  degrees.  (Graham.) 

If  a  glass  tube,  bent  in  the  form  of  a  siphon,  and  having  its  shorter  leg  closed  with 
bladder,  be  partially  filled  with  salt  water,  the  shorter  leg  then  immersed  in  a  vessel 
of  pure  water,  and  mercury  poured  into  the  longer  leg,  so  that  its  pressure  may  act  in 
opposition  to  the  force  with  which  the  water  tends  to  enter  the  saline  solution  through 
the  bladder,  it  will  be  found  that,  when  the  column  of  mercury  attains  a  certain  height, 
the  two  liquids  will  mix  without  change  of  volume,  the  force  of  the  osmotic  current 
being  then  exactly  balanced  by  the  weight  of  the  mercurial  column.  In  this  way  the 
mechanical  force  of  the  osmotic  current  may  be  measured.  (Liebig.) 

Osmose  appears  to  play  an  important  part  in  the  functions  of  life.  We  have  seen 
that  it  is  peculiarly  excited  by  dilute  saline  solutions,  such  as  the  animal  and 
vegetable  juices  are,  and  that  the  acid  or  alkaline  property  which  these  juices  possess  is 
another  favourable  condition  for  their  action  on  membrane.  The  natural  excitation 
of  osmose  in  the  substance  of  the  membranes  or  cell- walls  dividing  such  solutions  seems 
therefore  almost  inevitable. 

In  osmose  there  is  also  a  remarkably  direct  substitution  of  one  of  the  great  forces  of 
nature  by  its  equivalent  in  another  force, — the  conversion,  namely,  of  chemical  action 
into  mechanical  power.  Viewed  in  this  light,  the  osmotic  injection  of  fluids  may, 
perhaps,  supply  the  deficient  link  which  intervenes  between  chemical  decomposition 
and  muscular  movement.  The  ascent  of  the  sap  in  plants  appears  to  depend  upon  a 
similar  conversion  of  chemical,  or,  at  least,  molecular  action  into  mechanical  force. 
The  juices  of  plants  are  constantly  permeating  the  coatings  of  the  superficial  vessels  in 
the  leaves  and  other  organs;  and  as  these  evaporate  into  the  air,  a  fresh  portion  of 
liquid  is  absorbed  by  the  membrane  and  evaporates ;  and  thus  a  regular  upward 
current  is  established,  by  which  the  sap  is  transferred  from  the  roots  to  the  highest 
parts  of  the  tree.  In  a  similar  manner,  the  evaporation  constantly  taking  place  from 
the  skin  and  lungs  of  animals,  causes  a  continuous  flow  of  the  animal  juices  from  the 
interior  towards  the  surface. 

From  his  recent  experiments  on  the  passage  of  liquids  through  colloidal  septa, 
Graham  infers  that  the  water  movement  in  osmose  is  an  affair  of  hydration  and  of 
dehydration  in  the  substance  of  the  membrane  or  other  colloid  septum,  and  that  the 
diffusion  of  the  saline  solution  placed  within  the  osmometer  has  little  or  nothing  to  do 
with  the  osmotic  result,  otherwise  than  as  it  affects  the  state  of  hydration  of  the  septum. 

Osmose  is  generally  considerable  through  membranous  and  other  highly  hydrated 
septa,  with  the  solution  of  any  colloid  (gum,  for  instance)  contained  in  the  osmometer. 
Yet  the  diffusion  outwards  of  the  colloid  is  always  minute,  and  may  sometimes  amount 
to  nothing.  Indeed,  an  insoluble  colloid,  such  as  gum-tragacanth,  placed'*  in  powder 
within  the  osmometer,  was  found  to  indicate  the  rapid  entrance  of  water,  to  convert 
the  gum  into  a  bulky  gelatinous  hydrate.  Here  no  outward  or  double  movement  is 
possible. 
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The  degree  of  hydration  of  any  gelatinous  body  is  much  affected  by  the  liquid 
medium  in  which  it  is  placed.  This  is  very  obvious  in  fibrin  and  animal  membrane. 
Placed  in  pure  water,  such  colloids  are  hydrated  to  a  higher  degree  than  they  are  in 
neutral  saline  solutions.  Hence  the  equilibrium  of  hydration  is  different  on  the  two 
sides  of  the  membrane  of  an  osmometer.  The  outer  surface  of  the  membrane  being  in 
contact  with  pure  water,  tends  to  hydrate  itself  in  a  higher  degree  than  the  inner 
surface  does,  the  latter  surface  being  supposed  to  be  in  contact  with  a  saline  solution. 
When  the  full  hydration  of  the  outer  surface  extends  through  the  thickness  of  the 
membrane  and  reaches  the  inner  surface,  it  there  receives  a  check.  The  degree  of  hydra- 
tion is  lowered,  and  water  must  be  given  up  by  the  inner  layer  of  the  membrane,  and 
it  forms  the  osmose.  The  contact  of  the  saline  fluid  is  thus  attended  by  a  continuous 
catalysis  of  the  gelatinous  hydrate,  by  which  it  is  resolved  into  a  lower  gelatinous  hy- 
drate and  free  water.  The  inner  surface  of  the  membrane  of  the  osmometer  contracts 
by  contact  with  the  saline  solution,  while  the  outer  surface  dilates  by  contact  with  pure 
water.  Far  from  promoting  this  separation  of  water,  the  diffusion  of  the  salt  through- 
out the  substance  of  the  membrane  appears  to  impede  osmose,  by  equalising  the  con- 
dition as  to  saline  matter  of  the  membrane  through  its  whole  thickness.  The  advan- 
tage which  colloidal  solutions  have  in  inducing  osmose,  appears  to  depend  in  part  upon 
the  low  diffusibility  of  such  solutions,  and  their  want  of  power  to  penetrate  the 
colloidal  septum. 

The  substances  fibrin,  albumin,  and  animal  membrane  swell  greatly  when  immersed 
in  water  containing  minute  proportions  of  acid  or  of  alkali,  as  is  well  known.  On  the 
other  hand,  when  the  proportion  of  acid  or  alkali  is  carried  beyond  a  point  peculiar  to 
.each  substance,  contraction  of  the  colloid  takes  place.  Such  colloids  as  have  been 
named,  acquire  the  power  of  combining  with  an  increased  proportion  of  water,  and  of 
forming  superior  gelatinous  hydrates,  in  consequence  of  contact  with  dilute  acid  or 
alkaline  reagents.  Even  parchment-paper  is  more  elongated  in  an  alkaline  solution 
than  in  pure  water.  When  so  hydrated  and  dilated,  the  colloids  present  an  extreme 
osmotic  sensibility.  Used  as  septa,  they  appear  to  assume  or  resign  their  water  of 
gelatination  under  influences  apparently  the  most  feeble.  It  is  not  attempted  to  explain 
this  varying  hydration  of  colloids  with  the  osmotic  effects  thence  arising.  Such 
phenomena  belong  to  colloidal  chemistry,  where  the  prevailing  changes  in  composition 
appear  to  be  of  the  kind  vaguely  described  as  catalytic.  To  the  future  investigation 
of  catalytic  affinity,  therefore,  must  we  look  for  the  further  elucidation  of  osmose. 
(G-raham,  Chem.  Soc.  J.  xv.  268.) 

LIQUIDS,  TRANSPIRATION  OP,  (Poiseuille,  Ann.  Ch.  Phys.  [3]  vii. 
60;xxi.76;  Jahresber.  1847-8,  p.  139;  Graham,  Phil.  Trans.  1861,  p.  373;  Chem. 
Soc.  J.  xv.  427.) — This  term  is  applied  to  the  passage  of  liquids  through  capillary 
tubes  underpressure,  in  accordance  with  the  analogy  of  gaseous  transpiration  (ii.  820). 
The  first  experiments  on  the  subject  were  made  by  Poiseuille,  who  determined  the 
mariner  in  which  the  flow  of  the  liquid  is  related  to  the  pressure,  and  to  the  length 
and  diameter  of  the  tubes  ;  also,  in  many  cases,  the  manner  in  which  it  is  affected  by 
the  nature  of  the  liquid.  Graham's  enquiries  were  directed  chiefly  to  the  relation 
between  the  rate  of  transpiration  and  the  chemical  composition  of  the  liquid. 

The  apparatus  used  by  both  these  enquirers  consists  essentially  of  a  small  but  rather 
stout  glass  bulb,  A  (fig.  715),  about  two-thirds  of  an  inch  in  diameter,  having  a  capa- 
city of  from  4  to  8  c.  c.,  blown  upon  a  thick  glass  tube,  with  a  bore  of  about  2  milli- 
Fia  715  metres.     A  scratch  c  is  made  upon  the  glass  tube  above, 

"'  and  another  d  below  the  bulb,  to  indicate  the  available 

capacity  of  the  instrument.  The  lower  tube  is  bent  at  a 
right  angle  to  the  upper,  and  a  fine  capillary  tube,  B, 
from  3  to  4  inches  in  length,  is  sealed  to  the  curved 
extremity  of  the  tube.  The  bulb  and  capillary  are  im- 
mersed in  a  vessel  of  water  during  the  experiment,  to 
secure  uniformity  of  temperature.  The  force  employed 
to  impel  the  liquid  through  the  capillary  is  obtained  from 
compressed  air  contained  in  a  large  reservoir  provided 
with  a  mercurial  gauge.  The  time  is  noted  in  seconds. 

The  liquid  may  be  introduced  into  the  bulb  through 
the  open  upper  tube  by  means  of  a  tube-funnel ;  but  it  is 
more  convenient,  although  requiring  a  much  longer  time, 
to  fill  the  bulb  by  aspiration  through  the  capillary.  With 
this  view,  the  compressed  air  is  shut  off  by  a  stop-cock, 
and  the  upper  tube  of  the  bulb  allowed  to  communicate 
with  the  receiver  of  an  air-pump  instead,  whereby  ex- 
haustion is  produced,  while  the  open  end  of  the  capillary  is  immersed  in  a  portion  of 
the  liquid.  The  liquid  which  enters  the  bulb  in  this  manner  is  sure  to  be  free  from 
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any  solid  matter  that  could  cause  obstruction  in  the  capillary  during  the  subsequent 
passage  of  the  liquid  outwards,  while  the  disconnecting  of  the  bulb  from  the  rest  of  the 
apparatus,  for  the  purpose  of  filling  the  former,  is  also  avoided. 

From  the  experiments  of  Poiseuille  it  appears  that  when  a  tube  exceeds  a  certain 
length  (which  is  greater  as  the  diameter  increases),  the  rate  of  efflux  is  regulated  by 
the  following  laws  : — • 

1.  The  flow  increases  directly  as  the  pressure. 

2.  "With  tubes  of  equal  diameter,  the  quantities  discharged  in  equal  times  are  in- 
versely as  the  lengths. 

3.  In  tubes  of  equal  length,  but  different  diameters,  the  rate  of  efflux  is  as  the  fourth 
powers  of  the  diameters. 

The  material  of  which  the  tube  is  made  does  not  appear  to  influence  the  result,  but 
the  nature  of  the  liquid  employed  exercises  a  marked  effect.  The  liquids  used  in 
Poiseuille's  experiments  were  in  most  cases  aqueous  solutions  of  various  bodies, 
especially  of  salts.  In  the  majority  of  instances,  the  flow  of  the  solution  was  slower 
than  that  of  distilled  water.  All  the  alkalis  occasioned  this  retardation.  In  a  few  in- 
stances, no  sensible  alteration  was  produced ;  thus  neither  nitrate  of  silver,  mercuric 
chloride,  iodide  of  sodium,  iodide  of  iron,  nitric,  hydriodic,  bromic,  nor  hydrobromic  acid 
seemed  to  have  any  influence,  whilst  sulphydric  and  prussic  acids,  the  nitrates  and 
chlorides  of  potassium  and  ammonium,  and  the  iodide,  bromide,  and  cyanide  of  potas- 
sium, increased  the  rapidity  of  the  flow ;  it  is  remarkable,  however,  that  concentrated 
solutions  of  iodide  of  potassium,  at  temperatures  above  60°,  and  of  nitrate  of  potassium 
above  40°,  actually  flow  more  slowly  than  distilled  water.  Strict  attention  to  the  tem- 
perature at  which  these  comparisons  are  made  is  absolutely  necessary ;  for  both  with 
water  and  with  dilute  solutions  generally,  a  slight  elevation  of  temperature  produces  a 
great  increase  in  the  rapidity  of  efflux.  Water,  for  instance,  at  45°  escapes  through 
the  same  tube  2|  times  as  fast  as  it  does  at  5°. 

No  connection  has  hitherto  been  traced  between  the  rate  of  efflux  of  a  liquid  and  its 
density,  capillarity,  or  fluidity.  The  capillarity  of  alcohol,  as  well  as  its  density,  in- 
creases in  proportion  as  it  is  diluted  with  water,  whilst  its  fluidity  diminishes ;  but  a 
mixture  of  equal  parts  of  alcohol  and  water  flows  out  with  considerably  less  than  half 
the  rapidity  of  pure  alcohol,  and  with  less  than  a  third  of  that  of  distilled  water.  The 
dilution  of  alcohol  therefore,  to  a  great  extent,  retards  its  efflux,  and  beyond  that  point 
increases  it :  the  minimum  rate  of  efflux  corresponds  with  that  particular  mixture  of 
alcohol  and  water,  which  is  attended  with  the  maximum  contraction  after  the  admixture 
of  the  two  liquids. 

The  degree  of  solubility  of  a  body  in  water  appears  to  exercise  but  a  secondary  influ- 
ence on  the  result.  Poiseuille  shows  it  to  be  highly  probable  that  various  solutions, 
when  introduced  into  the  blood  of  a  living  animal,  provided  they  do  not  cause  the 
serum  to  coagulate,  produce  effects  of  acceleration  and  retardation  on  the  capillary  cir- 
culation corresponding  with  those  which  are  observed  in  the  same  liquids  in  capillary 
tubes  of  glass.  He  has  shown  this  to  be  the  case,  by  direct  experiment,  with  iodide  of 
potassium  when  injected  into  the  veins  of  the  horse ;  and  that  when  various  salts  are 
mingled  with  the  serum,  and  the  liquids  are  allowed  to  flow  out  through  small  tubes, 
retardation  or  acceleration  occurs,  as  in  the  corresponding  cases,  with  their  aqueous 
solutions. 

The  following  tables  contain  the  numerical  results  of  Poiseuille's  experiments. 

The  salts  are  arranged  according  to  the  acids,  which  appear  to  have  the  greatest 
influence  on  the  rate  of  efflux.  The  letters^,  B,  C,  &c.,  designate  the  tubes  employed. 
L  is  the  length,  D  the  diameter  of  the  tube,  H  the  pressure,  measured  by  a  column  of 
water  in  millimetres,  T  the  temperature  (centigrade),  M  the  quantity  of  substance  in 
100  pts.  of  water,  S  the  time  of  efflux  in  seconds.  The  figures  printed  in  the  thicker 
type  denote  the  time  of  efflux  of  pure  water  in  each  case. 

Flow  of  Liquids  through,  Capillary  Tubes.     (Poiseuille.) 


Substance. 

M. 

S. 

Substance. 

M. 

S. 

S.     Lt=  64  ;  D  =  0-24946  ;  H  =  1000  ; 

Z.    L  =  64  ;  D  =  0-24946  ;  II  =  lOOOj 

T  =  11-6°. 

T  =11-6°. 

Iodide  of  potassium    . 

0 

568-3 

Iodide  of  potassium     .. 

10-0 

630'4 

99 

o-i 

567-6 

» 

20-0 

505-7 

99                            99                          • 

0-2 

566-7 

. 

50-0 

474-9 

99                            99                          • 

0-4 

565-6 

Iodide  of  sodium 

0 

569-5 

99                            99                          • 

0-8 

5-63-5 

99 

0-4 

569-6 

2-0 

557-6 

99          • 

2-0 

669-8 

T24 
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Flow  of  Liquids  through  Capillary  Tubes — continued. 


Substance. 

M. 

s. 

Substance. 

M. 

S. 

B.    L  =  64  ;  D  =  0-24946  ;  H  =  1000  ; 

S.     II  =  1000;  T  =  11-2°. 

T  =  11-6°. 

575-8 

Iodide  of  sodium 

10-0 

570-0 

Hydrochlorate  of  mor- 
phine 

1-25 

689-8 

Iodine 

20-0 
0 

sat 

577-1 
568-3 

Hydrochlorate          of 
strychnine 

1-4 

590-0 

Iodide  of  iron     . 

B&b 

0-2 

568-2 

T  =  12-7°. 

»         »                    • 

10-0 

568-5 

554-0 

Bromide  of  potassium 

0-4 

565-8 

Cyanide  of  potassium 

1-0 

551-6 

»                  >i        • 

2-0 

560-0 

it                  i> 

4-0 

548-8 

» 

10-0 

637-6 

„       of  mercury    . 

1-0 

A  .A 

558-4 

rp  A  ,r\ 

T  =  11-2°. 

"                " 

40 

tO  S€ 

OO4:  6 

srum: 

Nitrate  of  potassium  . 

0 
O'l 

575-8 

574-5 

Serum 
Cyanide  of  potassium 

1-0 

1014-5 
998-7 

»                » 

0-2 

573-5 

,,       of  mercury    . 

1-0 

1025-3 

i!      r> 

0-4 

571-4 

T  =»  11-2°. 

»                >» 

1-0 

564-5 

575-8 

» 

10-0 
20-0 

541-2 
533-3 

Sulphate  of  potassium 

1-0 
4-0 

578-9 
592-1 

„      of  ammonium 

1-0 

569-4 

„       of  ammonium 

1-0 

582-0 

»»                 )> 

10-0 

531-1 

4-0 

5  9  8;  9 

„      of  sodium 

1-0 

575-9 

„       ot  sodium 

1-0 

590-3 

»               >» 

10-0 

592-4 

4-0 

606-1 

„     of  lead   . 

1-0 

577-8 

,       of  magnesium 

1-0 

590-5 

If            •                • 

4*0 

582-9 

4-0 

630-1 

,     ofstrontnim   . 

1-0 

578-8 

,       of  zinc  . 

2-0 

f>9o-6 

»                 j> 

4-0 

586-7 

,       offerrosum   . 

2-0 

609-5 

,     of  calcium 

1-0 

1  A.  A 

581-2 

POO./* 

,       of  morphine  . 

1-25 

590-3 

,      of  magnesium 

1U   U 

1-0 

oZo  o 
583-2 

T  =  12-7°. 

ir  wcr  o 

10-0 

641-7 

O/0'o 

>        v                            )J 

Alum  .... 

1-0 

592-4 

C.    L=  37;  D  =  0-19495;  H  =  1370-8; 
T  =  14-2°. 

Phosphate  of  potassium 

4-0 
1-0 

632-4 
583-4 

>                                       M 

4-0 

602-7 

Nitrate  of  silver  . 

0 

741-5 

,         of  sodium  . 

1-0 

588-6 

• 

1-0 

740-9 

t                 n 

4-0 

622-8 

ii     • 

10-0 

741-0 

,      of  ammonium 

1-0 

590-2 

ror  n 

2?.    H  =  1000;  T  =  11-9°. 

>                                    M 

4*0 

()2()  2 

T  =  11-2°. 

Chloride  of  potassium 

1-0 

10-0 

565-0 

560-8 
544-8 

Arsenate  of  potassium 

ro 

575'6 

583-3 

,       of  ammonium 

1-0 
20 

560-9 
656-5 

it                                      »»                 • 

„,       of  sodium     . 

2-0 
1-0 

590-8 
588-0 

,       of  sodium 

10-0 

1-0 

535-8 
569-4 

Acid  carbonate  of  am- 

4-0 

617-3 

,       of  calcium     . 
„       of  magnesium 

»                                          5>                    « 

10-0 

1-0 

10-0 

1-0 

10-0 

640-3 
671-2 
620-7 
674-9 
646-8 

monium  . 
Acid  carbonate  of  po- 
tassium . 
Acid  carbonate  of  so- 
dium 
Carbonate    of   ammo- 

. i-o 

1-0 
1-0 

680-6 
580-4 
689-8 

S.     II  =  865-1  ;  T  =  11-2°. 

nium 

l-o 

583-8 

»                 .. 

4-0 

602-9 

Mercuric  chloride 

0 

608-5° 

Carbonate  of  potassium 

1-0 

588-3 

„              ,,             . 

10 

608-1 

» 

4-0 

617-0 

n                    »                   * 

20 

607-9 

„         of  sodium   . 

1-0 

r>92-5 

»                    it                   • 

sat. 

607'8 

»                 >t 

4-0 

622-7 
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Flow  of  Liquids  through  Capillary  Tubes — continued. 


SubiU&oj 

M. 

s. 

Substance. 

M. 

S. 

T  =  11-8 

Oxalate  of  potassium  . 

»                 »> 
„      of  ammonium 

M                 » 
,,      of  sodium 
Acid  oxalate  of  potas- 
sium 

3 

1-0 

10-0 

1-0 
4-0 
1-0 

1-0 

566-2 

571-1 
620-1 
574-2 
596-6 
578-4 

573-4 

E.    L  =  27;  D  =  0-13 
T  =  10C 

Prussic  acid 

L6;  H  = 
> 

33-3 

=  2012-2; 

499-0 

489-0 

F.    L  =  70;  D  =  0-207;  H  = 
T  =  10°. 

Pure  serum  .... 
100  water  to  100  serum   . 
100  prussic  acid     „ 
100  sulphydric  acid  „ 

=  2039-4; 

1448 
1277 
1278 
1266 

£.     H=858;  1 

Acetate  of  lead    . 
>»          i» 

1  =  141( 

1-0 
4-0 

3^ 

620-0 

633-1 
653-5 

B.    H  =  1000; 

Hydrobromic  acid 

Bromic  acid 
»         j>           • 

r  =  n- 

1-0 
7-2 
1-0 
3-2 

6°. 
568-3 

669-7 
571-4 
569-3 
570-5 

,5.    H  =  1000  ;  G 
Citrate  of  iron     . 

:  =  IH 

2-0 

t°. 

571-0 

595-3 

T  =  11-2 

Tartar-emetic 
»        »          •        • 

>t 

1-0 
4-0 

575-8 

581-2 
594-7 

T  =  11-S 

Hydrochloric  acid 
»            » 
»            »           • 

Carbonic  acid 
Artificial  Seltzer  water 
Solid  oxalic  acid  . 

„    phosphoric  acid  . 

Acetic  acid  . 
»         •        •        • 

Solid  citric  acid  . 
»       »       »                • 
„     arsenic  acid 

Arsenious  acid    . 
Concentrated  sulphuric 
acid 
Concent,  sulphuric  acid 
Solid  tartaric  acid 
Serum  of  ox-blood 
Madeira  wine 
Sparkling  Sillery 
Jamaica,  rum 

5°. 

1-0 
2-0 

10-0 

20-0 
sat 
sat. 
1-0 
2-0 

10-0 

1-0 
4-0 
1-0 

10-0 

pure 
1-0 

10-0 

1-0 
4-0 
1-0 

1-0 
pure 
.2-0 
pure 

M 

» 
II 

575-8 
577-3 
579-5 
591-8 
604-3 
580-5 
584-2 
582-9 
590-6 
625-7 
582-8 
603-9 
585-5 
633-4 
1315-0 
586-0 
682-1 
586-3 
618-0 
578-6 

589-6 
1459-5 
601-1 
1048-5 
1134-1 
1462-8 
1831-9 

I).    L  =  105  ;  D  =  O'l 
T  =  12-i 

Acetate  of  ammonium 

7;  H  = 

!°. 

2-0 

=  1998-6; 

123'  38" 
122  35 

#.    H  =  1000;  1 

Hydrate  of  potassium  . 
,,       of  sodium 
Concentrated  ammonia 
>'              » 

:  =  n-< 

2-0 
2-0 
10-0 
pure 

)°. 

564-7 
579-4 
611-4 
628-7 
725-4 

T  =  11-2 

Jlydriodic  acid    . 

Nitric           ',',      . 
»>               »      •        • 

»               »       •         • 

D 

1-0 
4-0 
1-0 
3-2 
8-2 

574-9 

575-0 
574-5 
573-9 
574-6 
573-3 

T  =  11-8 

Solid  iodic  acid  . 
>»            »        •        • 

;> 

1-0 
3-4 

566-2 

570-1 
573-5 

It  is  remarked  by  Graham  that  the  flow  of  a  liquid  is  greatly  retarded  by  the  pre- 
sence of  a  small  quantity  of  a  soluble  colloid;  so  much  so  that  the  transpiration  tube 
may  be  used  as  a  colloidoscope.  The  transpirability  of  different  salts  appear  also 
generally  to  follow  their  ratio  of  diffusibility  in  water. 

The  isolated  fact  discovered  by  Poiseuille  that  aqueous  alcohol  has  a  point  of 
maximum  retardation,  coincident  with  the  degree  of  dilution  at  which  the  greatest  con- 
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densation  of  the  mixed  liquids  occurs, — which  degree  of  dilution  corresponds  with  the 
hydrate,  C2H60.3H20,  has  been  made  by  Graham  the  starting-point  of  an  important 
series  of  experiments  on  the  relation  between  capillary  transpiration  and  chemical 
composition.  The  3-atom  hydrate  of  methylic  alcohol,  CH40.3H20,  though  not 
distinguished  by  any  particular  degree  of  condensation  in  volume,  exhibits  a  peculiarity 
in  its  transpiration  rate,  similar  to  that  of  dilute  ethy  lie  alcohol.  Thehydrated  acids 
also,  in  many  cases,  exhibit  a  characteristic  retardation  of  transpiration  at  a  particular 
degree  of  hydration.  In  hydrated  substances  generally,  the  extent  to  which  transpira- 
tion is  affected  by  annexation  of  water,  is  by  no  means  in  proportion  to  the  intensity  of 
combination.  In  sulphuric  acid,  for  instance,  the  maximum  transpiration-time 
occurs  with  the  hydrate  H2SO'.IPO ;  in  acetic  acid,  with  the  compound  C2H402.H20; 
of  nitric  acid  with  2HN03.3H20;  and  with  alcohol,  as  above  observed,  with  the 
hydrate  C2H60.3H20.  The  transpiration- times  of  these  hydrates  are  given,  amongst 
other  results,  in  the  following  table,  in  which  the  transpiration-time  of  water  at  the 
same  temperature  is  taken  as  the  unit  of  comparison  : 

Transpiration-times  of  Acids,  Alcohols,  and  Ethers.     (Graham.) 


Liquid  (undiluted). 

Transpira- 
tion-time. 

Degree  of 
hydration. 

Transpira- 
tion-time. 

Water  

1-0000 

Methylic  alcohol  .        C  H40 

0-6300 

+  3H20 

1-8021 

Ethylic  alcohol    .        C2H60 

1-1950 

+   3H20 

2-7582 

Amylic  alcohol     .        CSH120 

3-6490 

Formate  of  ethyl  .        C»H802 

0-5110 

Acetate  of  ethyl   .        C4H802 

0-5530 

Butyrate  of  ethyl.        CaH1202 

07500 

Valerate  of  ethyl  .        C'H1402 

0-8270 

Acetic  acid  .         .        C*H402 

1-2801 

+     H'O 

2-7400 

Butyric  acid         .        C4H802 

1-5650 

+     H20 

3-2790 

Valerianic  acid    .        C5H1002 

2-1550 

'+     H20 

3-8390 

Nitric  acid  .         .        NHO3 

0-9899 

+    |H20 

2-1034 

Sulphuric  acid      .        SH204 

21-6514 

+     H20 

23-7706 

Acetone       .        .        C3HC0 

0-4010 

+   6H20 

1-6040 

On  comparing  the  transpiration-times  of  the  several  alcohols,  ethers,  and  acids  in 
this  table,  it  will  be  seen  that,  so  far  as  these  observations  extend,  the  order  of  succes- 
sion of  individual  substances  in  any  homologous  series  is  indicated  by  their  degree  of 
transpirability  as  clearly  as  by  their  comparative  volatility,  the  heaviest  molecules 
having  the  slowest  rate  of  efflux.  It  may  also  be  observed  that  the  transpiration  rate 
of  an  acid  is  slower  than  that  of  an  ether  with  which  it  is  metameric ;  butyric  acid,  for 
example,  is  slower  than  acetate  of  ethyl. 

XiXQTJORXCE.    See  GLYCYKRHIZIN  (ii.  920). 

XiXRXODENDRXN*.  A  neutral  substance,  existing,  according  to  Emmet,  in  the 
stem  of  the  tulip-tree  (Liriodcndron  tulipifcra).  It  is  obtained  by  exhausting  the 
bark  with  water,  concentrating  to  one-fifth,  washing  the  impure  substance  which 
separates  with  weak  potash,  and  crystallising  from  boiling  dilute  alcohol.  It  crys- 
tallises in  scales  or  in  radiating  needles.  It  is  bitter,  melts  at  83°,  is  partly  volatile, 
sparingly  soluble  in  water,  very  soluble  in  alcohol  and  ether.  It  is  decomposed  by 
strong  hydrochloric  or  sulphuric  acid,  the  latter  converting  it  into  a  brown  resin. 
Iodine  colours  it  yellow. 

XilROCOXVXTE.  Octahedral  Arsenate  o/  Copper,  Chalcophacite,  Linsenerz. — 
This  mineral  occurs  in  trimetric  crystals,  exhibiting  the  combination  ooP  .  Poo ,  occa- 
lionally  an  inch  in  diameter,  but  usually  minute.  Angle  ooP  :  ooP  =  119°  20'; 
Poo  :  Poo  «=72°  22'.  Cleavage  lateral,  but  obtained  with  difficulty.  Karely  granular. 
Hardness  =  2  to  2-5.  Specific  gravity  =  2'882  to  2'985.  Lustre  vitreous,  inclining  to 
resinous.  Colour  and  streak  sky-blue.  Fracture  imperfectly  conchoidal,  uneven. 
Imperfectly  sectile. 

When  heated  it  turns  green  and  begins  to  glow,  then  becoming  dark  brown.  On 
charcoal  before  the  blow-pipe  it  melts  slowly,  and  forms  a  red  brittle  bead ;  when 
reduced  with  carbonate  of  sodium,  it  yields  white  scales  of  arsenide  of  copper 
(Dam our).  It  is  completely  dissolved  by  acids,  and  even  by  ammonia. 

The  following  are  analyses  of  liroconite  from  Cornwall;  a.  by  Hermann  (J.  pr. 
Chem.  xxxiii.  296)— b.  by  D amour  (Ann.  Ch.  Phys.  [3]  xiii.  404)—  c.  by  Troll e 
Wachtmeister  (Kongl.  Vet.  Acad.  Forhandl.  1832,  p.  80):  — 
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As'O*  P"O'  CuO  A1*O3  HaO 

a.  23-05         3'73         36-38         10-85         25-01      =       99-02 

b.  22-40         3-24         37'40         10-09         25-44     =       98'57 

c.  23-14         2-98         39-16  8-94         2578     =     100-00 
These  results  may  be  represented  by  the  following  formulae  : 

a.  (4Al203.P203).3(5CuO.As203).48HsO 

b.  (4AP03.P205).4(5CuO.As205).60H20 

c.  (4Al203.P205).5(5CuO.As205).72H2O 

Liroconite  occurs,  with  various  ores  of  copper,  pyrites,  and  quartz,  at  Huel  Gorland 
and  Huel  Unity,  in  Cornwall  ;  also  in  minute  crystals  at  Herrengrund  in  Hungary,  and 
in  Voigtland.  (Dana,  ii.  429.) 

LITHEOSPORE.     Syn.  with  HEAVY  SPAE. 

IiITHIUIW.  Atomic  weight  7,  Symbol,  Li.  —  Lithia,  the  oxide  of  this  metal,  was 
discovered  by  Arfvedson  in  1817.  It  was  first  obtained  from  petalite  (silicate  of  alu- 
minium and  lithium),  in  which  it  exists  to  the  amount  of  5  per  cent.  ;  it  exists  also 
in  lithia-spodumene  (8  per  cent.),  amblygonite  (  1  1  per  cent),  triphy  line  (3'4  per  cent.), 
lepidolite  (3  -6  per  cent.),  apyrite,  and  the  tourmaline  of  Uton  in  Sweden.  The  most 
abundant  source  of  lithium  yet  discovered  is  a  mineral  spring  in  Cornwall,  analysed  by 
W.  A.  Miller  (Reports  of  the  British  Association,  1864).  In  smaller  quantities  it  is 
very  widely  diffused,  being  found  in  sea-  water,  in  many  micas  and  felspars,  in  the  ash 
of  various  kinds  of  tobacco,  in  sea-  water,  and  in  many  mineral  springs.  —  Bun  sen  has 
lately  detected  it  in  the  meteorite  of  Juvenas  in  France,  and  in  that  of  Parnallee  in 
South  Hindostan  (Ann.  Ch.  Pharm.  cxx.  253),  and  Engelbach  has  found  it  in  the 
metorite  of  the  Cape.  (Pogg.  Ann.  cxvi.  512.) 

Brandes  (Scherer's  Annalen,  viii.  120)  stated  that  a  white  combustible  metal  is 
obtained  from  lithia  by  the  action  of  the  electric  current,  but  metallic  lithium  was 
first  obtained  in  definite  form  by  Bun  sen  (Pogg.  Ann.  xciv.  107).  The  process  is  as 
follows  : 

Pure  chloride  of  lithium  is  fused  over  a  spirit-lamp  in  a  small  porcelain  crucible, 
and  decomposed  by  a  zinc-carbon  battery  of  4  to  6  cells.  The  positive  pole  is  a  small 
splinter  of  gas  coke  (the  hard  carbon  deposited  in  gas-retorts),  and  the  negative  pole 
an  iron  wire  about  the  thickness  of  a  knitting-needle.  After  a  few  seconds,  a  small 
silver-white  regulus  is  formed  under  the  fused  chloride,  round  the  iron  wire  and 
adhering  to  it,  and  after  two  or  three  minutes  attains  the  size  of  a  small  pea.  To 
obtain  the  metal,  the  wire  pole  and  regulus  are  lifted  out  of  the  fused  mass,  by  a  small, 
flat,  spoon-shaped  iron  spatula.  The  wire  may  then  be  withdrawn  from  the  still  melted 
metal,  which  is  protected  from  oxidation  by  a  coating  of  chloride  of  lithium.  The  metal 
may  now  be  easily  removed  from  the  spatula  with  a  pen-knife,  after  having  been  cooled 
under  rock-oil.  These  operations  may  be  repeated  every  three  minutes  ;  and  thus  an 
ounce  of  the  chloride  may  be  reduced  in  a  very  short  time. 

Lithium,  on  a  freshly-cut  surface,  has  the  colour  of  silver,  but  quickly  tarnishes  on 
exposure  to  the  air,  becoming  slightly  yellow.  It  melts  at  180°,  and  if  pressed  at  that 
temperature  between  two  glass  plates,  exhibits  the  colour  and  brightness  of  polished 
silver.  It  is  harder  than  potassium  or  sodium,  but  softer  than  lead,  and  may,  like  that 
metal,  be  drawn  out  into  wire.  It  tears  much  more  easily  than  a  lead  wire  of  the  same 
dimensions.  It  may  be  welded  by  pressure  at  ordinary  temperatures.  It  floats  on 
rock-oil,  and  is  the  lightest  of  all  known  solids,  its  specific  gravity  being  0'589  — 
0-578.  (Bun  s  en.) 

Lithium  is  much  less  oxidable  than  potassium  or  sodium.  It  makes  a  lead-grey 
streak  on  paper.  It  ignites  at  a  temperature  much  higher  than  its  melting  point, 
burning  quietly,  and  with  an  intense  white  light.  It  burns  when  heated  in  oxygen, 
chlorine,  bromine,  iodine,  or  carbonic  anhydride,  and  with  great  brilliancy  on  boiling 
sulphur.  When  thrown  on  water,  it  oxidises,  but  does  not  fuse  like  sodium.  Nitric  acid 
acts  on  it  so  violently  that  it  melts  and  often  takes  fire.  Strong  sulphuric  acid  attacks  it 
slowly  ;  dilute  sulphuric  acid  and  hydrochloric  acid  quickly.  Silica,  glass,  and  porce- 
lain are  attacked  by  lithium  at  temperatures  below  200°.  (Bun  sen,  Ann.  Ch. 
Pharm.  xciv.  107.) 

LITHIUM,  CHLORIDE  OF.  LiCl.  Produced  when  lithium  burns  in  chlorine 
gas  ;  also  by  dissolving  lithia  or  carbonate  of  lithium  in  hydrochloric  acid.  By  evapo- 
rating the  aqueous  solution  at  temperatures  above  15'5°,  or  an  alcoholic  solution  over 
sulphuric  acid,  the  anhydrous  chloride  is  obtained  in  cubes  having  the  taste  of  common 
salt  (C.  Grmelin).  According  to  Troost,  it  crystallises  in  regular  octahedrons.  According 
to  H.  Kose,  it  is  more  volatile  than  chloride  of  potassium,  less  volatile  than  chloride 
of  sodium.  In  open  vessels  it  volatilises  even  below  a  red  heat,  and  is  partially  con- 
verted into  carbonate. 
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The  hydrated  chloride,  LiCl.H20  according  to  Kammelsberg,  LiC1.2H20  according 
to  Hermann  and  Troost,  is  formed  when  the  anhydrous  chloride  deliquesces  in  the  air, 
or  when  the  aqueous  solution  is  evaporated  at  a  rather  low  temperature  (below  10°), 
and  crystallises  in  large  rectangular  prisms  with  four-sided  summits  resting  on  the 
lateral  edges :  it  is  probably  isomorphous  with  hydrated  chloride  of  sodium.  By  rapid 
crystallisation,  it  forms  needles  grouped  in  feathery  tufts  like  sal-ammoniac 
(Hermann).  Both  the  anhydrous  and  the  hydrated  chloride  deliquesce  rapidly  in  the 
air,  and  dissolve  very  readily  in  water  and  in  alcohol.  (C.  Gmelin.) 

LITHIUM,  DETECTION  AND  ESTIMATION  OF.  1.  Reactions  in 
the  dry  way.  —Lithium  salts  are  white,  excepting  those  which  con  tain  a  coloured  acid, 
such  as  chromic  acid.  They  are  more  readily  fusible  than  the  corresponding  salts  of 
potassium  and  sodium,  and  are  permanent  in  the  fire,  if  the  acid  is  not  too  volatile  or 
easily  decomposed.  Fused  with  carbonate  of  sodium  on  platinum  foil,  they  cause 
a  dark  yellow  stain  round  the  circumference,  whilst  carbonate  of  sodium  by  itself  pro- 
duces this  effect  to  a  much  smaller  degree  only  (Berzelius).  Fused  on  platinum 
wire  they  colour  the  blowpipe  flame  carmine-red.  An  excess  of  a  potassium-salt  does 
not  interfere  with  the  production  of  this  colour,  but  the  presence  of  a  small  quantity 
of  soda  gives  rise  to  the  yellow  flame  (H.  Rose).  Alcohol,  in  which  a  salt  of  lithium 
is  dissolved  or  diffused  in  the  state  of  fine  powder,  also  burns  with  a  carmine-red 
flame  (C.  G-melin).  The  same  occurs  also  with  paper  saturated  with  a  solution 
of  a  salt  of  lithium,  or  the  wick  of  a  taper  saturated  with  moistened  phosphate  or  ace- 
tate of  lithium  (Turner,  Ed.  Phil.  J.  of  Sc.  ii.  267  ;  iv.  113).  By  means  of  the 
spectroscope,  the  occurrence  of  very  minute  traces  of  lithium  may  be  detected,  by  a 
brilliant  crimson  band,  having  a  refrangibility  between  those  of  the  lines  B  and  C  of  the 
solar  spectrum,  and  a  faint  yellow  band  somewhat  less  refrangible  than  the  line  D.  In 
these  two  lines  the  whole  light  of  the  lithium  spectrum  is  contained,  when  formed  by 
the  gas-flame  of  a  Bunsen's  burner.  At  very  high  temperatures,  however,  such  as  that 
of  a  nydrogen-flame,  a  blue  line  also  makes  its  appearance. 

2.  Reactions  in  Solution. — All  salts  of  lithium  are  soluble  in  water;  but  the 
carbonate  and  phosphate,  and  the  double  phosphate  of  lithium  and  sodium  are  but 
slightly  soluble.     Hence  the  other  salts  of  lithium,  when  not  dissolved  in  too  much 
water,  yield  difficultly  soluble  precipitates  with  carbonate  of  ammonium,  potassium,  or 
sodium,  and  with  phosphate  of  sodium.     Carbonate  of  sodium  precipitates  the  salts  of 
lithium  after  some  time  only.     Common  disodic  phosphate  does  not  precipitate  them  in 
the  cold,  even  after  a  long  time,  except  on  the  addition  of  ammonia,  which  gradually 
gives  rise  to  an  abundant  precipitate.     But  a  mixture  of  a  salt  of  lithium  with  phos- 
phate of  sodium  becomes  turbid  by  boiling  or  evaporation,  and  the  dry  residue,  on 
being  treated  with  water,  leaves  the  difficultly  soluble  phosphate  of  lithium  and  sodium. 

Phosphate  of  potassium  gives  no  precipitate,  even  on  boiling  or  evaporation  ;  but  on 
the  addition  of  ammonia,  an  abundant  precipitate  after  some  time  (H.  K  o  s  e).  Hy- 
drofluosilicic  acid  throws  down  from  salts  of  lithium  the  almost  insoluble  fluoride  of 
silicium  and  lithium  (Berzelius),  and  picric  acid  precipitates  picrate  of  lithium  (H. 
Eose).  Solutions  of  lithium-salts,  even  when  concentrated,  are  not  precipitated  by 
perchloric  acid,  sulphate  of  aluminium,  dichloride  of  platinum,  oxalic  acid,  or  tartaric 
acid. 

A  solution  of  a  salt,  which  is  not  clouded  by  caustic  soda  in  the  cold,  or  by  carbo- 
nate of  sodium  at  a  boiling  heat>  but  yields  with  phosphate  of  sodium,  on  evaporation, 
an  almost  insoluble  white  powder,  contains  lithia.  (Berzelius.) 

3.  Quantitative  Estimation  and  Separation. — Lithium,  after  separation  from 
other  metals,  may  be  estimated  as  carbonate,  sulphate,  or  chloride.   The  hydrate  and  the 
organic  salts  of  lithium  are  converted  into  carbonate,  Li2C03,  when  ignited  in  contact 
with  the  air.      All  lithium-salts  containing  volatile  acids,  may  be  converted  into  sul- 
phate by  heating  them  with  sulphuric  acid :  the  excess  of  acid  may  be  expelled  by 
simple  ignition,  without  addition  of  carbonate  of  ammonia,  because  lithium  does  not 
form  an  acid  sulphate.   The  chloride  is  not  so  well  adapted  for  quantitative  estimation 
as  the  sulphate,  on  account  of  its  hygroscopic  qualities ;  but  as  lithium  is  generally 
obtained  as  chloride,  in  the  process  of  separating  it  from  sodium,  it  is  convenient  to 
estimate  it  directly  in  this  form:  it  must  be  ignited  in  a  well-covered  crucible,  and 
weighed  immediately  after  cooling. 

Lithium  may  also  be  estimated  as  phosphate,  Li3P04,  by  evaporating  the  solution  of 
a  lithium-salt  with  phosphate  of  sodium,  adding  a  quantity  of  hydrate  or  carbonate  of 
sodium  sufficient  to  keep  the  liquid  alkaline;  digesting  the  residue  with  ammonia, 
and  washing  the  precipitate  with  a  mixture  of  equal  volumes  of  water  and  ammonia, 
then  drying  at  100°,  and  igniting.  The  determination  may  be  rendered  more  exact 
by  repeatedly  evaporating  the  filtrate  and  wash-water,  and  treating  the  small  quantities 
of  lithium- phosphate  thereby  separated,  as  before  (W.  Mayer,  Ann.  Ch.  Pharm. 
xcviii.  193  ;  Jahresb.  1856,  p.  739).  According  to  Ra-nmefsberg  (Pogg.  Ann.  cii. 
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441 ;  Jahresb.  1857,  p.  141),  solutions  of  lithium  treated  with  phosphate  and  carbonate 
of  sodium  yield  salts  of  the  form  M8PO*,  containing  variable  quantities  of  lithium  and 
sodium;  but  Fresenius  (Zeitschr.  Annal.  Chem.  i.  42)  finds  that  the  precipitate  ob- 
tained as  above  always  has  the  composition  LisP04,  and,  accordingly,  that  Mayer's 
process  is  capable  of  yielding  correct  results. 

Lithium  is  separated  from  the  earth-metals  and  heavy  metals  in  the  same 
manner  as  the  other  alkalis,  namely,  by  sulphydric  acid,  sulphide  of  ammonium,  or 
carbonate  of  ammonium,  &c.  From  potassium  it  may  be  separated  by  dichloride  of 
platinum,  which  precipitates  potassium,  but  not  lithium;  and  from  sodium,  by  con- 
verting the  two  alkalis  into  chlorides,  and  treating  the  dried  chlorides,  in  a  well 
closed  bottle,  with  a  mixture  of  ether  and  absolute  alcohol,  which,  in  the  course  of  a 
few  days,  dissolves  the  chloride  of  lithium,  and  leaves  the  chloride  of  sodium. 

As,  however,  this  last  process  is  somewhat  tedious,  and  is  apt  to  be  rendered  inexact 
by  the  presence  of  moisture,  Bun  sen  (Ann.  Ch.  Pharm.  cxxii.  348)  recommends  the 
following  indirect  method  of  estimating  lithium,  when  it  exists  in  the  state  of  mixture 
or  combination  with  other  alkali-metals.  The  anhydrous  mixture  of  the  chlorides  of 
the  alkali-metals  is  repeatedly  exhausted  with  ether-alcohol ;  the  residue  obtained  by 
evaporating  this  solution  is  again  treated  in  the  same  manner ;  and  the  evaporated 
residue  of  this  extract  is  ignited  and  weighed.  It  is  then  dissolved  in  water ;  the 
total  amount  of  chlorine  is  determined  by  precipitation  with  nitrate  of  silver;  the 
filtrate  is  then  freed  from  excess  of  silver  by  hydrochloric  acid,  and  the  potassium  con- 
tained in  it  is  precipitated  by  chloride  of  platinum.  The  quantity  of  chloride  of  potas- 
sium thus  determined  gives,  when  deducted  from  the  total  weight  of  the  chlorides,  a 
remainder  A  =•  x  chloride  of  lithium  +  y  chloride  of  sodium ;  and  the  quantity  of 
chloride  of  silver  equivalent  to  the  known  quantity  of  chloride  of  potassium,  gives,  when 
deducted  from  the  total  weight  of  the  chloride  of  silver,  a  weight  B,  whence  the  quan- 
tity of  chloride  of  lithium  is  calculated  by  the  formula — 

ar=  1-0823  B  —  2-6525  A. 

4.  Atomic  weight  of  Lithium.  The  earlier  determinations  of  this  number  by 
Arfvedson,  Vauquelin,  C.  Gr.  Gmelin,  and  Kralovansky,  were  much  too  high,  having 
been  made  with  lithium-salts  containing  sodium.  Hermann,  Berzelius,  and  Hagen, 
prepaTe"d  carbonate  of  lithium  free  from  sodium  by  precipitation  with  carbonate  of 
ammonium,  and  converted  it  into  sulphate,  which  was  then  analysed  by  precipitation 
with  baryta.  In  this  manner  Berzelius  obtained  the  number  6'5.  The  numbers  ob- 
tained by  Hermann  and  Hagen  were  lower,  and  even  that  of  Berzelius  has  been  shown 
by  subsequent  experiments  to  be  too  low,  the  error  probably  arising  from  partial 
decomposition  of  the  carbonate  of  lithium  during  fusion. 

Mallet  (Sill.  Am.  J.  xxii.  349),  by  decomposing  chloride  of  lithium  with  nitrate 
of  silver,  obtained  the  numbers  6'92  and  6'96.  Diehl  (Ann.  Ch.  Pharm.  cxxi.  93), 
by  the  analysis  of  carbonate  of  lithium,  the  purity  of  which  had  been  tested  by 
spectral  analysis,  found  the  atomic  weight  of  the  metal  =  7'026.  _  Tro  ost  (ibid,  cxxiii. 
384),  by  decomposing  the  pure  carbonate  with  silicic  acid,  obtained  the  number  7 '01 ; 
the  analysis  of  the  chloride  gave  the  same  result ;  and  the  decomposition  of  the  car- 
bonate by  sulphuric  acid  yielded  the  number  7 '06.  From  all  these  results,  the  num- 
ber 7  is  adopted  as  the  true  atomic  weight  of  lithium. 

LITHIUM,  FLUORIDE  OP.  This  compound  crystallises  from  the  aqueous 
solution  in  very  small  opaque  grains,  which,  at  the  temperature  of  commencing  red- 
ness, fuse  to  a  clear  mass,  again  becoming  cloudy  as  it  solidifies.  It  is  very  slightly 
soluble  in  water.  (Berzelius.) 

LITHIUM,  OXIDE  OP.  Lithia,  Li20. — Anhydrous  lithia  is  obtained  as  a 
yellowish-white  spongy  mass,  containing  a  certain  quantity  of  peroxide,  by  burning 
lithium  in  oxygen,  and  leaving  the  product  to  cool  in  a  stream  of  the  gas.  (Tro ost, 
Ann.  Ch.  Phys.  [3]  li.  703.) 

The  hydrate  may  be  obtained  from  petalite,  spodumene,  or  lepidolite,  which  are 
silicates  containing  lithium  (most  advantageously  from  lepidolite),  or  from  triphyline, 
which  is  a  phosphate  of  lithium,  manganese,  iron  and  aluminium,  by  the  following 
processes : — 

1.  Lepidolite,  petalite,  or  Hthia-spodnmene,  reduced  to  fine  powder  by  careful  levi- 
gation,  is  ignited  with  twice  its  weight  of  quicklime  ;  the  mass  is  treated  with  hydro- 
chloric acid,  then  with  sulphuric  acid  ;  the  resulting  sulphate  of  lithium  is  dissolved 
out  from  the  sulphate  of  calcium ;  and  the  last  traces  of  calcium  are  removed  by  pre- 
cipitation with  oxalate  of  ammonium.     The  solution  of  sulphate  of  lithium  is  then 
treated  with  a  quantity  of  baryta-water  just  sufficient  to  throw  down  the  sulphuric 
acid,  and  the  filtrate  on  evaporation  yields  hydrate  of  lithium. 

2.  Troost  (Ann.  Ch.  Phys.   [3]  li.  121)  heats  10  pts.  of  finely-powdered  lepidolite 
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with  10  pts.  of  carbonate  of  barium,  5  pts.  sulphate  of  barium,  and  3  pts.  sulphate  of 
potassium.  The  fused  mass  separates  on  cooling  into  a  heavy  transparent  glass  and  a 
supernatant  white  crystalline  slag,  consisting  of  the  sulphates  of  barium,  lithium, 
potassium,  and  sodium,  and  containing  nearly  all  the  lithium.  The  alkaline  sulphates 
are  dissolved  out  by  water,  and  converted  into  chlorides  by  chloride  of  barium  ;  the 
potassium  is  precipitated  by  chloride  of  platinum,  and  the  chlorides  of  lithium  and 
sodium  are  separated  by  means  of  alcohol  and  ether.  In  operating  on  a  large  scale, 
the  double  sulphate  of  lithium  and  potassium  may  be  separated  by  fractional  crys- 
tallisation. 

3.  Triphyline  is  dissolved  in  strong  hydrochloric  acid,  nitric  acid  being  added  to 
bring  the  iron  to  the  state  of  ferric  oxide  ;  the  solution  is  evaporated  to  dryness  ;  and 
the  residue  is  treated  with  water,  which  leaves  all  the  iron  as  insoluble  phosphate. 
The  solution  containing  the  chlorides  of  lithium  and  manganese  and  a  little  phos- 
phoric acid,  is  treated  with  sulphide  of  barium,  which  removes  the  two  latter  sub- 
stances ;  the  excess  of  barium  is  removed  by  sulphuric  acid  (or  better,  by  carbonate  of 
ammonium),  and  the  filtrate  is  evaporated  to  dryness  and  ignited.  Chloride  of  lithium 
thus  obtained  frequently  contains  chloride  of  sodium,  which  may  be  separated  by 
alcohol  and  ether.  The  chloride  is  then  converted  into  sulphate,  and  from  this  salt 
caustic  lithiais  obtained  as  above.  (Miiller,  Ann.  Ch.  Phys.  [3]  xlv.  350.) 

Hydrate  of  Lithium,  LiHO,  separates  from  the  aqueous  solution  in  small  crystalline 
grains.  It  has  the  same  taste,  causticity,  and  alkaline  action  on  vegetable  colours  as 
potash  and  soda,  but  is  much  less  soluble  in  water.  It  melts  easily  below  redness, 
forming  a  fused  mass  which  has  a  crystalline  fracture.  It  does  not  appear  to  volatilise 
at  a  white  heat. 

Fused  lithia,  as  commonly  prepared,  corrodes  platinum  vessels  powerfully,  so  that 
silver  vessels  should  always  be  used  for  heating  it.  This  action  upon  platinum  is  said, 
indeed,  to  be  one  of  the  best  indications  of  the  presence  of  lithium  ;  but,  according  to 
Troost  (Ann.  Ch.  Pharm.  cxxiii.  384),  it  is  not  produced  by  pure  lithia,  or  by  any 
pure  lithium-salt,  but  only  by  such  as  contain  caesium  and  rubidium. 

Peroxide  of  Lithium  is  said  by  Troost  to  be  formed,  together  with  lithia,  when 
lithium  is  burned  in  oxygen  gas. 

LITHIUM,  SULPHIDE  OP.  Li2S.  This  compound  is  formed  when  lithium 
is  thrown  on  melted  sulphur  ;  also  when  sulphate  of  lithium  is  heated  to  redness  with 
charcoal.  It  dissolves  in  water  and  alcohol  more  easily  than  lithia. 

LITHOGRAPHY.     See  PRINTING,  CHEMICAL. 

LITHOIWARGE.  Stone-marrow  (Steinmark).  A  kind  of  clay,  of  which  there 
are  two  varieties,  the  friable  and  the  indurated. 


Friable  Lithomarge.  —  Colour  white.  Massive  and  sometimes  in  crusts  ;  particles 
scaly  and  feebly  glimmering;  streak  shining.  Slightly  cohering.  Soils  slightly. 
Feels  rather  greasy  ;  adheres  to  the  tongue.  Light.  Phosphoresces  in  the  dark.  Its 


constituents  are,  according  to  Klaproth,  silica  32,  alumina  26*5,  iron  21,  chloride  of 
sodium  l-5,  and  water  17'0.  It  occurs  sometimes  in  tin-stone  veins. 

Indurated  Lithomarge.  Colours  yellowish  and  reddish-white.  Massive  and  amyg- 
daloi'dal.  Dull,  opaque.  Fracture  fine  earthy.  Streak  shiny.  Soft,  sectile,  and 
easily  frangible  ;  adheres  strongly  to  the  tongue  ;  greasy  to  the  touch.  Specific  gravity 
2'  44.  Infusible  before  the  blowpipe.  Some  varieties  phosphoresce,  and  others,  when 
moistened,  afford  an  agreeable  smell  like  that  of  nuts.  Its  constituents  are,  silica 
45'25,  alumina  36*5,  oxide  of  iron  275,  water  14,  and  a  trace  of  potash  (Klaproth). 
It  occurs  in  veins  in  porphyry,  gneiss,  &c.,  at  Eochlitz  in  Saxony,  and  at  Zoblitz. 
(Jameson.) 

LITHOSPERTVnJM.  The  root-bark  of  Lithospermum  arvense  contains  a  red 
colouring  matter,  which  reacts  with  water,  alcohol,  ether,  and  alkalis,  in  the  same  way 
as  that  of  alkanet  (i.  128),  excepting  that  the  lithosperm-red  forms  a  blue  solution 
with  ether,  whereas  alkanet-  red  forms  a  dark  red  solution.  (Ludwig  and  Kromayer, 
Rep.  China,  app.  1859,  p.  211.) 

LITMUS.  Lackmus.  Tournesol  en  pains.  —  A  blue  colouring  matter,  used  chiefly 
for  preparing  test-papers.  It  is  obtained  from  various  species  of  Roccella,  Variolariat 
and  Lecanora,  the  same  lichens  in  fact  that  yield  archil  (i.  355).  It  appears  from  the 
experiments  of  Gel  is  (Revue  Scient.  vi.  50)  that  the  blue  colouring  matter  is 
developed  in  the  lichens  by  fermentation,  when  the  proximate  principles  contained  in 
them  are  metamorphosed  in  presence  of  an  alkaline  carbonate.  Under  the  influence  of 
the  air  and  ammonia  alone,  these  lichens  yield  nothing  but  archil  ;  but  if  an  alkaline 
carbonate  is  likewise  present,  the  lichens  undergo  a  totally  different  alteration,  and  the 
product  of  the  fermentation,  instead  of  being  red  or  violet,  has  then  a  pure  blue  colour. 
This  blue  coloration  is  due  to  the  combination  of  the  new  colouring  matter  with  the 
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alkali  :  for  acids,  as  is  well  known,  redden  litmus,  that  is  to  say,  they  unite  wi'th  the 
alkali,  and  liberate  the  colouring  matter  of  the  litmus,  which  in  this  state  is  red,  like 
that  of  archil.  When  2  pts.  of  Roccella  tinctoria  and  1  pt.  carbonate  of  potassium  are 
repeatedly  moistened  with  carbonate  of  ammonium,  or  with  urine  which  is  saturated 
with  that  salt,  the  mass  acquires  in  three  days  a  brown  or  dirty  red  colour  ;  in  20 
or  25  days  a  purple  red  ;  in  30  days  a  blue  colour;  and  in  40  days  yields  litmus  of  the 
finest  colour  (Grelis,  J.  Pharm.  xxiv.  277).  Litmus  is  prepared  in  Holland  from 
Lecanora  tartarea  and  Roccella  tinctoria  from  the  Canary  Isles,  the  coloured  mass 
obtained  as  above  being  thickened  with  chalk  or  gypsum. 

Our  knowledge  of  the  colouring  matters  of  litmus  is  not  very  exact,  but  they  are 
probably  derived  directly  from  orcin,  like  orcein,  the  colouring  principle  of  archil.  The 
principal  of  these  colouring  matters  is  azolitmin,  and  three  others  have  been 
distinguished,  namely,  Spaniolitmin,  erythrolein,  and  erythrolitmin.  The 
following  mode  of  preparation  of  these  colouring  matters  is  given  by  Kane  (Phil, 
Trans.  1840,  p.  298)  : 

a.  Commercial  litmus  in  powder  is  exhausted  with  boiling  water,  and  the  pale  blue 
residue,  which  contains  the  greater  part  of  the  colouring  matter,  is  made  up  into  a  thin 
paste  with  water,  and  hydrochloric   acid  is  added  till  effervescence  ceases  and  the 
liquid  exhibits  a  strong  alkaline  reaction.     The  mass  is  then  thrown  on  a  filter  ;  and 
the  residue,  after  being  freed  from  excess  of  acid  by  washing  with  water,  is  well  dried 
and  repeatedly  boiled  with  alcohol,  as  long  as  that  liquid  extracts  anything  from  it. 
The  alcoholic  solution  is  evaporated  to  dry  ness  over  the  water-bath,  and  the  residue 
digested  with  warm  ether  as  long  as  the  ether  is  coloured  by  it.     The  ethereal  solution, 
distilled  in  the  water-bath  to  remove  the  ether,  leaves  Erythrolein  in  the  form  of  a 
purple  semi-fluid  oil.      The  portion  of  the  alcoholic  extract  which  is  insoluble  in  ether 
consists  of  Erythrolitmin. 

The  red-brown  powder  which  remains  after  the  boiling  with  alcohol  (vid.  sup.) 
consists  of  impure  Azolitmin.  This  substance  is  either  boiled  with  pure  water,  and 
pure  azolitmin  obtained  by  evaporating  the  strongly  coloured  solution  ;  —  or  the 
residue  insoluble  in  alcohol  is  boiled  with  ammoniacal  water,  and  the  blue  solu- 
tion evaporated  to  dryness,  during  which  operation  the  greater  part  of  the  ammonia 
escapes;  the  remainder  is  separated  by  moistening  the  mass  with  hydrochloric  acid,  and 
washing  the  resulting  sal-ammoniac  with  alcohol. 

b.  The  strongly  coloured  liquid  obtained  by  boiling  litmus  with  water  is  precipitated 
with  neutral  acetate  of  lead  ;    the  precipitate  washed  with  water,  treated  while  still 
moist  with  sulphydric  acid,  and  suspended  in  warm  ammoniacal  water  ;  the  dark  blue 
liquid  is   evaporated  to   dryness,  and  moistened  with  hydrochloric  acid  ;    and  the 
sal-ammoniac  is  separated  by  means  of  warm  alcohol.      The  residue  is  but  of  small 
amount  in  proportion  to   the   deep   colour  of  the  solution;   it  sometimes  consists 
of  pure  azolitmin,   more    rarely  of  Spaniolitmin,    a   substance    not  containing 
nitrogen. 

Azolitmin  is  a  red-brown  amorphous  powder  which  dissolves  with  blue  colour  in 
ammonia,  and  forms  blue  and  violet  lakes. 

Spaniolitmin  has  only  been  obtained  mixed  with  azolitmin,  but  it  appears  to  be  of  a 
light  red  colour. 

Erythrolein  is  a  semi-fluid  mass  of  a  fine  red  colour,  and  dissolves  in  ammonia, 
forming  a  purple  liquid. 

Erythrolitmin  forms  crystalline  grains  of  a  fine  deep  red  colour,  coloured  blue 
by  potash,  and  forming,  with  ammonia,  a  blue  compound  insoluble  in  water. 

The  following  are  the  analytical  results  obtained  by  Kane  with  these  substances, 
and  calculated  with  the  old  atomic  weight  of  carbon  (6'12  or  12*24)  : 

Erythrolein.  Erythrolimin.  Azolitmin.  Spaniolitmin. 

Carbon       .         .         74-27         55'78         55-3         49-50         50-05         44-54 
Hydrogen  .         10*68  8-69  8-1  5'35  5'52  3'11 

Of  these  four  substances,  azolitmin  is  the  only  one  which  contains  nitrogen.  Kane 
determined  the  nitrogen  only  by  the  comparative  method  which  gave  proportions  of 
N  :  CO2  varying  from  1  :  17'3  to  1  :  18'3. 

The  composition  of  azolitmin  approaches  pretty  nearly  to  the  formula  CIFNO4 
(carbon  49*6,  hydrogen  4-1,  nitrogen  8*2),  according  to  which  azolitmin  would  contain 
1  at.  oxygen  more  than  orcein,  and  might  be  derived  from  orcin  in  the  manner  shown  by 
the  equation, 

C7H602  +  NH3  +   0s     =.     C7H7NO«  +  H20. 


If  this  be  true,  the  action  of  the  alkaline  carbonates  in  the  formation  of  litmus  may 
be  explained  by  supposing  that  these  salts  accelerate  the  absorption  of  oxygen  by  orcin 
subjected  to  the  influence  of  air  and  ammonia,  so  as  to  produce  a  new  compound  more 
highly  oxygenated  than  orcein. 
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The  ammoniacal  solution  of  azolitmin  forms  with  the  salts  of  the  heavy  metals,  precipi- 
tates which  are  red  or  blue,  according  to  the  quantity  of  metal  contained  in  them.  The 
azolitmates  of  barium  and  calcium  are  blue.  The  lead-compound,  which  has  a  fine 
violet  colour  when  recently  prepared,  but  becomes  blue  when  dried  at  120°,  appears 
to  contain  2C7H6PbN04.Pb20.  The  stannous  salt  is  a  lake  of  a  fine  violet  colour ;  by 
exposure  to  the  air  in  the  moist  state  it  is  converted  into  a  stannic  compound  of  a 
splendid  scarlet  colour. 

Azolitmin  suspended  in  water  through  which  chlorine  gas  is  passed  yields  yellow 
chlorazolitmin. 

Azolitmin  subjected  to  the  action  of  nascent  hydrogen,  is  dissolved,  and  converted 
into  a  compound  called  by  Kane,  leucazolitmin,  which,  however,  cannot  be  obtained 
pure,  because  it  oxidises  immediately  and  becomes  coloured  when  exposed  to  the  air. 
A  white  compound  of  leucazolitmin  with  stannic  oxide  is  formed  by  boiling  the 
stannous  compound  of  azolitmin  with  water ;  on  exposure  to  the  air,  it  is  immediately 
converted  into  the  scarlet  stannic  compound  of  azolitmin. 

LIVER,  GLYCOGENIC   FUNCTION  OP.     See  GLTCOQEN  (ii.  906). 

HVER  OP  SULPHUR.  An  old  term  applied  to  a  mixture  of  the  higher 
sulphides  of  potassium,  obtained  by  heating  sulphur  with  carbonate  of  potassium  in  a 
covered  vessel.  (See  POTASSIUM,  SULPHIDES  OF.) 

lilXIVI  ATIO  w.  The  application  of  water  to  the  fixed  residues  of  bodies,  for  the 
purpose  of  extracting  the  saline  part. 

ZiZXZVIUM.    A  solution  obtained  by  lixiviation. 

LOADSTONE.    Magnetic  iron  ore  (p.  397) :  see  also  MAGNETISM. 

X.OATO.     See  CLAY  (i.  1023). 

LOBELINE.  An  alkaloid  existing,  according  to  B  a  s  ti  c  k  and  Procter  (Pharm. 
J.  Trans,  x.  270,  456)  in  Lobelia  inflata.  It  is  oily ;  cannot  be  volatilised  without 
decomposition  ;  dissolves  very  readily  in  water,  alcohol,  and  ether ;  and  forms  crystal- 
lisable  salts  with  hydrochloric,  sulphuric,  nitric,  and  oxalic  acids.  The  solutions  are 
precipitated  by  tannin.  It  acts  as  a  narcotic  when  taken  internally. 

LOBOITE.    A  magnesian  vesuvian  from  Norway.    (See  VESUVIAN.) 

LCBLINGITE.     Syn.  with  LEUCOPYEITE  (p.  586). 

XiCETWEITE.  A  sulphate  of  magnesium  and  sodium,  Mg"Na2(S04)2.2fH*0,  from 
Ischl,  approaching  astrachanite  in  composition.  It  is  of  yellowish  colour,  specific 
gravity  2-376,  and  gives  by  analysis  52-35  SO8,  12-78  MgO,  18-97  Na20,  14-45  H20f 
and  0-66  Fe203  and  A120S  =  99'21.  (Karafiat,  Haid.  Ber.  1846,  p.  266.) 

LOGATJITE.  A  variety  of  pyrosclerite  from  Calumet  Island  on  the  Ottawa, 
Canada,  where  it  occurs  associated  with  serpentine,  phlogopite,  pyrites,  and  apatite, 
in  crystalline  limestone.  It  has  a  weak  subresinous  lustre,  pale  or  dark  brownish 
colour,  and  greyish  streak.  Hardness  =  3.  Specific  gravity  =  2-6 — 2'64.  Sometimes 
in  crystals  with  rounded  angles,  which  appear  to  be  pseudomorphs ;  one  gave  the 
angle  124°,  near  that  of  hornblende.  Contains  32*49  per  cent,  silica,  13-18  alumina, 
35-77  magnesia,  0'95  lime,  2'14  protoxide  of  iron,  and  16*92  water  (including  carbonic 
acid)  =  101-45.  (T.  S.  Hunt,  Phil.  Mag.  [4]  ii.  65.) 

LOGWOOD.  Sots  de  Campeche.  Blauholz. — The  tree  which  yields  this  wood 
is  called  by  Linnaeus,  Hcematoxylum  campechianum. 

Logwood  is  so  heavy  as  to  sink  in  water,  hard,  compact,  of  a  fine  grain,  capable  of 
being  polished,  and  scarcely  susceptible  of  decay.  Its  predominant  colour  is  red,  tinged 
with  orange,  yellow,  and  black. 

It  yields  its  colour  both  to  spirituous  and  watery  solvents.  Alcohol  extracts  it  more 
readily  and  copiously  than  water.  The  colour  of  its  dye  is  a  fine  red,  inclining  a  little 
to  violet  or  purple,  which  is  principally  observable  in  its  watery  decoction.  This,  left 
to  itself,  becomes  in  tune  yellowish,  and  at  length  black.  Acids  turn  it  yellow ;  alkalis 
deepen  its  colour,  and  give  it  a  purple  or  violet  hue. 

Stuffs  would  take  only  a  slight  and  fading  colour  from  decoction  of  logwood,  if  they 
were  not  previously  prepared  with  alum  and  tartar.  A  little  alum  is  also  added  to  the 
bath.  By  these  means  they  acquire  a  pretty  good  violet. 

A  blue  colour  may  be  obtained  from  logwood,  by  mixing  verdigris  with  the  bath,  and 
dipping  the  cloth  till  it  has  acquired  the  proper  shade. 

The  great  consumption  of  logwood  is  for  blacks,  to  which  it  gives  a  lustre  and  vel- 
vety cast,  and  for  greys  of  certain  shades.  It  is  also  of  very  extensive  use  for  different 
compound  colours,  which  it  would  be  difficult  to  obtain  of  equal  beauty  and  variety  by 
means  of  drugs  affording  a  more  permanent  dye. 
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Decoction  of  logwood  is  frequently  mixed  with  that  of  brazil-wood,  to  render  colours 
deeper,  their  proportion  being  varied  according  to  the  shade  desired. 

Logwood  is  used  for  dyeing  silk  violet.  For  this,  the  silk  must  be  scoured,  alumed, 
and  washed  ;  because,  without  aluming,  it  would  take  only  a  reddish  tinge  that  would 
not  stand  wetting.  To  dye  silk  thus,  it  must  be  turned  in  a  cold  decoction  of  logwood 
till  it  has  acquired  the  proper  colour ;  if  the  decoction  were  used  hot,  the  colour  would 
be  in  stripes  and  uneven. 

Bergmann  observed,  that  a  fine  violet  might  be  produced  from  logwood  by  impreg- 
nating the  silk  with  solution  of  tin.  In  fact  we  may  -thus  obtain,  particularly  by 
mixing  logwood  and  brazil-wood  in  various  proportions,  a  great  number  of  fine  shades, 
more  or  less  inclined  to  red,  from  lilac  to  violet.  See  H^EMATOXYLIN  (p.  4). 

LO1VEONITE.      Syn.  with  LAUMONTITE  (p.  472). 

IiOWTCHIDlTE.  A  variety  of  marcasite  or  white  iron  pyrites,  found  at  Freiberg, 
Schneeberg,  and  in  Cornwall.  Hardness  =  6'5.  Specific  gravity  =  4-925 — 5. 
Colour,  tin- white,  sometimes  greenish  or  greyish.  Streak,  black.  According  to  Pktt- 
ner's  analysis,  it  contains  49'61  per  cent.  S,  4*40  As,  44-23  Fe,  0'35  Co,  0*75  Cu,  and 
0-20  Pb  (=  99*24).  (Breithaupt  and  Plattner,  Pogg.  Ann.  Ixxvii.  135.) 

XiOPEZ-ROOT.  The  root  of  Toddalia  aculeata.  By  successive  treatment  with 
ether,  alcohol,  water,  and  dilute  hydrochloric  acid,  it  yields  about  40  per  cent,  of 
soluble  matter,  consisting  of  a  bitter  principle,  a  tasteless  resin,  gum,  tannin,  starch, 
and  oxalate  of  calcium.  (H.  Weber,  Jahresber.  1859,  p.  572.  See  also  Schnitzer, 
ibid.  1862,  p.  525.) 

LOPHINE.  C21HI6N2.  Pyrobenzoline.  (Laurent,  Ann.  Ch.  Phys.  [3]  xix.  369. 
— Fownes,  Ann.  Ch.  Pharm.  liv.  365  and  368. — Gossmann,  ibid,  xciii.  331. — 
Gossmann  and  Atkinson,  ibid,  xcvii.  283  ;  Chem.  Soc.  J.  ix.  220.—  G-m.  xii.  199. 
— G-erh.  iii.  179;  iv.  1010.) — An  organic  base  produced  by  the  dry  distillation  of  hy- 
drobenzamide,  benzoylazotide,  or  azosulphide  of  benzylene  (Laurent),  of  amarine 
(Fownes),  and  by  heating  sulphite  of  benzoyl  and  ammonium  with  slaked  lime 
(Gossmann).  Its  formation  from  hydrobenzamide  (p.  183),  or  from  the  isomeric 
compound  amarine,  may  be  represented  by  the  equation, 

4C21H18N2     =     3C21H16N2  +  C2'H18  +   2NH8. 

Hydrobenzamide.  Lophine.  Oil. 

The  compound  C2IH18  =  3C7H6  (polymeric  with  stilbene)  is  probably  the  oily  matter 
which  distils  over  with  the  lophine.   (Gerhard t.) 

Preparation. — 1.  When  hydrobenzamide  is  heated,  ammonia  escapes,  together  with 
a  mobile  fragrant  oil,  and  there  remains  a  fused  mass  which  may  be  distilled  at  a  high 
temperature,  but  is  more  advantageously  treated  by  pouring  it  out,  pulverising  it  when 
cold,  and  digesting  it  in  hot  ether,  which  extracts  a  small  quantity  of  a  body  crystal- 
lising in  shining  laminae  as  the  solution  cools.  The  residue  is  heated  with  alcohol  to 
the  boiling  point,  and  hot  caustic  potash  added  to  it  till  the  whole  is  dissolved ;  the 
liquid  on  cooling  deposits  thread-like  crystals  which  may  be  washed  with  alcohol.  It 
is  better,  however,  to  boil  the  residue  insoluble  in  ether,  with  alcohol  containing 
hydrochloric  acid,  mix  the  solution  at  the  boiling  heat  with  ammonia,  and  leave  it  to 
cool  (Laurent). — 2.  From  the  mixture  of  lophine  and  amarine  obtained  by  distilling 
benzoylazotide,  the  amarine  is  extracted  by  boiling  with  rock-oil,  or  the  lophine  by 
boiling  with  alcohol  containing  hydrochloric  acid  (Laurent). — 3.  From  the  distillate 
obtained  by  heating  azosulphide  of  benzylene,  the  oily  products  are  extracted  by  ether, 
the  stilbene  by  boiling  alcohol,  and  the  thionessal  by  rock-oil,  and  the  residue,  con- 
sisting of  lophine,  is  dissolved  by  boiling  with  alcohol  and  potash,  or  with  alcohol 
containing  hydrochloric  acid.  A  similar  process  is  adopted  with  the  product  resulting 
from  distilling  the  mixture  obtained  by  treating  bitter-almond  oil  for  two  or  three 
weeks  with  sulphydrate  of  ammonium,  which  mixture  also  contains  picril  (Laurent). 
— 4.  The  needle-shaped  crystals  which  sublime  in  the  neck  of  the  retort  during 
the  distillation  of  sulphite  of  benzoyl  and  ammonium  with  hydrate  of  calcium,  are 
dissolved  in  hot  alcohol,  and  recrystallised  after  being  treated  with  animal  charcoal. 
The  formation  of  the  lophine  is  facilitated  by  heating  the  retort  very  quickly  and 
covering  the  upper  part,  at  the  commencement  of  the  distillation,  with  red-hot  coals 
(Gossmann).  The  best  mode  of  conducting  the  process  is  to  add- a  quantity  of  quick- 
lime, equal  in  weight  to  the  hydrate,  introduce  the  mixture  into  a  rather  shallow  glo- 
bular retort  coated  with  clay,  and  cover  the  retort,  as  far  as  it  is  filled  with  the  mixture, 
with  live  coals,  from  the  very  beginning  of  the  operation.  Only  small  quantities  should 
be  operated  on  at  once,  from  10  to  15  grms.  of  the  benzoyl-compound,  with  about  4  to 
6  times  the  quantity  of  the  lime  mixture.  When  the  operation  is  thus  conducted,  only 
a  small  quantity  of  amarine  forms  at  first ;  and  when  this  has  melted  down,  the  upper 
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part  of  the  retort  begins  to  be  covered  with  radiant  masses  of  lophine,  and  the  forma- 
tion of  secondary  products  ceases,  nothing  being  formed  but  lophine  and  free  ammonia. 
At  the  commencement,  a  small  quantity  of  an  aromatic  oil  accompanies  the  lophine, 
apparently  resulting  from  the  decomposition  of  the  amarine  into  lophine  and  other 
products,  the  principal  of  which  is  amarone  (Gossmann  and  Atkinson).  Purifi- 
cation as  in  Laurent's  method  (1). 

Properties. — Lophine  forms  colourless  needles,  often  an  inch  long,  grouped  in  tufts, 
and  having  a  lustre  similar  to  that  of  caffeine ;  they  become  opalescent  after  a  while, 
but  retain  their  lustre.  At  250°  the  compound  sublimes,  gradually  but  completely, 
without  previous  fusion,  and  without  decomposition.  It  melts  at  265°,  forming  a 
transparent  liquid,  which  at  260°  solidifies  in  a  radiating  crystalline  mass.  It  is  taste- 
less and  inodorous,  with  scarcely  any  alkaline  reaction.  The  alcoholic  solution  exhibits 
fluorescence  like  quinine,  but  not  in  so  high  a  degree.  It  has  no  action  upon  polarised 
light  (Q-6'ssmann  and  Atkinson).  GK  Kiihn  (Chem.  Centr.  1861,  p.  237)  ob- 
tained, by  the  dry  distillation  of  hydrochlorate  of  hydrobenzamide  (p.  184),  two 
modifications  of  lophine,  one  crystallising  in  needles  which  melted  at  230°,  the  other 
(likewise  obtained  by  Ekman,  Ann.  Ch.  Pharm.  cxii.  151)  in  needles  which  melted 
at  170°. 

The  composition  of  lophine  has  been  variously  represented  by  the  formulae  C^H1^8 
and  C^H^N2  (Laurent),  C21H16N*  (Fownes),  C21HJ7N2  (Gossmann  and  Atkin- 
son), CWH16N2  (Liszt).  Fownes's  formula,  C21H16N2,  agrees  best,  on  the  whole,  with 
the  analyses,  and  likewise  affords  the  best  representation  of  the  formation  of  the  com- 
pound from  hydrobenzamide  (or  from  amarine) : 

Gossmann 

and 

Calculation.  Laurent.  Fownes.      Gossmann.       Atkinson. 

C21  252          85-1          85-6        86'0        85-2  857  847 

H16  16  6-4  5-4          6-1          5-4  5'5  5-6 

N2 28  9-5  9-2         •     •  9-1  •     •  9-5 

C21HI6N2     296~       100-0        100-2  997  99-8 

Laurent's  second  analysis,  which  differs  considerably  from  all  the  rest,  was  probably 
made  with  impure  material. 

Lophine  is  insoluble  in  water,  very  sparingly  soluble  in  boiling  alcohol  and  ether, 
crystallising  in  needles  on  cooling.  It  dissolves  to  about  the  same  amount  in  rock-oil, 
and  in  oil  of  turpentine,  whence  it  separates  in  a  crystalline  powder  on  cooling.  It 
dissolves  easily  and  without  decomposition  in  boiling  alcoholic  potash.  (Laurent.) 

According  to  Ekman  (Ann.  Ch.  Pharm.  cxii.  151),  100  pts.  of  absolute  alcohol  at 
19°  dissolve  0-81  pt.  of  lophine,  and  at  21°  from  0-84  to  0*91  pt. ;  at  the  boiling 
point,  270 to  275  pts.;  and  100  pts.  ether  dissolve  0-26  pt.  lophine  at  19°,  0-32  to 
0-33  at  20°,  and  0-32  at  21°.  Of  an  indifferent  substance,  having  nearly  the  compo- 
sition of  lophine,  and  formed,  together  with  the  latter,  by  the  decomposition  of  hydro- 
chlorate  of  hydrobenzamide  at  160°-200°  (p.  183),  100  pts.  absolute  alcohol  dissolve 
0-07  pt  at  16°,  and  0-33  to  0-37  pt.  at  the  boiling  point ;  and  100  pts.  ether  at  the 
boiling  point  dissolve  0'69  to  074  pt.  of  the  same  substance. 

Decompositions. — Lophine  boiled  with  nitric  acid  forms  nitrolophine  (Laurent). 
It  is  dissolved  by  bromine,  without  evolution  of  vapours  of  hydrobromic  acid.  When 
the  mass  is  dissolved  in  ether,  and  the  solution  mixed  with  alcohol  and  abandoned  to 
spontaneous  evaporation,  beautiful  yellow  prisms  with  rectangular  base  separate  out ; 
these  crystals  give  off  bromine  when  heated,  and,  when  water  is  poured  upon  them, 
turn  white  and  fall  to  powder  (Laurent).  Lophine  in  contact  with  iodide  of  ethyl 
does  not  form  any  substitution-compound  not  even  when  the  two  bodies  are  heated 
together  to  100°  in  a  sealed  tube  for  several  weeks.  A  portion  of  the  iodide  of  ethyl 
is  decomposed  into  alcohol  and  hydriodic  acid,  which  combines  with  the  lophine. 
(Gossmann  and  Atkinjson.) 

The  lophine- salt s  are  for  the  most  part  insoluble  in  water,  and  sparingly  soluble 
in  alcohol — They  are  rather  unstable,  having  a  tendency  when  recrystallised  to  give 
up  part  of  their  acid  and  form  basic  compounds ;  this  is  particularly  the  case  with  the 
sulphate.  (Gossmann  and  Atkinson.) 

Hydriodate  of  Lophine,  C21H18N2.HI,  is  prepared  like  the  hydrochlorate,  and  crystal- 
lises readily  in  large  needles,  which  are  more  soluble  in  alcohol  and  ether  than  the 
hydrochlorate.  From  a  very  acid  solution,  it  separates  in  granular  crystals.  It  dis- 
solves very  easily  in  iodide  of  ethyl.  In  other  respects  it  resembles  the  hydrochlorate. 
(Gossmann  and  Atkinson.) 

Hydrochlorate  of  Lophine,  C2IH"N2.HC1,  separates  quickly  on  cooling  from  a  solu- 
tion of  lophine  in  boiling  alcohol  containing  hydrochloric  acid.  If  a  solution  in  a 
sufficient  quantity  of  boiling  alcohol  be  mixed  with  such  a  quantity  of  hot  water  that 
no  immediate  precipitate  is  formed,  the  liquid  on  cooling  yields  well  defined  crystalline 


LOTALITE  -  LUTE.  735 

iaminse  (Laurent).  The  second  modification  of  lophine,  obtained  by  Kiihn 
(p.  184),  forms  a  hydrochlorate,  also  containing  C21HI6N2.HC1,  which  crystallises  in 
interlaced  needles,  melting  at  160°.  When  hydrochloric  acid  is  added  to  a  hot  satu- 
rated alcoholic  solution  of  lophine  till  the  mixture  exhibits  a  decided  acid  reaction, 
the  hydrochlorate  separates  on  cooling  in  large  transparent  needles  very  much  like  the 
crystals  of  pure  lophine.  If  left  for  some  time  in  the  mother-liquor,  they  change 
into  small  white  opaque  prisms,  an  alteration  which  is  probably  due  to  loss  of  water. 
Several  other  lophine-compounds  exhibit  a  similar  change.  When  lophine  is  treated 
with  strong  hydrochloric  acid,  it  becomes  resinous,  and  can  only  be  restored  to  the 
crystalline  state  by  removing  the  acid  and  crystallising  from  alcohol  (Gossmann 
and  Atkinson).  The  hydrochlorate  is  nearly  insoluble  in  water,  but  dissolves 
pretty  easily  in  alcohol  (Laurent).  It  has  a  slight  acid  reaction,  dissolves  more 
readily  in  water  and  alcohol  than  the  pure  base,  and  exhibits  stronger  fluorescence. 
(Gossmann  and  Atkinson.) 

Hydrochlorate  of  lophine  unites  with  tetrachloride  of  platinum  when  the  solutions  of 
the  two  salts  in  boiling  alcohol  are  mixed  together,  the  double  salt  separating,  as  the 
liquid  cools,  in  orange-coloured  crystals,  the  formula  of  which  is  probably 
2(C21H16N2.HCl).PtCl4.  The  chloroplatinate  of  Kiihn's  second  modification  of  lophine 
contains  water  of  crystallisation,  the  amount  of  which  was  found  to  be  different  in 
different  preparations. 

Nitrate  of  Lophine,  C2IH16N2.HN03,  forms  fine  light  Iaminse,  devoid  of  lustre.  When 
heated  till  they  soften,  they  give  off  1  at.  water  (Laurent).  From  a  concentrated 
alcoholic  solution  of  lophine  acidulated  with  nitric  acid,  the  salt  crystallises  in  small 
plates,  which,  if  covered  with  strong  nitric  acid  free  from  nitrous  acid,  are  converted 
into  an  oily  mass.  (Gossmann  and  Atkinson.) 

Sulphate  of  Lophine  is  obtained  in  small  shining  rectangular  laminae,  by  heating 
lophine  with  alcoholic  sulphuric  acid,  and  mixing  the  solution  with  hot  water,  where- 
upon crystallisation  ensues.  The  alcoholic  solution  reddens  litmus  and  is  precipitated 
by  water,  a  portion  however  remaining  in  solution,  so  that,  on  adding  ammonia,  a  pre- 
cipitate of  lophine  is  still  obtained.  Laurent  found  in  the  dry  salt  11-5  and  13-2  per 
cent,  of  sulphuric  acid ;  the  neutral  salt  requires  11 -21  per  cent,  of  sulphuric  acid 
(Laurent).  When  a  solution  of  lophine  to  which  excess  of  sulphuric  acid  has  been 
added  is  left  to  evaporate  slowly,  the  sulphate  separates  in  broad  transparent  tables, 
which  become  opaque  and  effloresce  on  exposure  to  the  air.  When  crystallised  more 
rapidly,  the  compound  separates  in  large  needles,  which,  if  left  for  some  time  in  the 
mother-liquor,  change  into  small  white  opaque  needles.  At  each  crystallisation,  the 
salt  becomes  more  basic,  and  by  frequent  solution  and  recrystallisation,  the  acid  may 
be  almost  entirely  removed.  (Gossmann  and  Atkinson.) 

Lophine  also  forms  crystalline  compounds  with  nitrate  of  silver  and  dichloride  of 
platinum. 

LOTALITE.     Syn.  with  HORNBLENDE. 

LOXOCLASE.  A  name  applied  by  Breithaupt  to  a  variety  of  felspar  closely 
resembling  orthoclase,  if  not  identical  with  it. 

LUBRICANTS.  Oleaginous  or  fatty  bodies  used  for  reducing  the  friction 
between  parts  of  a  machine  or  carriage.  (See  Ure' s  Dictionary  of  Arts,  $c.  ii.  736; 
the  chapter  on  Railway  and  Waggon  Grease  in  Richardson  and  Watts 's  Chemical  Tech- 
nology, vol.  i.  pt.  3,  p.  742  ;  and  the  article  PARAFFIN  OILS  in  this  Dictionary.) 

LUCIFER  MATCHES.  See  lire's  Dictionary  of  Arts,  $c.  ii.  737  ;  Richardson 
and  Watts' s  Chemical  Technology,  vol.  i.  pt.  4,  p.  131 ;  and  the  article  PHOSPHORUS  in 
this  Dictionary. 

LUCULLITE.    See  LIMESTONE,  (p.  698). 

LUiviACCELLA.    See  LIMESTONE,  (p.  697). 

LUNA  CORNEA     Chloride  of  silver  (see  SILVER). 

LUNAR  CAUSTIC.    Nitrate  of  silver  fused  at  a  low  heat  (see  NITRATES). 

X.UPXNXN.  A  bitter  non-nitrogenous  substance  obtained  from  lupine-seeds. 
(Cassolu,  Ann.  Ch.  Pharm.  xiii.  308.) 

LUPULIN.  The  yellow,  granular,  aromatic  powder  situated  at  the  base  of  the  cones 
of  the  hop,  and  forming  from  8  to  18  per  cent,  of  the  cones.  It  contains  five  different 
substances  ;  viz.  a  volatile  oil,  a  resin,  a  nitrogenous  substance,  a  bitter  principle,  and  a 
gummy  substance.  The  cones  contain  about  2  per  cent,  of  the  volatile  oil  This  oil 
and  the  resin  probably  give  to  beer  its  agreeable  aromatic  odour,  while  the  bitter 
substance  tends  to  preserve  it.  (See  HOP,  p.  165.) 

LUPUS  MET  ALLORUM.     The  alchemical  name  of  trisulphide  of  antimony. 
The  lutes  with  which  the  joinings  of  vessels  are  closed  are  of  different  kinds 
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according  to  the  nature  of  the  operations  to  be  performed,  and  of  the  substances  to  be 
distilled  in  these  vessels. 

When  vapours  of  watery  liquors,  and  such  as  are  not  corrosive,  are  to  be  retained,  • 
it  is  sufficient  to  surround  the  joining  of  the  receiver  to  the  nose  of  the  alembic,  or  of 
the  retort,  with  slips  of  paper  or  of  linen  covered  with  flour-paste.  In  such  cases  also, 
slips  of  wet  bladder  may  be  conveniently  used. 

When  more  penetrating  and  dissolving  vapours  are  to  be  retained,  a  lute  is  to  be 
employed  of  quicklime  slacked  in  the  air,  and  beaten  into  a  liquid  paste  with  whites  of 
eggs.  This  paste  is  to  be  spread  upon  linen  slips,  which  are  to  be  applied  exactly  to 
the  joining  of  the  vessels.  This  lute  is  very  convenient,  dries  easily,  becomes  solid, 
and  sufficiently  firm.  Vessels  may  be  formed  of  it  hard  enough  to  bear  polishing  on 
the  wheel. 

Lastly,  when  acid  and  corrosive  vapours  are  to  be  retained,  we  must  have 
recourse  to  the  lute  called  fat  lute.  This  lute  is  made  by  forming  into  a  paste 
some  dried  clay  finely  powdered,  sifted  through  a  silken  sieve,  and  moistened  with 
water,  then  beating  this  paste  well  in  a  mortar  with  boiled  linseed  oil,  that  is,  oil 
which  has  been  rendered  drying  by  litharge  dissolved  in  it,  and  fit  for  the  use  of 
painters.  This  lute  easily  takes  and  retains  the  form  given  to  it.  It  is  generally 
rolled  into  cylinders  of  a  convenient  size.  These  are  to  be  applied,  by  flattening  them, 
to  the  joinings  of  the  vessels,  which  ought  to  be  perfectly  dry,  because  the  least  mois  - 
ture  would  prevent  the  lute  from  adhering.  When  the  joinings  are  well  closed  with 
this  fat  lute,  the  whole  is  to  be  covered  with  slips  of  linen  spread  with  lute  of  lime  and 
whites  of  eggs.  These  slips  are  to  be  fastened  with  packthread.  The  second  lute  is 
necessary  to  keep  on  the  fat  lute,  because  this  latter  remains  soft,  and  does  not  become 
solid  enough  to  stick  on  alone. 

Gutta  percha  may  be  united  to  glass,  in  tube  apparatus,  by  fusing  the  gntta  percha 
at  the  point  of  junction  by  means  of  a  hot  iron  knife-blade. 

Fine  porcelain  clay,  mixed  with  a  solution  of  borax,  is  well  adapted  to  iron  vessels, 
the  part  received  into  an  aperture  being  smeared  with  it.  U. 


The  yellow  colouring  matter  of  weld  (Reseda  luteola).  It  was  first 
isolated  by  Chevreul(J.  Chim.  med.  vi.  157),  and  has  been  more  fully  examined 
and  analysed  by  Mold  enhauer  (Ann.  Ch.  Pharm.  c.  180)  and  by  Schiitzenberger 
and  Paraf  (ibid.  Suppl.  i.  139).  Moldenhauer  prepares  it  by  exhausting  weld  with 
alcohol,  distilling  off  the  alcohol  from  the  extract  ;  then  washing  with  water  and  drying 
the  residue  ;  exhausting  it  with  ether  ;  dissolving  the  residue  left  on  evaporating  the 
ethereal  solution  in  alcohol  ;  adding  a  larger  quantity  of  water  ;  heating  to  the 
boiling  point  ;  filtering  hot  ;  and  leaving  the  filtrate  to  cool.  The  product  may  be 
purified  by  recrystallisation  from  boiling  very  dilute  spirit  containing  1  or  2  per  cent. 
alcohol.  Schiitzenberger  and  Paraf  exhaust  the  plant  with  alcohol,  precipitate  the 
extract  with  water,  and  heat  the  precipitate  with  water  to  250°  in  a  steel  apparatus  ; 
the  luteolin  then  crystallises  on  the  sides  of  the  vessel  on  cooling,  and  may  be  purified 
by  two  crystallisations  from  superheated  water. 

Luteolin  crystallises  from  solution  in  boiling  dilute  alcohol,  also  from  a  hot  saturated 
golution  in  dilute  sulphuric  or  acetic  acid,  in  yellow  four-sided  needles  arranged  in 
radiate  groups  ;  it  may  also  be  obtained  in  needles  by  careful  sublimation.  It  melts- 
at  320°  with  partial  decomposition,  to  a  black-brown  mass.  It  is  inodorous,  has  a 
slightly  bitter,  astringent  taste  ;  dissolves  in  14,000  pts.  of  cold  and  5,000  pts.  of  boiling 
water,  in  37  pts.  alcohol  [at  what  temperature?]  and  in  625  pts.  of  ether.  It  reddens- 
litmus  paper  slightly,  and  unites  with  metallic  oxides.  It  dissolves  with  deep  yellow 
colour  in  caustic  alkalis  and  alkaline  carbonates,  remaining  in  the  pure  state  when  its- 
ammoniacal  solution  is  evaporated  (Moldenhauer).  By  prolonged  heating  with 
ammonia,  it  is  completely  dissolved,  forming  a  deep  yellow  solution,  and  leaving 
on  evaporation  a  dark  coloured  residue  which  gives  off  ammonia  when  heated  with 
potash  (Schiitzenberger  and  Paraf).  In  cold  dilute  acids  it  is  but  sparingly 
soluble  ;  more  easily  in  cold  concentrated  sulphuric  acid,  forming  a  yellow  solution 
from  which  it  is  separated  by  water  without  alteration.  It  dissolves  sparingly  in  cold 
concentrated  hydrochloric  acid,  more  easily  in  warm  concentrated  nitric  acid,  but  is 
nearly  insoluble  in  that  acid  when  cold.  Dilute  nitric  acid  acts  upon  it  only  when, 
heated  ;  strong  nitric  acid  dissolves  it  with  deep  red  colour,  the  solution  being 
decolorised  •  by  prolonged  boiling,  with  formation  of  oxalic  acid  (Moldenhauer). 
Heated  to  200°  with  phosphoric  anhydride,  it  yields  a  red  substance  which  dissolves 
with  violet  colour  in  ammonia  (Schiitzenberger  and  Paraf).  Distilled  with 
chromate  of  potassium  and  sulphuric  acid,  it  yields  formic  acid.  It  does  not  precipitate 
a  solution  of  gelatin,  but  forms  a  green  precipitate  with  a  very  dilute  solution  of  ferric 
chloride,  and  colours  a  concentrated  solution  brown-red  (Moldenhauer).  According 
to  Chevreul,  the  aqueous  extract  of  weld  forms  beautiful  yellow  precipitates  with  alumf 
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gtannous  chloride,  and  acetate  of  lead,  a  blackish-grey  precipitate  with  ferrous  sulphate, 
and  brown  with  sulphate  of  copper. 

According  to  Moldenhauer,  luteolin  contains  62-5  to  63-0  per  cent,  carbon  and  3*70 
to  4-1  hydrogen,  whence  he  deduces  the  formula  C20H"08,  requiring  62*8  C,  3*7  H,  and 
33-5  0.  According  to  Schiitzenberger  and  Paraf,  the  air-dried  substance  heated  to 
150°  gives  off  10'23  per  cent,  water,  and  that  which  has  been  dried  over  sulphuric 
acid  gives  off  7 '02  per  cent,  at  the  same  temperature.  Luteolin  dried  at  150°  gave  by 
analysis  61  '6  to  62'5  per  cent,  carbon,  and  3'5  to  3'8  hydrogen,  whence  Schiitzenberger 
and  Paraf  deduce  the  formula  C12H805,  which  requires  62-1  C,  3-4  H,  and  34'5  0.  To 
the  substance  dried  over  sulphuric  acid,  they  assign  the  formula  C12H'°08,  and  to  tha 
air-dried  substance,  2C'-H'°06.H20.  A  lead-salt  precipitated  from  the  alcoholic 
solution  of  luteolin  by  alcoholic  acetate  of  lead,  gave  by  analysis  30 '97  per  cent.  C, 
1-98  H,  and  49'33  Pb-'O,  agreeing  nearly  with  the  formula  C12H805.Pb20,  which 
requires  31'65  C,  1*76  H,  17'58  0,  and  49'0  Pb20. 

XiTTTXDXNX!.  C7H9N.  An  organic  base  isomeric  with  benzylamine  or  toluidine 
(i.  675),  discovered  by  Anderson  (Ann.  Ch.  Pharm.  Ixxx.  v.)  in  bone-oil.  This  oil 
contains  a  number  of  oily  bases  soluble  in  hydrochloric  acid  ;  and  on  decomposing  the 
resulting  solution  with  potash  and  rectifying,  lutidine  passes  over  at  about  145°.  The 
same  base  is  found  in  coal-tar  naphtha  and  in  shale  naphtha,  the  liquid  obtained 
by  distilling  the  bituminous  shale  of  Dorsetshire  (Gr.  Williams,  Chem.  Soc.  J.  vii.  97); 
also  among  the  volatile  bases  obtained  by  the  distillation  of  peat.  (Vohl,  Jahresb 
1859,  p.  742.  Church  and  Owen,  Phil.  Mag.  [4]  xx.  110;  Jahresber.  1860, p.  359.) 

A  base  isomeric,  but  not  identical  with  that  from  bone-oil,  occurs  among  the  products 
of  the  dry  distillation  of  cinchonine,  and  passes  over  in  rectification  between  160°  and 
166°.  Greville  Williams,  who  discovered  this  base  (i.  869),  and  has,  recently  instituted 
a  searching  comparison  between  its  properties  and  that  of  Anderson's  base  (Proc. 
TCoy.  Soc.  xiii.  305),  distinguishes  it  as  0-lutidine.  The  properties  of  the  two  bases 
and  of  many  of  their  salts  are  essentially  different,  as  will  be  seen  by  the  following  com- 
parative statements. 

Physical  properties  of  the  Bases. — Both  bases  when  pure  are  colourless  refractive 
oils,  lutidine  having  a  density  of  0'9467  at  0°,  and  0-lutidine  of  0'9555  at  the  same 
temperature.  Lutidine  boils  at  154°;  j8-lutidine  betwen  163°  and  168°.  Vapour- 
density  of  lutidine,  by  experiment  (at  200°)  =  3*839  (Anderson) ;  of  £-lutidine 
(at  213°)  =  3-787  (Williams);  by  calculation  =  3'699.  It  may  be  inferred  from 
this  that  the  boiling  point  of  j8-lutidine  has  not  been  estimated  above  the  truth,  be- 
cause if  the  fraction  had  been  taken  too  high,  the  vapour-density  would  have  erred 
in  excess. 

Lutidine  has  a  most  characteristic  smell,  resembling  that  of  its  lower  homologues,  but 
less  pungent,  and  more  approaching  the  aromatic;  this  odour  is  never  altered  in  the  least 
by  any  method  of  purification,  and  after  boiling  with  nitric,  chromic,  or  any  other  acid, 
it  is  still  given  off  on  neutralisation  with  an  alkali.  All  the  salts,  however  purified, 
emit  the  same  smell  on  the  addition  of  an  alkali.  (3-lutidineha,s  also  a  most  character- 
istic smell,  quite  unlike  that  of  lutidine,  and  somewhat  resembling  that  of  nicotine,  but 
with  out  the  peculiar  pungency  of  that  base,  and  far  more  pleasant.  No  treatment 
with  acids,  or  oxidising  agents,  and  no  amount  of  purification  of  its  salts,  makes  the 
least  alteration  in  the  smell,  or  causes  it  to  approach,  however  distantly,  to  that  of 
lutidine. 

Lutidine  dissolves  readily  when  shaken  with  three  or  four  times  its  bulk  of  water, 
and  on  warming  the  liquid,  it  becomes  milky,  the  base  separating  from  it.  fi-lutidine, 
on  the  contrary,  requires  not  less  than  25  parts  of  water  to  dissolve  it,  and  the  solution 
does  not  become  turbid  when  warmed ;  on  the  contrary,  a  mixture  of  water  and  lutidine, 
cloudy  from  excess  of  base,  becomes  clear  on  warming.  Hence  it  appears  that  lutidine 
is  less,  j8-lutidine  more  soluble  in  hot  than  in  cold  water. 

Both  lutidine  and  /8-lutidine  unite  with  acids  and  with  salts,  forming  crystalline 
compounds,  most  of  which  are  very  soluble. 

Compound  of  ^-lutidine  with  Oupric  Sulphate.  (C7H9N)2CuS04. 4H80.— When  £- 
lutidine  is  gradually  added  to  a  solution  of  cupric  sulphate,  a  copious  pale  green  pre- 
cipitate is  formed,  which  dissolves  in  excess,  forming  a  rich  blue  liquid,  which  after 
filtration,  soon  becomes  filled  with  brilliant  blue  prisms  of  considerable  size,  and 
having  in  the  air-dried  state  the  composition  above  given.  They  give  off  2  at.  water  at 
100°,  and  become  anhydrous  at  200°.  (Williams.) 

Gold-salts,  C7H9N.HCl.AuCls. — Both  bases  give  salts  having  this  composition ;  but 
a  mixture  of  hydrochlorate  of  ^-lutidine  with  trichloride  of  gold  became  nearly  solid, 
whereas  with  the  lutidine-salt  the  precipitate  occupied  only  half  the  bulk  of  the  liquid, 
and  did  not  require  more  than  a  fourth  of  the  quantity  of  water  to  dissolve  it  that  was 
necessary  in  the  case  of  0-lutidine.  (Williams.) 
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Mercuric  salt  of  Lutidine,  C7H9N.HgCl2.  This  salt  separates  from  a  mixture  of  the 
alcoholic  solutions  of  lutidine  and  mercuric  chloride,  as  a  white  bulky  precipitate  ; 
from  dilute  solutions  it  is  gradually  deposited  in  radiating  crystals.  It  dissoh-es  in 
boiling  water,  with  partial  decomposition;  more  freely,  and  without  alteration,  in 
bo  jli  ng  alcohol.  (Anderson.) 

Palladium-salts.—  The  chloropalladite  of  j8-lutidine,  2(C7H9N.HCl).PdCl2,  is  ob- 
tained, as  a  nearly  solid  mass  of  garnet-red  prisms,  on  leaving  a  mixture  of  the  base, 
hydrochloric  acid,  and  chloride  of  palladium,  to  itself  for  four  days.  When  heated  for 
a  long  time  to  100°,  it  is  decomposed,  1  at.  hydrochloric  acid  being  given  off  from  2  at. 
of  the  salt,  and  leaving  the  compound  : 

C28H38N4Cl6Pd2  .  2(C7H9N.HCl).PdCl2.2C7H9N.PdCl2. 


The  chloride  of  palladio-ft-lutidyl-ammonium,  N2  j   ^  p~j*  '   j  Cl2,  the  base  existing  in 

the  last-mentioned  substance,  is  easily  obtained  by  acting  on  chloride  of  palladium  in 
solution  with  j8-lutidine.  This  base  is  not  easily  soluble,  and  precipitates  at  once. 
(Williams.) 

On  mixing  solutions  of  hydrochlorate  of  lutidine  and  chloride  of  palladium,  exactly 
similar  in  concentration  to  those  above  employed,  no  crystals  were  obtained  by  the 
time  that  the  contents  of  the  vessel  containing  the  £-lutidine  had  nearly  solidified  : 
and  even  after  a  month's  repose,  the  quantity  obtained  was  much  smaller  than  with 
/8-lutidine. 

Platinic  salts.  —  The  chloroplatinates  of  both  bases  have  the  composition 
2(C7H9N.HCl).PtCl4,  and  crystallise  in  rectangular  tablets;  but  the  £-lutidine-salt 
exhibits  the  same  superior  facility  of  crystallising  that  is  observed  in  the  corresponding 
gold-  and  palladium-salts.  The  presence  of  hydrochloric  acid  in  excess  greatly  retards 
the  formation  of  the  lutidine-salt  (Anderson)  ;  but  Williams  finds  that  this  is  not  the 
case  with  the  0-lutidine-salt,  a  mixture  of  the  hydrochlorate  of  0-lutidine  with  platinic 
chloride  and  a  large  excess  of  hydrochloric  acid  instantly  becoming  nearly  solid. 

Decomposition  of  the  Platinic  salts  by  boiling.  —  Chloroplatinate  of  0-lutidine  begins 
to  decompose  the  instant  the  solution  enters  into  ebullition,  an  insoluble  yellow  powder 
beginning  to  deposit,  and  rapidly  increasing  in  quantity.  After  boiling  with  water, 

this  salt  has  the  composition  of  tetrahydrochlorate  ofplatino-lutidine,  £N2  j  S  pt,v  '  (  .4HC1. 

The  solution  of  chloroplatinate  of  lutidine,  on  the  other  hand,  required  2|  hours' 
active  boiling  before  &nj  deposit  began  to  form  ;  and  even  after  several  hours'  boiling, 
the  deposit  was  very  small. 

Platinous  salts.  —  When  equal  weights  (1  grm.  each)  of  platinous  chloride  and 
/J-lutidine  were  mixed  in  an  apparatus  surrounded  with  a  nonconducting  medium,  the 
temperature  rose  from  16°  to  84°,  and  a  hard  brittle  product  was  obtained,  agreeing 
almost  exactly  in  composition  with  the  formula  2C7H9N.PtCl2.  When  lutidine  was 
treated  with  platinous  chloride  under  exactly  the  same  conditions,  the  temperature 
rose  two  degrees  higher  ;  but  the  product,  instead  of  becoming  a  hard  brittle  mass, 
remained  of  the  consistence  of  treacle. 

Substitution-derivatives  of  Lutidine. 

ETHYL-jS-LimDiNE.  —  A  mixture  of  1  vol.  0-lutidine  and  2  vol.  iodide  of  ethyl  heated  in 
a  sealed  tube  to  94°  for  three  minutes,  solidified  on  cooling  to  a  mass  of  crystals  of  iodide 
of  ethyl  fi-lutidine,  C7H8(C2H5)N.HL—  The  platinum-salt  prepared  therefrom  in  the 
usual  way,  crystallises  in  superb  orange-coloured  fronds,  containing  2(C9H13N.HC1). 
PtCl4.  This  salt  when  boiled  with  water  turns  black,  and  deposits  platinum.  After 
two  days'  boiling,  it  yielded  27'5  per  cent,  of  the  metal,  the  original  salt  containing  28r99 
percent.  (Gr.  Williams.) 

ETHYL-LUTIDINE.  —  A  mixture  of  lutidine  and  iodide  of  ethyl  in  the  above  proportions, 
heated  to  the  same  temperature  for  the  same  time,  showed  no  signs  of  crystallisation 
on  cooling.  It  required  an  hour's  digestion  to  effect  combination  ;  and  in  twenty-four 
hours,  only  half  the  product  had  crystallised,  the  rest  remaining  in  the  form  of  a  syrup. 
(Gr.  Williams,  Proc.  Roy.  Soc.  xii.  311.) 

METHYL-£-:LUTIDINE,  CSHHN  =  C7HS(CHS)N.—  j8-lutidine  mixed  with  iodide  of 
methyl,  becomes  heated,  and  forms  hydriodate  of  methyl-  fi-lutidine,  a  salt  very  soluble 
in  water  and  alcohol,  but  nearly  insoluble  in  ether.  Its  alcoholic  solution  evaporated 
to  a  syrup,  remains  liquid  if  left  at  rest  ;  but  on  touching  it,  beautiful  long  needles 
shoot,  through  the  liquid,  which  soon  becomes  completely  solid.  The  chloroplatinate, 
2(C8HMN.HCl).PtCl4,  forms  crystals  containing  30-29  per  cent,  platinum.  (G  r.  Wil- 
liams, Ed.  Phil.  Trans,  xxi.  [2]  317.) 

i  YCINE.    (H  u  s  e  m  a  n  n  and  M  a  r  m  6,  Ann.  Ch.  Pharm.  Snppl.  ii.  383.)  —  A  base 
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contained  in  the  box-thorn  (Lycium  barbarum).  The  leaves  are  repeatedly  boiled 
vrith  water  (the  stems  yield  but  a  small  product) ;  the  extracts  are  precipitated  with 
basic  acetate  of  lead ;  and  the  filtrate,  freed  from  lead  by  sulphydric  acid,  and 
neutralised  with  carbonate  of  sodium,  is  evaporated  to  a  third  of  its  original  volume. 
The  liquid,  very  strongly  acidulated  with  sulphuric  acid,  is  then  precipitated  with  a 
solution  of  phosphomolybdate  of  sodium,  or  a  mixture  of  30  at.  tungstate  and  1  at. 
phosphomolybdate.  The  light  yellow  precipitate,  after  washing  with  water  acidulated 
with  sulphuric  acid,  is  mixed,  while  still  moist,  with  carbonate  of  barium,  dried  over  the 
water-bath,  and  exhausted  with  boiling  alcohol.  The  extracts  leave,  after  evapora- 
tion of  the  alcohol,  a  syrupy  residue,  from  which  the  base  may  be  dissolved  out  by 
dilute  hydrochloric  acid,  while  a  resinous  body  remains  undissolved.  The  hydro- 
chlorate,  which  has  a  strong  acid  reaction,  is  easily  soluble  in  water,  sparingly  in 
absolute  alcohol,  nearly  insoluble  in  ether,  and  crystallises  from  alcohol  in  dazzling 
white  rhombic  prisms,  sometimes  half  an  inch  long,  and  from  water  in  fern-like  groups 
of  crystals.  The  £ree  base,  obtained  by  treating  the  hydrochlorate  with  carbonate 
of  barium  and  alcohol,  is  a  white,  radio-crystalline,  deliquescent  mass,  which  has  a 
sharp  but  not  bitter  taste,  dissolves  easily  in  water  and  alcohol,  very  sparingly  in 
ether,  and  melts  with  decomposition  when  heated.  Most  of  its  salts  are  crystallisable, 
and  easily  soluble  in  water ;  some  of  them  are  also  deliquescent. 

liYCOPODIUM.  The  fine  dust  of  lycopodium,  or  clubmoss,  consists  of  the 
spores  of  the  plant ;  when  diffused  or  strewed  in  the  air,  it  takes  fire  from  a  candle, 
and  burns  off  like  a  flash  of  lightning.  It  is  used  in  theatres. 

From  1000  parts  of  these  spores,  Bucholz  extracted  60  parts  of  a  fixed  oil  soluble 
in  alcohol,  30  of  sugar,  15  of  mucilage,  895  of  a  substance  insoluble  in  water,  alcohol, 
ether,  essence  of  turpentine,  and  cold  alkaline  leys. 

The  leaves  contain  5'0  per  cent,  chlorophyll,  25'0  extractive  matter  and  acetate  of 
aluminium,  6-0  organic  salts  of  calcium,  magnesium,  manganese,  iron,  lead  (?),  and 
copper  (?),  and  64'0  cellulose. 

The  infusion  of  lycopodium  is  used  as  a  mordant,  on  account  of  the  large  quantity 
of  acetate  of  aluminium  which  it  contains.  (Pelouze  et  Fr£my,  Traite,  vi.  469.) 

XiTDIAU  STONE,  Touchstone,  or  Basanite,  a  velvet-black  siliceous  stone  or 
flinty  jasper,  used,  on  account  of  its  hardness  and  black  colour,  for  trying  the  purity  of 
the  precious  metals.  See  GOLD  (ii.  929). 

IiVIVIPK.  This  liquid,  which  fills  the  lymphatic  vessels,  is  colourless  or  yellowish 
when  pure,  red  only  if  blood-corpuscles  happen  to  be  mixed  with  it.  It  is  sometimes 
transparent,  sometimes  slightly  turbid  or  opalescent,  of  a  faintly  saline  taste  and  mawk- 
ish animal  odour ;  its  reaction  is  usually  alkaline.  It  coagulates  in  from  four  to 
twenty  minutes  after  its  discharge  from  the  lymphatics,  then  forming  a  gelatinous, 
trembling,  colourless  coagulum,  which  gradually  contracts  more  firmly,  and  encloses  a 
large  number  of  the  so-called  lymph-corpiiscles :  this  coagulum  usually  occupies  but  a 
very  small  space  in  proportion  to  the  serum. 

The  especial  morphological  elements  of  lymph,  in  addition  to  fat-globules  and  nucleus- 
like  formations,  are  the  true  lymph-corpuscles,  which,  however,  do  not  differ  essentially 
from  mucus-  and  pus-corpuscles.  In  lymph  that  has  been  carefully  collected,  blood- 
corpuscles  are  not  found,  excepting  when  the  liquid  has  been  obtained  from  the 
lymphatics  of  the  spleen,  or  from  animals  that  have  been  starved  to  death.  (H.  N  a  s  s  e, 
Handwort.  d.  Physiol.  ii.  363-410.) 

The  chemical  constituents  of  lymph  are  in  general  similar  to  those  of  blood,  without 
the  red  corpuscles.  The  spontaneously  coagulating  substance  of  the  lymph  is  perfectly 
identical  with  the  fibrin  of  blood.  In  human  lymph  (obtained  in  cases  of  disease  or 
injury),  Marchand  and  Colberg found  0'52  per  cent,  and  L'Heritier  0'32  percent,  fibrin  ; 
while  in  the  lymph  of  the  horse,  from  0'04  to  0'33  per  cent,  has  been  found  by  different 
observers.  J.  Miiller  found  that  frogs  which  had  been  starved  to  death  during  winter 
yielded  a  lymph  perfectly  free  from  fibrin ;  whereas  Nasse  found  that  the  lymph  of  frogs 
which  had  been  kept  in  a  heated  room  still  coagulated. 

The  album  in  of  the  lymph  has  the  same  general  properties  as  blood-albumin. 
Geiger  and  Schlossberger  found,  however,  that  albumin  from  the  lymph  of  a  horse, 
though  it  exhibited  no  reaction  with  vegetable  colours,  did  not  coagulate  on  boiling, 
but  that,  on  evaporation,  a  membrane  was  formed  on  the  surface  of  the  liquid  as 
if  a  strongly  alkaline  albuminate  of  sodium  had  been  present  This  lymph-serum  was 
not  rendered  turbid  by  acetic  acid,  unless  boiled  after  acidification :  neither  was  it 
coagulated  by  rennet,  whence  the  absence  of  casein  may  be  inferred ;  nor  by  ether. 
In  human  lymph,  the  albumin  has  been  found  to  vary  from  0'434  to  6-002  per  cent, 
and  in  that  of  the  horse  from  T2  to  275  per  cent.  In  the  ash  of  lymph-albumin,  even 
after  repeated  extraction  with  water  and  spirit,  Nasse  found  an  extraordinarily  large 
quantity  of  alkaline  carbonates. 
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Fat  occurs  in  lymph  only  in  small  quantities,  and  for  the  most  part  in  a  saponified 
form ;  in  the  lymph  of  the  horse,  Nasse  found  0-0088  per  cent,  of  free  fat,  and  0-0575 
per  cent,  of  alkaline  salts  of  fatty  acids ;  while  in  human  lymph,  Marchand  and  Col- 
berg  found  0-264  per  cent,  of  a  pale  reddish  fat 

The  lymph  also  contains  lactates. 

In  horses'  lymph,  Nasse  found  0-0755  per  cent,  of  extractive  matters  soluble 
in  alcohol,  and  0*9877  per  cent,  soluble  in  water  only ;  while,  according  to  Geiger 
and  Schlossberger,  the  whole  of  the  extractive  matters  amount  to  0'27  per  cent. 
Nasse  was  unable  to  detect  urea  in  the  lymph  of  the  horse. 

Mineral  constituents. — In  lymph,  as  in  all  the  animal  fluids,  chloride  ofsodium  is 
the  preponderating  mineral  constituent :  in  horses'  lymph,  it  amounts,  according  to  Nasse, 
to  0'4123  per  cent.  Alkaline  carbonates  were  found  by  Nasse  in  horses'  lymph, 
the  quantity  being  estimated  at  0*056  per  cent. ;  but  Geiger  failed  in  detecting  them :  in 
the  ash  of  the  solid  constituents  of  the  lymph,  however,  the  latter  found  an  abundance 
of  alkaline  carbonates.  The  presence  of  ammoniacal  salts,  which  was  suspected 
by  Nasse,  has  been  definitely  established  in  horses'  lymph  by  Geiger  and  Schlossberger. 
Nasse  found  that  horses'  lymph  is  comparatively  rich  in  sulphuric  acid,  which  exists 
in  it  pre-formed ;  he  estimates  the  quantity  of  sulphate  of  potassium  at  0-0233  per 
cent.  Alkaline  phosphates  occur  only  in  very  small  quantities.  The  earthy 
salts,  with  a  small  quantity  of  ferric  oxide  (arising  probably  from  the  presence  of  a 
few  blood-corpuscles),  were  found  by  Nasse  to  amount  to  only  0-031  per  cent,  in  horses' 
lymph. 

The  quantity  of  water  in  lymph  appears  to  be  very  variable,  but  never  so  great  as 
in  the  blood-plasma.  In  human  lymph,  Marchand  found  96'926per  cent,  and  L'Heritier 
found  92-436  per  cent,  water ;  in  the  lymph  of  horses,  the  quantity  has  been  found  to 
vary  from  92'5  to  98*37  per  cent. 

Nasse  has  instituted  an  interesting  comparison  (based  on  direct  analyses)  between 
the  composition  of  the  lymph  and  of  the  blood-serum  of  the  horse,  from  which  it  appears 
that  the  individual  salts  stand  to  one  another  in  precisely  the  same  ratio  in  the  two 
liquids,  although  their  absolute  quantity  is  very  different,  on  account  of  the  compara- 
tively larger  proportion  of  water  in  the  lymph. 

There  are  also  considerable  differences  in  the  proportions  in  which  the  mineral  con- 
stituents stand  to  the  organic  matters  in  the  two  liquids:  while  100  pts.  of  salts 
correspond  to  1036  pts.  of  organic  matters  in  the  blood-serum,  the  ratio  in  the  lymph 
is  as  100  to  only  785.  According  to  Marchand  and  Colberg,  human  lymph  contains 
organic  and  inorganic  matters  in  nearly  equal  parts.  (Lehmann's  Physiological  Chemistry, 
translated  by  Day,  ii.  299.) 

.    A  Greek  name  for  AMBER. 


M. 

VflA.CH  is  the  arillus  or  envelope  of  the  fruit  of  the  nutmeg  (Myristica  moschata). 
It  forms  a  somewhat  thick,  tough,  unctuous,  reticulated  membrane,  of  a  yellowish- 
brown  or  orange  colour ;  has  a  somewhat  more  agreeable  odour  than  nutmeg,  with  a 
warm  and  pungent  taste,  and  is  used  as  a  condiment  in  cooking. 

Mace  contains  two  oils,  one  of  which  is  unctuous,  bland,  and  of  the  consistence  of 
butter ;  the  other,  which  is  obtained  by  distillation  with  water,  is  thinner  and  volatile. 
By  cohobating  four  times,  47  per  cent,  oil  may  be  obtained  (Hoffmann,  Repert. 
Phann.  xliii.  296);  from  old  mace,  4'1  per  cent.  (Bley,  ibid,  xlviii.  94).  It  is  trans- 
parent and  colourless ;  of  specific  gravity  0-931 ;  smells  strongly  of  mace,  and  has  a 
burning  aromatic  taste.  It  forms  a  permanent  liniment  with  aqueous  ammonia. 

IVTACIiXi  is  the  name  given  to  certain  spots  in  minerals  of  a  deeper  hue  than  the 
rest ;  sometimes  proceeding  from  difference  of  aggregation,  sometimes  from  the  presence 
of  a  foreign  substance  :  clay-slate,  for  example,  may  be  macled  with  iron  pyrites. 

MACZ.ES.     Twin-crystals  (ii.  159). 

ItKACX.UXtnr.    Syn.  with  MOEINTANNIC  ACID  (p.  1049). 

MADDER.  Garance.  Krapp.—The  root  of  Eubia  tmctorum,  extensively  used 
in  dyeing  for  the  production  of  a  variety  of  colours,  namely,  red,  pink,  purple,  black, 
and  chocolate.  Other  species  of  Eubia  yield  similar  colouring  matters,  and  are  also  used 
as  dyeing  materials ;  viz.  R.  Mungista,  or  Munjeet,  which  grows  in  the  mountainous 
regions  of  Hindoostan,  and  is  used  in  that  country  for  producing  the  red  and  chocolate 
figures  seen  in  the  chintz  calicoes  of  the  East  Indies  ;  and  R.peregrina,  which  is  culti- 
rated  in  the  Levant,  where  it  is  called  Alizari,  and  imported  into  this  country  under 
the  name  of  Turkey-roots  ;  but  Eubia  tinctorum,  or  dyers'  madder,  is  the  only  speciea 
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cultivated  in  Europe :  it  thrives  best  in  a  warm  climate,  and  is  grown  extensively 
near  Avignon  in  France,  also  in  Alsace  and  in  Naples ;  in  the  north  of  Europe  it 
requires  a  sheltered  situation. 

Ail  kinds  of  madder  have  a  peculiar  smell,  and  a  taste  between  bitter  and  sweet. 
Their  colour  varies  extremely,  being  sometimes  yellow,  sometimes  orange-red,  reddish- 
brown,  or  brown.  They  are  more  or  less  hygroscopic  ;  so  that  even  when  closely  packed 
in  casks  in  the  state  of  powder,  they  slowly  attract  moisture,  increase  in  weight,  and  at 
length  lose  their  pulverulent  condition,  forming  a  firm  coherent  mass.  Some  kinds 
of  madder,  especially  those  of  Alsace  and  Holland,  when  mixed  with  water  and  left  to 
stand  for  a  short  time,  give  a  thick  coagulum  or  jelly — an  effect  which  does  not  take 
place  in  the  same  degree  with  Avignon  madder.  The  madder  of  Avignon  contains  so  much 
carbonate  of  calcium  as  to  effervesce  with  acids.  The  herbaceous  parts  of  the  plant, 
when  given  as  fodder  to  cattle,  are  found  to  communicate  a  red  colour  to  their  bones. 

The  principal  advantages  which  madder  presents,  as  a  dye-stuff,  are  the  following  : 

1.  It  is  capable  of  producing,  according  to  the  mordants  and  the  method  of  treatment, 
a  great  variety  of  different  colours  and  shades  ;  such  as  black  ;  red  of  different  kinds, 
from  a  dull  brownish  red  to  a  bright  red  and  delicate  pink,  besides  the  peculiar  colour 
known  as  Turkey-red :  also  purple  of  various  shades,  from  a  dull  reddish-purple  to  a 
delicate  bluish-purple  or  lilac,  as  well  as  chocolate  of  all  shades. — 2.  Its  colouring 
matters  have  but  little  affinity  for  cotton  fibre,  and  a  great  affinity  for  mordants  ;  so 
that  it  is  not  difficult  to  secure  a  good  white  on  the  parts  of  the  tissue  to  which  no 
mordant  has  been  applied. — 3.  The  compounds  which  its  colouring  matter  or  matters 
yield  with  mordants,  possess  an  unusually  stable  character ;  so  that  they  may  be  ex- 
posed, without  much  detriment  to  the  colour,  to  the  action  of  various  agents  for  the 
purpose  of  improving  or  modifying  the  shade. 

Chemical  Constitution  of  Madder.  There  is  probably  no  subject  connected 
with  the  art  of  dyeing  which  has  given  rise  to  so  much  discussion  as  the  composition 
of  madder,  and  the  chemical  nature  of  the  colouring  matters  to  which  it  owes  its  valu- 
able properties.  The  subject  has  engaged  the  attention  of  a  great  number  of  chemists, 
among  whom  may  be  especially  mentioned,  Robiquet  and  Colin,  Kuhlmann,  Graulthier 
de  Claubry  and  Persoz,  Runge,  Schunck,  Schiel,  Higgin,  Debus,  Strecker,  Rochleder, 
Sacc,  and  Emile  Kopp.  Nevertheless,  our  knowledge  of  madder,  as  compared  with 
that  which  we  possess  of  other  colouring  principles,  is  still  confused  and  uncertain. 
According  to  some  chemists  (Sacc,  for  example)  and  many  manufacturers,  madder 
contains  but  one  colouring  principle,  while  most  others  admit  the  existence  of  at  least 
two,  viz.  alizarin  and  purpurin.  Moreover,  according  to  some  chemists,  the  colouring 
matter  exists  in  madder  ready  formed;  whereas  others  suppose  that  fresh  madder 
contains  merely  a  colour-generating  substance,  which  subsequently,  by  a  kind  of  fer- 
mentation gives  rise  to  the  colouring  matter  properly  so  called :  the  latter,  which  is 
Schunck's  view,  appears  to  be  based  on  the  most  trustworthy  experiments. 

When  ordinary  commercial  madder  is  exhausted  with  boiling  water,  a  dark-brown 
muddy  liquid  is  obtained,  having  a  taste  between  bitter  and  sweet.  On  adding 
a  small  quantity  of  an  acid  to  this  liquid,  a  dark-brown  precipitate  is  produced ;  while 
the  supernatant  liquid  becomes  clear,  and  appears  of  a  bright  yellow  colour.  The 
precipitate  consists  of  alizarin,  purpurin,  rubiacin,  two  resinous  colouring  matters, 
pectic  acid,  oxidised  extractive  matter,  and  a  peculiar  nitrogenous  substance.  The 
liquid  filtered  from  this  precipitate  contains  the  bitter  principle  and  the  extractive 
matter  of  madder,  as  well  as  sugar,  and  salts  of  potassium,  calcium,  and  magnesium. 
No  starch,  gum,  or  tannin  can  be  detected  in  the  watery  extract.  After  the  madder 
has  been  completely  exhausted  with  boiling  water,  it  appears  of  a  dull  red  colour.  It 
still  contains  a  quantity  of  colouring  matter,  which  cannot,  however,  be  extracted  with 
hot  water,  or  even  by  alkalis,  since  it  exists  in  a  state  of  combination  with  lime  and 
other  bases,  forming  compounds  which  are  insoluble  in  those  liquids.  If,  however, 
the  residue  be  treated  with  boiling  dilute  hydrochloric  acid,  that  acid  dissolves  a 
quantity  of  lime,  magnesia,  alumina,  and  sesquioxide  of  iron,  as  well  as  some  phos- 
phate and  oxalate  of  calcium,  which  may  be  discovered  in  the  filtered  liquid ;  and 
if  the  remainder,  after  being  well  washed,  be  treated  with  caustic  alkali,  a  dark- red 
liquid  is  obtained,  which  gives  with  acids  a  dark  reddish-brown  precipitate  of  alizarin, 
purpurin,  rubiacin,  resin,  and  pectic  acid.  The  portion  of  the  madder  left  after  treat- 
ment with  hot  water,  acids,  and  alkalis,  consists  almost  entirely  of  woody  fibre. 
(Schunck.) 

Of  the  substances  thus  shown  to  exist  in  ordinary  madder,  the  most  important  are 
undoubtedly  alizarin  and  purpurin,  which  are  in  fact  the  essential  red  colouring 
matters  of  the  dye-stuff.  They  were  discovered  by  Robiquet  and  Colin,  to  whom 
we  are  indebted  for  the  first  memoir  of  any  importance  relating  to  the  chemistry  of 
madder.  (Ann.  Ch.  Phys.  [2]  xxxiv.  225-.) 
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Alizarin,  the  Lizaric  add  of  Debus,  Madder-red  of  Runge,  Matiere  coloranfe 
rouge  of  Gaulthier  de  Claubry  and  Persoz,  was  obtained  by  Robiquet  and  Colin  as  a 
sublimate,  in  beautiful  reddish -yellow  needles ;  but  the  mode  of  preparation  which  they 
adopted  left  it  uncertain  whether  the  alizarin  pre-existed  in  madder,  or  was  a  product 
of  decomposition  of  some  other  body  produced  by  heat. 

It  may,  however,  be  extracted  from  ordinary  madder,  as  used  by  the  dyer,  by  the 
action  of  solvents,  and  obtained  in  crystals  without  sublimation :  hence  its  existence 
in  ordinary  madder  maybe  inferred  (see  i.  114;  and  for  details  of  preparation, 
Gmeliris  Handbook,  xiii.  326,  and  xiv.  130).  Its  composition  cannot  be  regarded  as 
definitely  established.  Wolff  and  Stacker's  formula,  C'°H603,  is  most  in  accordance 
with  the  relation  of  alizarin  to  chloronaphthalic  acid,  C10H5C103,  both  of  these  com- 
pounds being  converted,  by  the  action  of  nitric  acid,  into  phthalic  acid ,-  but  Schunck's 
formula,  CHHI004,  appears  to  explain  more  clearly  the  formation  of  alizarin  from  rubian 
(p.  745) :  it  must  be  remembered,  however,  that  the  formula  of  rubian  itself  is  by  no- 
means  well  established.  Alizarin  is  very  little  soluble  in  water,  more  soluble  in  alcohol, 
but  nearly  insoluble  in  aluminium-salts.  Its  alkaline  solutions  have  a  beautiful  violet 
or  purple  colour,  and  it  forms  lakes  of  various  colours  with  the  earthy  and,  heavy 
metallic  oxides. 

Purpurin,  the  Madder-pivrple  of  Runge,  Matiere  colorante  rose  of  Gaulthier  de 
Claubry  and  Persoz,  Oxilizaric  acid  of  Debus,  is  extracted  from  madder  by  the  same 
processes  as  alizarin,  and  separated  from  it  by  its  superior  solubility  in  alum-liquor. 
It  bears  considerable  resemblance  to  alizarin,  yielding  a  crystalline  sublimate  when 
heated,  and  being  very  sparingly  soluble  in  water,  but  more  soluble  in  alcohol. 
The  properties  by  which  it  is  distinguished  from  alizarin,  are  its  easy  solubility  in- 
boiling  alum-liquor,  forming  a  solution  of  a  beautiful  pink  colour,  with  yellow 
fluorescence ;  and  secondly,  the  colour  of  its  alkaline  solutions,  which  are  cherry-red  or 
bright  red ;  whereas  alizarin  forms  violet  solutions  with  alkalis.  These  differences 
might,  however,  be  produced  by  the  admixture  of  some  foreign  substance  with  alizarin  * 
and  accordingly  some  chemists,  as  already  observed,  do  not  regard  purpurin  as  a 
distinct  substance,  but  attribute  all  the  colouring  power  of  madder  to  alizarin.  There 
are,  however,  other  characters  which  show  beyond  doubt  that  purpurin  is  a  distinct 
substance :  viz. — 1.  Its  decomposition  when  exposed  to  the  air  in  alkaline  solution,  the 
colour  of  the  liquid  then  changing  from  bright  red  to  reddish-yellow,  and  ultimately  dis- 
appearing almost  entirely,  after  which  purpurin  can  no  longer  be  discovered  in  the  solu- 
tion, whereas  alizarin  suffers  no  such  decomposition  (Schunck). — 2.  Its  optical 
properties.  Stokes  has  shown  that  when  a  solution  of  purpurin  is  examined  by  a  prism, 
the  spectrum  which  it  exhibits  is  totally  different  from  that  which  is  produced  in  like- 
manner  by  alizarin.  (See  LIGHT,  p.  638 ;  also  PUBPURIN.) 

Considerable  difference  of  opinion  likewise  exists  as  to  the  relative  value  of  alizarin 
and  purpurin  as  dyeing  materials.  According  to  Robiquet  and  Schunck,  the  finest  and 
most  permanent  madder-colours  are  produced  by  alizarin  ;  whereas  Runge  and  Strecker 
are  of  opinion  that  the  liveliest  tints  are  produced  by  purpurin,  and  that  this  substance 
likewise  plays  the  principal  part  in  the  manufacture  of  Turkey-red.  According  to  E. 
Kopp,  on  the  other  hand,  the  real  basis  of  Turkey-red  is  alizarin ;  and  he  further  states 
that  purpurin,  though  it  dyes  mordanted  fabrics  perfectly,  does  not  yield  colours  of 
so  great  a  degree  of  stability,  and  has  not  so  great  an  affinity  for  oiled  cloth,  as  alizarin. 
From  Schunck's  experiments,  it  appears  that  all  the  usual  madder-colours  may  be 
obtained  by  means  of  alizarin,  and  that  the  colours  so  produced  are  as  pure  and  brilliant 
as  ordinary  madder-colours  are  after  a  long  course  of  treatment  with  soap>  acids,  &c. 
They  are  likewise  equally  fast,  and  quite  equal  to  ordinary  madder-colours  in  their 
power  of  resisting  decomposition  by  soap,  alkalis,  &c. 

In  short,  the  final  result  of  dyeing  with  madder  and  its  preparations  appears  to  be 
simply  the  combination  of  alizarin  with  the  various  mordants  employed.  It  can  easily 
be  shown,  indeed,  that  the  finer  madder-colours  contain  little  besides  alizarin  in  combi- 
nation with  the  mordant.  If,  for  instance,  a  few  yards  of '  madder-pink  calico '  be  treated 
•with  hydrochloric  acid  to  remove  the  alumina  of  the  mordant,  then  well  washed  and 
treated  with  caustic  alkali,  a  violet  solution  is  obtained  from  which  acids  precipitate 
yellow  flocks  consisting  of  almost  pure  alizarin.  Purpurin,  on  the  other  hand,  is  found 
to  have  almost  entirely  disappeared  from  all  madder-colours  which  have  been  sub- 
jected to  a  long  course  of  after-treatment ;  a  result  quite  in  accordance  with  the  fact  above 
mentioned  of  the  decomposition  of  purpurin  in  alkaline  solution  on  exposure  to  the  air. 
(Schunck.) 

Madder  likewise  contains  certain  yellow  colouring  matters  :  but  they  are  useless,  if 
not  positively  injurious,  in  the  process  of  dyeing.  Rubiacin  is  a  yellow  crystallised: 
colouring  matter,  coinciding  in  most  of  its  properties  with  the  madder-orange  of  Runge. 
It  is  only  slightly  soluble  in  boiling  water,  but  dissolves  more  freely  in  boiling  alcohol, 
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and  crystallises  therefrom,  on  cooling,  in  greenish  yellow  lustrous  scales  and  needles.  It 
dissolves  without  decomposition  in  strong  sulphuric  and  in  boiling  nitric  acid,  and  with 
purple  colour  in  alkalis.  Its  compounds  with  metallic  oxides  are  mostly  red.  When 
treated  with  a  boiling  solution  of  ferric  chloride  or  nitrate,  it  dissolves  entirely,  yielding 
a  brownish-red  solution,  which  gives  with  hydrochloric  acid  a  flocculent  precipitate  of 
rubiacic  acid. 

Of  the  two  resinous  colouring  matters  already  mentioned  (p.  742),  one  is  a  dark- 
brown,  brittle,  resin-like  body,  very  soluble  in  alcohol,  and  melting  at  a  little  above 
100°;  the  other  is  a  reddish-brown  powder,  less  soluble  in  alcohol  than  the  preceding. 
These  two  colouring  matters,  together  with  rubiacin,  constitute  probably  the  tawny 
or  dun  colouring  matter  of  madder  mentioned  by  the  older  chemists.  They  do 
not  contribute  to  the  intensity  of  the  colours  dyed  with  madder,  and  exert  a  very  pre- 
judicial effect  on  the  beauty  of  the  dyes.  If  printed  calico  be  dyed  with  a  mixture  of 
alizarin  and  any  one  of  these  three  colouring  matters,  the  colours  are  found  to  be  both 
weaker  and  less  beautiful  than  when  alizarin  is  used  alone.  The  red  acquires  an 
orange  tinge,  and  the  purple  a  reddish  hue,  whilst  the  black  is  less  intense,  and  the 
parts  which  should  remain  white  have  acquired  a  yellowish  colour.  The  effect  of  these 
colouring  matters  must,  therefore,  be  counteracted  as  much  as  possible  by  preventing 
them  either  from  dissolving  in  the  dye-bath,  or  from  attaching  themselves  to  the  fabric. 

The  other  organic  constituents  of  madder  are  also  for  the  most  part  injurious  in  dye- 
ing. The  pectin,  in  the  state  in  which  it  exists  in  the  root,  is  probably  an  indifferent 
substance ;  but,  in  consequence  of  the  ease  and  rapidity  with  which  it  passes  into  pectic 
acid,  it  may  act  very  prejudicially  in  dyeing,  by  combining  with  the  mordants  and 
preventing  them  from  taking  up  the  colouring  matter. 

The  extractive  matter  of  madder,  when  in  an  unaltered  state,  produces  no  inju- 
rious effects  directly ;  but  by  the  action  of  oxygen,  especially  at  elevated  tempera- 
tures, it  acquires  a  brown  colour,  and  then  contributes,  together  with  the  rubiacin  and 
resinous  colouring  matters,  to  deteriorate  the  colours,  and  sully  the  white  parts  of  the 
fabric.  Hence  the  uniform  dirty  reddish-brown  tint  which  a  piece  of  calico  exhibits, 
both  on  the  printed  and  unprinted  portions,  after  having  been  dyed  with  madder :  the 
removal  of  this  tinge  is  one  of  the  objects  of  the  after-treatment  with  soap  and  other 
materials.  In  the  process  of  manufacturing  garancin,  this  substance  is  partly  decom- 
posed, partly  removed  by  the  subsequent  washing:  and  this  explains,  in  a  great  mea- 
sure, the  greater  purity  and  brilliancy  of  garancin  colours,  as  compared  with  madder 
colours.  The  extractive  matter,  when  pure,  has  the  appearance  of  a  yellow  syrup,  like 
honey,  is  easily  soluble  in  water  and  in  alcohol,  and  is  not  precipitated  from  its  aqueous 
solution  by  any  earthy  or  metallic  salt ;  but  the  solution,  if  evaporated  in  contact  with 
the  air,  gradually  turns  brown,  and  then  gives  an  abundant  brown  precipitate  with 
acetate  of  lead.  Its  aqueous  solution  mixed  with  hydrochloric  or  sulphuric  acid,  and 
boiled,  becomes  green  and  deposits  a  dark-green  powder.  Hence  this  extractive  matter 
has  been  called  chlorogenin  by  Schunck,  rubichloric  acid  by  Eochleder.  The 
xanthin  of  Kuhlmann  and  the  madder-yellow  of  Eunge  appear  to  be  mix- 
tures of  the  extractive  matter  with  a  bitter  principle. 

The  sugar  contained  in  madder  is  probably  glucose:  it  has  not  hitherto  been 
obtained  in  the  crystallised  state ;  but  it  yields  alcohol  and  carbonic  acid  by  fer- 
mentation, like  ordinary  sugar.  The  woody  fibre  which  remains  after  madder  has 
been  thoroughly  exhausted  by  the  action  of  various  solvents  (p.  742),  always  retains  a 
slight  reddish  or  brownish  tinge,  from  the  presence  of  some  colouring  matter  which 
cannot  be  completely  removed,  and  seems  to  adhere  to  it  in  the  same  way  as  it  does  to 
the  fibre  of  unmordanted  cotton. 

The  inorganic  constituents  of  madder-root  have  been  analysed  by  H.K  6  chlin 
(Ann.  Ch.  Pharra.  lix.  344)  and  K.  Moy  (ibid.  liv.  346) ;  those  of  the  seed  by  Schiel 
(Haudw.  d.  Chem.  iv.  609). 

Ash  of  root. 


Potash        

'From 

29-35 
15-89 
34-54 
3-72 
1-18 
6-26 
3-68 
1-64 
4-71 

Alsace. 
b. 
26-64 
11-67 
29-25 
3-68 
3-36 
4-62 
2-14 
5-36 
13-25 

From  Zealand. 
Ash  of  Seed 
3-42         20*08 
25-76           6-20 
16-29         29-89 
3-17           2'48 
2-67           3-74 
16-84           5-10 
2-86           3-00 
16-41         19-22 
12-58         10-29 

Soda  

Lime  

Ferric  oxide 
Phosphoric  anhydride 
Sulphuric          „ 
Silicic                „ 
Chloride  of  sodium      . 

99-97         99-97       lOO'OO       lOO'OO 
VOL.  III.  3  B 


744  MADDER. 

The  Alsace  madder  (a)  grown  on  a  highly  calcareous  soil  yielded  S'25  per  cent,  ash 
b  yielded  8*4  per  cent.     The  seed  of  Avignon  madder  gave  8 '14  per  cent.  ash. 

Formation  of  the  Red  Colouring  Matters. — The  extraction  of  alizarin  and  purpurin 
from  madder  by  the  action  of  solvents  shows  that  these  colouring  matters  exist  ready- 
formed  in  madder  in  its  ordinary  state,  as  used  by  the  dyer.  But  it  still  remains  a 
question  whether  they  exist  in  the  root  while  growing  or  when  newly  dug  up,  or 
whether  they  are  formed  by  any  subsequent  process  of  chemical  change.  Now,  it  has 
long  been  known  that  when  ground  madder  is  kept  tightly  packed  in  casks,  it  con- 
stantly improves  in  quality  for  several  years,  after  which  it  again  deteriorates  ;  and  it 
was  always  supposed  that  this  effect  was  due  to  some  process  of  slow  fermentation. 
The  real  nature  of  the  change,  however,  remained  for  a  long  time  unknown.  Streckcr 
supposes  that  the  change  which  goes  on  consists  in  the  conversion  of  alizarin  into  pur- 
purin ;  but  this  would  constitute  anything  but  an  improvement  in  quality,  since  the 
colours  produced  by  purpurin  are  in  most  respects  inferior  to  those  of  alizarin.  Besides 
this,  alizarin  is  a  body  not  easily  decomposed,  unless  exposed  to  the  action  of  very 
potent  agents ;  and  any  portion  of  it  once  formed  in  the  root,  would  probably  resist  the 
action  of  air  and  moisture  for  a  very  long  period  of  time,  if  not  entirely.  Mr.  Higgin 
of  Manchester  states,  as  the  results  of  his  experiments  on  this  subject,  that  there  exists 
in  madder  a  peculiar  albuminous  ferment,  which,  by  acting  on  the  xanthin,  gives  rise 
to  the  formation  of  colouring  matter ;  and  that  this  process  takes  place  to  some  extent 
even  during  the  short  period  of  time  occupied  in  dyeing.  This  view  has  been  con- 
firmed in  its  main  features  by  the  experiments  of  Schunck. 

That  the  whole  of  the  colouring  matter  of  madder  does  not  exist  ready-formed  in  the 
article  as  used  by  the  dyer,  may  be  rendered  evident  by  a  simple  experiment.  If 
madder  be  exhausted  with  cold  water,  the  clear  watery  extract  does  not  contain  any 
alizarin  or  other  colouring  matter,  since  these  are  almost  insoluble  in  cold  water. 
Nevertheless,  the  extract  when  gradually  heated  is  found  capable  of  dyeing  in  the  same 
way  as  madder  itself.  If  made  tolerably  strong,  it  possesses  a  deep  yellow  colour  and 
a  very  bitter  taste  ;  but  if  it  be  allowed  to  stand  in  a  warm  place  for  a  few  hours,  it 
gelatinises,  and  the  insoluble  jelly  which  is  formed  is  found  to  possess  the  whole  of  the 
tinctorial  power  of  the  liquid,  while  the  latter  has  lost  its  yellow  colour  and  bitter 
taste.  Hence  it  may  be  inferred  that  the  substance  which  imparts  to  the  extract  its 
bitter  taste  and  yellow  colour,  is  capable  of  giving  rise  to  the  formation  of  a  certain 
portion  of  colouring  matter.  By  extracting  madder  with  boiling  water,  the  subsequent 
gelatinisation  or  coagulation  is  prevented,  and  the  extract  retains  its  yellow  colour  and 
bitter  taste  ;  a  proof  that  the  coagulation  observed  in  the  extract  with  cold  water  is  a 
result  of  some  process  of  chemical  change  which  is  arrested  when  the  temperature  is 
sufficiently  raised.  When  the  extract  is  agitated  with  a  little  animal  charcoal,  the  latter 
absorbs  the  bitter  principle,  and  gives  it  up  again  to  boiling  spirits  of  wine,  which  on 
evaporation  leaves  it  in  an  almost  perfect  state  of  purity.  In  this  manner  Schunck 
obtained  a  substance  to  which  he  has  given  the  name  of  Bubian,  and  of  which  the 
principal  characteristics  are  these : — It  is  amorphous  and  shining  like  gum,  has  a  deep 
yellow  colour  and  an  intensely  bitter  taste,  is  easily  soluble  in  water  and  alcohol.  It 
is  not  a  colouring  matter  in  the  practical  sense  of  the  word,  for  it  gives  to  mordants 
in  dyeing  only  the  faintest  shades  of  colour.  But  if  its  watery  solution  be  mixed  with 
sulphuric  acid  and  boiled,  it  gradually  deposits  a  quantity  of  insoluble  yellow  flocks 
and  becomes  almost  colourless.  These  flocks,  after  being  well  washed,  are  found  to 
dye  exactly  the  same  colours  as  alizarin.  In  fact  they  contain  alizarin.  The  liquid 
gives  the  reactions  of  sugar.  Taking  this  fact  into  consideration,  it  becomes  possible 
to  give  an  account  of  the  principal  change  which  takes  place  in  the  process  of  manu- 
facturing garancin.  It  is  evident  that  during  this  process,  the  easily  soluble  rubian 
becomes  converted  into  the  difficultly  soluble  alizarin,  that  there  is  in  this  case,  in  fact, 
an  actual  formation  of  colouring  matter  which  is^added  to  that  already  existing  in  the 
root.  A  similar  change  takes  place  when  caustic  alkali  is  used  in  place  of  the  acid. 
A  solution  of  rubian  on  being  mixed  with  caustic  potash  or  soda,  simply  turns  red,  but 
on  being  boiled,  it  becomes  dark  purple  and  deposits  a  purple  powder  which  consists 
chiefly  of  a  compound  of  alizarin  with  alkali,  insoluble  in  caustic  lye.  Fermentation 
also  decomposes  rubian  with  great  facility ;  but  in  order  to  effect  its  decomposition  it 
is  not  indifferent  what  ferment  is  taken ;  a  peculiar  ferment  is  essential  to  the  purpose. 
A  solution  of  rubian  may  be  left  for  several  days  in  contact  with  yeast,  decomposing 
albumin,  casein,  emulsin,  &c.,  without  showing  any  sign  of  change.  But  if  an  extract 
of  madder  with  cold  water  be  mixed  with  a  large  excess  of  alcohol,  flocks  of  a  dirty  red 
colour  are  precipitated,  which,  after  being  well  washed  with  alcohol,  are  found  to  con- 
sist chiefly  of  an  azotised  principle  called  Erythrozym,  which  exerts  a  peculiar  and 
powerful  decomposing  effect  on  rubian.  If  some  of  this  substance  be  mixed  with 
a  watery  solution  of  rubian,  and  the  mixture  be  left  to  stand  at  the  ordinary  tem- 
perature, the  rubian  is  found  after  a  few  hours  to  be  as  completely  decomposed  as 
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if  it  had  been  treated  with  a  strong  acid  or  caustic  alkali,  though  no  evolution  of  gas 
or  any  of  the  usual  signs  of  fermentation  have  been  manifested.  The  solution,  if 
tolerably  strong,  gelatinises  just  as  an  extract  of  madder  with  cold  water  does,  under  the, 
same  circumstances.  The  jelly,  when  mixed  with  cold  water,  is  found  to  be  almost  in- 
soluble. The  water  acquires  only  a  slight  colour,  but  contains  sugar  in  solution,  while  the 
insoluble  portion  contains  alizarin  mixed  with  the  ferment.  This  process  of  decompo- 
sition affords  an  explanation  of  the  fact,  well  known  to  madder  dyers,  that  if  the 
dye-bath  be  heated  up  rapidly  to  the  boiling  point,  instead  of  gradually,  as  is  the 
usual  practice,  prejudicial  effects  ensue.  In  fact,  the  sudden  heating  puts  a  stop  to 
the  action  of  the  ferment,  as  would  be  the  case  in  any  other  process  of  fermentation, 
whereon  the  gradual  heating  allows  it  to  exert  its  full  decomposing  power  on  the  rubian. 
Hence,  too,  the  advantage  of  mixing  together  several  sorts  of  madder,  one  containing 
perhaps  an  excess  of  rubian  in  proportion  to  ferment,  the  other  a  superabundance  of 
ferment  to  counterbalance  it.  The  improvement  which  takes  place  in  the  quality 
of  madder  after  long  keeping  is  probably  also  an  effect  of  the  same  cause.  Indeed, 
it  seems  highly  probable  that  the  alizarin,  which  undoubtedly  exists  ready  formed 
in  ordinary  madder,  owes  its  formation  to  the  action  of  fermentation  on  rubian ; 
and  an  experiment  made  with  fresh  madder  roots  goes  far  to  prove  that  this  is  in  fact 
the  case,  and  that  the  fresh  root  contains  no  trace  of  ready  formed  colouring  matter. 
Some  madder  roots  having  been  taken  out  of  the  ground  and  cut  small,  without  being 
dried,  produced  the  ordinary  colours  when  used  for  dyeing  in  the  .-common  manner. 
But  on  treating  the  roots,  after  being  cut  into  pieces  as  quickly  as  possible,  with 
boiling  alcohol,  a  yellow  extract  was  obtained,  which  contained  rubian,  but  which, 
even  after  all  the  alcohol  had  been  driven  away,  was  found  incapable  of  imparting  to 
mordants  any  but  the  slightest  shades  of  colour ;  while  the  portion  of  the  root  left  uu- 
dissolved  by  the  alcohol,  on  being  subjected  to  the  same  test  as  the  extract,  imparted 
to  mordants  no  more  colour  than  the  latter.  It  was  evident,  therefore,  that  the  alcohol 
in  this  case  had  effected  a  separation  between  the  colour-producing  body  and  the  agent, 
which,  under  ordinary  circumstances,  is  destined  to  effect  its  transformation  into 
colouring  matter.  The  same  relation,  it  is  apparent,  subsists  between  rubian  and 
erythrozym,  as  between  amygdalin  and  emulsin. 

Erythrozym  differs  in  composition  from  all  other  known  ferments,  containing  but  a 
small  proportion  of  nitrogen  not  exceeding  4  per  cent.  It  acts  on  an  aqueous  solution 
of  sugar  nearly  in  the  same  manner  as  yeast,  giving  rise  to  the  formation  of  alcohol, 
carbonic  acid,  hydrogen  and  succinic  acid,  but  it  is  distinguished  from  all  other  fer- 
ments by  its  power  of  acting  on  rubian. 

As  rubian,  when  subjected  to  the  action  of  acids,  alkalis,  or  erythrozym  yields  alizarin 
and  glucose,  the  decomposition  might  at  first  sight  be  supposed  to  consist  simply  in 
the  resolution  of  the  rubian  into  these  compounds,  according  to  the  usual  mode  of  de- 
composition of  glucosides.  The  real  decomposition  is  however  much  more  complex,  the 
products  never  consisting  of  alizarin  and  glucose  only.  The  part  insoluble  in  cold 
water  contains  in  all  cases,  besides  alizarin,  two  resinous  colouring  matters,  namely, 
Rubiretin,  CHH1204,  easily  soluble  in  alcohol,  and  Verantin,  C14H1005,  less  soluble 
in  that  liquid.  But  in  addition  to  these,  there  is  uniformly  found  accompanying  the 
alizarin,  a  third  body,  belonging,  as  far  as  general  appearance  and  properties  are  con- 
cerned, to  the  same  class  of  substances  as  rubiacin.  The  third  body  is,  however,  in 
each  case  quite  distinct.  "When  acids  have  been  employed  for  the  decomposition  of 
rubian,  then  this  third  body  is  found  to  have  the  following  properties  : — It  is  tolerably 
soluble  in  boiling  water,  and  crystallises  in  lemon-yellow  silky  needles ;  it  is  decomposed 
on  being  heated,  but  resists  the  action  of  nitric  and  concentrated  sulphuric  acids  ;  this 
substance,  Kubianin,  contains,  according  to  Schunck,  C22H24010.  When  alkalis  are 
used  instead  of  acids,  the  rubianin  is  replaced  by  Rubiadin,  C16HH05,*  which  is  a 
body  crystallising  in  beautiful  golden-yellow  scales,  insoluble  in  water,  but  soluble  in 
alcohol,  and  completely  volatilised  when  heated.  But  when  rubian  is  decomposed 
by  fermentation,  it  yields  neither  of  these  two,  but  in  their  place  Kubiafin,  a 
substance  agreeing  in  composition  with  rubiadin,  and  resembling  it  in  most  of  its 
properties,  but  essentially  distinguished  from  it  by  passing  into  rubiacic  acid  when 
treated  with  ferric  chloride.  This  substance  is  usually  accompanied  by  another  of 
similar  properties,  called  Rubiagin,  of  which  it  is  difficult  to  say  whether  it  must  be 
considered  as  distinct  from  the  others,  since  it  has  not  been  obtained  in  a  state  of 
perfect  purity.  All  these  bodies  which  accompany  alizarin  make  their  appearance  so 
invariably  under  the  circumstances  above  mentioned,  that  their  occurrence  cannot  be 
considered  as  accidental. 

Assuming  for  rubian  the  formula  C'28H3J015,  Schunck's  view  of  the  formation  of 
these  compounds  may  be  represented  in  equations  as  follows : — 

*  Schunck  gives  for  rubiadin  the  formula,  C3-Hl3Oy;  but  this  is  improbable  on  account  of  the  Uneven 
numbers  of  hydrogen  and  oxygen  atoms  (0  =  8). 

3  B  2 
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a.  Formation  of  alizarin  (C14H1004  according  to  Scliunck) : 

C28H340»     =     2C14H1004  +   7H20. 
&.  Of  verantin  and  rubiretin: 

C28H3i0i5     =       C14H1005  +   CI4HI204   +   6H20. 

c.  Of  rubianin  and  glucose : 

C28JJ34Q15     +     H20        =        C22H24010     +     C6HU06. 

d.  Of  rubiadin  and  rubiafin  : 

C28H340i5   +   2H20     =     CleH»05  +   2C6HI206. 

Or  rubiadin  and  rubiafin  may  be  considered  as  products  of  the  further  metamorphosis 
of  rubianin : — 

C22H24010  +  H20  =  C16H1405  +  C6H1206. 

It  appears,  then,  that  rubian  undergoes,  not  one,  but  three  different  processes  of 
decomposition  when  acted  on  by  acids,  alkalis,  or  ferments  ;  that  the  formation  of  sugar 
is  connected  not  with  that  of  alizarin,  but  with  that  of  rubianin  and  its  allies,  and  that 
in  fact  there  is  no  reason  why  only  one  of  these  processes  should  not  take  place  to  the 
exclusion  of  the  others  ;  why,  for  instance,  rubian  should  not  be  so  decomposed  as  to 
yield  alizarin  alone,  without  any  of  the  accompanying  bodies,  which  are  from  this  point 
of  view,  not  only  a  source  of  loss,  but  also  prejudicial  in  practice. 

The  formation  of  alizarin  and  of  the  other  products  of  rubian  above  mentioned,  does 
not  depend  upon  oxidation.  Nevertheless,  according  to  Schunck,  rubian  does  suffer 
a  partial  oxidation  when  its  aqueous  solution,  mixed  with  an  alkali  or  alkaline  earth, 
is  exposed  to  the  air,  the  product  formed  being  rubianic  acid,  <752/:P027,  (or  perhaps 
C52H30Oy  =  C^H^O14).  Its  formation  may  perhaps  be  represented  by  the  equation  : 

C28H34015   +   0s     =     C26H30014   +   2C02  +   2H20. 
Rubian.  Rubianic  acid. 

It  is  a  true  glucoside,  and  is  resolved  by  the  same  agents  which  effect  the  decomposi- 
tion of  rubian  into  alizarin  and  glucose,  no  secondary  products  making  their  appear- 
ance ;  perhaps  thus : 

C26H3o()i4  +   2H20     =     C14H1004   +   2C°H1206. 
Rubianic  acid.  Alizarin.  Glucose. 

For  further  details  respecting  all  these  products,  see  EUBIAN. 

Use  of  Madder  In  Dyeing*.  The  chief  use  of  madder  is  in  cotton-dyeing  and 
calico-printing.  In  woollen-dyeing  it  is  not  so  much  employed,  especially  in  this 
country,  only  the  ordinary  woollen  goods  being  dyed  red  with  it ;  the  colour  is  not  so 
bright  as  that  obtained  with  cochineal  or  lac,  although  more  permanent  and  cheaper. 
Silk  is  seldom  dyed  with  madder,  because  cochineal  affords  brighter  tints. 

The  series  of  operations  usually  adopted  for  printed  calicoes  is  as  follows : — 

1.  The  calico  having  been  singed  and  bleached,  the  mordant  is  printed  on;  namely, 
'red  liquor1  (acetate  of  aluminium  containing  a  small  quantity  of  sulphate)  for  red  or 
pink ;  '  iron  liquor'  (ferrous  acetate)  for  violet,  purple,  or  blaek ;  and  a  mixture  of  this 
with  red-liquor  for  chocolate. 

2.  The  printed  cloth  is  hung  up  with  free  access  of  air  for  about  two  days.     During 
this  process  of  "ageing,"  the  mordant  undergoes  important  changes,  and  becomes  to  a 
great  extent  insoluble,  and  therefore  fixed  in  the  cotton :  red-liquor  parts  with  a  great 
part  of  its  acetic  acid,  and  its  alumina  remains  as  a  highly  basic  sulphate ;  iron-liquor 
absorbs  oxygen  and  loses  acetic  acid,  and  is  thus  converted  into,  a  basic  ferric  acetate. 
Of  late  years,  a  "  rapid  ageing  process "  has  come  into  extensive  use ;  it  consists  iu 
passing  the  printed  calico  through  a  heated  chamber,  the  atmosphere  of  which  is  kept 
exactly  saturated  with  water- vapour.     This    process  is  frequently  completed  in  about 
half  an  hour,  but  the  time  required  for  it,  as  well  as  for  the  ordinary  ageing  process, 
varies  with  the  amount  of  mordant  upon  the  cloth. 

3.  The  next  operation  is  called  "  dunging,"  and  consists  in  passing  the  cloth  through 
a  hot  mixture  of  cow-dung  and  water.     During  this  process,  superfluous  portions  of 
the  mordant,  which  would  otherwise  get  detached  from  the  cloth  during  the  dyeing  and 
would  be  precipitated  in  combination  with  colouring  matter  upon  the  unprinted  parts, 
are  removed  (perhaps  in  combination  with  organic  constituents  of  the  bath),  and  the 
remainder  is  converted  more  or  less  completely  into  phosphate.     For  a  good  many 
years  past,  the  use  of  cow-dung  in  this  process  has  been  to  a  great  extent  superseded 
by  that  of  an  artificial  preparation  known  as  "  dung  substitute,"  first  introduced  by 
Mercer,  the  essential  constituents  of  which  are  alkaline  phosphates  and  arsenates.     (See 
DYEING,  ii.  353.) 

4.  Steeping  in  the  madder-bath,  which  is  kept  lukewarm  at  first,  and  gradually 
raised  to  the  boiling  heat. 
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0.  "  Clearing,"  by  passing  the  fabric  through  a  boiling  mixture  of  bran  and  water,  or 
soap  and  water,  or  through  a  weak  solution  of  chloride  of  lime,  or  by  "crofting,"  that 
is,  exposing  it  for  some  time  on  the  grass  to  the  action  of  air  and  light,  or  by  several  of 
these  processes  in  succession. 

To  obtain  greater  variety  of  colours,  other  dye-stuffs  are  sometimes  added  to  the 
madder-bath,  e.g.  quercitron  or  fustic  for  orange,  logwood  for  blacks,  &c. 

For  further  details  relating  to  the  operations  of  madder-dyeing,  see  Ure's  Dictionary 
of^Lrts,  $c.,  articles  MADDER  and  TUKKEY-KED. 

The  chemical  changes  which  take  place  during  the  process,  may  be  shortly  described 
as  follows  :  In  the  first  place,  the  water  of  the  dye-bath  extracts  the  more  soluble  con- 
stituents of  the  madder,  such  as  the  sugar,  extractive  madder,  and  bitter  principle 
(rubian).  The  latter  is  decomposed  by  the  ferment,  and  the  colouring  matter  thereby 
formed  is  added  to  that  already  existing  ^in  the  root.  As  the  temperature  rises,  the 
less  soluble  constituents,  such  as  the  alizarin,  purpurin,  rubiacin,  resinous  colouring 
matters,  pectin  and  pectic  acid,  begin  to  dissolve,  and  at  the  same  time  combine  partly 
with  the  mordants  of  the  fabric,  partly  with  the  lime  and  other  bases  contained  in  the 
root,  or  added  to  the  dye-bath,  and  thus  permit  the  liquid  to  take  up  fresh  quantities 
from  the  madder.  The  extractive  matter  acquires  at  the  same  time  a  brown  colour  by 
the  combined  action  of  heat  and  oxygen,  and  covers  the  white  portions  of  a  piece  of 
printed  calico  with  a  uniform  brown  tinge.  At  the  same  time  the  alumina  mordant 
has  acquired  a  dirty  brownish-red  colour,  and  the  iron  mordant  a  black  or  brownish- 
purple,  so  that  the  fabric,  after  removal  from  the  dye-bath,  presents  a  very  unsightly 
appearance.  To  clear  the  whites,  and  at  the  same  time  brighten  the  colours  by  removing 
the  rubiacin,  resinous  matters,  extractive  matter,  &c.,  and  leave  nothing  but  the 
alizarin  combined  with  the  mordants,  is  the  object  of  the  fifth  operation  or  series  of 
operations  above-mentioned.  But  even  this  treatment,  though  sufficient  for  the  more 
ordinary  descriptions  of  goods,  does  not  completely  remove  the  foreign  substances ; 
for  which  reason  the  finer  descriptions  of  printed  calicoes  are  subjected  to  an  after- 
treatment,  which  is  as  follows:  "The  goods,  after  being  very  fully  dyed,  generally 
with  addition  of  chalk,  and  then  washed,  are  passed  for  some  time  through  a  solu- 
tion of  soap,  which  is  heated  to  a  moderate  temperature.  By  this  means,  a  great  deal 
of  colour  is  removed,  as  may  be  seen  by  the  red  tinge  of  the  soap-liquor,  and  the  purity 
of  the  white  portions  is  almost  entirely  restored.  During  this  process,  the  brown  and 
yellow  colouring  matters  are  probably  removed  by  double  decomposition,  the  alkali  of 
the  soap  combining  with  and  dissolving  them,  while  the  fat  acid  takes  their  place  in 
the  fabric.  After  being  washed,  the  goods  are  passed  through  a  weak  solution  of  acid, 
mostly  sulphuric  or  oxalic,  or  an  acid  tin-salt,  which  causes  the  colours  to  assume  an 
orange  tinge.  The  point  at  which  the  action  of  the  acid  liquid  is  to  be  arrested,  can 
only  be  ascertained  by  practice.  The  next  step  in  the  process  is,  after  washing  the 
goods,  to  treat  them  again  with  soap-liquor  in  a  close  vessel  under  pressure.  By 
exposing  the  goods  on  the  grass  for  some  time  after  the  first  soaping,  the  use  of  acid 
may  be  obviated ;  but  the  process  then  becomes  much  more  tedious.  In  this  way  are 
produced  those  beautiful  pinks  and  lilacs,  which,  for  delicacy  of  hue,  combined  with 
great  permanence,  are  not  surpassed  by  any  dyed  colours  known  in  the  arts.  Whether 
the  fat  acid  of  the  soap  employed  forms  an  essential  constituent  of  these  colours,  is  not 
certainly  known  ;  but  it  is  probable  that  it  contributes  to  their  beauty  and  durability. 
It  is  certain,  however,  that  they^  always  contain  fat  acid.  If  a  piece  of  calico  which 
has  gone  through  the  processes  just  described  be  treated  with  muriatic  acid,  the  colour 
is  destroyed,  and  a  yellow  stain  is  left  in  its  place.  This  yellow  stain  disappears  on 
treating  the  calico,  after  washing  with  water,  with  alkali,  yielding  a  solution  of  a  beau- 
tiful purple  colour.  This  solution  gives  again,  with  an  excess  of  acid,  a  yellow  floccu- 
lent  precipitate,  which,  after  filtration,  dissolves  almost  entirely  in  boiling  alcohol,  and 
the  solution,  on  evaporation,  affords  needle-shaped  crystals  of  pure  alizarin,  mixed  with 
white  masses  of  fat  acid.  The  latter,  therefore,  seems  to  occupy  the  place  taken  up  by 
the  impurities  before  treatment  with  soap."  (Schunck.) 

An  essential  condition  for  the  production  of  permanent  madder-colours  is  the 
presence  of  a  certain  quantity  of  lime  in  the  bath.  This  was  first  pointed  out  by 
Hausmann,  who,  after  having  produced  very  fine  reds  at  Eouen,  where  the  water  is 
calcareous,  encountered  the  greatest  obstacles  in  dyeing  the  same  reds  at  Logelbach 
near  Colmar,  where  the  water  is  nearly  pure ;  but  on  adding  chalk  to  his  dye-bath,  he 
obtained  reds  as  beautiful  and  as  permanent  as  those  which  he  had  formerly  produced 
at  Eouen.  It  has  also  long  been  known  that  Avignon  madder,  which  is  grown  on  a 
highly  calcareous  soil,  and  contains  so  much  calcic  carbonate  as  to  effervesce  with  acids, 
affords  the  most  permanent  colours,  whereas  Alsace  madder  requires  the  addition  of 
chalk  in  order  to  produce  the  same  effect.  The  lime  appears  to  act  by  uniting  with 
those  constituents  of  the  madder  (the-rubiacin,  pectic  acid,  &c.),  which  when  taken  up 
by  the  mordants  in  large  quantity,  act  injuriously  on  the  colour :  for  Schunck  and 
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Robiquet  have  shown  by  experiment  that,  in  dyeing  with  pure  alizarin,  the  least 
addition  of  lime  is  rather  injurious  than  otherwise,  as  it  weakens  the  colours  without 
adding  to  their  durability.  On  the  other  hand,  the  addition  of  rubiacin,  of  the  resinous 
colouring  matters,  or  of  pectic  acid  to  alizarin  was  found  to  be  very  prejudicial,  the  rod 
then  acquiring  an  orange,  and  the  purple  a  reddish  hue,  while  the  black  became 
brownish,  and  the  white  parts  of  the  fabric  assumed  a  yellowish  tinge :  but  these 
effects  disappeared  completely  as  soon  as  the  foreign  colouring  matter  was  completely 
saturated  with  lime,  the  tinctorial  power  of  the  alizarin  then  reappearing  with  all  its 
original  intensity.  Too  great  a  quantity  of  lime  must  however  be  avoided,  as  it  would 
take  hold  of  the  alizarin  itself,  and  prevent  it  from  uniting  with  the  mordants. 

Preparations  of  Madder.  Since  madder  contains  a  variety  of  substances  which 
impair  the  brightness  and  permanency  of  the  colours  produced  by  alizarin  and  purpu- 
rin,  it  follows  that  the  process  of  dyeing  with  it  must  be  greatly  facilitated  by  the 
previous  removal  of  these  substances.  This  object  is  attained  by  treating  madder  with 
sulphuric  acid,  which  destroys  the  rubiacin,  resinous  colouring  matters,  gum,  pectin,  ex- 
tractive matter,  &c.,  and  at  the  same  time,  by  its  action  on  the  rubian  still  existing  in 
the  madder,  increases  the  quantity  of  alizarin  and  purpurin.  Madder  thus  treated 
produces  dyes  which  require  less  clearing  than  ordinary  madder-colours ;  and  there 
is  this  further  advantage  in  its  use,  that  nearly  all  the  colouring  matter  contained  in  it 
is  available  for  dyeing,  whereas  when  crude  madder  is  employed,  nearly  a  third  of  the 
colouring  matter  remains  in  the  residue  unutilised.  These  considerations  have  led  to 
the  use  of  the  following  preparations  of  madder : 

1.  Sulphuric    Charcoal  (Ckarbon  sulphuriquc). — This  name  was  given    by 
Eobiquet  to  a  product  which  he  obtained  by  treating  pulverised  madder  with  a  con- 
siderable quantity  of  rather  strong  sulphuric  acid  for  several  hours,  then  diluting  with 
water,  filtering,  washing,  and  drying  the  residue.     It  dyes  strongly  and  produces  very 
fine  colours ;  but  being  difficult  and  costly  to  prepare  on  the  large  scale,  its  manufacture 
has  been  abandoned,  excepting  for  the  preparation  of  col  or  in,  a  product  introduced 
into  commerce  by  MM.  Lagier  and  Thomas,  and  obtained  by  exhausting  the  sulphu- 
ric charcoal  with  alcohol  and  distilling  the  solution  to  the  consistence  of  an  extract. 

2.  Garancin,  first  prepared  by  Lagier,  Robiquet,  and  Colin,  is  obtained  in  a 
similar  manner  to  sulphuric  charcoal,  excepting  that  a  smaller  quantity  of  acid  is 
added  (less  than  a  third  of  the  weight  of  the  madder),  and  the  mixture  is  more  largely 
diluted  with  water  and  boiled  for  a  longer  time.     The  product  is  washed,  dried,  and 
ground  with  a  small  quantity  of  chalk  or  sodic  carbonate  to  neutralise  any  acid  that 
may  be  retained  by  the  woody  fibre.   Madder  yields  from  33  to  36  per  cent,  of  garanein. 
Garancin  colours  are  regarded  as  somewhat  less  stable  than  those  obtained  directly 
from  madder ;  but,  if  the  garanein  be  well  prepared,  the  colours  are  generally  fine  and 
brilliant,  and  the  white  ground  remains  intact.   The  violets  which  it  produces  are  how- 
ever not  quite  satisfactory,  and  to  obtain  a  rose  colour  with  it  is  very  difficult. 

3.  Pin  coffin,  or  Alizarine  commerciale,  introduced  by  Messrs.  Pincoff  and  Co.  of 
Manchester,  is  a  garanein  prepared  and  washed  with  the  greatest  care,  then  made  as  neutral 
as  possible,  and  heated  above  100°  by  high  pressure  steam,  whereby  a  certain  quantity 
of  brown  colouring  matter  is  destroyed  or  rendered  inert.      This  product  yields  very 
pure  and  bright  violet  tints  without  requiring  clearing,  and  the  other  colours  obtained 
with  it  are  equally  satisfactory. 

4.  G-aranceux. — This  is  a  product  obtained  by  treating  the  waste  madder  of  the 
dye-houses,  which,  as  already  observed,  still  retains  a  considerable  quantity  of  colouring 
matter,    with  sulphuric  acid,  then    filtering,   washing,   drying,  and  grinding.     The 
substance  thus  obtained  still  dyes  tolerably  well,  and  may  be  used  for  a  certain  class  of 
patterns  not  containing  rose  or  violet  tints. 

6.  Flowers  of  Madder  (Fleur  de  Garance}  is  the  name  given  to  a  kind  of  washed 
madder  first  prepared  at  Avignon  by  MM.  Julien  and  Rocquer.  The  madder  is  sus- 
pended in  water  containing  a  small  proportion  of  acid,  partly  to  saturate  earthy  carbo- 
nates, partly  to  render  the  colouring  principles  less  soluble.  It  is  left  in  contact  with 
the  water  for  some  hours,  during  which  time  alizarin  and  purpurin  are  formed,  and 
become  insoltfble,  and  sometimes  a  true  fermentation  is  set  up.  The  product  is  then 
carefully  washed,  so  as  to  remove  only  the  more  soluble  matters.  The  first  liquors, 
being  strongly  charged  with  sugar,  are  subjected  to  vinous  fermentation,  and  on 
subsequently  distilling  them,  a  considerable  quantity  of  alcohol  is  obtained.  Madder 
yields  about  50  per  cent,  of  this  product,  which,  being  free  from  gummy  and  saccharine 
bodies,  and  especially  from  the  brown  colouring  principle  which  soils  the  mordants, 
yield  much  finer  colours  than  madder  itself.  More  than  half  the  quantity  of  madder 
cultivated  at  the  present  day  is  converted  into  flowers  of  madder  and  garanein. 

6.  Madder  Extracts. — All  the  products  above  mentioned  contain  nearly  the 
•whole  of  the  woody  fibre  of  the  root,  an  impurity  which  prevents  their  use  in  calico- 
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printing.  To  get  rid  of  this,  garancin  or  sulphuric  charcoal,  or  flowers  of  madder,  is 
treated  with  certain  solvents,  as  in  the  preparation  of  colorin  already  mentioned, 
whereby  the  colouring  matters  are  dissolved  out  and  the  woody  fibre  and  other 
impurities  are  left  behind.  The  solvents  used  for  this  purpose  are  :  — 

a.  Aluminium-salts,  alum  being  almost  always  the  salt  employed.    The  garancin,  &c., 
is  repeatedly  boiled  with  an  aqueous  solution  of  alum,  the  colouring  matter  precipitated 
from  the  filtrate  by  sulphuric  acid,  and  the  precipitate  collected  and  washed.     The 
extract  thus  obtained  almost  always  contains  alumina,  but  is  otherwise  very  pure,  and 
yields  very  brilliant  colours  in  dyeing  and  calico-printing  ;  but  the  process  is  costly, 
because  it  requires  large  quantities  of  alum  and  sulphuric  acid,  and  to  recover  the  alum 
in  the  crystalline  form,  and  separate  it  from  the  acid,  the  mother-liquors  must  be 
strongly  concentrated  in  leaden  vessels.     Moreover,  the  residue  of  the  madder,  being 
impregnated  with  alum,  which  prevents  its  further  use  in  dyeing,  is  totally  lost. 

b.  Alkalis  and  Alkaline-salts.  —  The  alkaline  extracts  are  obtained  by  repeatedly 
treating  madder  or  its  derivatives  with  solution  of  caustic  soda,  carbonate  or  phosphate  of 
sodium,  or  aqueous  ammonia,  filtering,  precipitating  the  colouring  matter  by  a  mineral 
acid,  filtering  again,  then  washing  and  drying.     This  process  is  more  economical  than 
that  with  alum,  but  the  extracts  are  much  contaminated  with  resinous  and  pectous  sub- 
stances, very  dark  coloured,  and  when  used  for  dyeing,  yield  colours  which  require  very 
careful  soaping  and  clearing,  whereby  the  depth  of  the  colour  is  greatly  diminished. 
The  extracts  may  however  be  improved  in  quality  by  boiling  them,  while  yet  moist, 
with  dilute  sulphuric  acid,  then  filtering  and  washing. 

c.  Spirituous  solvents.  —  The  extracts  prepared  by  treating  good  garancin  or  flowers 
of  madder  with  alcohol  or  wood-spirit,  have  a  fine  yellow  or  yellow-brown  colour,  and 
dye  very  well,  especially  if  they  are  preserved  in  the  pasty  condition.     If  they  are 
thoroughly  dried,  the  colouring  matters  become  so  completely  enveloped  by  the  resin, 
that  they  are  very  difficult  to  moisten,  and  nearly  insoluble  in  water,  even  at  the 
boiling  heat. 

d.  Direct  preparation  of  Rubian  from  Madder  ;  E.  Kopp's  process  (Bull.  Soc. 
industr.  de  Mulhouse  (1861)  xxxi.  9;  Kep.  Chim.  app.    1861,  pp.  165,  223,  276; 
Jahresbcr.  1861,  p.  938).  —  This  process  consists  in  the  treatment  of  madder  with  sul- 
phurous acid.     It  differs  essentially  from  all  the  preceding  both  in  principle  and  in 
practice,  requiring  the  use,  not  of  flowers  of  madder  or  garancin,  but  of  madder  in  the 
natural  state  and  as  little  altered  as  possible,  in  which,  in  fact,  the  colorific  principle 
(rubian)  has  not  yet  been  transformed  into  alizarin  or  purpurin,  these  compounds,  when 
once  formed,  being  no  longer  soluble  in  water  containing  sulphurous  acid. 

The  process,  as  carried  out  on  the  large  scale  by  MM.  Schaaff  and  Lauth  of 
Strasbourg,  is  as  follows  :  —  The  ground  madder  is  macerated  for  eight  or  ten  hours 
with  1  0  or  1  2  times  its  weight  of  water  containing  2  or  3  per  cent,  of  sulphurous  acid  ; 
the  resulting  solution  is  filtered,  and  the  residue  is  pressed.  On  mixing  the  filtrate, 
which  contains  the  colorific  matter,  with  3  per  cent,  of  its  weight  of  sulphuric  acid,  of 
specific  gravity  1-52,  and  heating  to  30°  or  40°  C.,  pur  pur  in  is  deposited  in  large  red  or 
orange-coloured  flakes,  which  are  separated  by  decantati  on  and  filtration,  and  then  washed. 

The  mother-liquor  of  the  purpurin,  heated  to  the  boiling  point,  gives  off  carbonic 
acid,  and  yields  a  precipitate  of  alizarin  coloured  greenish-black  by  a  foreign  substance, 
which  is  likewise  produced  by  the  action  of  acids  on  the  xanthin  of  MM.  Kuhlmann 
and  Higgin.  This  green  alizarin  is  collected,  filtered,  and  washed.  It  may  be  further 
purified  by  sublimation,  or  by  solution  in  alcohol  or  wood-spirit. 

The  mother-liquor  of  the  green  alizarin  contains  the  whole  of  the  sulphuric  acid  used, 
together  with  the  saccharine,  gummy,-  and  other  matters  extracted  by  the  water  from 
the  madder.  This  acid  liquor  is  used  for  converting  into  weak  garancin,  the  madder- 
residue  which  has  been  exhausted  by  aqueous  sulphurous  acid  and  pressed.  The  mode 
of  operating  is  exactly  the  same  as  for  transforming  fresh  madder  into  garancin. 

The  mother-liquor  of  the  garancin,  which  is  still  acid,  but  likewise  saccharine,  is 
neutralised  with  lime  or  chalk,  and  fermented  so  as  to  obtain  alcohol. 

This  process  is  very  simple  and  economical,  the  quantity  of  sulphuric  acid  consumed 
being  about  the  same  as  employed  in  the  preparation  of  ordinary  garancin,  and  the 
only  other  material  used  being  the  small  quantity  of  sulphur  (or  pyrites)  required  to 
produce  the  sulphurous  acid. 

By  a  careful  experiment  on  the  small  scale,  Kopp  obtained  from  100  pts.  of  Alsatian 
madder  : 

1*85  grms.  purpnrin. 


42-0         „      madder-residue  dried  at  40°. 

35-0        „         „  „       converted  into  garancin  and  dried  at  100°  ; 
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and  he  estimates  the  united  colouring  powers  of  these  materials  as  equal  to  1  £  timeg 
that  of  the  madder  if  employed  in  the  crude  state. 

It  does  not  appear  likely  that  any  other  antiseptic  substance  can  be  advantageously 
substituted  for  the  sulphurous  acid.  Kopp  has  unsuccessfully  tried  phenol,  creosote, 
arsenious  acid,  and  volatile  oils ;  while  the  use  of  antiseptic  salts,  such  as  those  of 
aluminium,  mercury,  copper,  lead,  &c.  is  inadmissible,  because  the  residues,  which 
always  contain  a  portion  of  the  colouring  matter,  would  be  contaminated  with  metallic 
oxides,  and  could  not  then  be  rendered  available  for  dyeing,  in  the  form  of  garancin 
orgaranceux.  (See  Hofmann's  Ecport  on  Chemical  Products  and  Processes  in  the 
International  Exhibition  of  1862.) 

7.  Madder  Lakes. — These  lakes,  which  are  obtained  by  precipitating  aqueous 
extracts  of  madder  or  its  derivatives  with  salts  of  aluminium,  iron,  tin,  &c.,  but  espe- 
cially with  aluminium-salts,  possess  a  degree  of  fastness  which  withstands  the  strongest 
agents.  They  are,  however,  but  little  used  in  dyeing  and  calico-printing,  on  account 
of  their  high  price,  but  are  extensively  employed  as  artists'  pigments.  For  the  prepa- 
ration of  an  aluminous  madder-lake,  see  LAKE  (p.  466) ;  also  lire's  Dictionary  oj 
Arts,  #c.,  iii.  15. 

The  residue  of  madder  treated  with  sulphurous  acid  by  E.  Kopp's  process,  but  not 
yet  exhausted,  yields,  when  washed  with  boiling  water,  a  yellow  liquor  stitl  retaining 
a  considerable  quantity  of  colouring  matter  or  of  rubian.  This  liquor,  mixed  with 
a  salt  of  aluminium  more  or  less  neutralised,  furnishes,  on  boiling,  fine  red  or  rose- 
coloured  lakes,  according  as  the  proportion  of  aluminium-salt  is  greater  or  smaller. 

The  same  liquid  mixed  with  milk  of  lime,  produces,  on  boiling,  a  violet  lime  lake 
(a  compound  of  alizarin  and  purpurin  with  lime),  which  may  serve  for  producing,  by 
double  decomposition,  other  compounds  of  the  colouring  matter  with  metallic  oxides ; 
or,  if  decomposed  with  heated  hydrochloric  acid,  it  will  yield  the  colouring  matter  in 
the  form  of  a  yellow  or  brownish-yellow  extract  resembling  colorin  (p.  748). 

Valuation  of  Madder.  The  method  usually  adopted  for  ascertaining  the  value 
of  any  sample  of  madder,  is  to  dye  a  certain  quantity  of  mordanted  calico  with  a 
weighed  quantity  of  the  sample,  and  compare  the  depth  and  solidity  of  the  colours  with 
those  produced  by  the  same  weight  of  another  sample  of  known  quality. 

Thibierge  (K£p.  Chim.  app.  1863,  p.  157)  proposes  to  estimate  the  value  of  a 
sample  of  madder  by  precipitating  the  alcoholic  tincture  obtained  by  treating  madder 
with  100  times  its  weight  of  alcohol,  with  a  standard  solution  of  neutral  acetate  of 
lead.  A  similar  method  was  proposed  some  time  ago  by  Basset,  who,  however,  weighed 
the  precipitate.  Thibierge  states  that  the  colour  of  the  precipitate  obtained,  especially 
if  controlled  by  that  of  the  precipitate  produced  by  stannous  chloride,  is  sufficiently- 
characteristic  to  detect  the  presence  of  any  adulteration.  The  method  of  precipitation 
with  a  standard  solution  of  acetate  of  lead  is  certainly  expeditious,  but  it  remains  to 
be  proved  that  the  precipitation  is  regular  and  complete,  and  that  the  result  is  not 
vitiated  by  the  presence  of  any  foreign  body  extracted  from  the  madder  by  alcohol. 

Madder  is  sometimes  adulterated  with  sand,  clay,  brick-dust,  ochre,  saw-dust,  bran, 
oak-bark,  logwood,  and  other  dye-woods,  sumach,  and  quercitron-bark.  Some  of  these 
adulterations  are  difficult  to  detect.  Those  which  contain  tannin  may  be  discovered 
by  the  usual  tests  for  that  substance,  since  madder  contains  no  tannin.  If  the  adul- 
teration is  of  a  mineral  nature,  its  presence  may  be  detected  by  incinerating  a  weighed 
quantity  of  the  sample.  If  the  quantity  of  ash  which  is  left  exceeds  10  per  cent.,  adul- 
teration may  be  suspected. 

MADDER,    EAST    INDIAN.      See  MuNJEET. 

MADREPORES.  Calcareous  concretions  produced  by  polypi,  placed  at  the 
surface  of  calcareous  ramifications  which  are  fixed  at  their  base,  and  perforated  by 
numerous  pores. 

MAGISTERY.  A  term  formerly  applied  to  certain  white  precipitates ;  thus,  the 
basic  nitrate  of  bismuth  thrown  down  on  adding-water  to  a  solution  of  the  metal  in 
nitric  acid,  was  called  magistery  of  bismuth. 

MAGMA.  A  precipitate  or  mass  of  crystals,  or  mixture  of  substances  in  a  pulpy 
or  pasty  state. 

MAGNESIA.    The  oxide  of  magnesium  (p.  754). 

MAGNESIA  AXiBA.  A  pharmaceutical  preparation  consisting  of  a  mixture 
of  several  hydrocarbonates  of  magnesium  obtained  by  precipitating  a  soluble  magnesium- 
salt  with  an  alkaline  carbonate.  (See  CARBONATES,  i.  788.) 

MAGNESIA  NIGRA.    An  old  name  for  black  oxide  of  manganese  (q.  v.) 
MAGNESITE.    Native  carbonate  of  magnesium.    (See*  CARBONATES,  i.  p.  787.) 
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MAGNESIUM.     Syn.  Magnium.     Symbol  Mg;  Atomic  weight  Mg  =  12. 

This  metal  is  usually  classed  with  those  whose  oxides  constitute  the  alkaline  earths ; 
but  it  is  much  more  closely  analogous  to  zinc  than  to  any  other  clemert.  It  occurs  in 
the  mineral  kingdom,  as  hydrate,  carbonate,  borato,  phosphate,  sulphate,  chloride,  and 
nitrate,  sometimes  in  the  solid  state,  sometimes  dissolved  in  various  mineral  waters 
(including  salt  springs),  and  in  sea-water;  in  a  variety  of  minerals,  consisting  of 
silicate  of  magnesium  combined  with  other  silicates,  as  in  soap-stone,  meerschaum, 
steatite,  ophite,  tolito,  anorthite,  hornblende,  asbestos,  talc,  augite,  chrysolite, — and 
combined  with  aluminium,  in  spinel  and  zeilanite.  It  also  occurs  in  the  bodies  of 
plants  and  animals,  chiefly  as  carbonate  and  phosphate,  and  in  combination  with 
organic  acids. 

Our  acquaintance  with  the  compounds  of  this  metal  does  not  date  from  early  times, 
The  knowledge  of  carbonate  of  magnesium  or  magnesia  alba,  as  a  medicine,  was  first 
promulgated  from  Rome  in  the  beginning  of  the  eighteenth  century.  Valentin  in  1707 
and  Slevogt  in  1709,  subsequently  found  the  same  earth  in  the  mother-liquor  of  salt- 
petre and  in  Epsom  salts.  Hoffmann,  Black,  Margraf,  and  Bergman  pointed  out  the 
characters  which  distinguish  it  from  lime,  with  which  it  was  at  first  confounded.  Davy 
first  obtained  from  it  the  metal  magnesium,  which  Bussy  succeeded  in  preparing  in  a 
state  of  greater  purity.  It  has  since  been  obtained  in  much  larger  quantities  by 
Bunsen,  Matthiessen,  and  Deville  and  Caron. 

Preparation  of  the  metal. — 1.  By  heating  the  anhydrous  chloride  with  potassium  in 
a  porcelain  or  platinum  crucible.  When  cold,  the  contents  of  the  vessel  are  digested 
in  cold  water,  by  which  the  soluble  chlorides  are  dissolved  out,  and  the  metal  is  left  as 
a  grey  powder,  which  can  be  melted  into  globules.  (Bussy,  Pogg.  Ann.  xviii.  140.) 

2.  By  the  electrolysis  of  the  fused  chloride.  A  porcelain  crucible  is  divided  in  its 
upper  part  into  two  halves  by  a  vertical  diaphragm  (made  out  of  a  thin  porcelain 
crucible  cover),  and  fitted  with  a  cover  (filled  from  a  tile),  through  which  the  extremities 
of  the  carbon-poles  of  a  galvanic  battery  are  introduced  into  the  two  halves  of  the  cru- 
cible. The  crucible  is  then  heated  to  redness,  together  with  the  cover  and  the  poles, 
and  filled  with  fused  chloride  of  magnesium;  and  the  salt  is  subjected  to  the  action  of  a 
battery  of  10  zinc  carbon  elements.  The  negative  pole  is  cut  like  a  saw  (fig.  427,  rol.  ii. 
p.  438)  so  that  the  magnesium,  as  it  separates,  may  lodge  in  the  cavities,  and  not  float  on 
the  surface  of  the  specifically  heavier  liquid  (Bunsen,  Ann.  Ch.  Pharm.  Ixxxii.  137). 
According  to  Matthiessen  (Chem.  Soc.  J.  viii.  107),  the  metal  may  be  much  more 
easily  obtained  from  a  fused  mixture  of  4  at.  chloride  of  magnesium  and  3  at.  chloride  of 
potassium,  which  is  prepared  with  greater  facility  than  the  pure  anhydrous  chloride  of. 
magnesium.  The  two  salts  mixed  in  the  proper  proportion  *  with  a  little  chloride  of 
ammonium,  may  be  fused  and  electrolysed  in  Bunsen's  apparatus  just  described,  the 
cutting  of  the  negative  pole  being,  however,  dispensed  with,  as  the  metal  is  heavier  than 
the  fused  mixture.  A  very  simple  and  convenient  way  of  reducing  themetal,  especially 
for  the  lecture  table,  is  to  fuse  the  mixture  in  a  common  clay  tobacco  pipe  over  an 
argand  spirit-lamp  or  gas-burner,  the  negative  pole  being  an  iron  wire  passed  up  the 
pipe-stem,  and  the  positive  pole  a  piece  of  gas-coke,  just  touching  the  surface  of  the 
fused  chlorides.  (Matthiessen.) 

Magnesium  may,  however,  be  obtained  in  much  larger  quantity,  by  heating  a  mix- 
ture of  600  grms.  of  chloride  of  magnesium,  100  grms.  fused  chloride  of  sodium,  and 
100  grms.  of  pulverised  fluoride  of  calcium,  with  100  grms.  of  sodium,  to  bright 
redness,  in  a  covered  earthen  crucible.  The  magnesium  is  thereby  obtained  in  globules, 
which  are  afterwards  heated  nearly  to  whiteness  in  a  boat  of  compact  charcoal  placed 
within  an  inclined  tube  of  the  same  material,  through  which  a  stream  of  dry  hydrogen 
is  passed.  The  magnesium  then  volatilises  and  condenses  in  the  upper  part  of  the 
tube.  Lastly,  it  is  remelted  with  a  flux  composed  of  chloride  of  magnesium,  chloride 
of  sodium,  and  fluoride  of  calcium,  and  is  thus  obtained  in  large  globules-  It  still, 
however,  usually  retains  portions  of  carbon,  silicium,  and  nitrogen,  from  which  it  may 
be  purified  by  careful  distillation  in  a  current  of  hydrogen  (Deville  and  Caron,  Ann. 
Ch.  Pharm.  ci.  359).  Sonstadt  has  recently  prepared  magnesium  by  this  process  oh 
a  considerable  scale  for  commercial  purposes. 

Properties. — Magnesium  on  the  recently  fractured  surface  is  sometimes  slightly  crys- 
talline and  coarsely  laminated ;  sometimes  fine-grained.  In  the  former  case*  it  is 
silver-white  and  shining ;  in  the  latter,  bluish-grey  and  dull.  Its  specific  gravity  is 
1-7430  at.  +  5°  C.  (Bunsten);  175,  according  to  Deville  and  Caron.  It  is  about 
as  hard  as  calcspar,  and  may  be  easily  filed,  bored,  sawn,  and  flattened  to  a  certain  ex- 
tent, but  is  scarcely  more  ductile  than  zinc  at  ordinary  temperatures ;  it  may,  however, 
be  drawn  out  into  wire.  It  melts  at  a  moderate  red  heat  (Bunsen);  melts  and 
volatilises  at  about  the  same  temperature  as  zinc  (Deville  and  Caron).  It  does  not 

*  The  solution  of  the  chloride  of  magnesium  may  be  evaporated  almost  to  dryness  and  analysed  to 
find  the  proportion  of  anhydrous  salt  present. 
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alter  in  a  dry  atmosphere,  but  in  damp  air  soon  becomes  covered  with  a  film  of  hydrate 
of  magnesium.  Heated  to  redness  in  the  air,  or  in  oxygen  gas,  it  burns  with  a  dazzling 
bluish-white  light,  and  forms  magnesia.  The  light  of  burning  magnesium  is  remark- 
ably rich  in  chemical  rays,  and  may  be  used  for  taking  photographs.  It  decomposes 
pure  cold  water  buts  lowly,  acidulated  water  very  quickly ;  when  thrown  on  aqueous 
hydrochloric  acid,  it  takes  lire  momentarily ;  strong  sulphuric  acid  dissolves  it  but 
slowly;  a  mixture  of  sulphuric  acid  and  fuming  nitric  acid  does  not  act  upon  it  at  or- 
dinary temperatures.  It  burns  when  heated  in  chlorine  gas ;  also  in  bromine-vapour, 
though  with  less  facility;  in  sulphur  and  iodine-vapour  very  brilliantly  (Bun  sen).  It 
unites  directly  with  nitrogen,  forming  a  transparent  crystallised  nitride,  Mg3N-. 
(Deville.) 
Magnesium  forms  but  one  series  of  compounds,  in  which  it  is  diatomic,  e.g. : 

The  chloride  Mg"Cl2     =     24     +   2.35'5  -     95-0 
The  oxide  Mg"0  =     24     +        16      =      40 

MAGNESIUM,  BROMIDE  OP,  MgBr2,  is  found  in  sea- water  and  in  numerous 
salt  springs.  It  is  produced  by  heating  magnesium  in  bromine-vapour,  or  by  passing 
the  vapour  over  an  ignited  mixture  of  magnesia  and  charcoal.  In  the  anhydrous 
state,  it  is  a  white  mass  of  crystalline  aspect,  which  is  not  fusible  below  a  red  heat, 
and  not  volatile.  It  deliquesces  rapidly  in  the  air,  and  dissolves  in  water  with  a 
hissing  noise  and  evolution  of  heat.  The  solution,  which  may  also  be  produced  by 
dissolving  magnesia  in  hydrobromic  acid,  yields,  by  evaporation  over  oil  of  vitriol, 
crystals  containing  3  at.  water.  When  evaporated  by  heat,  it  gives  off  part  of  its  hy- 
drobromic acid,  and  leaves  a  mixture  of  magnesia  and  bromide  of  magnesium. 

MAGNESIUM,  CHLORIDE  OF,  MgCP,  is  an  ingredient  of  sea-water  and  of 
many  salt-springs  and  other  mineral  waters.  It  is  produced  when  magnesium  burns 
in  chlorine  gas,  also  by  passing  a  stream  of  chlorine  over  an  ignited  mixture  of 
magnesia  and  charcoal.  This,  however,  is  not  a  good  mode  of  preparation,  because 
the  chloride  of  magnesium  has  but  little  volatility,  and  does  not  separate  easily  from 
the  charcoal.  Neither  can  the  anhydrous  chloride  be  obtained  by  dissolving  magnesia 
in  hydrochloric  acid  and  evaporating  to  dryness,  because  it  is  then  partly  decomposed 
by  the  water,  giving  off  hydrochloric  acid  and  leaving  magnesia.  The  best  mode  of 
preparing  it  is  to  evaporate  to  dryness  a  solution  of  magnesia  in  hydrochloric  acid 
mixed  with  sal-ammoniac,  and  ignite  the  residue  in  a  platinum  crucible.  A  double 
chloride  of  magnesium  and  ammonium  is  thus  formed,  from  which  the  water  is  expelled 
before  it  can  decompose  the  chloride  of  magnesium ;  and  at  a  higher  temperature  the 
anhydrous  double  chloride  is  likewise  decomposed,  giving  off  sal-ammoniac,  and 
leaving  pure  chloride  of  magnesium. 

Anhydrous  chloride  of  magnesium  is  a  white  translucent  mass  consisting  of  large, 
flexible  crystalline  plates,  having  a  pearly  lustre,  and  sharp  bitter  taste.  It  melts  to  a, 
clear  liquid  at  a  low  red  heat.  It  dissolves  readily  in  water,  with  considerable  rise  of 
temperature.  The  hydrated  cJdoride  is  deposited  from  a  hot  concentrated  solution  on 
cooling,  in  needles  and  prisms  containing  MgCl2.6H20.  The  crystals  are  highly  deli- 
quescent, dissolve  in  0'6  pts.  of  cold  water,  in  0'273  pts.  of  hot  water,  and  in  2  pts.  of 
alcohol  of  specific  gravity  0*817. 

Chloride  of  magnesium  unites  with  the  alkaline  chlorides.  The  potassium-salt, 
KCl.MgCl2.6H20,  crystallises,  by  careful  evaporation  from  the  last  mother-liquor  of 
sea- water  in  rhombohedral  crystals. — The  sodium-salt  contains,  according  to  Pogg i al  e 
(Compt.  rend.  xx.  1130),  NaCl.MgCl2.H20. 

MAGNESIUM,  DETECTION  AND  ESTIMATION  OF.  Magnesium- 
salts  are  colourless,  unless  they  contain  a  coloured  acid.  The  carbonate,  borate,  phos- 
phate, arsenate,  arsenite,  and  many  of  the  organic  salts,  are  insoluble  in  water;  but 
most  of  these  salts  are  soluble  in  a  solution  of  chloride  of  ammonium ;  most  of  the 
others  are  soluble.  The  aqueous  solutions  have  a  bitter  taste.  All  magnesium-salts, 
excepting  the  ignited  motaphosphate,  dissolve  in  hydrochloric  acid. 

1.  Reactions  in  the  dry  way. — All  magnesium-salts  containing  volatile  acids 
are  decomposed  by  ignition,  leaving  a  residue  of  magnesia.     Magnesium-salts  heated 
before  the  blowpipe  with  a  small  quantity  of  nitrate  of  cobalt,  leave  a  rose-coloured 
residue. 

2.  Reactions  in  Solution. — Solutions  of  magnesium-salts  are  not  precipitated  by 
suiphydric  acid  or  sulphide  of  ammonium.    The  fixed  alkalis  and  their  carbonates 
produce  a  white  precipitate  of  hydrate  or  carbonate  of  magnesium,  insoluble  in  excess 
of  the  reagent,  but  soluble  in  ammoniacal  salts,  especially  of  chloride  of  ammonium. 
If  t,he  solution  contains  ammouiacal  salts,  no  precipitate  is  formed.    Ammonia  added 
to  a  neutral  solution  of  magnesia,  not  containing  any  ammoniacal  salt,  throws  down  a 
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white  precipitate,  insoluble  in  excess  of  ammonia  ;  but  if  the  solution  previously  con- 
tained an  excess  of  acid,  no  precipitate  is  formed,  the  magnesium  being  kept  in  solution 
by  the  ammoniacal  salt  produced,  and  even  when  the  original  solution  is  neutral,  only 
ii  part  of  the  magnesia  is  precipitated,  the  rest  being  held  in  solution  in  the  same- 
manner.  Magnesium-salts  are  not  precipitated  by  carbonate  of  ammonium,  fcrro- 
cyanide  of  potassium,  or  alkaline  sulphates.  Baryta  or  lime-water  added  to  tho 
solution  of  a  magnesium-salt  forms  a  precipitate  of  hydrate  of  magnesium.  This 
reaction  affords  an  easy  method  of  separating  magnesia  from  the  alkalis. 

Ordinary  phosphate  of  sodium  added  to  a  neutral  solution  of  a  magnesium-salt  pro- 
duces a  gelatinous  precipitate  of  phosphate  of  magnesium,  soluble  in  nitric  or  hydrochloric 
acid  ;  but  if  ammonia  be  then  added  in  excess  to  the  acid  solution,  a  precipitate  of 
phosphate  of  magnesium  and  ammonium,  Mg"(NH4)P04,  is  formed,  which  is  flocculent 
or  gelatinous  at  first,  but  soon  becomes  crystalline,  especially  on  agitation.  The  same 
precipitate  is  likewise  produced  on  adding  a  soluble  phosphate  to  the  solution  of  a  mag- 
nesium-salt already  containing  ammonia.  It  is  an  extremely  delicate  test  of  the 
presence  of  magnesia.  If  the  solution  is  very  dilute,  the  precipitate  attaches  itself  in 
crystalline  grains  to  the  sides  of  the  vessel.  According  to  Harting  (J.  pr.  Chem. 
xxii.  50),  a  solution  containing  only  i  of  magnesia,  gives  a  precipitate,  after  24 


hours  with  phosphate  of  ammonium  mixed  with  free  ammonia,  provided  the  latter  so- 
lution is  highly  concentrated  and  added  in  equal  quantity.  Oxalic  acid  or  acid  oxalatt 
of  potassium  precipitates  neutral  magnesium-solutions,  provided  no  ammoniacal  salts 
are  present. 

3.  Quantitative  Estimation  and  Separation.  —  When  magnesia  occurs  in  a 
solution  not  containing  any  other  fixed  substance,  its  quantity  may  be  determined  by 
evaporating  to  dryness,  igniting  the  residue,  then  moistening  it  with  sulphuric  acid 
slightly  diluted  with  water,  and  expelling  the  excess  of  that  acid  at  a  low  red  heat  : 
sulphate  of  magnesium  then  remains,  containing  33'7  per  cent,  of  magnesia,  or  19'22 
per  cent,  of  magnesium. 

If  the  solution  contains  other  fixed  substances,  the  magnesia  must  be  precipitated 
by  the  addition  of  ammonia  in  excess  and  phosphate  of  sodium.  The  precipitated 
ammonio-magnesian  phosphate  does  not  settle  down  at  once,  but  its  deposition  maybe 
accelerated  by  leaving  the  vessel  in  a  warm  place.  Care  must  be  taken,  however,  not 
to  allow  the  liquid  to  get  very  hot,  as  in  that  case,  hydrate  of  magnesium  will  be  pre- 
cipitated, and  will  be  very  difficult  to  redissolve.  The  precipitate,  after  standing  for 
about  two  hours,  is  collected  on  a  filter  and  washed  with  water  containing  ammonia,  as 
pure  water  decomposes  it.  It  is  then  dried  and  ignited,  whereby  it  is  converted  into 
pyrophosphate  of  magnesium,  2Mg2O.P205  or  Mg4P-07,  containing  36'33  per  cent. 
magnesia,  or  21  '62  per  cent,  magnesium. 

From  the  heavy  metals,  magnesium  may  be  separated,  either  by  sidphydric  acid 
or  by  sulphide  of  ammonium  ;  from  aluminium  and  the  other  metals  of  the  earths 
proper,  also  by  sulphide  of  ammonium.  In  precipitating  by  sulphide  of  ammonium, 
however,  it  is  necessary  to  guard  against  the  simultaneous  precipitation  of  small  quan- 
tities of  magnesia,  for  which  purpose  the  ammoniacal  liquid  should  be  boiled,  before 
filtering,  till  the  excess  of  ammonia  is  expelled;  any  magnesia  that  may  have  been  pre- 
cipitated will  then  be  redissolved  (H.  Eose,  Pogg.  Ann.  ex.  411).  For  the  separation 
of  magnesium  from  manganese,  see  MANGANESE. 

From  aluminium,  magnesium  may  be  separated  by  precipitating  the,  former  with 
hyposidphite  of  sodium  (i.  155). 

From  barium  and  strontium,  magnesium  is  separated  by  sulphuric  acid  ;  from 
calcium  by  oxalate  of  ammonium,  with  addition  of  chloride  of  ammonium,  to  prevent  the 
precipitation  of  the  magnesia.  When,  however,  the  quantity  of  calcium  present  is  very 
small  in  proportion  to  the  magnesium,  this  mode  of  precipitation  does  not  give  exact 
results  ;  and  it  is  better,  according  to  Scheerer  (Ann.  Ch.  Pharm.  ex.  36),  to  convert 
the  two  metals  into  sulphates  ;  dissolve  the  sulphates  in  water  ;  carefully  add  alcohol 
with  stirring,  till  permanent  turbidity  is  produced  ;  leave  the  liquid  to  itself  for  a  few 
hours,  by  which  time  the  sulphate  of  calcium  will  be  completely  precipitated,  together 
with  a  small  quantity  of  sulphate  of  magnesium  ;  wash  the  precipitate  on  a  filter  with 
alcohol  diluted  with  an  equal  volume  of  water  ;  then  redissolve  t  in  water,  add  hydro- 
chloric acid  in  excess,  and  precipitate  the  lime  with  oxalic  acid  and  ammonia. 

From  the  alkali-metals,  magnesium  may  be  separated  by  converting  the  bases  into 
sulphates,  and  adding  baryta-water.  The  magnesia  is  then  precipitated  in  the  form  of 
hydrate,  together  with  sulphate  of  barium.  The  precipitate,  after  washing,  is  digested 
with  dilute  sulphuric  acid,  which  extracts  the  magnesia  in  the  form  of  sulphate  ;  and 
the  filtrate,  containing  the  alkalis  together  with  the  excess  of  baryta,  is  also  treated  with 
sulphuric  acid,  which  precipitates  the  baryta,  and  converts  the  alkalis  into  sulphates. 

Magnesium  may  also  be  separated  from  the  alkali-metals  by  means  of  mercuricoxtdc, 


754  MAGNESIUM,  FLUORIDE— NITRIDE. 

The  solution  from  which  all  metals  except  those  of  the  alkalis  and  magnesium  have 
been  removed,  and  which  must  contain  no  fixed  acid,  is  digested  with  excess  of  finely 
divided  mercuric  oxide ;  the  whole  evaporated  to  dryness,  and  the  residue  heated  to 
drive  off  the  mercury.  The  magnesium  then  remains  as  magnesia,  and  the  alkalis  can 
be  washed  out  with  water. 

Chancel  (Compt.  rend.  194)  recommends  the  following  method.  Ine  magnesia  is 
precipitated  from  the  solution  containing  sal-ammoniac  and  free  ammonia,  by  phosphate 
of  ammonium;  the  filtrate  is  evaporated  to  dryness;  the  residue  carefully  ignited  to 
expel  ammoniacal  salts ;  then  redissolved  in  water ;  and  the  solution  is  mixed  wilh 
nitrate  of  silver  and  a  slight  excess  of  carbonate  of  silver.  After  filtering  off  the 
phosphate  of  silver  (and  chloride,  if  the  alkalis  existed  in  the  solution  as  chlorides),  the 
excess  of  silver  is  removed  from  the  filtrate  by  hydrochloric  acid,  and  the  alkalis  ara 
estimated  as  chlorides. 


dissolved 

Mg"       . 

according  to  later  experiments. 

Scheerer  (Pogg.  Ann.  Ixix.  135),  by  determining  the  quantity  of  sulphate  of 
barium  produced  from  a  given  quantity  of  sulphate  of  magnesium,  found  fcr  magnesium 
the  number  24'2.  The  results  of  Svanberg  and  Nordenfeldt  (J.  pr.  Chem.  xlv. 
473),  obtained  by  the  decomposition  of  oxalate  of  magnesium  (M#'C?O4.2tPO),  made 
it  247  ;  those  obtained  by  converting  a  known  weight  of  magnesia  into  sulphate 
gave  it  as  2474 ;  whilst  those  of  Marchand  and  Scheerer  (Ann.  Ch.Pharm.  Ixxvi. 
219),  obtained  by  igniting  the  native  carbonate  (magnesite),  gave  the  number  24-04. 
Dumas  (Ann.  Ch.  Phys.  [3]  Iv.  129)  attempted  to  determine  the  atomic  weight  of 
magnesium  by  precipitating  the  chloride  with  nitrate  of  silver,  but  he  found  the 
greatest  difficulty  in  obtaining  the  chloride  free  from  magnesia.  The  mean  of  eleven 
experiments  gave  Mg"=  24'6. 

The  mean  of  all  these  results  is  24-32,  but  those  of  Marchand  and  Scheerer  are 
generally  regarded  as  the  most  trustworthy.  Moreover  Scheerer  has  lately  shown,  by 
his  method  of  separating  calcium  and  magnesium  above  given  (p.  753),  that  the 
specimens  of  magnesite  used  by  himself  and  Marchand  in  their  determinations,  con- 
tained small  quantities  of  calcium  not  previously  detected.  He  therefore  considers 
that  the  number  24*04  found  in  those  experiments  was  rather  above  than  below  the 
truth.  On  the  whole,  then,  tho  atomic  weight  of  magnesium  may  be  regarded  as  24. 

MAGNESIUM,  FIiUORIDE  OP.  Obtained  as  a  white  tasteless  powder  by 
treating  the  carbonate  with  hydrofluoric  acid,  or  mixing  the  sulphate  with  iluorido  of 
potassium.  It  is  insoluble  in  water  and  nearly  insoluble  in  acids. 

MAGNESIUM,  FXiUOBORIDE  OF.     See  BOROFLUOIUDKS  (i.  634). 

MAGNESIUM,  FIiUOSIIiICIDE  OF.     See  SILICOFLUORIDES. 

IWACNESITJ1VS,  IODIDE  OP.  Obtained  by  evaporation  of  its  solution,  as  a 
difficultly  cry stalli sable  hydrate,  which  deliquesces  in  the  air,  and  when  heated  gives 
off  hydriodic  acid  and  leaves  pure  magnesia. 

MAGNESIUM,  NITRIDE  OF.  MgsN2. — Devi  lie  and  Caron  (Compt.  rend, 
xliv.  394),  by  distilling  impure  magnesium,  obtained  a  black  residue,  and  a  distillate 
of  magnesium  covered  with  small  transparent  needles,  which  easily  decomposed,  with 
formation  of  magnesia  and  ammonia,  and  therefore  contained  a  nitride  of  magnesium. 
Briegleb  and  Greuther  (Ann.  Ch.  Pharm.  cxxiii.  228)  have  obtained  the  same 
compound,  in  the  amorphous  state,  by  igniting  metallic  magnesium  in  ammonia  or  in 
nitrogen  gas ;  the  latter  method  giving  the  purest  product.  Nitride  of  magnesium 
thus  prepared  is  a  greenish-yellow  amorphous  mass,  becoming  brownish-yellow  when 
hot.  Heated  in  dry  oxygen  gas,  it  oxidises  to  magnesia,  with  vivid  incandescence.  It 
is  decomposed  by  air  and  water,  the  reaction  in  .the  latter  case  being  violent  enough 
to  make  the  water  boil.  Acids  both  dilute  and  concentrated,  with  the  exception  of 
strong  sulphuric  acid,  form  ammonium-  and  magnesium -salts,  even  in  the  cold ;  strong 
sulphuric  acid,  only  when  heated,  and  with  evolution  of  sulphurous  anhydride.  The 
nitride  heated  in  hydrochloric  acid  gas,  yields  chloride  of  ammonium  and  chloride  of 
magnesium  ;  in  sulphydric  acid,  the  corresponding  sulphides.  Carbonic  anhydride  and 
dry  carbonic  oxide  decompose  it,  at  the  heat  of  a  strong  air-furnace,  with  separation 
of  carbon  and  formation  of  cyanogen.  When  vapour  of  pentachloride  of  phosphorus  is 
passed  over  nitride  of  magnesium  heated  in  a  stream  of  nitrogen,  the  nitride  is  con- 
verted into  a  greyish-white  substance,  probably  P3N5,  according  to  the  equation 

6PC15  +  5Mg-N2    =    ISMgCl2  +  2P3N5. 
When  nitride  of  magnesium  is  heated  to  160°— 180°  in  a  sealed  tube  with  oxychloride 
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of  phosphorus,  and  the  excess  of  oxychlorido  is  distilled  off,  there  remains  a  rcsirluo 
which  melts  at  220°,  and  dissolves  completely  in  water,  with  great  evolution  of  heat, 
forming  a  solution  which  gives,  with  acetate  of  barium,  a  precipitate  of  metaphosphate 
of  barium.  Absolute  alcohol  and  iodide  of  ethyl  do  not  act  on  nitride  of  magnesium, 
even  at  160°. 

MAGNESIUM,  OXIDE  OF.  Magnesia.  MgO.— This  earth,  which  is  the 
only  known  oxide  of  magnesium,  is  produced  in  the  form  of  a  white  amorphous 
powder,  when  mugnesium  burns  in  the  air  or  in  oxygen-gas,  and  remains  in  the  same 
state  when  the  carbonate,  nitrate,  or  any  other  salt  of  magnesium  containing  a  volatile 
acid,  is  ignited  in  the  air.  It  may  bo  obtained  crystallised  in  cubes  and  regular  octa- 
hedrons, by  strongly  igniting  amorphous  magnesia  in  a  stream  of  hydrochloric  acid-gas 
(H.  Deville,  Ann.  Ch.  Pharm.  cxx.  280;  Jahresb.  1861,  p.  7);  also,  according  to 
Deb  ray  and  Kuhlmann  (Ann.  Ch.  Pharm.  cxx.  283),  by  strongly  igniting  a  mixture 
of  sulphate  of  magnesium  and  an  alkaline  sulphate  in  a  platinum  crucible,  so  that  the 
magnesia  separated  by  the  heat  may  crystallise  from  the  fused  alkaline  sulphate.  A 
mixture  of  magnesia  and  ferric  oxide,  strongly  ignited  in  hydrochloric  acid  gas,  yields 

a  mixture  of  shining  black  octahedrons  of  magno-ferrite,  MgO.Fe'-'O3  or  M/JLi  [  O4, 

and  slightly  coloured  regular  octahedrons  of  magnesia  containing  a  small  quantity  of 
iron,  exactly  resembling  periclase,  a  mineral  consisting  of  magnesia  with  1  part  in  25 
of  ferrous  oxide,  which  occurs  disseminated  through  ejected  masses  of  white  lime-stone, 
and  in  spots  of  clustered  crystals,  on  Monte  Somma. 

Ordinary  calcined  magnesia  is  prepared  by  gentle  but  prolonged  ignition  of  the  car- 
bonate. It  is  a  fine,  white,  very  bulky  powder,  of  specific  gravity  3'07  to  3-200, 
increased  by  ignition  in  a  pottery-furnace  to  3'61  (H.  Bose).  It  melts  only  at  the 
very  highest  temperatures,  as  in  the  oxy hydrogen  blowpipe  flame,  to  which  it  imparts 
a  pale  red  colour,  and  is  then  converted  into  a  sort  of  enamel,  which  scratches  glass 
like  a  diamond  (Clarke).  It  is  tasteless  and  inodorous;  changes  some  of  the  more 
delicate  vegetable  colours,  as  that  of  moistened  red  litmus  paper,  like  the  alkalis ;  it 
is  not  caustic.  It  is  partially  decomposed  by  potassium  at  a  white  heat.  It  is  very 
slightly  soluble  in  water;  in  55,368  pts.,  either  cold  or  boiling,  according  to  Fre- 
senius  (Ann.  Ch.  Pharm.  lix.  117),  the  solution  having  a  faint  alkaline  reaction. 

A  hydrate  of  magnesium,  MgH20'2,  occurs  native  in  rhombohedral  forms,  as  brucite 
(i.  684),  and  is  precipitated  as  a  white  powder  on  adding  potash,  soda,  or  baryta-water 
in  excess  to  the  solution  of  a  magnesium-salt. 

MAGNESIUM,  SUXiPHIDE  OP.  A  sulphide  of  magnesium  is  obtained,  mixed, 
however,  with  magnesia,  by  heating  a  mixture  of  charcoal  and  sulphate  of  magnesium. 
A  purer  product  is  obtained  by  adding  to  the  preceding  mixture,  an  alkaline  persulphide, 
or  a  mixture  of  carbonate  of  sodium  with  excess  of  sulphur.  According  to  Fremy, 
sulphide  of  magnesium  is  easily  produced  by  passing  the  vapour  of  sulphide  of  carbon 
over  red-hot  magnesia. 

Solutions  of  magnesia  are  not  precipitated  by  alkaline  sulphides,  but  on  mixing  sul- 
phate of  magnesiiim  with  sulphide  of  barium,  sulphate  of  barium  is  precipitated,  and 
sulphide  of  magnesium  remains  in  solution.  Sulphide  of  magnesium  is  likewise 
obtained  by  passing  sulphydric  acid  gas  in  excess  into  water  containing  magnesia  in 
suspension.  A  solution  of  sulphide  of  hydrogen  and  magnesium  is  then  formed,  which 
is  decomposed  by  boiling-,  into  sulphydric  acid,  and  a  white  gelatinous  mass  of  sulphide 
of  magnesium. 

Sulphide  of  magnesium  forms  double  salts  with  sulphide  of  carbon,  and  with  the 
sulphides  of  arsenic. 

Sulphide  of  magnesium  is  decomposed,  by  the  continued  action  of  water,  into  mag* 
nesia  and  sulphydric  acid.  The  presence  of  that  acid  in  mineral  waters  may,  perhaps, 
be  accounted  for  by  the  existence  of  sulphide  of  magnesium  in  the  strata  through  which 
those  waters  percolate.  (Pelouze  and  Fremy,  Traite,  ii.  286.) 

MAGNESIUM-ETHYL.  Mg(C!Hs)2.—  When  iodide  of  ethyl  is  added  to 
magnesium-filings  contained  in  a  strong  narrow  glass  tube,  an  action  immediately 
takes  place,  attended  with  rise  of  temperature,  and  evolution  of  a  considerable 

Quantity  of  gas  containing  ethylcne,  and  apparently  also  ethyl  and  hydride  of  ethyl, 
f  the  tube,  after  being  cooled  with  cold  water,  be  sealed  and  heated  for  some  hours  to 
120° — 130°,  the  contents  solidify  to  a  white  mass,  which,  when  subsequently  distilled, 
yields  a  residue  of  iodide  of  magnesium,  and  a  distillate  containing  undecomposed  iodide 
of  ethyl,  and  magnesium-ethyl,  which  may  be  separated  by  fractional  rectification. 
Magnesium-ethyl  is  a  colourless  liquid,  having  a  strong  alliaceous  odour,  and  boiling 
at  a  higher  temperature  than  iodide  of  ethyl.     It  takes  fire  in  the  air,  and  decomposes 
water  with  violence.     (Cahours,  Ann.  Ch.  Pharm.  cxiv.  227,  351;  Jahresb.  1859, 
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p.  416.  See  also  Hallwachs  and  Schafarik,  Ann.  Ch.  Pharm.  cix.  215;  Jahresb. 
1859,  p.  407.) 

Magnesium-ethyl  forms  a  finely-crystallised  double  salt  with  iodide  of  magnesium : 
probable  formula,  MgC'-H5I.  ( W  a  n  k  1  y  n.) 

iVTAGXESlUJVl-lMETHYIi  is  produced  by  the  action  of  magnesium  on  iodide 
of  methyl  in  a  manner  similar  to  the  above.  It  is  likewise  a  mobile  strong-smelling 
liquid,  which  instantly  takes  fire  in  the  air,  and  quickly  decomposes  water,  with  evolu- 
tion of  marsh  gas  and  separation  of  magnesia.  (C  a  hours.) 

MAGNETIC  iROn  ORE.     Native  ferroso-ferric  oxide  (iii.  337,  397). 

MAGNETIC  PYRITES.     Ferroso-ferric  sulphide  (iii.  401). 

MAGWETIS1VX.  It  has  been  known  from  very  early  times,  that  the  native  black 
oxide  of  iron,  or  ferroso-ferric  oxide  (Fe^O-)  possesses,  at  certain  points  of  its  surface, 
culled  poles,  the  power  of  attracting  small  pieces  of  iron.  The  Greeks  gave  to  this 
mineral  the  name  of  magnctcs  (fccryi'TjTTjs),  from  the  village  of  Magnesia  in  Lydia, 
near  which  it  was  found  in  considerable  quantity:  hence  the  name  Magnetism,  ap- 
plied to  the  branch  of  science  which  treats  of  this  peculiar  kind  of  attraction,  and  of 
the  various  phenomena  related  to  it. 

The  attractive  power  of  the  natural  magnet  may  be  communicated  to  iron  and  steel 
by  contact,  the  attractive  power  thus  developed  continuing,  in  soft  iron,  only  so  long  as 
the  contact  lasts,  whereas,  in  hard  iron,  and  more  especially  in  steel,  it  continues  after 
separation  from  the  natural  magnet.  A  bar  of  steel  rubbed  lengthwise,  and  in  one 
constant  direction,  with  the  pole  of  a  natural  magnet,  becomes  itself  a  magnet,  capable 
of  attracting  iron,  and  imparting  its  power  in  like  manner  to  other  bars  of  steel. 

Another  mode  of  imparting  magnetism  to  iron  or  steel  is  by  the  action  of  an  electric? 
current  or  discharge,  as  already  described  in  the  article  ELECTEICITY  (ii.  448).  A  steel 
bar,  placed  within  a  helix  of  wire  through  which  an  electric  current  is  passed,  becomes 
a  permanent  magnet.  Lastly,  as  we  shall  presently  explain  more  particularly,  a  bar 
of  iron  or  steel  may  be  rendered  magnetic  by  placing  it  in  a  certain  position  relatively 
to  the  earth. 

The  properties  of  magnets  are  the  same  in  whatever  manner  their  power  may  be 
developed. 

There  are  only  two  other  metals,  viz.  nickel  and  cobalt,  in  which  the  magnetic  power 
can  be  conspicuously  developed  by  the  means  above  mentioned :  in  nickel  it  is  con- 
siderable, but  much  less  powerful  than  in  iron ;  and  in  cobalt,  still  less.  All  other 
bodies  are,  indeed,  more  or  less  susceptible  of  magnetic  influence,  but  they  exhibit  its 
effects  only  when  subjected  to  very  powerful  electric  or  magnetic  forces ;  and,  in  many 
cases,  the  mode  of  manifestation  is  very  different  from  that  which  is  exhibited  by  iron. 
See  DIAMAGNETISM  (p.  770). 

Distribution  of  Magnetic  Power. — In  a  magnetised  steel  bar,  as  in  the  natural  magnet, 
the  attractive  power  is  not  uniformly  distributed,  but  is  more  or  less  concentrated  in 
certain  points  called  poles,  situated  at  or  near  the  ends  of  the  bar,  whence  it  dimi- 
nishes with  greater  or  less  rapidity  and  regularity  towards  an  intermediate  point,  or 
rather  line,  called  the  median  line,  generally  in  the  middle  of  the  bar.  This  may  be 
shown  by  rolling  the  bar  in  iron  filings,  which  then  attach  themselves  in  clusters  round 
the  ends,  leaving  the  middle  bare,  as  in  fig.  716.  If.  the  two  poles  have  equal  attractive 

Figs.  716.  Fig.  718. 


Fig.  717. 


power,  and  are  situated  at  equal  distances  from  the  ends,  and  the  power  diminishes 
from  each  of  them  at  the  same  rate  towards  the  middle,  the  bar  is  said  to  be  regularly 
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magnetised.  This,  however,  is  not  always  the  case.  Sometimes  n  magnet  exhibits 
more  than  two  poles,  as  shown  in  fig.  717. 

Direction  of  a  freely-suspended  Magnetic  Bar.—  When  a  regularly  magnetised  steel 
bar  is  suspended  by  its  centre  of  gravity  from  a  thread  without  torsion,  or  supported  by 
an  agate  cap  on  a  steel  point,  as  in/y.  718,  so  that  it  can  move  freely  in  a  horizontal 
plane,  it  takes  up  a  particular  position  with  respect  to  the  poles  of  the  earth,  one  end 
pointing  more  or  less  exactly  towards  the  north,  the  other  to  the  south.  A  bar-magnet 
thus  suspended  is  called  a  magnetic  needle,  though  the  so-called  needle  is  some- 
times a  stout  bar  weighing  several  pounds.  Small  needles  arc  sometimes  made  of  flat 
lozenge-shaped  bars  of  steel,  like  that  represented  infiff,  718. 

The  particular  angle  which  the  bar  in  its  position  of  equilibrium  makes  with  the 
geographical  meridian  is  different  on  different  parts  of  the  earth's  surface,  and  varies 
at  the  eame  place  at  different  times.  In  some  parts,  the  suspended  magnet  points 
exactly  north  and  south  ;  in  London,  at  the  present  time  (1864),  the  direction  is  north- 
west and  south-east,  the  position  of  equilibrium  making  an  angle  of  20°  45'  with  the 
geographical  meridian. 

The  vertical  plane  passing  through  the  two  poles  of  the  needle  is  called  the  mag- 
netic meridian  of  the  place,  and  the  angle  which  it  makes  with  the  geographical 
meridian  is  called  the  declination. 

One  particular  end  of  the  suspended  bar  always  points  towards  the  north,  tho  other 
towards  the  south.  If  the  bar  be  placed  exactly  in  the  opposite  position,  it  may  remain 
for  a  while  in  a  condition  of  unstable  equilibrium  ;  but  the  slightest  disturbance  will 
cause  it  to  swing  back  to  its  former  position,  in  which,  after  a  certain  number  of  oscil- 
lations, it  will  come  to  rest.  The  two  ends  of  the  bar  are  accordingly  designated  as 
the  north  and  so  lit  h  poles  respectively.*  Every  regularly  magnetised  piece  of  iron 
or  steel  has  two  such  poles,  and  two  only,  which  are  not  interchangeable. 

If  the  magnetic  needle,  instead  of  having  its  movements  restricted  to  a  horizontal 
plane,  be  suspended  by  its  centre  of  gravity,  in  such  a  manner  that  it  can  move  freely 
in  all  directions,  it  places  itself,  not  only  in  the  magnetic  meridian,  but  likewise  at  a 
particular  inclination  to  the  horizon,  which  also  differs  according  to  the  locality,  and 
varies  in  the  same  place  at  different  times.  In  London,  at  the  present  time,  a  freely 
suspended  magnetic  needle  places  itself  at  an  angle  of  68°  15'  to  the  horizon,  with  its 
north  pole  downwards.  A  magnet,  suspended  so  as  to  exhibit  this  inclination,  is  called 
a  dipping  needle,  and  the  angle  of  inclination  is  called  the  dip. 

The  north  pole  of  the  needle  dips  throughout  the  greater  part  of  the  northern  hemi- 
sphere, and  the  south  pole  throughout  the  greater  part  of  the  opposite  hemisphere,  and 
between  these  two  portions  there  is  a  line  not  deviating  greatly  from  the  earth's  equator, 
on  which  the  needle  has  no  dip,  but  stands  horizontally.  In  short,  .as  will  be  seen 
from  what  follows,  the  movements  of  a  freely-suspended  needle  in  different  parts  of 
the  world,  are  such  as  may  be  accounted  for  by  regarding  the  earth  as  a  great  magnet, 
the  northern  hemisphere  exhibiting  southern,  and  the  southern  hemisphere  northern 
magnetic  polarity.  (See  MAGNETISM,  TERRESTRIAL.) 

MAGNETIC  ATTRACTION  AND  EEPTTLSION. 

A  piece  of  unmagnetised  iron  is  attracted  indifferently  by  either  pole  of  a  magnet, 
and,  it  need  scarcely  be  observed,  that  the  attraction  is  mutual,  so  tliat,  whichever  of 
the  two  is  movable,  will  move  towards  the  other ;  and  if  both  are  movable,  they  will 
approach  one  another  with  velocities  which  are  inversely  as  their  masses.  Hence,  if  a 
piece  of  unmagnetised  iron  or  steel  be  presented  to  either  pole  of  a  magnetic  needle, 
',he  needle  will  move  towards  it.  But,  when  a  magnetised  bar  is  presented  to  the 
needle,  it  is  found  that  the  north  pole  of  the  one  attracts  the  south  pole  of  the  other, 
but  repels  the  north,  while  a  south  pole  attracts  a  north  pole,  but  repels  a  south.  The 
general  law  of  magnetic  attraction  and  repulsion  is  then  exactly  similar  to  that  of 
electric  attraction  and  repulsion  (ii.  376),  viz.  Similar  magnetic  poles  repel,  dissimilar 
poles  attract  one  another.  Hence,  to  determine  whether  any  piece  of  iron  or  steel  is 
magnetised  or  not,  it  is  sufficient  to  present  the  several  parts  of  its  surface  to  a  deli- 
cately-suspended magnetic  needle  :  if  every  part  attracts  the  needle,  the  piece  of  iron 
is  destitute  of  magnetic  polarity ;  if,  on  the  other  hand,  some  parts  attract,  while  others 
repel,  the  poles  of  the  needle,  the  iron  is  shown  to  be  magnetic,  and  the  number  and 
positions  of  its  poles  may  be  determined. 

Magnetic  attraction  and  repulsion  are  not  prevented  by  the  interposition  of  any  sub- 
stance not  itself  susceptible  of  magnetism.  If  a  magnetic  needle  be  deflected  from  its 
natural  position,  by  placing  a  piece  of  iron,  or  another  magnet,  near  it,  and  allowed  to 

*  Sometimes  by  English  writers,  and  commonly  by  French  authors,  the  pole  which  points  northwards 
Is  called  the  south  pole  (p6le  austral),  and  that  which  points  southwards  the  north  pole  (pdlc  boreal) 
of  the  magnet.  In  order  to  avoid  this  confusion,  Faraday  speaks  of  the  pole  which  points  uorUuv;iuls 
as  the  "  marked  pole." 
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settle  itself  in  its  position  of  equilibrium,  that  position  will  not  be  disturbed  by  the 
interposition  of  a  screen  of  paper,  wood,  glass,  copper,  &c. ;  but,  if  a  plate  of  iron  bo 
interposed,  thp  needle  will  immediately  take  up  a  new  position,  the  distribution  of  the 
magnetic  forces  being  altered  by  the  interposition  of  the  iron. 

The  force  of  magnetic  attraction  and  repulsion  varies  inversely  as  the  square  of 
the  distance  between  the  poles  or  centres  of  action. — By  the  term  pole  we  must  here 
understand  the  point  of  application  of  all  the  forces  exerted  by  one  half  of  a  magnet 
on  any  point  of  the  other.  It  is  evident,  then,  that  the  poles  must  vary  in  position 
according  to  the  distance  between  the  magnets ;  but  unless  the  magnets  are  very  close 
together,  the  distance  between  their  poles  will  rot  differ  sensibly  from  that  which 
exists  when  the  magnets  are  placed  so  far  apart  that  all  the  acting  forces  _  may  be 
regarded  as  parallel.  The  poles,  understood  in  this  sense,  do  not  of  course  coincide  with 
the  points  of  strongest  attraction,  which  are  generally  at  the  ends  of  the  magnet,  but 
they  are  nearer  to  those  points  in  proportion  as  the  magnetic  power  decreases  more 
rapidly  from  the  ends  towards  the  middle. 

This  law  of  magnetic  action  maybe  demonstrated  in  three  ways:  1.  By  the  Torsion- 
Balance. — The  construction  of  the  magnetic  torsion-balance  is  similar  to  that  already 
described  (ii.  380)  for  the  measurement  of  the  electric  forces,  the  shellac  needle  being 
replaced  by  a  magnetic  needle,  and  the  shellac  stem  by  a  bar-magnet.  The  mode  of 
experimenting  to  determine  the  law  of  magnetic  action  with  regard  to  distance,  is 
exactly  similar  to  that  described  at  page  381,  vol.  ii.,  for  measuring  the  force  of 
electric  attraction  and  repulsion. 

2.  By  the  Method  of  Oscillations.— Suppose  a  magnetic  needle  to  be  placed  near  a 
bar-magnet,  with  its  centre  on  the  prolongation  of  the  axis  of  that  magnet;  it  will  then 
place  itself  in  the  direction  of  that  axis,  and  if  disturbed  from  that  position  will 
oscillate  backwards  and  forwards,  and  ultimately  settle  in  its  original  position  of  equili- 
brium. Now  the  oscillations  of  the  needle  thus  vibrating  under  the  influence  of  magnetic 
attraction,  are  regulated  by  the  same  laws  as  those  of  a  pendulum  oscillating  under  the 
influence  of  gravity,  that  is  to  say,  the  squares  of  the  times  of  oscillation  are  inversely  as 
the  attracting  forces.  Supposing  then  the  power  of  the  magnet  and  needle  to  remain 
constant  during  the  experiment,  the  diminution  of  the  attractive  force  at  different 
distances  may  be  measured  by  counting  the  number  of  oscillations  which  the  needle  per- 
forms in  a  given  time  at  different  distances.  It  is  necessary  to  observe,  however,  that,  as 
the  oscillations  of  the  needle  are  determined  by  the  magnetic  force  of  the  earth  as  well 
as  by  that  of  the  magnet,  the  terrestrial  force  must  be  either  compensated  or  allowed  for. 

To  simplify  the  calculations  as  much  as  possible,  the  experiment  may  be  performed 
with  an  astatic  needle,  that  is  to  say,  a  system  composed  of  two  magnetic  needles  of 
equal  power,  joined  together  parallel  to  one  another,  but  with  their  poles  in  contrary 
directions,  by  a  small  piece  of  straw  or  copper  wire  passing  through  their  centres  of 
gravity  (ii.  443);  such  a  combination  will  evidently  place  itself  indifferently  in  all 
positions  relatively  to  the  magnetic  meridian,  because  the  magnetic  force  of  the  earth 
acts  on  the  two  needles  composing  it  with  equal  force  but  in  opposite  directions.  Now 
let  one  of  the  poles  of  such  a  needle  be  brought  near  the  contrary  pole  of  a  bar-magnet, 
of  such  a  length  that  the  action  of  its  farther  pole  may  be  left  out  of  account.  The 
distance  between  the  poles  of  the  magnet  and  needle  is  then  to  be  measured,  the 
needle  made  to  vibrate,  and  the  number  of  its  oscillations  performed  in  a  given  time, 
counted.  The  needle  is  then  removed  to  a  greater  distance  and  the  experiment  is 
repeated.  If  then  m  and  m'  are  the  magnetic  forces  at  the  distances  d,  d',  and  n,  n'  the 
corresponding  numbers  of  oscillations  in  the  same  time  ;  we  have  n2  :  n'2  =  m  :  ni. 
Now  experiment  shows  that  the  quantities  n,  n  d,  d'  are  related  by  the  equation 
n  :  n'  =  d' :  d,  that  is  to  say,  the  number  of  oscillations  in  a  given  time  are  inversely 
as  the  distances ;  consequently 

m:  m'    =   d"* :  d*. 

The  same  result  may  be  attained  by  the  use  of  a  needle  not  rendered  astatic.  Let 
If  be  the  number  of  oscillations  which  it  makes  in  a  given  time  under  the  influence  of 
the  earth's  magnetism  alone  ;  n  the  number  performed  in  the  same  time  under  the  joint 
influence  of  the  terrestrial  force  and  that  of  a  magnet  placed  at  a  certain  distance  from 
the  needle  in  the  magnetic  meridian ;  and  n'  the  number  performed  in  like  manner 
when  the  -magnet  is  removed  to  a  greater  distance.  If  then  the  magnetic  forces  of  the 
earth,  and  of  the  magnet  at  the  two  distances  mentioned,  be  denoted  by  F,  m,  m' 
respectively,  We  shall  have 

#* :  w2    =    F :  m  +  F 

and  N2 :  n'2    =  F :  m  +  F 

therefore  n9  -  W :  N2   =   m:F 

and  n'2  -  N- :  N1    =    m' :  F 
and  finally  m  :  m'   =••    n-  —  N  2  :  n'2  —  ^. 
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3.  By  the  Form  of  the  Magnetic  Curves.— Place  a  bar-magnet  under  a  sheet  of  stiff 
paper,  and  sprinkle  some  fine  iron  filings  on  the  paper  through  a  gauze  sieve.  These 
filings  will  arrange  themselves  round  the  magnet  in  peculiar  curves  (fig.  719),  radiating 

Fig.  719. 


r       '.t       j  •    r  J»Ti  «  ~^~"^'       1         t 


as  it  were,  from  the  two  poles.  Now  these  curves  are  clearly  the  graphic  expression  of 
the  law  of  magnetic  attraction  and  repulsion  with  regard  to  distance  :  for  each  of  the 
filings  under  the  influence  of  the  magnet  becomes  itself  a  small  magnet,  the  poles  of 
which  place  themselves  in  a  position  determined  by  the  resultant  of  the  forces  exerted 
upon  them  by  the  two  poles  of  the  magnet ;  and  this  position  of  equilibrium  variep 
according  to  the  distance  of  the  filing  from  the  two  poles  respectively.  In  fact,  a  smaL 
magnetic  needle,  placed  on  any  part  of  the  paper,  will  settle  itself  in  the  direction  of  a 
tangent  to  the  curve  passing  through  that  point.  If  placed  on  any  point  of  the 
prolongation  of  the  axis  of  the  magnet,  it  will  take  up  a  position  parallel  to  that  axis 
with  its  poles  arranged  consecutively  with  those  of  the  bar-magnet ;  at  any  point  on  the 
line  drawn  through  the  centre  of  the  magnet  at  right  angles  to  its  axis — every  point 
of  which  line  is  equidistant  from  the  two  poles — the  needle  will  place  itself  parallel  to 
the  bar-magnet,  with  its  poles  in  the  contrary  direction ;  and  in  any  intermediate  position, 
the  needle  will  place  itself  obliquely  to  the  magnet,  its  inclination  increasing  with  the 
difference  of  its  distances  from  the  two  poles. 

If  then  the  mode  of  generation  of  the  magnetic  curves — or,  what  comes  to  the  same 
thing,  their  general  equation — can  be  determined,  the  law  of  force  with  regard  to 
distance  may  be  deduced  from  it.  The  curves  may  be  obtained  in  a  state  convenient 
for  measurement  by  forming  them  over  a  plate  of  glass  in  the  manner  above  described, 
and  laying  upon  it  a  sheet  of  paper  covered  with  gum  or  starch  paste.  In  this  manner 
the  filings  will  be  fixed  on  the  paper,  and  the  curves  mav^  be  measured. 

By  careful  measurements  of  the  curves  formed  by  the  joint  action  of  two  magnetic 
poles,  either  contrary  or  similar,  on  iron  filings  or  infinitely  small  magnets,  Eoget  has 
determined  the  following  law :  The  difference  of  the  cosines  of  the  angles  formed  with  the 
magnetic  axis  (the  line  joining  the  two  poles')  by  lines  drawn  from  these  two  poles  to  any 
point  of  a  magnetic  curve,  is  a  constant  quantity,  the  two  angles  being  taken  on  the  same 
side  of  the  axis. 

Roget  has  described  an  instrument  for  tracing  the  curves  by  continued  motion, 
founded  on  this  property,  and  has  also  given  the  following  method  for  describing  them 
by  points. 

From  each  pole  as  a  centre,  and  with  any  radii  whatever,  describe  two  circles ; 
produce  the  axis  till  it  meets  both  these  circles  ;  divide  the  whole  length  into  any 
number  of  equal  parts,  and  project  each  point  of  division  perpendicularly  on  the  two 
circumferences.  If  radii  indefinitely  prolonged  be  then  drawn  through  the  centre  of 
each  circumference  and  the  points  thus  determined  upon  it,  these  radii  will  intersect 
one  another  in  points  belonging  to  the  curves. 

If  the  two  acting  poles  are  of  contrary  name,  the  curves  are  said  to  be  converging 
(fiff.  719),  and  are  the  curvilinear  diagonals  in  the  direction  of  the  magnetic  axis  of  thq 
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quadrilaterals  formed  by  the  intersection  of  the  rays.  If  on  the  other  hand  the  two 
poles  are  of  the  same  name,  the  curves  are  said  to  be  divergent,  their  direction  being 
that  of  the  curvilinear  diagonals  perpendicular  to  the  former. 

Now  let  A,  B  (fig.  720)  be  the  two  magnetic  poles,  M  a  point  of  the  curve  whose 
co-ordinates,  referred  to  two  rectangular  axes,  are  x  and  y.  Let  AB  be  the  axis 
of  a:,  and  its  middle  point,  0,  the  origin.  Also  let  OA  =  OB  =  h  ;  AM  =  r ;  BM  =» 
r;  angle  MAB  =  t;  MBA  =  i.  Then  AP  =  h  —  x  =  r  cos  i\  therefore  cos  i  =* 


-  ;  in  like  manner  cos  «" 


Therefore,  according  to  Roget's  law, 


constant. 


This  is  the  equation  of  the  magnetic  curves,  the  upper  or  lower  sign  being  taken 
Fia  720  according  as  the  two  poles   are   opposite   or 

similar. 

From  this  equation,  by  the  processes  of  the 
differential  calculus,  the  expression  of  the  in- 
clination of  the  tangent  to  the  curve  at  any 
point  may  be  found ;  and  as  this  tangent  is 
the  direction  assumed  by  a  magnetic  needle 
having  its  centre  placed  over  the  point  of  con- 
tact with  the  curve,  which  direction  is  deter- 
mined by  the  resultant  of  the  attractive  and 
repulsive  actions  exerted  upon  it  by  the  two 
poles  A,  B,  it  follows  that  the  value  of  this 
inclination,  properly  expressed  in  terms  of 
the  distance  of  the  point  of  contact  from  the 
two  poles,  will  give  the  law  of  variation  of 
the  intensity  according  to  the  distance.  When  these  calculations  are  made,  it 
is  found,  in  accordance  with  the  results  of  the  other  modes  of  measurement  above 
described,  that  the  intensity  of  the  force  of  magnetic  attraction  and  repulsion  varies 
inversely  as  the  square  of  the  distance.  (See  De  La  Rive,  Traite  de  I' Electricite,  tome  i. 
note  D,  p.  592.) 

Comparison  of  the  Power  of  different  Magnets.     Distribution  of  Magnetism. 

The  old  method  of  comparing  the  power  of  magnets,  or  of  different  parts  of  the  same 
magnet,  consisted  in  ascertaining  the  weights  which  they  were  capable  of  supporting. 
This  method,  however,  can  give  only  a  rough  approximation  to  the  truth,  inasmuch  as 
the  weight  which  a  magnet  can  support  depends  in  great  measure  on  the  manner  in 
•which  the  weight  is  applied,  and  on  the  rate  at  which  it  is  increased.  When  the  weight 
with  which  a  magnet  is  loaded  is  very  gradually  increased,  it  is  found  to  be  capable  of 
supporting  a  much  larger  weight  than  could  be  supported  by  it  if  applied  all  at  once. 

Much  more  exact  results  are  obtained  with  the  torsion  balance  and  by  the  method  of 
oscillations,  both  of  which  methods  have  been  applied  to  this  purpose  by  Coulomb. 

To  compare  the  force  of  two  or  more  magnets  by  the  torsion  balance,  these  magnets 
are  introduced  successively  through  the  hole  m  (fig.  373  ;  ii.  380)  and  the  needle  of 
the  balance  is  kept  at  a  constant  angular  distance  by  twisting  the  thread  through  differ- 
ent angles,  which  are  to  one  another  as  the  forces  to  be  overcome.  When  the  method 
of  oscillations  is  employed,  the  magnets  are  placed  successively  at  a  constant  distance 
from  the  needle,  this  distance  being  so  great  that  they  cannot  alter  the  distribution  of 
its  magnetic  power. 

Magnetic  Moments. — Another  mode  of  comparing  the  power  of  magnets  is  to  place 
each  of  them  successively  in  a  small  stirrup  suspended  from  the  thread  of  the  torsion- 
balance,  so  that  the  magnet  may  remain  in  the  magnetic  meridian  when  the  thread  is  un- 
twisted. The  thread  has  then  to  be  twisted  through  different  degrees,  so  as  to  obtain 
for  each  magnet  the  same  angle  of  deviation  from  the  magnetic  meridian.  The  angles 
of  torsion  thus  found  represent  what  Coulomb  calls  the  magnetic  moments  of  the 
several  bars.  It  is  evident  that  the  magnetic  moment  depends  both  on  the  magnetic 
intensity  of  the  bar,  and  on  the  distance  of  its  poles  from  the  axis  of  suspension. 

Distribution  of  Magnetism. — To  measure  the  relative  attractive  or  repulsive  forces 
exerted  by  the  different  parts  of  a  bar-magnet,  Coulomb  introduced  a  vertical  wooden 
rule  into  the  glass  case  of  the  torsion-balance,  in  such  a  position  that  it  touched  the 
aeedle  of  the  balance  which  rested  in  the  magnetic  meridian  when  the  thread  was 
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nntwisted.  At  the  back  of  this  rule  was  a  vertical  groove  in  which  the  magnet  to  be 
tested  was  made  to  slide  up  and  down,  so  as  to  bring  the  several  parts  of  its  length 
opposite  to  the  pole  of  the  needle  of  the  same  name  as  the  half  of  the  bar  which  was 
presented  to  it.  The  needle  was  thereby  repelled ;  and  to  bring  it  back  to  its  original 
position,  the  thread  had  to  be  twisted  through  a  certain  angle,  which  measured  the 
repulsive  force  exerted.  The  bar  was  then  shifted  in  the  groove,  so  as  to  bring  another 
part  of  it  opposite  to  the  pole  of  the  needle,  and  a  similar  experiment  was  made. 
The  magnetic  bar  being  very  close  to  the  needle,  it  is  only  the  points  very  nearly  on  a 
level  with  the  needle  that  can  exert  any  sensible  influence  over  it,  those  which  are 
even  a  few  millimetres  above  or  below,  acting  too  obliquely. 

_  In  applying  the  method  of  oscillations  to  the  same  purpose,  a  small  needle,  magne- 
tised to  saturation,  so  that  its  magnetic  state  may  not  be  altered  by  the  action  of  the 
bar,  is  made  to  oscillate  near  different  parts  of  the  bar.  Denoting  by  m,  m'  the  magnetic 
intensities  at  two  different  points,  and  by  N,  n,  ri  the  number  of  oscillations  made  in 
a  given  time,  under  the  influence  of  the  earth  alone,  and  under  this  influence  added  te 
that  of  the  two  points  of  the  bar  under  consideration,  we  find,  as  on  page  758, 
m:m'  =  n*  -  JV2 :  ri*  _  JV». 

Either  of  these  methods  gives  directly  the  relative  magnetic  intensity  of  any  part  of 
a  bar,  excepting  at  the  extremities,  for  which  the  intensities  found  by  direct  experi- 
ment must  be  doubled,  in  order  to  give  the  true  force  at  these  points,  as  compared  with 
the  rest :  for  the  power  observed  at  these  extreme  points  would  evidently  be  double 
of  what  it  actually  appears  to  be,  if  the  magnet  were  prolonged,  so  as  to  present,  beyond 
these  extremities,  points  of  equal  magnetic  force  with  those  which  are  within  them,  as 
is  the  case  for  every  other  part  of  the  bar. 

The  results  obtained  by  these  methods  may  be  represented  graphically  by  erecting, 
at  the  several  points  of  a  horizontal  line  representing  a  magnetised  bar,  perpendiculars 
whose  lengths  are  proportional  to  the  intensities  observed  at  these  points.  The  ends  of 
these  ordinates  form  a  curve  like  that  represented  in  fig.  721. 

It  is  remarkable  that  for  all  rectangular  or  cylindrical  bars  whose 
Fig.  721.    length  exceeds  20  centimetres  (or  8  inches)  the  form  of  this  curve,  that 
is  to  say,  the  distribution  of  the  magnetism,  is  the  same,  excepting  that 
the  space  in  the  middle,  where  the  magnetic  power  is  little  or  nothing, 
occupies  a  greater  or  smaller  space  according  to  the  length  of  the  bar. 

The  poles,  that  is  to  say,  the  points  of  application  of  the  resultants  of 
all  the  forces  exerted  on  each  half  of  the  magnet  by  an  infinitely  small 
needle  or  magnetic  element,  placed  at  such  a  distance  that  all  the  lines 
of  force  may  be  regarded  as  parallel,  correspond  with  the  centres  of 
gravity  of  the  surfaces  enclosed  by  the  curves  of  intensity.  Hence 
for  all  magnets  of  equal  force  and  longer  than  20  centimetres,  the 
poles  are  situated  at  the  same  distance  from  the  extremities:  this 
distance,  according  to  Coulomb's  calculation,  is  about  4  centimetres 
(about  1-6  inches).  In  shorter  bars  they  are  situated  at  about  two 
thirds  of  the  distance  from  the  centre  to  the  ends. 

The  preceding  results  apply  only  to  magnets  whose  length  is  very 
great  in  proportion  to  their  transverse  dimensions,  and  in  which  the 


form  is  perfectly  regular— that  is,  prismatic  or  cylindrical,  and  the  magnetisation  likewise 
regular :  in  lozenge-shaped  needles,  the  poles  are  much  farther  from  the  extremities. 

MAGNETIC  INDUCTION. 

It  has  already  been  mentioned  that  a  piece  of  iron  or  steel  placed  in  contact  with  a 
pole  of  a  magnet,  either  natural  or  artificial,  becomes  itself  a  magnet.  This  action 
likewise  takes  place,  though  with  diminished  intensity,  at  a  distance,  and  is  not  pre- 
vented by  the  interposition  of  non-magnetic  bodies.  This  effect  is  called  magnetic 
induction,  and  the  law  according  to  which  it  takes  place  is  precisely  analogous  to  that 
of  electric  induction  (ii.  384),  viz.  that  The  extremity  of  the  iron  or  steel  nearest  to  the 
inducing  magnetic  pole,  becomes  a  pole  of  contrary  name,  and  the  farther  extremity  a 
pole  of  the  same  name  as  the  inducing  pole.  Thus,  suppose  a  bar  of  soft  iron  to  be 
placed  in  contact  with  the  north  pole  of  a  magnet ;  on  presenting  a  magnetic  needle  to 
its  farther  extremity,  the  needle  will  turn  its  south  pole  to  the  bar,  showing  that  that 
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end  has  become  a  north  pole.  If  the  bar  be  detached  and  the  inducing  magnet  re- 
moved, the  polarity  of  the  bar  is  immediately  destroyed,  and  the  needle  returns  to  its 
normal  position ;  and  if  the  south  pole  of  the  magnet  be  now  placed  contact  with 
or  near  to  the  end  of  the  bar,  the  needle  will  turn  round  and  present  its  north  pole  to 
the  farther  extremity.  The  polarity  of  the  end  of  the  bar  which  is  in  contact  with 
the  inducing  magnet,  cannot  easily  be  tested  in  a  similar  manner,  on  account  of  the 
contrary  action  of  the  inducing  pole ;  but  if  a  short  steel  bar  be  substituted  for  the 
soft  iron,  and  left  in  contact  with  the  magnet  for  a  few  seconds,  it  will,  on  being  sepa- 
rated, exhibit  two  poles,  that  which  has  been  in  contact  with  the  pole  of  the  inducing 
magnet  being  a  pole  of  contrary  name. 

Moreover,  the  iron  or  steel  thus  rendered  magnetic  by  induction  will  act  in  a  precisely 
similar  manner  on  any  other  piece  of  iron  or  steel  in  its  neighbourhood,  developing 
polarity  in  it,  if  previously  unmagnetised,  and  altering  the  distribution  and  intensiiy 
of  its  polarity  if  previously  magnetised.  Consequently,  just  as  the  electric  polarily 
of  a  charged  body  is  intensified  by  developing  electricity  in  a  neighbouring  conductor 
(ii.  385)  so  likewise  may  the  polarity  of  a  magnetic  bar  be  strengthened  by  inducing 
magnetism  in  a  neighbouring  piece  of  iron.  Thus,  suppose  a  bar  of  soft  iron,  B,  to  be 
placed  in  contact  with  the  north  pole  of  a  steel  magnet,  A,  in  the  manner  represented 
injfy.  722,  B  will  then  become  a  magnet  with  its  poles  disposed  similarly  to  those  of 

Fig.  722. 
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A,  and  will  act  upon  A,  just  as  if  B  were  the  original  magnet,  and  A  the  unmagnetised 
iron.  The  original  polarity  of  A  will  therefore  be  strengthened ;  and,  in  fact,  it  is  found 
that  a  steel  magnet  is  rendered  more  powerful  and  capable  of  supporting  a  greater 
weight,  by  leaving  pieces  of  soft  iron  in  contact  with  its  poles. 

It  will  be  easily  understood,  from  the  preceding  exp]anations,  that  the  attraction  of 
unmagnetised  iron  by  the  magnet  is  not  an  isolated  phenomenon,  but  merely  a  parti- 
cular case  of  the  general  law  of  the  attraction  between  similar  magnetic  poles.  This 
is  also  easily  shown  by  experiment.  Suspend  a  piece  of  iron,  a  key  for  example,  from 
the  north  pole  of  a  bar  magnet;  then  bring  the  north  pole  of  a  second  magnet  in  contact 
with  the  first ;  the  key  will  be  held  with  greater  force  than  before,  because  the  two 
magnets  polarise  it  in  the  same  way.  Now  turn  the  second  magnet  round,  and  bring 
its  south  pole  in  contact  with  the  north  pole  of  the  first ;  the  key  will  immediately 
drop  off,  because  the  second  magnet  induces  in  it  a  polarity  contrary  to  that  of  the 
first,  and  reduces  it  to  the  condition  of  unmagnetised  iron. 

The  case  is,  however,  different  if  the  two  magnets  act  at  opposite  ends  of  the  un- 
magnetised iron.  Thus,  let  two  magnetic  poles  P,  P',  (fig.  723)  be  brought  in  contact 
with  the  two  ends  of  a  bar  of  soft  iron  B,  not  more  than  two  or  three  inches  long.  If 
the  poles  P,  P',  are  similar,  the  iron  will  not  be  held  up  by  them,  because  they  tend  to 
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polarise  it  in  opposite  ways  ;  but  if  the  poles  P,  P'  are  dissimilar,  their  polarising  actions 
will  conspire,  and  the  piece  of  iron  will  be  held  up  with  greater  force  than  it  would  be 
by  either  of  them  alone.  Hence  also  a  magnet  bent  in  the  form  of  a  horse-shoe  (fig. 
724)  will  hold  a  piece  of  iron  placed  across  its  poles,  with  greater  force  than  a  bar 
magnet  of  the  same  size  and  intrinsic  magnetic  force ;  and  by  uniting  a  number  of 
such  horse-shoe  magnets  with  their  similar  poles  together,  great  power  may  be  obtained. 
Another  fact  tending  to  show  that  the  attraction  of  iron  by  a  magnet  must  be  pre- 
ceded by  magnetisation  of  the  iron  is,  that  very  hard  steel,  which  acquires  polarity  but 
slowly  is  scarcely  attracted  by  the  magnet. 
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It  is  easy  to  see  that  the  poles  s,  n,  of  a  piece  of  iron  laid  across  the  poles  of  a  horse- 
shoe magnet  will  strengthen  its  polarity ;  in  fact  it  is  the  constant  practice  to  keep 
horse-shoe  magnets,  when  not  in  use,  with  a  piece  of  soft  iron — thence  called  a  keepe  r 
— across  their  poles.  In  like  manner  the  best  way  of  preserving  the  power  of  bar 

Fig.  725. 


magnets  is  to  lay  two  of  them  side  by  side  in  a  box,  with  their  poles  pointing  opposite 
ways  and  with  keepers  placed  across  them  (fig.  725). 

Molecular  Constitution  of  Magnets. 

All  the  magnetic  phenomena  hitherto  considered  are  consistent  with  the  sup- 
position that  the  north  polarity  resides  in  one  half  of  the  magnet,  and  the  south 
polarity  in  the  other,  each  kind  of  polarity  gradually  increasing  in  intensity  from 
the  median  line  to  the  ends.  But  there  are  certain  effects  which  show  that  mag- 
netic, like  electric  power,  resides  in  molecules,  not  in  masses.  Take  a  steel  wire 
regularly  magnetised,  and  break  it  in  the  middle.  It  will  be  found  that  each  half 
is  a  complete  magnet,  having  a  north  and  a  south  pole,  with  a  median  line  between 
them ;  and  if  each  half  be  again  divided  in  the  middle,  four  complete  magnets 
will  be  obtained,  each  having  a  north  and  a  south  pole,  and  so  on,  to  whatever 
extent  the  division  may  be  carried.  This  result  is  easily  intelligible,  if  we  suppose  the 
original  magnet  to  be  a  collection  of  molecules,  each  having  a  north  and  a  south  pole, 
and  all  the  similar  poles  pointing  the  same  way.  It  is  easy  to  see  that,  in  such  a  row  of 
particles,  as  in  fig.  726,  the  opposite  polarities  towards  the  middle  of  the  series  will 

Fig.  726. 


neutralise  one  another,  and  only  those  of  the  two  extremities  will  be  perceptible ;  but 
that,  if  the  series  be  divided  at  any  point,  each  half  will  exhibit  polarity  similar  to 
that  of  the  whole.  That  such  a  series  of  polarised  particles  really  acts  like  an  ordi- 
nary magnet,  may  be  shown  by  partly  filling  a  glass  tube  with  steel  filings,  and  passing 
the  pole  of  a  strong  magnet  five  or  six  times  along  the  outside  of  it  in  one  constant 
direction,  taking  care  not  to  shake  the  tube.  The  individual  filings  will  thus  be  mag- 
netised, and  the  whole  column,  if  presented  to  a  magnetic  needle,  will  attract  and  repel 
its  poles,  just  like  an  ordinary  bar  magnet,  exhibiting  a  north  pole  at  one  end,  a  south 
pole  at  the  other,  and  no  polarity  in  the  middle ;  but  on  shaking  the  tube,  or  turning 
out  the  filings  and  putting  them  in  again,  so  as  to  destroy  the  regularity  of  the  arrange- 
ment, every  trace  of  polarity  will  disappear. 

It  is  necessary,  however,  to  observe  that,  in  a  single  row  of  particles,  such  as  that  in 
fig.  726,  each  possessing  equal  magnetic  polarity,  the  resultant  polarity  would  be  exhi- 
bited only  at  the  very  extremities.  Now,  this  is  not  what  is  actually  observed  in 
magnets ;  and  the  difference  must  be  attributed  to  the  lateral  actions  of  the  particles 
in  the  several  rows  composing  the  magnet,  one  on  the  other. 

Processes  of  Magnetisation. 

From  what  has  been  said  of  the  molecular  constitution  of  magnets,  it  is  clear  that 
the  process  of  magnetisation  must  consist  in  polarising  each  separate  molecule  of  which 
the  bar  is  composed.  Now,  when  a  bar  of  soft  iron  is  placed  in  contact  with  a  mag- 
netic pole,  the  nearest  particles  become  polarised  by  the  direct  influence  of  that  pole, 
these  polarise  the  next,  and  thus  the  polarisation  is  rapidly  developed  all  along  the  bar. 
But  hard  iron  and  steel  offer  a  certain  resistance,  called  the  coercive  force,  to  the 
polarisation  of  their  molecules,  so  that  the  development  of  magnetism  in  them,  espe- 
cially in  steel,  is  slower  in  proportion  to  the  hardness  of  the  temper.  Thus,  when  a 
bar  of  hard  steel  is  placed  in  contact  with  the  north  pole  of  a  magnet,  the  nearer 
extremity  immediately  becomes  a  south  pole,  but  the  farther  end  shows  no  polarity  at 
first.  A  north  pole  is,  however,  formed  at  a  short  distance  from  the  south,  and  near 
this  another  weak  south  pole,  just  as  if  the  bar  were  divided  at  that  point,  and  the 
portion  of  it  first  polarised  acted  like  a  separate  magnet  on  the  portion  beyond.  These 
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poles  gradually  advance  along  the  bar,  a  feeble  south  pole  appearing  after  a  while  at 
the  farther  end,  succeeded,  after  a  while — if  the  bar  is  not  too  long— by  a  north  pole, 
the  bar  then  appearing  regularly  magnetised.  If,  however,  the  bar  is  very  long,  and 
made  of  very  hard  steel,  it  never  attains  this  regular  magnetisation,  but  exhibits  a 
series  of  alternate  or  consecutive  poles,  which  never  reach  its  farther  extremity.  The 
coercive  force  may,  however,  be  more  or  less  overcome,  and  regular  magnetisation 
facilitated,  by  striking  the  bar  with  a  piece  of  metal,  so  as  to  make  it  ring,  and  throw 
its  particles  into  vibration. 

It  is  obvious  that  the  polarisation  of  the  whole  series  of  particles  composing  the  bar 
will  be  accelerated  by  laying  it  between  two  bar  magnets,  with  their  opposite  poles 
facing  one  another,  or  across  the  poles  of  a  horse-shoe-magnet,  the  magnetisation  then 
taking  place  in  two  directions  at  once,  and  both  tending  to  the  same  result. 

Another  process  more  generally  adopted,  consists  in  passing  the  pole  of  a  magnet 
from  one  end  to  the  other  of  the  piece  of  steel  to  be  magnetised,  repeating  the  friction 
several  times  and  always  in  the  same  direction.  Each  particle  of  the  steel  is  then 
brought  successively  under  the  influence  of  the  magnet,  and  it  is  found  that  the 
magnetic  power  of  the  bar  increases  with  the  number  of  strokes  up  to  a  certain  point, 
after  which  no  further  increase  takes  place.  The  polarity  imparted  to  each  particle  as 
the  magnetic  pole  approaches  it,  is  reversed  when  the  pole  passes  over  it,  so  that  the 
polarity  finally  imparted  to  the  bar  is  that  which  corresponds  to  the  last  position  of  the 
inducing  magnetic  pole.  If,  for  example,  the  steel  bar  be  rubbed  with  the  north  pole  of 
a  magnet,  the  end  first  touched  will  be  a  north,  and  the  other  end,  by  which  the  magnet 
leaves  the  bar,  will  be  a  south  pole.  It  is  not  very  easy  to  understand  what  is  gained 
by  repeating  the  friction,  inasmuch  as  the  polarity  imparted  by  each  stroke  is  reversed 
at  the  commencement  of  the  next.  Possibly  the  coercive  force  of  the  steel  is  over- 
come by  the  disturbance  consequent  on  the  continued  reversal  of  the  polarity,  much  in 
the  same  manner  as  it  is  by  vibration. 

Greater  power  maybe  obtained  by  a  combination  of  the  two  methods  above  described 
namely,  by  laying  the  bar  to  be  magnetised  between  the  opposite  poles  of. two  magnets, 
or  those  of  a  horse-shoe-magnet,  then,  taking  two  other  bar  magnets,  one  in  each  hand, 
bring  down  their  opposite  poles  on  the  middle  of  the  bar  to  be  magnetised,  and  keeping 
them  at  an  inclination  of  25°  or  30°,  draw  them  outwards,  with  a  regular  motion, 
towards  the  extremities  of  the  bar.  Ten  or  twelve  strokes  given  in  this  manner,  and 
always  in  the  same  direction,  will  give  to  the  bar,  if  not  very  large,  as  much  magnetic 
power  as  it  is  capable  of  retaining.  It  is  of  course  necessary  that  the  pole  of  each 
movable  magnet  which  touches  the  bar,  should  be  of  the  same  name  as  that  of  the 
fixed  magnetic  pole  towards  which  it  is  made  to  move.  This  method,  invented  by 
Duhamel,  and  called  the  method  of  single  touch,  is  the  best  for  magnetising  compass 
needles,  and  bars  of  no  great  length  and  thickness,  in  which  regular  distribution  of 
magnetism  is  desired  rather  than  great  attractive  power ;  but  for  magnetising  long, 
thick  bars,  especially  when  it  is  desired  to  give  them  their  full  power,  the  following 
method  of  JE  p  i  n  u  s,  called  the  double  touch,  is  to  be  preferred.  The  bar  is  laid  between 
two  powerful  magnets  as  in  the  preceding  method,  and  likewise  rubbed  with  the  opposite 
poles  of  two  magnets ;  but  instead  of  drawing  these  poles  from  the  middle  towards  the 
opposite  ends  of  the  bar,  they  are  tied  together,  with  a  piece  of  cork  or  wood  between 
them  to  keep  them  at  a  certain  distance  apart,  and  made  to  travel  together  along  the 
bar,  first  one  way  and  then  the  other,  beginning;and  leaving  off  in  the  middle.  A  horse- 
shoe-magnet may  be  conveniently  used  instead  of  two  bar-magnets  tied  together.  By 
this  method  it  is  likewise  easy  to  magnetise  two  steel  bars  together,  namely,  by  placing 
them  parallel  to  one  another,  with  soft  iron  keepers  across  their  extremities,  as  mfig.  725, 
and  passing  the  two  magnetic  poles  several  times  round  the  rectangle  thus  formed, 
beginning  in  the  middle  of  one  of  the  bars,  and  leaving  off  at  the  same  place.  In  this, 
as  indeed  in  all  methods  of  magr.etising,  the  bars,  after  having  been  rubbed  a  certain 
number  of  times  on  one  side,  should  be  turned  round  and  rubbed  in  the  same  manner 
on  the  other. 

In  both  these  methods,  when  twe  movable  magnets  are  employed,  the  polarity  which 
any  particle  acquires  while  outside  the  magnetic  poles,  is  reversed  when  by  their 
motion  it  is  brought  between  them.  Now  the  advantage  of  the  double  touch  method 
consists  in  this,  that  the  two  poles  of  the  movable  magnet  or  magnets  are  separated  by 
only  a  small  distance,  so  that  the  sum  of  their  actions  on  a  particle  between  them  is  made 
as  great,  and  the  difference  of  their  actions  on  an  outside  particle  as  small,  as  possible. 
This  very  circumstance,  however,  by  developing  powerful  magnetism  at  once  in  a 
particular  part  of  the  bar,  creates  a  tendency  to  the  formation  of  consecutive  poles  when 
the  steel  is  very  hard.  Hence,  as  already  observed,  the  single  touch  method  is  usually 
adopted  where  regularity  of  magnetisation  is  the  main  object  in  view. 

Magnetisation  by  the  Electric  Current. — Very  great  magnetic  power  maybe  developed 
in  soft  iron  by  placing  it  within  a  long  coil  of  wire  through  which  an  electric  current 
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is  passing  (ii.  448).  Steel  bars  may  be  magnetised  in  the  same  way,  but  the  magnetism 
thus  developed  in  them  is  but  feeble,  apparently  because  there  is  a  want  of  vibratory 
movement  to  overcome  the  coercive  force.  The  magnetisation  may  indeed  be 
facilitated,  as  in  other  cases,  by  striking  the  bar  so  as  to  make  it  ring  while  it  is 
under  tne  influence  of  the  current ;  but  the  best  mode  of  magnetising  steel  bars  by  the 
electric  current,  is  to  pass  the  bar  through  a  short  movable  coil  of  wire,  then  fix  it 
between  two  soft  iron  electro-magnets,  the  coils  of  which  are  connected  with  the 
movable  coil,  so  as  to  form  one  continuous  circuit,  and,  having  made  the  connection 
with  the  battery,  pass  the  movable  coil  backwards  and  forwards  along  the  whole 
length  of  the  bar,  rubbing  it  at  the  same  time  against  its  surface,  so  as  to  excite  a 
vibratory  motion  in  the  particles.  In  this  way  very  powerfuland  regular  magnetisation 
may  be  obtained  (Daguin,  Traite  de  Physique,  iii.  608).  It  is  easy  to  see,  however, 
that  this  mode  of  magnetisation  requires  rather  complex  apparatus,  especially  as,  to 
develope  powerful  magnetism  in  soft  iron  requires  a  very  long  coil  of  wire  passing 
several  times  round  the  bar,  and  consequently  a  powerful  battery  of  several  cells  to 
overcome  the  resistance  of  the  circuit.  In  most  cases,  therefore,  the  simpler  methods  of 
magnetisation  by  the  single  and  double  touch  are  found  more  convenient. 

Magnetisation  by  Terrestrial  Induction.—  If  abar  of  soft  iron,  destitute  of  magnetism 
when  placed  horizontally,  be  held  in  the  line  of  the  magnetic  dip,  or  in  the  vertical 
position,  which  in  these  latitudes  does  not  differ  greatly  from  it,  its  lower  extremity 
will  be  found  to  have  acquired  north,  and  the  upper,  south  polarity.  On  reversing  the 
bar,  the  polarity  will  be  also  reversed,  the  lower  extremity  being  still  a  north  pole. 
This  effect  is  due  to  the  inductive  action  of  the  earth,  the  northern  hemisphere  of 
which  acts,  as  already  observed,  like  the  south  pole  of  an  ordinary  magnet. 

A  bar  of  hard  iron  or  steel  held  in  a  similar  position,  does  not  immediately  exhibit 
magnetic  polarity,  but  on  striking  it  several  times  with  a  key  or  a  hammer,  it  be- 
comes permanently  magnetised  with  its  north  pole  downwards.  In  this  way,  perma- 
nent magnets  may  be  obtained  without  the  use  of  other  magnets  or  of  the  electric 
current.  The  effect  on  steel  may  be  greatly  augmented  by  resting  it  on  a  bar  of  iron 
held  vertically,  and  striking  both.  Scores  by  obtained  powerful  magnets  by  the  following 
method:  A  large  bar  of  iron  was  placed  vertically  and  struck,  and  having  thus  acquired 
a  certain  amount  of  magnetic  power,  it  was  placed  successively  on  each  of  two  steel 
bars,  30  inches  long,  and  one  inch  wide,  these  bars  being  also  placed  vertically  and 
struck  at  the  same  time.  Six  smaller  bars  of  steel  8  inches  long  and  half  an  inch  wide 
were  then  magnetised  in  a  similar  manner,  by  resting  them  vertically  on  one  of  the 
larger  steel  bars,  and  striking  them,  by  which  treatment  they  acquired  in  a  few  minutes 
considerable  suspending  power.  Lastly,  the  six  small  bars  were  joined  two  and  two 
by  their  opposite  poles,  by  means  of  soft  iron  keepers,  and  rubbed  with  the  others 
according  to  the  double  touch  method.  By  this  treatment  they  were  found  to  be 
magnetised  to  saturation. 

In  consequence  of  the  magnetic  action  of  the  earth,  all  bars  of  iron,  such  as  railings, 
lightning  conductors,  &c.,  standing  for  a  length  of  time  in  a  vertical  position,  become 
permanently  magnetised,  their  lower  ends  in  the  northern  hemisphere  acquiring 
north  polarity.  The  magnetism  of  the  native  black  oxide  of  iron  has  doubtless 
been  produced  by  the  same  causes,  the  very  different  magnetic  power  exhibited 
by  different  specimens  being  partly  attributable  to  the  different  positions  of  the 
veins  of  ore  with  regard  to  the  line  of  the  magnetic  dip,  that  is  to  say,  the  line  of  the 
resultant  of  the  terrestrial  magnetic  forces. 

Circumstances  which  influence  the  Power  of  Magnets. 

Whatever  may  be  the  process  of  magnetisation  adopted,  there  exists,  for  each  bar  or 
needle,  a  limit  of  magnetic  force  which  cannot  be  permanently  exceeded ;  this  limit, 
which  is  called  the  point  of  saturation,  depends  essentially  on  the  coercive  power 
of  the  iron  or  steel  of  which  the  bar  is  made. 

Steel  bars  may,  however,  be  magnetised  beyond  their  point  of  saturation,  and  do  not 
retiirn  to  it  immediately,  the  time  occupied  in  returning  to  it  depending  upon  various 
circumstances,  such  as  changes  of  temperature,  the  neighbourhood  of  other  magnets, 
position  with  regard  to  the  earth,  &c.  To  ascertain  whether  a  bar  has  been  magnetised 
to  saturation,  it  is  sufficient  to  remagnetise  it,  in  the  same  direction,  with  magnets 
stronger  than  those  which  were  used  in  magnetising  it  originally ;  if  it  thereby  acquires 
but  little  increase  of  power,  and  this  power  disappears  after  a  while,  we  may  conclude 
that  the  point  of  saturation  had  previously  been  attained. 

Influence  of  Size  and  Shape. — With  regard  to  size,  Coulomb  found :  1.  That  the 
magnetic  moments  of  saturated  magnets  of  the  same  substance  and  of  similar  form  are 
nearly  proportional  to  the  cubes  of  their  like  dimensions.  2.  That,  in  cylindrical 
needles  of  the  same  length,  the  magnetic  power  is  sensibly  proportional  to  the 
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diameter.     3.  The  time  of  oscillation  of  a  bar  having  a  rectangular  section,  whose 
breadth  is  I,  thickness  e,  and  length  2L,  is  given  by  the  formula: 

t  =  me  -v/T  +  n  L, 
in  which  m  and  «  are  constants,  depending  on  the  nature  and  hardness  of  the  steel 

With  regard  to  form,  Coulomb  found  that  thin  lozenge-shaped  bars  have  a  greater 
directive  force  than  rectangular  needles  of  the  same  weight,  thickness,  and  hardness. 

Influence  of  Hardening  and  Tempering.— Coulomb,  having  magnetised  a  steel  bar 
to  saturation,  after  hardening  it  to  different  degrees,  and  testing  its  power  by  the 
method  of  oscillations,  obtained  the  following  numbers : — 

Temperature  of  hardening  875°        975°         1075°        1187° 

Time  of  10  oscillations  93"  78"  64"  63" 

Steel  does  not  undergo  any  sensible  modification  of  structure  when  hardened  at 
temperatures  below  870°,  and  accordingly  the  magnetic  results  are  the  same  at  all 
degrees  of  hardening  below  this  limit ;  but  when  hardened  at  about  1 100°,  the  steel  is 
capable  of  acquiring  double  the  magnetic  force  which  it  retains  when  hardened  at  lower 
temperatures:  for  the  time  occupied  by  the  ten  oscillations  being  63"  instead  of  93",  the 
magnetic  forces  are  inversely  as  the  squares  of  these  numbers,  that  is  as  3969  to  8649. 

A  steel  bar  hardened  at  a  cherry-red  heat,  and  then  magnetised  after  having  been 
tempered  at  different  degrees,  gave  the  following  results  : 

Tempering  heat         .         .         .         .15°         267°         612°         1122° 
Time  of  10  oscillations      .         .         .     63"         64'5"          70"  93". 

Hence  it  appears  that  the  magnetic  force  is  less  in  proportion  as  the  steel  is  more  tem- 
pered, the  coercive  force  in  fact  diminishing  with  the  hardness. 

Very  different  results  were  obtained  with  thin  and  very  elongated  laminae  or  needles. 
By  magnetising  them  at  different  degrees  of  hardness,  Coulomb  found  that  when  har- 
dened at  a  white  heat,  they  did  not  retain  a  higher  degree  of  magnetic  power  than 
after  having  been  completely  tempered,  In  proportion  as  the  hardness  was  diminished 
by  tempering,  the  magnetisation  became  stronger,  down  to  the  tempering  produced  by 
a  dull  red  heat.  On  tempering  them  still  more,  the  directive  force  which  they  were 
capable  of  receiving  continually  diminished.  Biot  explains  this  anomaly  by  the  forma- 
tion of  two  consecutive  poles  in  very  elongated  and  strongly  hardened  needles,  each  half 
of  the  needle  thus  possessing  two  poles  of  contrary  name,  whereby  the  directive  force  is 
greatly  lessened.  But  as  the  hardness  is  diminished,  the  poles  nearest  to  the  centre 
approach  continually  nearer  to  it,  and  finally  disappear  altogether. 

Compass  needles  are  usually  tempered  at  the  blue,  that  is  to  say,  at  about  300°  C. 
In  this  state,  the  coercive  force,  though  not  at  its  maximum,  is  still  very  great,  and  the 
steel  is  less  fragile  than  when  more  hardened,  and  less  liable  to  acquire  consecutive  poles. 

Nobili  (Bibl.  Univ.  Ivi.  82)  has  endeavoured  to  explain  the  influence  of  hardening 
on  magnetisation  by  the  inequality  of  density  of  the  different  parts  of  the  hardened  bar. 
He  found  that  when  a  bundle  of  thin  steel  wires  (about  50)  was  very  strongly  magne- 
tised, and  the  wires  separated  a  short  time  afterwards,  each  of  them  appeared  strongly 
magnetised  in  the  same  direction ;  but  when  the  bundle  was  made  up  again,  and  untied 
A  few  hours  afterwards,  several  of  the  wires  were  found  to  be  unmagnetised,  and  some 
had  had  their  polarity  reversed.  Similar  results  had  previously  been  obtained  by 
Coulomb.  It  appears  then  that,  in  a  system  of  parallel  rows  of  magnetised  particles,  those 
which  are  most  strongly  polarised  destroy  or  reverse  the  polarity  of  the  weaker  series, 
and  determine  the  polarity  of  the  whole,  and  if  the  original  polarity  of  all  the  rows  were 
equal,  the  magnetic  power  of  the  entire  system  would  probably  soon  be  extinct.  Now 
a  magnetised  bar  may  be  regarded  as  made  up  of  concentric  layers  of  polarised  particles, 
and  if  the  external  shell  is  rendered  denser  than  the  interior  by  hardening,  so  that  a 
larger  number  of  magnetic  elements  are  there  included  within  a  given  space,  this  ex- 
ternal shell  will  receive  a  higher  degree  of  polarity  than  the  external  portions,  and 
accordingly  will  neutralise  their  action  and  determine  the  polarity  of  the  whole  system. 
For  the  same  reason  soft  iron  which  has  been  hammered  or  wire-drawn,  acquires  the 
power  of  retaining  a  certain  portion  of  magnetism.  According  to  this  view,  the  coer- 
cive or  retaining  power  does  not  depend  upon  any  peculiarity  in  the  physical  or  che- 
mical constitution  of  steel,  but  is  entirely  due  to  the  different  densities  of  the  super- 
ficial portions  of  its  mass.  This  is  in  accordance  with  the  fact  that  small  bars  are 
capable  of  retaining  a  proportionally  greater  power  than  large  ones,  their  surface  being 
greater  in  proportion  to  their  volume.  It  is  also  supported  by  the  following  experi- 
ment made  by  Nobili.  Two  cylinders  were  constructed  of  the  same  kind  of  steel,  and 
of  equal  length  and  diameter,  but  one  solid,  weighing  28  grms.  the  other  hollow, 
weighing  16  grms.  They  were  then  hardened  to  the  same  degree,  and  both  were  mag- 
netised to  saturation.  When  placed  at  equal  distances  from  a  compass-needle,  the 
ttolid  cylinder  deflected  it  9J°,  the  hollow  cylinder  19°.  The  great  difference  of  power 
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thus  sho^n  in  favour  of  the  hollow  cylinder,  the  mass  of  which  was  not  much  move 
than  half  that  of  the  other,  appears  to  be  due  to  the  circumstance  that  it  was  hardened 
both  within  and  without,  and  was  therefore  covered  on  both  surfaces  with  the  dense 
crust  which,  according  to  the  preceding  view,  preserves  the  magnetic  power,  whereas 
the  solid  cylinder  was  thus  hardened  only  at  its  outer  surface.  On  the  other  hand, 
however,  it  must  be  admitted  that  this  mode  of  explaining  the  retaining  power  of  steel 
does  not  account  for  the  known  fact,  that  iron  containing  a  small  quantity  of  sulphur 
is  capable  of  retaining  magnetism,  although  perfectly  homogeneous,  and  that  very  hard 
steel  is  scarcely  if  at  all  attracted  by  the  magnet. 

Influence  of  Heat. — The  power  of  magnets  is  diminished  by  rise  of  temperature, 
temporarily  or  permanently  according  to  the  degree  of  heat  applied.  The  effect  of  heat 
is  to  diminish  the  coercive  force  ;  and  at  a  red  heat,  as  first  observed  by  Gilbert,  a  steel 
magnet  loses  the  whole  of  its  power.  When,  on  the  other  hand,  a  magnet  is  only 
slightly  heated,  its  power  suffers  only  a  temporary  diminution,  the  original  intensity 
being  regained  on  cooling.  This  circumstance  must  be  attended  to  in  estimating  the 
relative  intensities  of  the  earth's  magnetism  at  different  localities,  by  observation  of 
the  oscillations  of  a  magnetic  needle,  as,  if  the  temperature  is  higher  at  one  place  than 
at  the  other,  allowance  must  be  made  for  the  diminution  of  magnetic  intensity  in  the 
needle  thereby  produced. 

On  the  other  hand,  magnetism  is  more  easily  imparted  to  steel  at  high  temperatures ; 
so  that  a  bar  may  be  very  powerfully  magnetised  by  placing  it  while  red  hot  between 
the  opposite  poles  of  two  strong  magnets  and  cooling  it  quickly  in  that  position. 
A  steel  bar  heated  to  redness  and  then  hardened  by  sudden  cooling  in  the  vertical  posi- 
tion retains  the  magnetism  imparted  to  it  by  the  inductive  action  of  the  earth. 

Coulomb  has  measured  the  decrease  of  the  magnetic  force  of  a  bar  as  its  temperature 
is  raised.  He  first  tempered  the  bar  so  that  its  coercive  force  should  not  vary  during 
the  heating,  then  having  magnetised  it  and  heated  it  to  various  temperatures,  he  ob- 
tained the  following  results : 

Temperatures     .         .         .15°       50°       100°       264°       425°       637°       850° 
Time  of  10  oscillations        .     63"      97'5"      104"       147"       215"       290"  very  great. 

According  to  Kupffer,  the  effect  of  heat  upon  a  magnet  is  not  instantaneous,  but 
requires  a  considerable  time  to  produce  the  utmost  diminution  of  power  of  which  it  is 
capable.  For  example,  on  plunging  a  magnet  several  times  into  boiling  water,  and 
leaving  it  each  time  for  ten  minutes,  a  diminution  of  the  magnetic  force  took  place  at 
each  immersion  up  to  the  sixth,  after  which  the  power  remained  constant.  •  Kupffer 
has  also  shown  that  when  one  half  of  a  magnet  is  heated,  that  half  becomes  weakened, 
and  the  median  line  approaches  nearer  to  the  opposite  end.  According  to  Christie, 
the  greater  part  of  the  diminution  of  the  force  of  a  magnet  by  heat  takes  place  instan- 
taneously, a  result  which  is  in  accordance  with  the  accumulation  of  magnetic  power 
near  the  surface  (p.  767). 

Influence  of  Mechanical  Actions  on  the  Magnetic  Power  of  Iron. 

We  have  already  had  occasion  to  notice  the  influence  of  friction,  percussion,  and  other 
causes  which  agitate  the  particles  of  bodies,  in  diminishing  the  coercive  power  of  iron 
and  steel,  thereby  weakening  the  power  of  permanent  magnets,  and  facilitating  the 
development  of  magnetism  by  induction.  Various  other  mechanical  actions  which  pro- 
duce a  temporary  alteration  in  the  molecular  condition  of  a  mass  of  iron,  likewise 
produce  a  temporary  alteration  in  the  magnetic  power  which  may  be  induced  in  it  by 
any  cause,  the  iron  regaining  its  original  magnetic  power  as  soon  as  the  disturbing 
force  ceases  to  act. 

Torsion. — The  easiest  way  of  examining  the  effect  produced  by  torsion  on  the  mag- 
netic state  of  iron  is  that  devised  by  E.  Becquerel,  which  consists  in  making  use  of 
the  currents  excited  in  a  helix  enveloping  the  magnet,  by  every  increase  or  diminution 
of  its  magnetic  power  (ii.  451).  For  this  purpose,  a  wire  of  well  annealed  iron,  stretched 
by  a  weight,  is  passed  through  a  vertical  glass  tube,  round  which  is  coiled  a  helix  in 
connection  with  a  delicate  galvanometer.  The  wire  in  this  position  becomes  magnetised 
by  the  inducing  action  of  the  earth,  and  it  is  found  that,  on  twisting  it  either  way,  the 
galvanometer  needle  is  deflected,  in  a  direction  which  shows  that  the  magnetic  power 
of  the  wire  is  diminished  by  the  torsion ;  and  when  the  wire  is  untwisted,  the  needle 
moves  in  the  contrary  direction,  indicating  that  the  magnetic  polarity  of  the  wire  is 
returning  towards  its  primitive  state.  On  allowing  the  wire  to  oscillate  freely  by 
torsion,  and  interposing  in  the  electric  circuit  a  commutator  which  changes  the  di- 
rection of  the  current  through  the  galvanometer  every  time  it  is  reversed  in  the  helix, 
that  is  to  say,  at  the  moments  when  the  wire  passes  through  the  position  of  equilibrium 
and  of  maximum  torsion,  a  continuous  current  may  be  obtained. 
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Wertheim  has  made  numerous  experiments  on  the  relations  between  magnetism 
and  torsion,  by  a  method  similar  to  that  of  Becquerel,  using  however  a  horizontal  bar 
of  iron  enveloped  by  two  helices,  one  formed  of  thick  wire  to  receive  the  current  which 
magnetises  the  bar,  the  other  of  a  long  thin  wire  to  receive  the  induced  currents  and 
convey  them  to  a  galvanometer.  The  helices  are  placed  near  the  ends  of  the  bar,  and 
occupy  but  a  small  portion  of  its  length.  Having  first  shown  that  the  softest  iron 
always  possesses  a  certain  amount  of  coercive  power,  and  therefore  always  retains  a 
certain  amount  of  the  magnetic  polarity  once  induced  in  it,  Wertheim  obtained  the 
following  results : — 1.  Torsion  and  detorsion  do  not  by  themselves  develope  any  mag- 
netism in  iron  :  for  on  placing  the  bar  at  right  angles  to  the  magnetic  meridian,  and 
twisting  it,  no  induced  current  is  developed. — 2.  If  the  bar  is  placed  in  the  magnetic 
meridian,  or  subjected  to  the  action  of  a  magnet  placed  on  the  continuation  of  its  axis 
or  to  the  action  of  the  electric  current,  the  magnetising  action  of  either  of  these  causes 
is  accelerated  both  by  torsion  and  by  detorsion ;  b  ut  when  once  the  magnetic 
equilibrium  is  established,  torsion  weakens  the  total  magnetisation,  and  detorsion 
restores  it  to  its  former  amount :  hence  the  maximum  of  magnetisation  takes  place  in 
the  state  of  mechanical  equilibrium. — 3.  If  the  bar  is  withdrawn  from  the  action  of  the 
magnetising  agent,  repeated  torsion  and  detorsion  quickly  destroys  the  excess  of  tem- 
porary magnetisation,  but  continues  to  act  indefinitely  on  the  permanent  magnetisation, 
which  is  diminished  by  torsion  and  restored  by  detorsion. — 4.  When  the  bar  is  in  any 
given  condition  of  magnetic  equilibrium,  all  the  effects  of  torsion  are  proportional  to 
the  angles  of  torsion ;  but  the  magnitude  of  these  effects  appears  to  depend  much  more 
upon  the  permanent  magnetisation,  than  on  the  temporary  magnetisation  produced  by 
the  external  cause. — 5.  The  form  of  the  section  of  the  bar  does  not  appear  to  exert 
any  influence,  but  the  deflections  increase  with  its  area  and  with  the  intensity  of  the 

magnetisation 6.  The  order  of  the  effects  produced  is  the  same  for  all  kinds  of  iron, 

the  only  difference  being  in  the  absolute  intensities  of  those  effects.  The  hardest  iron 
requires  the  greatest  number  of  torsions  and  detorsions,  to  bring  it  to  its  condition  of 
magnetic  equilibrium,  indicated  by  the  equality  of  the  opposite  induced  currents.  — 
7.  Steel  also,  the  more  it  is  hardened,  requires  a  greater  number  of  torsions  and 
detorsions  to  bring  it  to  a  state  of  magnetic  equilibrium ;  but  when  once  this 
equilibrium  is  established,  it  cannot,  according  to  Wertheim,  be  modified  by  torsion 
and  detorsion  alone,  as  is  the  case  with  iron.  Matteucci,  on  the  other  hand,  always 
obtained  feeble  currents  in  this  case,  these  currents  being  weaker  as  the  steel  was  more 
hardened.  Hard  iron  exhibits  an  anomaly  which  has  not  been  explained,  the  modifica- 
tion produced  in  it  by  torsion  being  greater  immediately  after  the  interruption  of  the 
magnetising  current  than  during  its  passage.  In  this  case,  the  diminution  does  not 
take  place  till  after  some  time. 

When  the  bar  is  in  a  state  of  temporary  or  permanent  torsion  before  magnetisa- 
tion, similar  results  are  obtained ;  that  is  to  say,  the  magnetic  maximum  corresponds, 
not  with  the  initial  state  of  torsion,  but  with  that  which  exists  in  the  state  of 
mechanical  equilibrium ;  so  that  the  magnetism  increases  when  the  bar  is  twisted  in 
the  direction  which  diminishes  the  primitive  torsion,  and  diminishes  when  the  original 
torsion  is  re-established.  But  if  the  initial  permanent  torsion  is  produced  while  the 
bar  is  under  the  action  of  the  magnetising  current,  a  rotation  of  the  maximum  is 
observed  ;  that  is  to  say,  the  maximum  is  displaced,  and  in  the  direction  of  the  torsion, 
the  angle  of  rotation  being  greater  as  the  iron  is  harder,  and  the  permanent  torsion 
greater.  This  angle  is  always  less  than  half  the  temporary  torsion  which  necessarily 
takes  place  during  the  production  of  a  permanent  torsion. 

For  further  details  on  this  subject,  and  on  the  reciprocal  influence  of  magnetism  OD 
torsion,  seeWiedemann  (Gafvanismus  und  Electro-magnet  ismus,  ii.  430-449). 

Traction  and  Flection.  — According  to  Matteucci,  a  sudden  elongation  produced 
by  tension  in  a  wire  of  iron  or  steel,  while  subjected  to  the  magnetising  action  of  an 
electric  current,  produces  an  increase  in  the  magnetic  force,  and  a  sudden  shortening 
diminishes  it.  These  results  have  been  confirmed  by  Wertheim,  who  has  also  shown 
that  flection  and  deflection  act  in  the  same  manner  as  torsion  and  detorsion.  All  these 
effects  are  due  to  the  displacements  of  the  molecules  produced  by  these  various  forces, 
whereby  they  are  enabled  to  arrange  themselves,  either  in  the  position  most  favourable 
for  magnetisation,  or  the  contrary. 

Wertheim  finds,  in  the  increase  of  the  magnetic  capacity  of  iron  by  traction,  an  ex- 
planation of  the  well-known  fact,  that  a  magnet  while  loaded  becomes  continually 
stronger,  but  returns  to  its  primitive  state  as  soon  as  the  weight  is  removed.  He  also 
attributes  the  great  irregularities  of  the  compass  in  large  iron  ships  to  the  inevitable 
flections  of  the  iron  which  take  place  during  the  voyage,  these  flections  producing 
changes  in  the  magnetisation  of  the  iron,  of  which  the  compensators  (p.  780)  are 
unable  to  take  account.  These  phenomena  are  the  converse  of  those  observed  by 
Joule  (Phil.'Mag.  xxx.  76  and  225),  who  found  that  an  iron  bar  increases  in  length  when 
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magnetised  under  ordinary  circumstances,  but  contracts  if  already  powerfully  stretched 
by  a  mechanical  strain  previous  to  magnetisation. 

Magnetism  compared  with  Electricity. 

The  phenomena  of  magnetic  induction,  above  described,  are  analogous  in  almost 
every  particular  to  those  of  static  electric  induction  ;  but  there  is  one  essential  dif- 
ference between  the  two:  there  is  no  such  thing  as  magnetic  discharge.  In  the 
case  of  electrified  bodies,  we  know  that,  when  the  opposite  polarities  of  the  neigh- 
bouring surfaces  attain  a  certain  degree  of  intensity,  discharge  takes  place  between 
them  in  the  form  of  a  spark ;  and  the  distribution  of  the  electric  forces,  after  this 
discharge,  is  no  longer  the  same  as  before,  the  one  body  appearing  to  have  lost  a 
certain  amount  of  power,  and  the  other  to  have  gained  it  (ii.  385).  But  in  magnetic 
induction,  nothing  of  the  kind  is  observed.  Whatever  may  be  the  power  of  a  magnet, 
and  however  intensely  a  piece  of  soft  iron  may  be  polarised  by  contact  with  it,  the  iron 
can  take  nothing  from  the  magnet ;  but  as  soon  as  the  contact  is  broken,  the  soft  iron 
loses  its  polarity,  and  the  steel  magnet  is  found  to  have  lost  nothing,  but  rather  to  have 
had  its  polarity  intensified.  Neither  does  hard  iron  or  steel,  though  it  remains  mag- 
netised after  separation,  take  any  power  from  the  original  magnet,  its  retention  of 
polarity  being  in  fact  analogous,  not  to  the  condition  of  a  body  which  has  been  electri- 
fied by  discharge,  but  to  a  non-conducting  body  like  sealing-wax,  which  has  been  elec- 
trified merely  by  induction,  and  then  removed  from  the  neighbourhood  of  the  inducingbody. 

The  phenomena  of  magnetism  are  not  then  precisely  analogous  to  those  of  static 
electricity,  notwithstanding  the  exact  parallelism  which  exists  between  the  two  up  to  a 
certain  point.  But,  as  already  explained  under  ELECTRICITY  (ii.  447),  the  laws  of 
magnetic  attraction  and  repulsion  are  exactly  similar  to  those  of  the  mutual  action  of 
electric  currents.  Two  helices  of  copper  wire,  through  which  electric  currents  are 
passing,  attract  and  repel  one  another  exactly  like  magnets,  and,  accordingly,  all  the 
phenomena  of  magnetic  attraction  and  repulsion  may  be  accounted  for,  if  we  assume 
that  a  magnet  consists  of  an  aggregate  of  particles  having  electric  currents  constantly 
circulating  round  them  in  one  direction.  This  theory  has  been  sufficiently  developed 
in  the  article  referred  to,  and  we  need  not  dwell  upon  it  further. 

But,  as  a  bar  of  iron  or  steel  is  rendered  magnetic  by  the  action  of  an  electric  current 
passing  near  it  at  right  angles  to  its  length,  we  must  suppose,  if  this  theory  be  true, 
that  an  electric  current  has  the  power  of  inducing  in  magnetic  bodies  a  system  of  electric 
currents  in  the  same  direction  as  itself;  moreover,  that  these  currents,  once  established, 
will  continue,  in  soft  iron,  as  long  as  the  original  current  continues  to  act,  and,  in  the 
case  of  steel,  even  after  it  has  ceased.  Now,  this  is  not  what  is  observed  to  take  place 
in  the  action  of  electric  currents  on  conducting  bodies  in  general.  We  know  that  when 
a  conducting  wire  forming  a  closed  circuit  is  placed  near  another  wire  conveying  an 
electric  current,  the  latter,  at  the  instant  when  it  begins  to  flow,  induces,  in  the  first 
wire,  a  current  opposite  in  direction  to  itself,  this  current,  however,  being  merely  in- 
stantaneous, and  no  induced  current  being  perceptible  so  long  as  the  inducing  current 
continues  to  flow  with  -uniform  strength ;  and,  finally,  that  when  the  original  current 
ceases  (or  the  battery  circuit  is  broken),  another  momentary  current  passes  through  the 
second  wire  in  the  same  direction  as  the  inducing  current.  These  effects  of  electro- 
dynamic  induction  are  evidently  totally  different  from  those  which  must  be  supposed 
to  take  place  in  magnets,  according  to  Ampere's  theory ;  and  we  must,  therefore,  sup- 
pose that  magnetic  bodies  have  a  peculiar  molecular  constitution,  which  enables  an 
electric  current  passing  near  them  to  excite  continuous  currents  round  their  particles  in 
the  same  direction  as  its  own  ;  or  rather,  perhaps,  that  these  currents  pre-exist  in  all 
magnetic  bodies,  even  before  the  development  of  magnetic  polarity,  but  are  disposed 
without  regularity,  so  that  they  neutralise  one  another;  and  that  magnetisation, 
either  by  an  electric  current,  or  by  another  magnet,  is  the  process  by  which  these  mole- 
cular currents  are  made  to  move  in  one  direction  (ii.  448). ' 

The  hypothesis  that  the  molecules  of  magnetic  bodies,  such  as  iron  and  steel,  are  en- 
circled by  continuous  closed  currents  of  electricity,  which,  before  the  development  of 
magnetic  polarity,  circulate  indiscriminately  in  all  planes,  but,  in  a  magnetised  bar, 
circulate  in  such  a  manner  that,  on  the  whole,  the  prevailing  direction  of  rotation  is  in 
the  same  direction  as  that  of  the  hands  of  a  watch  conceived  as  situated  at  the  centre 
of  the  bar,  with  its  face  towards  the  south  pole  and  its  back  towards  the  north  pole, 
and  in  a  plane  perpendicular  to  the  line  joining  the  two  poles:  this  hypothesis  accounts 
for  all  the  most  important  facts  connected  with  magnetisation,  and  receives  from  some 
of  them  a  striking  confirmation.  According  to  this  view,  magnetisation  consists  in 
giving  to  the  particles  of  a  piece  of  iron  such  an  arrangement  that  the  prevailing  direc- 
tion of  its  molecular  currents  shall  be  that  indicated  above.  Coercive  force  is,  on  the 
same  view,  a  resistance  to  the  motion  of  the  particles,  which  r  equires  to  be  overcome 
equally  to  produce  magnetisation  or  demagnetisation  ;  and  the  saturated  state  of  a 
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magnet  is  when  the  greatest  possible  number  of  molecular  currents  circulate  in  the 
same  direction,  with  their  axes  parallel  to  that  of  the  magnet. 

That  magnetisation  is  really  attended  by  molecular  motion  is  proved  by  the  emission 
of  musical  sounds  by  a  piece  of  soft  iron  which  is  suddenly  magnetised  or  demagne- 
tised, when  it  is  so  supported  that  the  greater  part  of  its  mass  is  free  to  vibrate.  The 
magnetic  effects  developed  by  torsion  likewise  show  the  intimate  connection  between 
molecular  motion  and  magnetisation.  This  view  also  enables  us  to  see  why  the  coercive 
force  of  steel  is  increased  by  hardening ;  for  the  hardness  of  steel  is  nothing  more  than 
the  result  of  the  great  resistance  which  its  molecules  oppose  to  mutual  motion.  The 
difference  between  the  molecules  of  soft  iron  and  those  of  steel  with  respect  to  mag- 
netisation, may  be  regarded  as  analogous  to  that  presented  by  a  very  finely  hung 
magnetic  needle  and  one  that  is  coarsely  hung,  when  a  magnet  is  brought  near  them. 
The  finely  hung  needle  is  immediately  and  completely  turned  from  its  normal  position 
on  the  approach  of  the  magnet,  and  at  once  returns  to  it  when  the  magnet  is  removed: 
the  coarsely  suspended  needle,  however,  is  at  first  much  less  affected  by  the  magnet, 
and  does  not  turn  to  the  full  extent  until  the  friction  of  its  point  of  support  is  overcome 
by  a  gentle  tap  or  shake,  and,  similarly,  when  the  disturbing  magnet  is  taken  awayr  it  does 
not  return  completely  to  its  first  position  without  the  same  aid.  This  comparison  may 
serve  to  explain  the  influence  of  a  blow  or  vibration  in  facilitating  the  magnetisation  01 
an  unmagnetised  steel  bar,  and  in  weakening  the  force  of  a  saturated  steel  magnet. 

Universality  of  Magnetic  Action —Diamagrietism. 

Magnetism  was  fora  long  time  regarded  as  peculiarto  a  smallnumber  of  bodies,  namely, 
iron,  ni  ckel,  cobalt,  and  certain  of  their  compounds ;  but  later  researches  have  shown  that  all 
bodies  are  more  or  less  susceptible  of  magnetic  influence,  though  they  are  not  all  affected 
in  the  same  way.  The  question  of  the  universality  of  magnetism  was  raised  as  early  as 
the  beginning  of  the  eighteenth  century.  Muschenbroek  and  Noll  et  found  that  a 
large  number  of  bodies  in  the  state  of  powder,  the  ashes  of  plants,  and  small  fragments 
of  organic  substances,  were  attracted  by  the  magnet ;  but  they  attributed  the  result  to 
the  presence  of  small  quantities  of  iron  in  the  substances  examined.  The  subject  was 
also  investigated  by  Lehmann  and  Cavallo;  and  Brugmanns,  in  1778,  observed 
that  bismuth  is  repelled  by  the  poles  of  powerful  magnets, — a  remarkable  discovery, 
which  did  not  receive  at  the  time  the  attention  it  deserved.  Coulomb,  in  1802, 
found  that  fine  needles  of  gold,  silver,  and  other  metals,  also  of  glass,  and  of  various  vege- 
table and  animal  substances,  suspended  by  a  thread  of  unspun  silk  between  the  opposite 
poles  of  two  powerful  magnets,  oscillated  till  they  came  to  rest  in  a  line  between  the 
poles  ;  but  he  also  showed  that  a  very  minute  quantity  of  iron,  not  exceeding  155>12o, 
intimately  mixed  with  a  needle  of  wax,  was  sufficient  to  produce  this  effect :  hence  he 
considered  it  uncertain  whether  the  effects  observed  were  due  to  the  action  of  the  mag- 
nets on  the  various  substances  themselves,  or  on  minute  quantities  of  iron  contained  in 
them.  After  the  discovery  of  electro-magnetism,  Becquerel  observed  that  rods  of 
shellac,  wood,  and  other  substances,  suspended  by  threads  of  unspun  silk  within  the 
coil  of  a  galvanometer,  placed  themselves  with  their  axes  parallel  to  the  plane  of  the 
coil,  instead  of  at  right  angles  to  it,  as  an  iron  needle  would  :  this  effect  was  exhibited 
in  a  remarkable  manner  by  a  paper  tube  filled  with  ferric  oxide,  Lebaillif,  in 
1828,  found  that  a  delicately  suspended  magnetic  needle  was  repelled  by  bismuth  and 
antimony,  thus  confirming  the  important  observation  previously  made  by  Brugmanns. 
The  same  kind  of  repulsive  action  was  subsequently  observed  by  Saigey  in  several 
other  substances. 

But  these  facts,  however  important  they  may  now  appear,  excited  but  little  attention 
at  the  time  of  their  discovery,  inasmuch  as  they  could  not  be  referred  to  any  general 
law ;  and  the  question  of  the  universality  of  magnetism  remained  undecided,  until 
Faraday,  in  1845,  discovered  that  most  transparent  substances,  when  subjected  to  the 
influence  of  powerful  magnets,  acquire  the  power  of  circular  polarisation  (p.  676) ;  and 
regarding  this  effect  as  resulting  from  the  action  of  the  magnet  on  the  molecules  of 
the  transparent  body,  he  was  led  to  undertake  a  series  of  researches  which  resulted  in 
the  grand  discovery,  that  all  bodies  whatever  are  subject  to  magnetic  influence,  but 
are  not  all  affected  by  it  in  the  same  way,  being  divided,  with  respect  to  their  magnetic 
susceptibilities,  into  two  great  classes — the  Magnetic  and  the  Diamagnetic.  The 
former  class  includes  those  bodies  which  exhibit  the  well-known  phenomena  of  ordi- 
nary magnetic  attraction  and  repulsion — being  attracted,  when  in  their  natural  state, 
by  either  pole  of  a  magnet,  and,  when  shaped  into  bars  or  rods,  and  suspended  joining 
two  opposite  magnetic  poles,  pointing  axially — that  is  to  say,  in  a  straight  line  between 
them.  The  bodies  belonging  to  this  class  are  mostly  metallic  (including  oxides  and  salts), 
viz.  iron,  nickel,  cobalt,  manganese,  chromium,  cerium,  titanium,  palladium,  platinum, 
osmium.  The  magnetic  properties  of  iron,  nickel,  and  cobalt  have  long  been  known. 
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In  the  other  metals  of  the  series,  magnetic  susceptibility  can  only  be  detected  by  tho 
use  of  magnets  of  great  power.  Manganese,  chromium,  cerium,  titanium,  and  osmium 
are  placed  by  Faraday  in  the  magnetic  class,  because  certain  of  their  compounds  exhibit 
the  ordinary  magnetic  relations. 

The  second  or  Diamagnetic  class  includes  all  liquids  and  solids,  both  organic  and 
inorganic,  which  do  not  belong  to  the  magnetic  class.  The  law  which  governs  the 
action  of  magnets  on  these  bodies  is  as  follows : — A  particle  of  a  diamagnetic  bodi) 
placed  in  the  neighbourhood  of  either  pole  of  a  magnet  is  repelled  by  that  pole. 
Hence,  a  bar  of  any  diamagnetic  substance  suspended  by  its  centre  midway  between 
two  magnetic  poles  will  point  equatorially,  that  is  to  say,  at  right  angles  to  the  straight 
line  joining  the  two  poles— that  being  the  position  in  which  every  part  of  it  is  at  the 
greatest  possible  distance  from  each  of  the  poles ;  and  if  its  centre  be  placed  on  either 
side  of  the  axial  line,  the  whole  bar  will  recede  from  that  line,  placing  itself  at  the 
same  time  equatorially.  A  globe  or  cube  does  not  point,  but  exhibits  the  simple  phe- 
nomenon of  repulsion.  If  two  small  balls  of  any  diamagnetic  substance  be  suspended 
between  the  two  magnetic  poles,  they  will  be  driven  towards  one  another,  as  if  they 
were  actuated  by  mutual  attraction.  The  position  which  a  bar  of  any  substance  takes 
up  when  suspended  horizontally  between  two  magnetic  poles  furnishes  the  best  means 
of  determining  whether  it  belongs  to  the  magnetic  or  the  diamagnetic  class  :  if  it  be 
magnetic,  it  will  place  itself  axially  ;  if  diamagnetic,  equatorially. 

The  diamagnetic  force  cannot  be  perceptibly  developed  without  the  use  of  exceed- 
ingly powerful  magnets :  electro-magnets  answer  the  purpose  best,  but  large  perma- 
nent magnets  may  also  be  used.  The  great  power  required  to  develope  this  mode  of 
action  accounts  for  its  having  been  previously  overlooked  by  most  observers. 

Bismuth  appears  to  be  the  most  powerfully  diamagnetic  of  all  substances ;  then 
follows  phosphorus,  then  antimony,  then  heavy  glass  (silico-borate  of  lead).  Among  the 
metals,  the  order  of  diamagnetic  energy  appears  to  be  as  follows:  bismuth,  antimony, 
zinc,  tin,  cadmium,  sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic,  uranium,  rho- 
dium, iridium,  tungsten.  (Faraday,  Experimental  Researches  in  Electricity,  series 
20  and  21 ;  Phil.  Trans.  1846,  21.) 

Thallium  is  strongly  diamagnetic,  being  nearly  equal  in  that  respect  to  bismuth. 
(Crookes.) 

Air  and  other  gases  exhibit  decided  magnetic  and  diamagnetic  relations.  In  his 
first  experiments  on  this  subject,  Faraday  was  led  to  the  conclusion  that  gaseous 
bodies  were  indifferent  to  magnetic  action,  forming  the  zero,  or  middle  point,  between 
the  two  classes  of  magnetic  and  diamagnetic  bodies.  Bancalari  has,  however,  since 
discovered  that  flame  possesses  diamagnetic  properties;  and  Zantedeschi  has  shown 
that  air  and  other  gases  likewise  exhibit  diamagnetic  relations.  The  researches  of 
these  Italian  philosophers  have  been  confirmed  and  extended  by  Faraday :  the  follow- 
ing are  the  principal  results. 

An  arrangement  was  made  by  which  a  stream  of  any  gas  could  be  delivered  in  a 
vertical  direction,  either  upwards  or  downwards,  near  the  middle  point  of  the  axial 
line,  between  two  powerful  magnetic -poles  of  opposite  names,  but  at  a  short  distance 
on  one  side  of  that  line.  By  this  arrangement  it  was  found  that  the  following  gases 
were  driven  away  from  the  magnetic  axis  and  passed  off  in  the  equatorial  direction  ; 
that  is  to  say,  they  exhibited  diamagnetic  relations  with  regard  to  atmospheric  air  — 
nitrogen,  hydrogen,  carbonic  anhydride,  carbonic  oxide,  coal-gas,  olefiant  gas,  sulphur- 
ous anhydride,  hydrochloric  acid,  hydriodic  acid,  fluoride  of  silicium,  ammonia,  chlo- 
rine, nitrous  oxide,  and  the  vapours  of  bromine  and  iodine.  Nitric  oxide  and  pernitric 
oxide  were  also  slightly  diamagnetic  in  air.  Oxygen  was  strongly  magnetic — that  is 
to  say,  it  was  drawn  towards  the  axis,  and  then  along  it  in  opposite  directions  towards 
the  two  poles,  round  which  it  accumulated. 

The  first-mentioned  gases  evidently  differed  from  each  other  in  diamagnetic  energy ; 
but  it  was  found  impossible  by  the  means  above  described  to  form  anything  like  a  pre- 
cise estimate  of  their  relative  powers.  To  determine  this  point,  the  magnetic  poles 
were  surrounded  with  an  atmosphere  of  one  gas,  while  the  other  gas  was  directed  in  a 
vertical  stream,  either  upwards  or  downwards,  near  the  axial  line  as  before.  By  this 
method  it  was  found  that  (1)  In  carbonic  anhydride,  air  and  oxygen  passed  axially; 
nitrogen,  hydrogen,  coal-gas,  olefiant  gas,  hydrochloric  acid,  and  ammonia,  equatorially  : 
so  likewise  did  carbonic  oxide  and  nitrous  oxide,  but  the  action  was  feeble.  (2)  In  coal- 
gas,  air  appeared  magnetic,  though  but  slightly ;  oxygen  was  strongly  magnetic  : 
nitrogen  was  strongly  diamagnetic;  olefiant  gas,  carbonic  oxide,  and  carbonic  anhydride, 
feebly  so.  (3)  In  hydrogen  gas,  air,  when  free  from  smoke,  passed  axially ;  but 
when  mixed  with  smoke,  it  was  either  indifferent  or  passed  equatorially.  Hydrogen 
gas  and  atmospheric  air  seem  to  be  not  far  removed  from  one  another  in  the  scale. 
Oxygen  was  strongly  magnetic ;  nitric  oxide  also  magnetic,  but  in  a  less  degree.  Ni- 
trogen was  strongly  diamagnetic ;  nitrous  oxide,  carbonic  oxide,  carbonic  anhydride, 
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and  olefiant  gas  were  also  diamagnetic ;  hydrochloric  acid  and  chlorine  slightly  so. 
Oxygen  appears  to  be  the  most  magnetic  of  all  gases. 

When  a  spiral  of  platinum  wire  was  placed  just  below  the  middle  point  of  the  axial 
line  and  ignited  by  a  voltaic  current,  the  stream  of  hot  air  which  rose  up  against  the 
axial  line  was  deflected  at  right  angles  to  the  axis,  and  passed  off  in  the  equatorial 
direction.  The  same  effect  was  obtained  in  oxygen,  carbonic  anhydride,  and  coal-gas. 
Hence  it  appears  that  a  heated  gas  is  diamagnetic  to  the  same  when  cold.  A  stream 
of  cold  air  directed  downwards  near  the  axial  line,  was  drawn  towards  that  line. 

The  flame  of  a  wax  taper  or  of  burning  ether  also  takes  an  equatorial  direction  when 
placed  in  or  near  the  middle  of  the  axial  line.  When  placed  a  little  on  one  side  of 
the  axis,  it  is  directed  away  from  that  line,  just  as  if  a  gentle  wind  were  blowing  upon 
it  in  that  direction.  When  made  to  rise  exactly  in  the  axial  line,  it  divides  itself  into 
two  long  tongues,  directed  at  right  angles  to  the  axis.  This  effect  is  particularly  strik- 
ing with  the  large  flame  produced  by  setting  fire  to  a  ball  of  cotton  soaked  in  ether. 
These  effects  are  evidently  analogous  to  those  just  described  with  hot  air ;  but  they 
are  doubtless  partly  due  to  the  solid  carbonaceous  particles  in  the  flame,  which  are 
diamagnetic.  In  corroboration  of  this  supposition,  it  is  found  that  the  brightest 
flames  are  the  most  strongly  diamagnetic.  (Faraday,  Phil.  Mag.  [3]  xxxi.  401 :  see 
also  Zantedeschi,  xxxi.  421.) 

Specific  Magnetism.  This  term  was  introduced  by  E.  Becquerel,  to  denote 
the  action  exerted  by  a  magnet  on  the  unit  of  volume  of  a  body  placed  at  the  unit  of 
distance,  as  compared  with  that  which  is  exerted  on  a  certain  substance  taken  as  the 
standard  of  comparison.  Another  mode  of  estimation  is  to  compare  the  effects  pro- 
duced on  a  small  magnetic  needle,  by  a  cube,  equal  to  the  unit  of  volume,  placed  at  the 
unit  of  distance  from  the  needle.  The  measurements  are  made  either  by  the  torsion, 
balance,  or  by  determining  the  weight  required  to  keep  the  body  in  a  certain  position 
of  equilibrium  while  under  the  influence  of  the  magnet. 

By  these  methods,  PI  ticker,  representing  the  specific  magnetism  of  soft  iron  by 
100,000,  has  found  for  native  magnetic  oxide  the  number  40,227,  for  specular  iron  ore 
533,  for  brown  haematite  71,  which  is  the  lowest  number  found  for  any  of  the  com- 
pounds of  iron,  solid  or  liquid. 

The  following  are  the  results  obtained  by  Pliicker  for  certain  diamagnetic  substances 
at  ordinary  temperatures,  and  for  equal  weights  referred  to  water  as  unit. 

Specific  Diamagnetic  Powers.     (P 1  ii  c  k  e  r. ) 
Water 
Phosphorus 
Sulphi 
Hydro 
Ether 
Oil  of 

This  table  shows  that  the  diamagnetic  powers  of  different  groups  of  substances  may 
be  approximately  expressed  by  simple  numbers ;  but  it  is  doubtful  whether  this  result 
is  accidental,  or  expresses  an  actual  law. 

The  following  table  contains  some  of  the  results  obtained  by  E.  Becquerel,  the 
magnetic  power  of  water  being  taken  as  unity,  and  the  results  referred  to  equal  volumes, 
Diamagnetic  substances  are  denoted  by  the  minus  sign. 

Specific  Magnetic  Powers.     (E.  Becquerel.) 


100) 
is        .         .         .         .  100  f  1 
>f  carbon     .         .         .  102  [  L 
ric  acid       .         .         .  102J 
127  ^5 

Flowers  of  sulphur 
Common  salt 
Nitric  acid   . 
Nitrate  of  bismuth 
Sulphuric  acid      .         . 

71 
70 
48 
35 
34 
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Solids. 

Specific 
magnetism 
in  air. 

Liquids. 

Specific 
gravity. 

Specific 
magnetism 
in  air. 

Water    . 

-1-00 

Water     . 

i-oooo 

-i-oo 

Zinc 

-0-25 

Alcohol  . 

0-8059 

-0-97 

White  wax     . 

-0-57 

Ammonia 

0-8059 

-1-02 

Melted  sulphur 

-1-14 

Common  salt  . 

1-2084 

-1-13 

Copper  (electrotype) 

-1-41 

Chloride  of  magnes  urn 

1-3197 

-1-21 

Copper,  pure  . 

-1-68 

Sulphide  of  carbon 

1-3197 

-1-33? 

Lead,  commercial   . 

-1-53 

Sulphate  of  copper 

1-1265 

+  0-81 

Phosphorus    . 

-1-64 

„        of  nickel 

1-0827 

+  2-16 

Selenium 

-1-65 

Ferrous  sulphate 

1-1728 

+  18-02 

Silver,  pure    .        . 

-2-32 

»             >» 

1-1923 

+  21-12 

Gold  (nugget) 

-2-41 

„      chloride 

1-0695 

+    9-19 

Gold,  pure      .         . 

-3-47 

>J                            5? 

1-2767 

+  36-07 

Bismuth         .        . 

-21-76 

„      (concen 

«... 

-22-67 

trated) 

1-4334 

-I-  65-01 
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To  compare  the  magnetic  powers  of  iron  with  water,  and  thence  with  other  bodies, — 
which  is  somewhat  difficult,  on  account  of  the  very  great  disproportion  existing 
between  the  two, — Becquerel  made  use  of  the  concentrated  solution  of  ferrous  chloride, 
as  an  intermediate  term  of  comparison.  This  solution,  which  has  a  specific  magnetic 
power  of  +  658-13,  that  of  water  being  —10,  was  introduced  into  a  tube  of  thin  glass, 
4  centimetres  long,  suspended  between  the  contrary  poles  of  two  bar  magnets,  and  its- 
oscillations  were  compared  with  that  of  a  bar  of  wax  of  the  same  length  mixed  with 
a  known  weight  of  soft  iron  filings.  The  numbers  of  oscillations  made  by  such  bars 
in  a  given  time  are  independent  of  their  bulk,  and  proportional  to  the  quantity  of 
filings  contained  in  them.  In  this  manner  it  was  found  that  ferrous  chloride  expe- 
riences, for  equal  volumes,  the  same  amount  of  action  as  an  inert  substance  containing 
0-2  milligr.  of  iron  per  cubic  centimetre.  Now,  the  magnetic  power  of  water,  com- 
pared with  ferrous  chloride,  being  — .  =  —  0'0152,  will  also  be  equal  to  that  of  an 

inert  substance  containing  0-0152  x  0'2  =  0'003  milligr.  of  iron  per  cubic  centimetre, 
but  of  contrary  sign.  Hence,  as  a  cubic  centimetre  of  iron  weighs  7758  grms.,  the 
magnetic  powers  of  iron,  ferrous  chloride,  and  water  are,  for  equal  volumes,  as  the  num- 
bers +  1,000,000  :  +  257  :  —  0'4 ;  and  for  equal  weights,  as  +  1,000,000  :  + 140  :  —3. 

Faraday  has  also  compared  the  magnetic  powers  of  a  considerable  number  of  sub- 
stances by  the  method  of  torsion.  The  next  table  contains  some  of  his  results  for 
equal  volumes  in  vacuo,  and  referred  to  water  as  unity.  They  were  all  obtained  at 
the  temperature  of  15'5°  C.  (60°  F.),  and  for  gases  under  the  pressure  of  076  metre. 

Specific  Magnetic  Powers.     (Faraday.) 


Substances. 

Magnetic 
powers. 

Substances. 

Magnetic 
powers. 

Substances. 

Magnetic 
powers. 

Proto-ammoni- 
uret  of  copper 

+  1-309 

Cyanogen  . 
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-0-009 
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Ammonia  (liquid) 
Sulphide  of  car-) 

-1-010 

Per-ammoniuret 

i 

Zinc,  pure 

-0772 

bon         .           ( 

of  copper 

+  1*240 

Ether 

-8-797 

Nitrate  of  potas-  ) 

Oxygen 

+  0-181 

Alcohol  (abs.)    . 

-0-815 

sium  (sat.)        | 

— 

Air     . 

+  0-035 

Oil  of  lemons 

-0-828 

Sulphuric  acid     . 

-1-081 

Olefiant  gas 

+  0-006 

Camphor  . 

-0855 

Sulphur 

-1-221 

Nitrogen 

+  0-003 

Camphine  . 

-0-859 

Chloride    of  ar-f 

Carbonic    anhy-  ) 

A.A  /\A 

Linseed  oil 

-0-886 

senic      .          jj 

—  1  ZoU 

dride      .         .  £ 

OOOO 

Olive  oil    . 

-0-886 

Borate    of    lead  ) 

1  .A  1  O 

Hydrogen   . 

-o-ooi 

Wax. 

-0-887 

(melted)            $ 

—  1  4:lO 

Ammonia  gas 

-0-005 

Nitric  acid 

-0-911 

Bismuth 

-20-369 

A  comparison  of  the  specific  magnetic  powers  of  different  elementary  bodies  shows 
that,  in  many  instances,  the  most  magnetic  are  those  which  have  the  smallest  atomic 
volume  (i.  442),  or  those  whose  atoms  are  the  closest  together ;  and  that  diamagnetic 
bodies,  on  the  other  hand,  are  those  whose  atoms  have  the  largest  spaces  between  them. 
Thus  bismuth,  the  most  diamagnetic  of  all  bodies,  has  also  a  high  atomic  volume  (21-2) ; 
whereas  iron,  nickel,  and  cobalt  have  very  low  atomic  volumes,  viz.  about  3*5.  But 
on  the  other  hand,  copper  and  zinc,  which  have  also  small  atomic  volumes,  viz.  3 -6 
and  4'6  respectively,  are  slightly  diamagnetic;  and  sodium  and  potassium,  whose  atomic 
volumes  are  larger  than  those  of  any  other  metals  (sodium  237,  potassium  45'6), 
are,  according  to  Lamy,  slightly  magnetic.  The  relative  distances  between  the  atoms 
is,  therefore,  not  the  only,  and  perhaps  not  the  principal,  cause  which  determines  the 
difference  between  magnetic  and  diamagnetic  bodies. 

No  definite  relation  has  yet  been  discovered  between  the  magnetic  or  diamagnetic 
powers  of  compounds  and  those  of  their  elements.  It  is  known,  however,  that  the 
compounds  of  iron  are  for  the  most  part  magnetic ;  but  exceptions  occur  even  among 
these,  the  ferrocyanide  and  ferricyanide  of  potassium,  for  example,  being  diamagnetic. 
The  magnetic  relations  of  atoms  are,  therefore,  dependent  to  a  certain  extent  on  their 
state  of  combination. 

The  magnetic  and  diamagnetic  powers  of  mixtures  are,  according  to  Matteucci, 
sensibly  equal  to  the  sum  [?  the  mean]  of  those  of  their  components. 

Specific  Magnetism  of  Oxygen  and  Air. — Matteucci  has  compared  the  magnetic 
power  of  oxygen  with  that  of  iron  by  the  following  method,  which  serves  also  to  show,  in 
a  striking  manner,  that  oxygen  is  magnetic : — A  large  bubble  of  oxygen  is  introduced 
into  a  tube  filled  with  alcohol,  and  the  tube  is  placed  transversely  between  the  hemi- 
spherical polar  extremities  of  a  very  strong  electro-magnet.  If  the  bubble  is  placed 
tangentially  to  the  polar  line,  it  elongates  towards  this  line;  and  if  its  centre  is  over  the 
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polar  line,  it  shortens.  If  the  alcohol  is  saturated  with  protochloride  of  iron,  the 
bubble  in  the  latter  position  splits  into  two,  which  move  away  from  one  another.  By 
ascertaining  by  trial  the  proportion  of  ferrous  chloride,  for  which  the  bubble  experiences 
no  perceptible  change  of  form,  a  solution  will  be  obtained,  having  the  same  magnetic 
power  as  oxygen  gas.  By  this  method  Matteucci  found  that  oxygen  has  the  same 
magnetic  power  as  an  alcoholic  solution  of  ferrous  chloride  containing  three  milli- 
grammes of  iron  in  a  cubic  centimetre. 

E.  Becquerel  has  made  numerous  experiments  for  the  purpose  of  measuring  the 
magnetic  power  of  oxygen  as  compared  with  water,  and  thence  with  iron.  A  small 
tube  of  glass  filled  with  wax  was  suspended  from  a  torsion  apparatus,  and  the  effects 
produced  upon  it  by  an  electro-magnet  in  a  vacuum,  in  oxygen  and  water,  were  com- 
pared. These  actions,  at  the  temperature  of  12°,  were,  in  oxygen  under  a  pressure  of 
0-76  met,  V0  =  -  0*2675;  in  a  vacuum,  V»  =  —0-1145;  and  in  water,  Vw  = 
+  07033.  Hence  V0  —  V»  =  +0-1530:  V«,  —  V*  =  —  0'8178  ;  and  the 
magnetism  of  oxygen,  compared  with  water  in  vacuo,  is  0'1530  :  0'8178  =  0-1871. 
Hence,  for  equal  volumes,  the  magnetic  power  of  oxygen  is  nearly  |  of  that  of  water, 
but  of  contrary  sign.  For  air  the  same  method  gives  the  number  0-03771 :  hence,  as 
the  magnetic  power  of  oxygen  multiplied  by  0'21  is  0*392,  it  follows  that  the  magnetic 
power  of  the  air  is  due  to  the  oxygen  contained  in  it.  These  results  are  nearly  the 
same  as  those  obtained  by  Faraday  (p.  773)  and  Matteucci ;  and  Becquerel  has  further 
confirmed  them  by  Pliicker's  method.  Lastly,  he  has  shown  that  the  magnetic  power 
of  oxygen  is  proportional  to  its  pressure — a  result  probably  true  also  for  other  gases. 

Taking  the  magnetic  power  of  iron  as  the  standard,  and  calling  it  1,000,000,  we 
find  that,  for  equal  weights,  the  magnetic  power  of  oxygen  is  377,  and  that  of  air  88. 
Oxygen,  weight  for  weight,  has  three  times  the  magnetic  power  of  ferrous  chloride, 
which  is  the  most  magnetic  of  all  liquids.  Hence  a  cubic  metre  of  oxygen  gas  would 
act  on  a  magnetic  needle  with  the  force  of  54  centigrammes  of  iron,  and  a  cubic  metre 
of  air  with  the  force  of  11  centigrammes  of  iron.  The  whole  atmosphere  is  consequently 
equal  in  magnetic  power  to  a  shell  of  iron  covering  the  whole  earth  to  the  thickness  of 
0*1  millimetre.  It  is  easy  to  conceive  that  such  a  magnetic  envelope,  in  a  state  of 
constant  agitation,  is  capable  of  disturbing  the  magnetic  needle ;  and  as  its  magnetic 
power  varies  with  its  temperature  (see  below),  the  heating  which  it  undergoes  at 
different  hours  of  the  day  may  contribute  to  produce  the  diurnal  variations  (p.  782). 

Influence  of  Temperature  on  Magnetism  and  Diamagnetism. — The  effect  of  heat  on 
the  magnetic  power  of  iron  and  steel  has  already  been  mentioned  (p.  767).  It  was 
formerly  supposed  that  iron  at  a  white  heat  becomes  totally  unsusceptible  of  magnetic 
influence.  Faraday  has,  however,  shown  that,  though  the  susceptibility  of  magnetic 
bodies  properly  so  called  is  rapidly  diminished  by  heat,  it  is  never  completely 
destroyed,  but  is  still  perceptible  at  the  highest  temperatures,  provided  that  electro- 
magnets of  great  power  are  employed  to  develope  it.  These  results  have  been  con- 
firmed by  Pliicker,  who  has  shown  that  the  specific  diamagnetism  and  magnetism  of 
solids  and  liquids  diminish,  for  the  most  part,  as  their  temperature  is  raised,  but  that 
there  are  some  exceptions  to  the  rule.  Mercury,  for  example,  exhibits  no  change  of 
diamagnetic  power  at  300° ;  neither  do  sulphur  and  stearin,  even  when  heated  above 
their  melting  points.  Brunner  has  shown  that  water  in  the  state  of  ice  and  of  vapour 
has  the  same  specific  magnetism  as  in  the  liquid  state. 

According  to  Matteucci  (Bibl.  Univ.  de  Geneve  [Arch,  des  Sc.  xxiii.],  24),  the 
magnetism  of  iron  increases  up  to  a  certain  temperature,  then  decreases  rapidly.  The 
diamagnetic  power  of  bismuth  diminishes  between  0°  and  212°  C. — nearly  in  proportion 
to  the  increase  of  temperature,  and  vanishes  altogether  at  the  melting  point.  Non- 
metallic  bodies,  on  the  contrary,  such  as  sulphur  and  phosphorus,  scarcely  suffer  any 
diminution  of  diamagnetic  power  in  consequence  of  change  of  state. 

A  globule  of  iron  melted  in  a  lime-spoon  by  the  oxy-hydrogen  blowpipe  was  still 
attracted  by  the  magnet ;  but  to  exhibit  the  attraction,  a  very  large  electro-magnet  was 
required,  charged  with  30  Grove's  cells.  Matteucci  estimates  the  magnetic  power  of 
melted  iron  at  only  0-000015  of  its  power  at  common  temperatures :  hence  it  is  not 
surprising  that  iron  at  a  white  heat  should  have  been  found  insensible  to  the  attractive 
power  of  ordinary  magnets.  Copper,  standard  gold,  zinc,  porcelain,  and  certain  kinds 
of  charcoal,  which  according  to  Matteucci  are  magnetic  at  common  temperatures,  become 
diamagnetic  when  heateft.  Platinum  remains  magnetic  in  the  state  of  fusion,  its  power 
appearing  scarcely  to  have  suffered  any  diminution. 

Heat  appears  also  to  diminish  the  magnetic  power  of  gases :  thus  Faraday  found  that 
heated  air  is  repelled  by  the  magnet  when  surrounded  by  cold  air  (p.  77 1 ).  E.  Becquerel, 
however,  concludes  from  his  experiments  on  oxygen,  that  heat  does  not  act  directly  in 
diminishing  the  magnetic  power  of  gases,  the  diminution  observed  being  solely  due  to 
change  of  density. 
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Influence  of  Compression  and  Crystalline  Structure  on  Magnetism  and  Diamagnetism. 
— Faraday  observed  that  the  position  assumed  by  a  bar  of  bismuth  under  the  influence 
of  magnetic  forces,  is  affected  in  a  remarkable  manner  by  its  crystalline  structure  ;  and 
that  when  a  cubic  crystal  of  the  metal  is  suspended  between  the  poles  of  an  electro- 
magnet, a  certain  line,  perpendicular  to  the  principal  cleavage-plane  of  the  crystal 
(called  by  Faraday  the  magne-crystcdlic  axis'),  tends  to  place  itself  axially  between  the 
poles,  and  in  other  parts  of  the  field,  tangentially  to  the  magnetic  curve  passing  through 
the  point  where  the  crystal  is  situated.  Pliicker  also  remarked  that  a  plate  of  tour- 
maline cut  parallel  to  its  axis,  and  suspended  between  the  poles  of  an  electro-magnet 
with  that  axis  horizontal,  places  itself  with  the  axis  in  the  equatorial  position,  although 
the  crystal  is  magnetic,  in  consequence  of  the  iron  which  it  contains,  and  if  suspended 
with  the  axis  vertical,  is  attracted  by  either  pole  of  the  magnet.  Hence  he  concluded 
that  the  axis  is  repelled  by  the  magnetic  poles,  and  that  the  repulsion  thus  exerted  is 
more  powerful  than  the  attraction  due  to  the  magnetic  properties  of  the  mass.  Gale- 
spar,  on  the  contrary,  which  is  diamagnetic,  places  itself  with  its  principal  crystal- 
lographic  axis  in  the  line  between  the  magnetic  poles :  similar  results  are  obtained 
with  heavy  spar  and  dioptase,  which  are  magnetic. 

These  phenomena  have  been  reduced  to  a  general  law  by  the  researches  of  Tyndall 
and  Knoblauch  (Ann.  Ch.  Phys.  [3]  xxxv.  375 ;  xxxvii.  76),  who  have  shown  that 
when  the  particles  of  a  body  are  more  closely  packed  in  one  direction  than  in  others, 
this  direction — other  circumstances  being  the  same — is  the  one  on  which  the  forces 
acting  upon  the  body  are  exerted  with  the  greatest  energy,  and  consequently  this 
line  of  direction  places  itself  axially  or  equatorially  between  the  poles  of  a  magnet 
according  as  the  body  is  magnetic  or  diamagnetic.  Thus  a  cylinder  of  carbonate  of  iron 
made  into  a  paste  with  gum,  places  itself  axially,  if  of  uniform  density  in  all  directions  ; 
but  if  the  paste  be  strongly  pressed  between  boards  into  a  thin  cake,  a  bar  or  ne<  die 
formed  out  of  it  will  place  itself  equatorially  between  the  poles,  even  if  its  length  be 
ten  times  as  great  as  its  breadth.  Conversely,  a  bar  formed  of  a  paste  of  bismuth 
filings  and  gum,  which  places  itself  equatorially  if  of  uniform  density,  will  assume 
the  axial  position  if  the  paste  be  compressed  transversely  to  the  length  of  the  bar. 

The  effects  observed  in  crystals  of  bismuth  and  other  substances  are  of  the  same 
nature.  That  the  molecular  structure  of  crystals  is  not  the  same  in  all  directions,  is 
evident  from  their  optical  relations,  their  rates  of  expansion,  and  their  heat-conducting 
powers ;  and  the  direction  in  which  they  place  themselves  under  the  influence  of  a  magnet 
is  determined  by  their  relative  densities  in  different  directions,  in  the  same  manner  as 
in  the  artificial  structures  above  mentioned. 

It  is  not,  however,  the  direction  of  the  axis  of  a  crystal  that  ultimately  determines 
the  position  which  it  assumes  under  the  influence  of  a  magnet,  so  much  as  that  of  the 
planes  of  cleavage,  these  planes  taking  the  axial  direction  when  the  crystal  is  magnetic, 
and  the  equatorial  if  it  is  diamagnetic. 

Thus,  if  two  cubes  be  formed  of  the  same  dimensions,  one  from  a  crystal  of  beryl, 
the  other  from  scapolite,  both  of  which  are  magnetic,  the  former  will  place  itself  with 
its  principal  axis  equatorially  between  the  magnetic  poles,  the  latter  axially,  because 
in  beryl  the  cleavage-planes  are  perpendicular  to  the  axis,  whereas  in  scapolite  they 
are  parallel  to  it.  Conversely,  a  cube  of  nitre,  which  is  diamagnetic,  places  itself  with 
the  principal  axis  equatorial,  whereas  a  cube  of  topaz,  also  diamagnetic,  takes  up  the 
contrary  position  ;  because  the  cleavage-planes  of  nitre  are  parallel,  and  those  of  topaz 
are  perpendicular,  to  the  principal  axis  of  the  crystal.  In  all  cases,  the  cleavage-planes 
place  themselves  axially  or  equatorially,  according  as  the  crystal  is  magnetic  or  dia- 
magnetic. The  manner  in  which  this  result  is  produced  will  be  easily  understood  if 
we  remember  that  a  crystal  may  be  regarded  as  an  aggregate  of  very  thin  plates  laid 
parallel  to  each  other,  but  not  in  absolute  contact.  It  is  easy,  indeed,  to  imitate  the 
arrangement  artificially.  Thus,  if  a  number  of  strips  of  emery-paper,  an  inch  long  and 
a  quarter  of  an  inch  wide,  be  gummed  together  one  upon  the  other,  so  as  to  form  a 
rectangular  bar,  this  bar  will  place  itself  axially  between  the  poles  of  a  magnet  (the 
emery  being  magnetic) ;  in  fact,  it  represents  a  magnetic  crystal  having  its  cleavage 
planes  parallel  to  the  axis.  But  if  another  bar  be  formed,  also  an  inch  long,  of  square 
pieces  of  emery-paper,  a  quarter  of  an  inch  broad,  having  theif  surfaces  transverse  to 
its  length,  it  will  place  itself  equatorially,  because,  in  that  position,  the  layers  of 
magnetic  substance  will  take  up  the  axial  position.  If  the  paper  be  covered  with  a 
paste  of  bismuth  powder  instead  of  emery,  the  effects  will  be  exactly  opposite. — 
TraitS  d' Elcctricite,  par  A.  De  la  Eive  (i.  516—529). 

Diamagnetic  Polarity.  Soon  after  the  discovery  of  diamagnetism,  the  question 
was  raised,  whether  diamagnetic  bodies  possess  opposite  poles  analogous  to  those  of 
magnetic  bodies.  Faraday,  from  his  earlier  experiments,  concluded  that  such  was  not 
the  case,  but  that  every  part  of  a  diamagnetic  body  was  equally  repelled  by  either 
pole  of  a  magnet.  On  the  other  hand,  Keich  (Ann.  Ch.  Phys.  [3]  xxxvi.  127)  found 
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Fig.  727. 


that  a  very  delicately  suspended  ball  of  bismuth,  though  repelled  by  either  pole  of  a 
horse  shoe  magnet,  when  presented  to  them  separately,  remained  at  rest  when  sus- 
pended at  equal  distances  from  the  two  :  hence  he  concluded  that  the  resultant  effect 
of  the  two  magnetic  poles  is  due,  not  to  the  sum,  but  to  the  differ- 
ence of  their  action,  just  as  would  be  the  case  with  the  attractive 
actions  exerted  by  the  two  poles  on  a  ball  of  iron,  and  that  the 
first  effect  "of  the  magnet  on  the  bismuth  is  to  develope  in  it  a  cer- 
tain polarity,  whence  results  the  repulsion.  The  question  was  like- 
wise examined  by  Weber  and  Poggendorff,  Pliicker,  H.  C.  Oersted, 
and  Matteucci,  but  without  decisive  results,  and  the  question  as  to 
the  existence  of  diamagnetic  polarity  remained  doubtful  till  it  was 
taken  up  by  Tyndall  (Phil.  Trans.,  1855  and  1856),  who,  by  means 
of  an  apparatus  suggested  by  Weber,  has  completely  established  the 
existence  of  polarity  in  diamagnetic  bodies. 

This  apparatus,  represented  in  fig.  727,  consists  of  two  equal  verti- 
cal helices,  h  h,  h'k',  having  an  internal  diameter  of  two  centimetres, 
and  coiled  round  copper  tubes,  which  project  above  them  at  t,  t'; 
these  two  helices  convey  the  same  electric  current,  but  in  contrary 
directions.  They  are  fixed  to  a  stout  board  suspended  against  a 
wall,  and  within  them  are  suspended  two  small  diamagnetic  bars,  1,1', 
attached  to  an  endless  cord  passing  round  the  pulleys  P,P'.  An 
astatic  needle,  sn,  represented  in  projection  at  NS.N'S',  is  sus- 
pended on  a  level  with  the  middle  of  the  helices  h,  h,  by  silk  cords 
attached  'to  the  centre  of  a  torsion-circle,  r.  This  circle  is  capable 
of  turning  independently  of  the  screw  v,  the  nut  of  which  is  em- 
bedded in  a  copper  cross-piece  fixed  to  the  extremities  of  the  copper 
tubes  t,  t'.  The  magnets  NS,  N'S'  are  enclosed  in  a  copper  box,  a,  to 
diminish  the  amplitude  of  the  oscillations ;  they  are  joined  by  a  brass 
rod,  on  which  they  can  be  made  to  approach  one  another  more  or  less. 
The  deflections" of  the  astatic  needle  are  observed  by  reflection  in  a 
mirror  m,  M,  and  measured  by  the  reflection  of  a  horizontal  scale 
placed  at  a  distance,  as  in  Gauss's  magnetometers.  On  transmitting 
a  voltaic  current  from  one  or  two  Grove's  cells  through  the  two 
coils  in  opposite  directions,  the  bismuth  bars  within  them  become 
diamagnetised ;  and  by  carefully  raising  or  lowering  the  astatic  bars 
NS,  S'N',  a  position  may  be  found  in  which  the  magnets  become  in- 
different to  the  action  of  the  current.  If,  whilst  the  apparatus  is 
thus  arranged,  the  wheel  P  be  turned  to  the  right,  the  bismuth  bars 
will  be  brought  into  the  position  represented  in  the  figure,  and  the 
astatic  needle  will  be  deflected.  This  effect  is  clearly  due  to  the  de- 
velopment of  polarity  in  the  bismuth  bars :  for,  in  consequence  of 
the  opposite  direction  of  the  currents  on  the  two  helices,  the  lower 
end  of  one  bismuth  bar  will,  if  polar,  be  in  the  same  condition  as  the  upper  end  of  the 
other,  and  each  will  therefore  attract  one  particular  end,  say  the  north,  of  each  magnet 
composing  the  astatic  combination,  and  repel  the  south  end :  both  bars  therefore  tend 
to  deflect  both  magnets  in  the  same  direction  ;  on  turning  the  wheel  to  the  left,  so 
as  to  bring  the  bismuth  bars  into  the  opposite  position,  the  needles  will  be  equally 
deflected  in  the  contrary  direction. 

These  effects  are  most  marked  with  bodies  like  bismuth  and  antimony,  which  have 
the  greatest  diamagnetic  energy ;  but  they  are  also  distinctly  shown,  even  in  non-con- 
ducting bodies — such  as  heavy  glass,  phosphorus,  sulphur,  sulphide  of  carbon,  &c. 

If  the  deviation  produced  by  solid  bismuth  be  represented  by  75  divisions  of  the 
scale  employed,  the  following  table  will  represent  the  action,  found  by  Tyndall,  of  the 
other  bodies  enumerated  in  it: 


Bismuth,  solid 

„        powdered 
Antimony 
Sulphide  of  carbon 
White  marble 


75 
37 
13-5 

5-5 

5 


Heavy  glass  . 
Phosphorus   . 
Distilled  water 
Calcspar 
Nitre    . 


4 
4 
4 
2 
17 


When  magnetic  substances,  such  as  iron  in  bars  or  in  filings,  sulphate,  carbonate,  or 
chloride  of  iron,  slate,  solutions  of  salts  of  iron,  nickel,  or  cobalt,  are  substituted  for  the 
diamagnetic  bars,  the  astatic  needles  are  deflected  in  the  contrary  direction  to  that  in 
which,  under  the  same  circumstances,  they  would  be  deflected  by  diamagnetic  bodies. 

Theory  of  Diamagnetism.  The  phenomena  of  diamagnetism  naturally  suggest 
the  inquiry,  whether  the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic  bodies 
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is  a  force  distinct  from  that  of  magnetism,  as  exerted  upon  iron  and  other  bodies  of  the 
magnetic  class  ;  or  whether,  on  the  other  hand,  the  magnetic  and  diamagnetic  condi- 
tions of  matter  are  merely  relative,  so  that  all  bodies  are  magnetic  in  different  degrees, 
and  the  apparent  repulsion  of  a  diaraagnetic  body,  such  as  bismuth,  is  merely  the  result 
of  its  being  attracted  by  the  magnet  less  than  the  particles  of  the  surrounding  medium, 
just  as  a  balloon  recedes  from  the  earth,  because  its  weight  is  less  than  that  of  an  equal 
bulk  of  the  surrounding  air.  It  is  easy  to  show  that  the  same  body  may  appear  mag- 
netic or  diamagnetic,  according  to  the  medium  in  which  it  is  placed.  Protosulphate 
of  iron  is  a  magnetic  substance,  and  water  is  diamagnetic :  hence  it  is  possible,  by 
varying  the  strength  of  an  aqueous  solution  of  this  salt,  to  make  it  either  magnetic, 
indifferent,  or  diamagnetic,  when  suspended  in  air.  Again,  a  tube  containing  a  solution 
of  protosulphate  of  iron  suspended  horizontally  within  ajar,  also  tilled  with  a  solution 
of  the  same  salt,  and  placed  between  the  poles  of  two  powerful  electro-magnets,  will 
place  itself  axially  or  equatorially,  according  as  the  solution  contained  in  it  is  stronger 
or  weaker  than  that  in  the  jar.  In  the  same  manner,  then,  we  may  conceive  that 
bismuth  places  itself  equatorially  between  two  magnetic  poles,  because  it  is  less  mag- 
netic than  the  surrounding  air.  But  the  diamaguetism  of  bismuth  and  other  bodies 
of  the  same  class  shows  itself  in  a  vacuum  as  well  as  in  air:  hence,  if  diamagnetism 
is  not  to  be  regarded  as  a  distinct  force,  we  must  suppose  that  the  ether  is  also 
magnetic,  and  occupies  in  the  magnetic  scale  the  place  intermediate  between  magnetic 
and  diamagnetic  bodies. 

That  a  body  suspended  in  a  medium  of  greater  magnetic  susceptibility  than  itself, 
will  recede  from  a  magnetic  pole  in  its  neighbourhood,  in  consequence  of  the  greater 
force  with  which  the  particles  of  the  medium  are  impelled  towards  the  magnet,  is  so 
obvious  a  consequence  of  mechanical  laws,  that  we  can  scarcely  avoid  attributing  the 
movements  of  diamagnetic  bodies  to  the  cause  just  mentioned,  at  least,  when  the  body 
is  suspended  in  air  or  other  magnetic  gas.  There  is,  however,  some  difficulty  in 
reconciling  the  phenomena  exhibited  by  compressed  and  crystallised  bodies  (p.  774) 
with  this  view.  Tyndall  some  time  ago  (Phil.  Mag.  [4]  ix.  205)  objected 
to  it,  that  the  intensity  of  diamagnetism  as  well  as  that  of  magnetism  is  in- 
creased by  compression ;  whereas,  if  the  repulsion  of  a  diamagnetic  body  were  merely 
the  result  of  the  greater  attraction  exerted  upon  the  particles  of  the  surrounding 
medium,  it  ought  to  be  weakest  in  that  direction  in  which  the  body  is  most  compressed, 
inasmuch  as  the  compression  must  increase  the  total  amount  of  attraction  exerted  on 
the  particles  of  the  body  in  that  direction,  but  cannot  in  any  way  affect  that  which  is 
exerted  on  the  surrounding  medium.  Williamson  (Proc.  Roy.  Soc.  vii.  306)  has, 
however,  pointed  out  that,  in  considering  this  question,  it  is  necessary  also  to  take 
account  of  the  attraction  exerted  on  the  magnetic  medium  (or  ether)  interposed  between 
the  particles  of  the  magnetic  or  diamagnetic  body.  When  a  cube  of  carbonate  of  iron 
is  compressed,  the  ponderable  particles  being  more  magnetic  than  the  medium  which 
they  displace,  the  force  with  which  the  body  is  attracted  is  increased  proportionally 
to  this  excess.  If  it  becomes  more  magnetic  by  compression,  we  must  conclude  that 
the  loss  of  magnetic  medium  from  its  interstices  is  more  than  supplied  by  the  mag- 
netic matter  which  takes  its  place.  Carbonate  of  calcium,  on  the  other  hand,  is  less 
magnetic  than  the  quantity  of  medium  which  its  particles  displace ;  and  when  these 
particles  are  brought  closer  together  by  pressure,  the  mass  becomes  more  diamagnetic, 
because  a  certain  quantity  of  the  magnetic  medium  is  thus  replaced  by  the  less  mag- 
netic matter.  In  both  bodies,  so  long  as  they  retain  their  original  crystalline  forms, 
the  optic  axis  is  the  direction  in  which  the  function  of  the  ponderable  particles  predo- 
minates most  strongly  over  that  of  the  medium ;  so  that  in  the  iron-salt  it  is  the 
strongest,  and  in  the  calcium-salt  the  feeblest  magnetic  direction  of  the  crystal.  On 
the  other  hand,  Hirst  (Proc.  Eoy.  Soc.  vii.  448)  suggests  that,  in  estimating  the 
resultant  action  of  a  magnet  on  the  particles  of  a  body  and  the  magnetic  medium 
enclosed  between  them,  account  must  be  taken  of  the  relative  intensities  of  the  action 
exerted  on  the  medium  in  different  directions :  and  he  endeavours  to  show,  by  a  process 
of  reasoning  for  which  we  must  refer  to  the  paper  above  quoted,  that,  in  two  out  of 
three  possible  cases,  viz.  (1)  when  the  attraction  of  the  magnet  on  the  interposed 
medium  is  equal  in  all  directions  with  regard  to  the  line  of  compression,  and  (2)  when 
it  is  greatest  in  that  direction,  the  repulsion  produced  on  a  body  whose  specific 
magnetic  susceptibility  is  less  than  that  of  the  medium,  will  be  a  minimum  in  that 
direction  :  and,  therefore,  that  in  these  two  cases,  the  objection  raised  by  Tyndall 
against  the  theory  of  diamagnetism  under  consideration  is  valid:  but  that,  thirdly, 
in  the  somewhat  improbable  case  in  which  the  action  of  the  magnet  on  the 
interposed  medium  is  greatest  in  the  direction  at  right  angles  to  that  of  strongest 
attraction  of  the  ponderable  particles,  the  latter  may  be  so  far  diminished,  that 
the  body  may  be  most  strongly  repelled  by  a  magnetic  pole  in  the  direction  of 
greatest  compression.  If,  therefore,  this  third  case  be  also  taken  into  account,  Tyn- 
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dalTs  objection  to  the  theory  of  a  magnetic  medium  cannot  be  regarded  as  perfectly 
decisive. 

On  the  whole,  then,  the  phenomena  exhibited  by  compressed  and  crystallised  bodies 
do  not  quite  decide  the  question  whether  diamagnetic  repulsion  is  merely  a  differential 
phenomenon,  or  whether  it  is  due  to  the  action  of  a  specific  force.  That  it  is  partly 
differential,  can,  as  already  observed,  scarcely  be  doubted  ;  but,  on  the  other  hand,  the 
existence  of  diamagnetic  polarity  shows  decidedly  that  the  effect  is  not  wholly  due  to 
this  cause :  for  if  it  were,  every  part  of  a  diamagnetic  body  would  be  repelled  by 
either  pole  of  a  magnet. 

It  becomes  necessary,  therefore,  to  seek  some  further  explanation  of  the  phenomena  of 
diamagnetism ;  and  the  following  theory  has  been  proposed  by  Weber  and D  e  La  Rive. 
We  must  suppose,  in  the  first  place,  that  each  molecule  of  a  body  possesses  a  natural 
polarity,  by  virtue  of  which,  negative  electricity  tends  to  accumulate  at  a  certain  point> 
c,  of  its  surface  (fig.  728),  and  positive  electricity  at  the  opposite  point,  b.  If  this 
molecule  is  isolated  and  a  good  conductor,  the  two  electricities  will  recombine  along 
its  surface,  forming  currents  contrary  to  those  which  are  continually  being  produced  in  its 


Fig.  728. 
a. 


interior  to  re-establish  the  polar  tension ;  and  the  actions  which  these  currents  would  tend 
to  produce  on  any  external  point,  destroy  one  another.  If  now  the  molecule  be  sup- 
posed to  make  one  of  a  group,  all  the  atoms  of  this  group  will  act  upon  each  other  so 
as  to  bring  their  contrary  poles  towards  one  another,  as  in  fig.  729,  and  the  opposite 
electricities,  instead  of  recombining  on  the  surface  of  each  molecule,  will  form  inter- 
molecular  discharges,  and,  consequently,  a  current  in  the  direction  of  the  external  arrows. 
These  currents,  existing  in  all  the  molecular  groups,  are  in  fact  those  which  are 
assumed  to  exist  in  Ampere's  theory  (p.  769) :  in  unmagnetised  iron,  they  run  in  all 
directions,  and  the  effect  of  magnetisation  is  to  reduce  them  to  parallelism.  Now, 
these  currents  cannot  pass  between  the  molecules  composing  the  group  unless  these 
molecules  are  sufficiently  close  together ;  and,  accordingly,  it  is  found  that  magnetic 
bodies  are,  generally  speaking,  those  whose  atoms  are  most  closely  packed ;  in  other 
words,  those  which  have  the  smallest  atomic  volumes  (p.  773).  Moreover,  heat,  which 
increases  the  distance  between  the  atoms,  diminishes  the  magnetic  power  of  a  body,  and 
may  even  destroy  it  altogether.  Diamagnetic  bodies,  on  the  contrary,  having,  generally 
speaking,  a  large  atomic  volume, — that  is  to  say,  their  atoms  being  very  wide  apart, — 
these  atoms  cannot  discharge  their  opposite  electricities  one  to  another,  but  are  in  the 
state  of  the  isolated  atom  (fig.  728).  If,  however,  these  independently  polarised  atoms 
are  brought  near  an  electric  current,  or  the  system  of  currents  constituting  a  magnet,  the 
atoms  are  brought,  by  the  polarised  molecules  of  the  current,  into  such  a  position  that  the 
contrary  poles  of  the  two  systems  are  brought  face  to  face,  as  in  the  formation  of  induced 
currents  (fig.  447,  vol.  ii.  p.  454).  Consequently,  these  atoms  will  place  themselves,  in 
their  own  group,  in  the  same  manner  as  those  in  fig.  729 ;  and  if  the  action  is  suffi- 
ciently powerful,  the  polarity  of  the  atoms  of  the  molecular  group  will  be  increased  by 
their  mutual  influence,  to  such  an  extent,  that  discharges  will  take  place  between  them, 
producing  a  current  in  the  opposite  direction  to  that  of  the  magnet,  in  consequence  of 
which  the  body  will  be  repelled  from  the  magnet.  According  to  this  theory,  then,  the 
chief  difference  between  magnetic  and  diamagnetic  bodies  consists  in  this — that  in  the 
former  the  currents  pre-exist  round  the  molecular  groups,  and  merely  require  to  be 
brought  to  parallelism  by  magnetisation;  whereas  in  the  latter,  they  are  brought  into 
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existence  only  under  the  influence  of  powerful  currents,  capable  of  bringing  the  atoms 
into  the  necessary  arrangement. 

There  are,  however,  considerable  difficulties  in  the  reception  of  this  theory.  In  the 
first  place,  the  diamagnetic  powers  of  bodies  are  by  no  means  proportional  to  their 
atomic  volumes.  Potassium  and  sodium,  which  have  much  greater  atomic  volumes 
than  bismuth,  are  slightly  magnetic  ;  whereas  zinc  and  copper,  whose  atomic  volumes  are 
very  small,  are  slightly  diamagnetic.  With  regard  to  these  two  latter  metals,  De  la  Eive 
observes  that  they  are  very  good  conductors,  and,  therefore,  that  the  recomposition  of 
the  opposite  electricities  may  take  place  along  the  surface  of  each,  in  spite  of  thf  ir 
close  proximity:  and  in  support  of  this  explanation  he  remarks,  that  on  combining  copper 
with  chlorine  and  oxygen,  which  diminish  its  conductivity,  it  becomes  magnetic.  But 
this  mode  of  explanation  will  not  account  for  the  magnetism  of  potassium  and  sodium, 
which  are  intermediate  in  conductivity  between  iron  and  copper.  Moreover,  it,  is 
difficult  to  see  how,  according  to  this  theory,  the  diamagnetism  of  a  body  should  be 
increased  by  compression.  On  the  whole,  it  must  be  admitted  that  we  are  still  very  far 
from  a  satisfactory  theory  of  diamagnetism. 


TERRESTRIAL  The  magnetic  action  of  the  earth  has  been 
spoken  of  in  a  general  way  in  the  preceding  article  :  we  shall  here  examine  it  more 
partictilarly.  A  magnetic  needle  suspended  by  its  centre  of  gravity  in  such  a  manner 
that  it  can  move  freely  in  all  directions,  and  placed  beyond  the  influence  of  other 
magnets  and  masses  of  iron,  places  itself:  1.  At  a  particular  angle  with  the  geo- 
graphical meridian  of  the  place  :  this  is  called  the  declination.  —  2.  At  a  particular 
angle  to  the  horizon,  called  the  inclination  or  dip  of  the  needle. 

1.  Declination  —  also  called  the  Variation  of  the  Compass.  —  The  angle  which  the 
magnetic  needle  makes  with  the  north  and  south  line,  or  with  the  geographical  meridian, 
is  most  conveniently  observed  with  a  needle  whose  movements  are  restricted  to  a 
horizontal  plane  ;  as  by  supporting  it  on  a  steel  point  by  an  agate  cap  (jig.  718),  or  on  a 
stirrup  of  paper  or  copper  suspended  by  a  thread  of  unspun  silk.  When  a  needle  thus 
suspended  is  carried  to  different  parts  of  the  earth's  surface,  its  direction  is  continually 
changing.  In  certain  parts  of  the  world,  it  points  exactly  north  and  south  ;  in  all  others, 
its  position  of  equilibrium  is  more  or  less  inclined  to  the  geographical  meridian  of  the 
place.  A  vertical  plane  passing  through  its  position  of  equilibrium  is  called  the 
magnetic  meridian  of  the  place. 

The  declination  varies  in  direction  and  in  amount  both  with  place  and  with  time. 
It  is  always  spoken  of  with  reference  to  the  position  of  the  north  pole  of  the  needle. 
Thus,  when  we  say  that  the  declination  at  London  is  at  present  to  the  west,  we  mean 
that  the  north  pole  of  the  needle  points  west  of  the  geographical  north. 

The  points  of  the  earth's  surface  at  which  the  needle  points  due  north  and  south  are 
situated  on  certain  lines,  called  lines  of  no  declination.  One  of  these  lines,  whose 
direction  does  not  deviate  much  from  that  of  a  great  circle  of  the  globe,  may  be  traced 
from  a  certain  point  north-west  of  Hudson's  Bay,  across  Canada,  into  the  Atlantic 
Ocean,  cutting  the  extreme  east  point  of  South  America,  near  Cape  St.  Eoche,  whence 
it  passes  across  the  South  Atlantic  Ocean,  and  meets  the  meridian  of  London  near  the 
60th  degree  of  south  latitude.  Another  line  of  no  declination  passes  across  the 
Southern  Ocean  at  about  120°  east  longitude,  traverses  the  west  of  Australia  in  a 
nearly  northerly  direction,  then  passes  westwards,  forming  a  large  loop  enclosing  the 
islands  of  the  Indian  Archipelago  and  the  two  peninsulas  of  India,  whence  it  passes 
northwards  along  the  west  of  Japan,  and  enters  Siberia,  where  it  has  not  been  further 
traced.  Another  branch,  which  is  perhaps  a  continuation  of  that  which  traverses  the 
Indian  Ocean,  passes  northwards  across  the  White  Sea.  There  are,  therefore,  two 
systems  of  lines  of  no  declination,  which  probably  join  one  another  in  the  polar 
regions,  so  as  to  form  a  single  curve  passing  round  the  globe. 

Between  the  American  line  on  the  west  and  the  Asiatic  lines  on  the  east  —  that  is  to 
say,  over  nearly  the  whole  of  the  Atlantic  Ocean  and  the  Old  World  —  the  declination 
is  to  the  west  ;  over  the  rest  of  the  earth's  surface  it  is  to  the  east  ;  and  it  diminishes 
on  both  sides  as  we  approach  these  lines.  In  London,  at  the  present  time  (1864),  the 
declination  is  20°  45'  W. 

Inclination  or  Dip.  —  Suppose  a  bar  of  unmagnetised  steel  to  be  suspended  at  ita 
centre  of  gravity  by  a  thread  of  unspun  silk  :  it  will  come  to  rest  in  the  horizontal 
position.  But  if  it  be  magnetised,  it  will  not  only  place  itself  in  the  magnetic  meridian, 
but  will  take  up  an  inclined  position,  the  north  pole  in  these  latitudes  pointing  down- 
wards. The  amount  of  the  inclination  or  dip  of  the  needle  is  best  observed  by  means 
of  a  long  needle  supported  by  its  centre  of  gravity  on  a  horizontal  axis  (  jig.  730),  so 
that  its  movements  are  confined  to  a  vertical  plane.  A  dipping  '-net  die  thus  mounted 
is  represented  in  jig.  730.  The  horizontal  circle  serves  to  place  the  plane  of  the 
needle's  motion  in  the  magnetic  meridian,  and  the  vertical  circle  to  measure  the  dip. 
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As  the  needle  always  tends  to  place  itself  in  the  magnetic  meridian,  it  is  clear  that 
if  the  vertical  plane  to  which  its  movements  are  confined  is  placed  at  right  angles  to 

the  magnetic  meridian,  the  needle  will  stand  vertically/ 
Fig.  730.  this  being  the  only  position  in  which  it  can  place  itself 

in  the  magnetic  meridian.  If  this  position  be  determined 
and  marked  on  the  horizontal  circle,  the  vertical  circle 
may  be  placed  in  the  magnetic  meridian  by  moving  it 
round  90°  therefrom.  The  angle  of  inclination  may 
then  be  directly  observed. 

The  dip,  like  the  declination,  is  of  different  amount  in 
different  localities.  There  are  two  points,  one  in  each 
hemisphere,  at  which  the  dipping-needle  stands  exactly 
vertical;  these  are  called  the  magnetic  poles  of  the 
earth  ;  and  about  midway  between  them  is  a  line  called 
the  magnetic  equator,  or  line  of  no  dip,  at  which 
it  stands  horizontally.  The  magnetic  equator  is  a  some- 
what sinuous  line,  not  differing  much  from  a  great 
circle  inclined  to  the  geographical  equator  at  an  angle 
of  12°,  and  cutting  it  in  two  points  near  the  longitudes 
10°  E.  and  170°  W.,  reckoned  from  the  meridian  of  Paris. 
At  all  points  between  this  line  and  the  north  magnetic 
pole,  the  north  pole  of  the  needle  is  directed  downwards, 
the  contrary  being  the  case  in  the  other  magnetic  hemi- 
sphere. The  dip  goes  on  increasing  from  the  magnetic 

equator  towards  each  pole :  in  London  at  the  present  time  it  is  68°  15',  reckoning 
irom  the  horizontal  plane. 

On  comparing  the  positions  assumed  by  the  needle  at  different  parts  of  the  earth's 
surface,  it  is  easily  seen  that  they  may  be  accounted  for  by  regarding  the  earth  as  a  great 
magnet,  having  its  poles  at  the  points  where  the  dipping  needle  stands  vertically,  and 
its  median  line  coinciding  with  the  magnetic  equator.  The  northern  terrestrial 
magnetic  pole,  which  corresponds  with  the  south  pole  of  an  ordinary  magnet,  is  situated 
on  the  continent  of  North  America,  to  the  north-west  of  Hudson's  Bay,  and,  according 
to  the  observations  of  Capt.  J.  C.  Boss,  made  in  1830,  in  latitude  70°  5'  17"  N,  and 
longitude  96°  43'  W.  from  Greenwich  (Arago's  Meteorological  Essays,  translated  by 
Sabine,  p.  366).  The  position  of  the  southern  magnetic  pole  has  been  approximately 
fixed  by  the  observations  of  the  same  navigator,  in  latitude  73°  S.  and  longitude  130  E. 
The  line  of  no  declination  passes  through  these  two  points,  and  the  lines  of  equal  decli- 
nation converge  towards  them.  From  observations  made  at  different  points  in  England 
and  the  south  of  Scotland,  between  March  1858,  and  October  1860,  Sabine  deduces 
68°  59'-2  as  the  dip  at  the  mean  epoch,  1st  January,  1860,  at  a  point  whose  latitude 
and  longitude  were  the  means  of  those  of  the  stations  included  in  the  survey,  namely 
latitude  52°  20',  longitude  1°  41' W.  from  Greenwich.  The  minimum  dip  was  observed 
at  St.  Leonard's  (latitude  50°  51',  longitude  0°  33'  E.),  where  it  was  67°  44'-5;  and 
the  maximum  71°  29/-5,  at  Jordan  Hill,  near  Glasgow  (latitude  55°  52',  longitude 
4°  19'  W.),  the  direction  of  the  isoclinal  lines,  or  lines'  of  equal  dip,  being  from 
N.  71°  22'  E.  to  S.  71°  22'  W.  (Bep.  Brit.  Assoc.,  1861,  p.  250). 

That  the  earth  really  acts  like  a  magnet,  is  further  shown  by  the  magnetisation  ot 
masses  of  iron  placed  in  or  near  the  line  of  the  dip.  In  our  latitude,  where  the  line 
of  dip  does  not  differ  greatly  from  the  vertical,  bars  of  iron  standing  constantly  in  the 
vertical  directions,  such  as  railings,  lightning-conductors,  &c.,  become  magnetised 
with  their  north  poles  downwards,  just  as  they  would  be  if  placed  above  the  south 
pole  of  a  steel  magnet. 

The  magnetisation  of  the  masses  of  iron  in  a  ship  by  the  earth's  action,  causes  a 
considerable  deviation  of  the  compass-needle  from  its  normal  position  ;  and  as  the 
direction  of  the  magnetisation  thus  induced  is  constantly  changing  as  the  ship  changes 
its  latitude,  it  is  evident  that  serious  irregularities  in  the  indications  of  the  compass 
may  thence  result :  in  short,  there  are  several  instances  of  shipwreck  on  record  which 
have  been  clearly  traced  to  this  cause.  This  source  of  irregularity  may,  however,  be 
corrected  by  fixing  a  disc  of  iron,  called  a  compensator,  in  such  a  position  with  regard  to 
the  compass,  that  its  action  shall  be  equal  and  opposite  to  that  of  the  whole  mass  of 
iron  in  the  ship  :  the  needle  will  then  be  free  to  take  up  its  normal  position  under  the 
influence  of  the  earth's  magnetism.  It  is,  however,  found  better  in  practice  to  place 
the  compensator  in  such  a  position  that  it  shall  produce  an  action  equal  to  that  of 
the  iron  in  the  ship,  and  in  the  same  direction,  so  that,  when  placed  in  position,  it  will 
double  the  deviation  produced  by  the  iron  in  the  ship :  the  amount  of  this  deviation 
will  thus  be  ascertained,  and  may  be  allowed  for.  This  great  sen-ice  to  navigation  is 
the  invention  of  Mr.  Barlow,  of  Woolwich. 
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The  magnetic  power  of  the  native  black  oxide  of  iron  is,  doubtless,  also  due  to  the 
inductive  action  of  the  earth,  and  the  very  different  powers  exhibited  by  different 
specimens  of  the  ore  may,  in  part  at  least,  be  attributed  to  the  different  position  of 
the  veins  with  regard  to  the  line  of  the  magnetic  dip. 

3.  Intensity  of  the  Earth's  Magnetic  force. —  The  magnetic  force  of  the 
earth,  like  that  of  an  ordinary  magnet,  is  of  different  intensity  in  different  parts.  The 
relative  intensities  at  different  places  are  measured  by  counting  the  number  of  oscilla- 
tions made  in  a  given  time  by  a  magnetic  needle  :  for  these  vibrations  are  subject  to 
the  same  laws  as  th^se  of  a  pendulum,  being  isochronous  when  small,  and  the  squares 
of  the  numbers  of  oscillations  in  a  given  time  being  proportional  to  the  force  which 
tends  to  bring  the  needle  back  to  its  position  of  equilibrium. 

The  observations  may  be  made  either  with  the  dipping  or  the  horizontal  needle. 
When  a  dipping-needle  is  disturbed  from  its  normal  position  of  equilibrium,  it  is 
urged  back  to  that  position  by  the  whole  force  of  the  earth's  magnetism :  so  that,  if  the 
intensities  of  the  terrestrial  magnetic  forces  at  any  two  places  are  devoted  by  F,  F',  and 
the  corresponding  number  of  oscillations  made  in  a  given  time  by  n,  ri,  we  have,  for  the 
relation  between  the  two  forces, 

F  :  F'     =     n*  :  n'z. 

The  horizontal  needle,  on  the  other  hand,  is  urged  back  to  its  normal  position  by  only 
a  portion  of  the  terrestrial  force,  which  becomes  less  as  the  magnetic  latitude  is  greater. 
For  the  total  force  F  acting  on  the  needle  in  the  line  of  the  dip,  may  be  resolved 
into  two  others,  one  vertical,  which  is  destroyed  by  the  suspension,  the  other,  /,  horizon- 
tal, which  is  that  which  is  effective  in  moving  the  needle ;  and  if  i  be  the  dip  at  the 
place  of  observation,  this  horizontal  force  /  is  equal  to  F  cos  i.  Hence,  for  any  two 
places  at  which  the  total  intensities  are  F,  F,'  the  angles  of  dip  i,  i',  and  the  numbers 
of  oscillations  n,  n,  we  have  the  relation, 


F  cos  i 


Therefore, 


At  the  magnetic  equator,  i  =  o,  cos  i  =  1,  and  therefore/  =  F ;  at  the  magnetic 
poles,  «  =  90°,  and  therefore  /=0:  in  fact,  at  these  points,  the  horizontal  needle 
takes  up  all  positions  indifferently  ;  and  near  the  poles,  the  force  which  directs  it  is  very 
small,  so  that  its  indications  cannot  be  depended  upon.  But,  excepting  in  these  high 
magnetic  latitudes,  the  results  obtained  with  the  horizontal  needle  are  more  trust- 
worthy than  those  obtained  with  the  dipping-needle,  on  account  of  errors  affecting  the 
latter,"  from  want  of  perfect  horizontality  in  the  axis,  the  friction  on  the  supports, 
&c. ;  whereas  the  horizontal  needle  is  easily  suspended  by  a  thread  of  unspun  silk, 
which  gives  it  almost  perfect  freedom  of  motion.  [For  full  details  on  the  construc- 
tion of  instruments  for  observations  on  terrestrial  magnetism,  see  Becquerel, 
Traite  de  VElectricite  et  du  Magnetismc,  Paris,  1840,  tome  vii.  The  atlas  to  that  work 
contains  large  diagrams  of  these  instruments,  and  maps  representing  the  directions 
of  the  magnetic  meridians  and  parallels  on  the  surface  of  the  globe.  See  also  D  agu  i  n, 
Traite  de  Physique,  tome  iii.  pp.  27,  55.] 

The  magnetic  intensity  increases  with  the  latitude.  Humboldt  found  a  point  of 
minimum  intensity  on  the  magnetic  equator  in  Northern  Peru.  This  value  is  gene- 
rally taken  as  the  unit  to  which  the  magnetic  intensities  at  other  parts  of  the  globe  are 
referred,  as  in  the  following  table. 


Locality. 

Date. 

Latitude. 

Magnetic 
intensity. 

Locality. 

Date. 

Latitude. 

Magnetic 
intensity. 

St.  Anthony    . 

1802 

0°0' 

1-087 

Brussels  . 

1829 

50°52'N 

1-374 

Carthagena 

1801 

1025N 

1-294 

Berlin      . 

1829 

52  51 

1-366 

New  York 

1822 

40  43 

1-803? 

Christiania 

1820 

59  55 

1-419 

Naples     . 

1805 

40  50 

1-274 

Petersburg 

1828 

59  66 

1-410 

Lyons 

1805 

45  46 

1-333 

Baffin's  Bay     . 

1818 

62  43 

1-590 

Paris 

1800 

48  52 

1-348 

Spitzbergen 

1823 

79  40 

1-567 

Referred  to  the  same  unit,  the  magnetic  intensity  was  1*372  in  Londonin  1827(Sabine) 
According  to  Sabine,  the  intensity  at  the  north  magnetic  pole  is  1'624;  at  the  south 

magnetic  pole,  according  to  Sir  James  Ross,  it  is  2'052.     The  smallest  intensity,  0706, 

observed  by  A/Erman,  is  at  19C  59'  S.  and  10'2'  E.  (from  Paris). 

In  later  observations  made  by  British  observers,  an  absolute  unit  of  intensity  has 

been  adopted,  corresponding  with  a  second  of  time,  a  foot  of  space,  and  a  grain  of  mass. 
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The  magnetic  intensity  on  this  scale  at  London  is  at  present  10-29 ;  that  is  to  say,  it, 
is  a  fore.'  capable  of  generating  in  one  second,  in  a  mass  of  one  grain,  a  velocity  of  10-29 
feet  per  second.  The  total  force,  expressed  in  absolute  units,  has  been  observed  to  vary 
at  different  parts  of  the  earth's  surface  from  about  6'4  to  15'8.  (S  a  bine,  Admiralty 
Manual  of  Scientific  Inquiry  ;  ed.  1859,  p.  89.) 

The  mean  amount  of  the  total  force  in  England,  deduced  by  Sabine  from  the  magnetic 
survey  already  referred  to  (p.  780),  for  1st  January  1860,  is  10-332,  the  minimum, 
10-225,  having  been  observed  at  St.  Leonard's,  and  the  maximum,  10-626,  at  Fern  Tower 
(lat.  56°  22  ;  long.  3°  50'  W.).  The  direction  of  the  isodynamtc  lines,  or  lines  of 
equal  intensity,  in  England,  at  the  above  date,  was  from  N.  57C  35'7  E.  to  S.  57°  35''7  W. 

The  isodynamic  lines  differ  considerably  from  the  isoclinal  lines,  or  lines  of  equal 
dip,  but  bear  considerable  resemblance  to  the  isothermal  lines ;  whence  it  appears 
probable  that  the  magnetic  intensity  of  the  earth  (like  that  of  an  ordinary  magnet) 
is  affected  by  heat.  (For  a  chart  of  these  lines,  see  Becquerel,  loc.  cit.)  According  to 
Gauss,  there  are  in  each  hemisphere  two  points  of  maximum  magnetic  intensity  coin- 
ciding with  the  points  of  greatest  cold,  but  not  with  the  magnetic  poles  determined  by 
the  dip  and  declination  of  the  needle. 

Variations  of  the  Magnetic  Elements. 

The  declination,  dip,  and  intensity  at  any  point  of  the  earth's  surface  are  subject  to 
continual  variations,  both  regular  and  irregular;  and  the  regular  variations  are  of 
two  kinds:  secular  variations,  of  considerable  amount,  and  extending  over  long 
periods  of  time;  and  periodic  variations,  of  small  amount,  and  running  through  their 
phases  at  short  intervals. 

Variations  of  the  Declination.— I.  Secular.  The  earliest  exact  observations  of  the 
magnetic  declination  were  made  at  London  in  1576,  and  at  Paris  in  1580.  At  London, 
in  1576,  it  was  11°  15'  to  the  east;  from  that  time  it  diminished  till  1657-1662,  when 
it  was  nothing,  the  needle  then  pointing  due  north  and  south;  it  then  became  westerly, 
attaining  its  maximum  of  24°  36'  in  1800.  In  1831  it  had  diminished  to  24°  0',  and 
it  is  now  (in  1864)  20°  45'  W.  At  Paris  it  was  11°  30' E.  in  1580,  0  in  1663,  attained  its 
maximum  of  22°  34'  W.  in  1814,  and  had  diminished  to  20°  25'  W.  in  1851.  At  the 
Cape  of  Good  Hope,  the  declination  in  1605  was  0°  30'  E.,  became  nothing  between 
1605  and  1609,  then  westerly,  attaining  its  maximum  of  25°  40'  W.  about  1791.  In 
all  cases  the  declination  given  for  each  year  is  the  mean  of  those  obtained  for  each  day 
and  for  each  month,  so  as  to  eliminate  the  diurnal  and  annual  variations. 

2.  Annual. — The  declination  of  the  needle  is  subject  to  small  annual  variations, 
which  were  discovered  byCassiniin  1780.  At  Paris  and  London,  it  is  greatest  about 
the  vernal  equinox,  diminishes  from  that  time  to  the  summer  solstice,  and  increases 
again  during  the  nine  following  months.     The  annual  variation  does  not  exceed  from 
15'  to  18'.     It  is  also  different  in  amount  at  different  epochs.     At  London,  from  1818 
to  1820,  it  was  reduced  almost  to  nothing;  at  which  time,  also,  the  secular  variation 
was  extremely  slow,  being  near  its  maximum. 

3.  Diurnal. — The  diurnal  variations  of  the  declination  were  discovered  by  Graham 
in  1722.     In  Europe,  the  north  pole  of  the  needle  begins  to  move  westward  at  sunrise, 
and  continues  moving  in  the  same  direction  till  an  hour  or  two  after  noon ;  after  which 
it  returns  and  regains  its  original  position  at  about  10  P.M.,  at  which  it  remains  all 
night.     It  appears,  then,  that  the  westerly  declination  is  greatest  during  the  warmest 
part  of  the  day.     The  amplitude  of  these  movements  is  very  small,  and  differs  at  dif- 
ferent times  of  the  year,  being  sometimes  from  20'  to  25',  at  other  times  not  exceeding 
5'  or  6'.    It  also  becomes  less  as  we  approach  the  magnetic  equator :  thus,  in  the  island 
of  Rawak  it  never  exceeds  3'  or  4'. 

The  periodic  variations  of  the  declination  are  the  result  of  the  superposition 
of  two  distinct  variations, — one  depending  on  the  horary  position  of  the  sun,  the  other 
on  his  distance  from  the  equator,  the  latter  constituting  the  annual  variation. 

Variations  of  the  Dip. — The  secular  variations  of  the  magnetic  dip  are  of  smaller 
amount  than  those  of  the  declination.  At  Paris,  in  1671,  when  the  dip  was  first 
observed,  it  was  73°  0',  and  has  since  been  continually  diminishing;  in  1851  it  was 
66°  35'.  In  London  also  the  dip  has  continually  diminished  since  1720  by  about  2'-6 
per  annum.  In  August,  1821,  it  was  70°  2'-81 ;  in  May,  1838,  it  was  69°  17''30;  in 
August  and  September,  1854,  it  was  68°  31H3;  it  is  now  68°  15'. 

The  dip  likewise  exhibits  annual  and  diurnal  variations,  being,  according  to  Hansteen, 
about  15'  greater  in  summer  than  in  winter,  and  4'  or  5'  greater  before  noon  than  after. 

Variations  of  the  Intensity. — It  is  not  yet  distinctly  ascertained  whether  the 
magnetic  intensity  of  the  earth  exhibits  secular  variations :  indeed,  the  settlement  of 
the  question  is  attended  with  very  great  difficulty,  inasmuch  as  it  requires  that  the 
needles  used  should  preserve  their  magnetic  power  unaltered  throughout  the  whole 
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course  of  the  observations — a  condition  scarcely  possible  to  fulfil  for  any  great  length 
of  time.  Gauss  has  found,  indeed,  by  a  peculiar  method  of  observation  which  is  inde- 
pendent of  the  force  of  the  needles  used,  that  the  magnetic  intensity  at  Grottingen  has 
not  varie-1  sensibly  during  several  years ;  but  the  time  over  which  these  observations 
have  extended  is  as  yet  too  short  to  warrant  any  general  conclusion  on  the  subject.  It  is, 
however,  scarcely  possible  that  the  declination  and  dip  should  change  at  any  place 
without  some  corresponding  variation  in  the  intensity.  By  absolute  measurements 
n-.ade  monthly  at  Kew  since  April,  1857,  it  appears  that  the  total  force  had  increased 
at  that  place,  up  to  March  1862,  at  the  average  rate  of  0'00125  annually. 

Periodic  variations  of  intensity  are  more  easily  observed.  In  studying  these,  it  is 
usual  to  observe  separately  the  variations  of  the  horizontal  and  vertical  components  of 
the  magnetic  force.  The  horizontal  component  exhibits  an  hourly  variation,  which  is 
the  resultant  of  two  elementary  variations — one  diurnal,  the  other  semi-diurnal.  The 
amplitude  of  the  semi-diurnal  variation  increases  with  the  latitude,  and  is  nothing  at 
the  equator.  The  phases  through  which  it  passes  depend  on  the  angular  distance  of 
the  sun  from  the  magnetic  meridian.  In  mean  latitudes,  the  curve  which  represents 
the  variation  of  the  horizontal  component  is  similar  to  that  of  the  diurnal  variation  of 
the  declination,  but  six  hours  behind  it.  The  semi-diurnal  period  is  scarcely  perceptible 
at  St.  Helena,  but  increases  in  distinctness  at  higher  latitudes. 

The  variations  of  the  vertical  component  of  the  intensity  follow  the  same  periods  as 
those  of  the  horizontal  components. 

Irregular  Variations  or  Perturbations  of  the  Magnetic  Elements. — The  magnetic 
rcedle,  especially  the  declination-needle,  frequently  experiences  accidental  deviations, 
which  deflect  it  more  or  less  from  its  normal  position  for  various  intervals  of  time, 
sometimes  for  several  hours.  Some  of  these  disturbances  may  be  traced  to  known 
causes, — namely,  the  aurora  borcalis,  earthquakes,  and  volcanic  eruptions.  But  few 
observations  have  been  made  on  the  perturbations  arising  from  the  two  latter  causes, 
which,  moreover,  produce  sensible  effects  at  small  distances  only.  The  deviations 
arising  from  these  irregular  disturbances  rarely  exceed  a  fraction  of  a  degree,  and  the 
needle  returns  to  its  primitive  position  as  soon  as  the  disturbing  cause  has  ceased  to  act. 

The  coincidence  of  the  aurora  borealis  with  certain  perturbations  of  the  magnetic 
needle  was  discovered  in  1710  by  Celsius  and  Hiorter.  During  the  occurrence  of 
an  aurora,  the  declination-needle  is  seen  to  deviate  from  its  normal  position,  even  in 
localities  where  the  meteor  itself  is  not  visible ;  so  that  the  inspection  of  the  needle  often 
serves  to  announce  the  presence  of  an  aurora,  no  trace  of  which  can  be  directly  seen. 
In  our  latitude,  the  deviation  does  not  exceed  20';  but  it  is  greater  in  the  Arctic  regions, 
where,  indeed,  the  phenomenon  has  been  principally  studied.  The  culminating  point  of 
the  auroral  arch  is  always  situated  in  the  magnetic  meridian  of  the  place,  and  the 
centre  of  the  crown  to  which  the  streams  of  light  converge  is  situated  on  the  pro- 
longation of  the  line  of  the  dip.  So  long  as  the  auroral  arch  is  stationary,  the  needle 
remains  nearly  at  rest;  but  as  soon  as  the  arch  begins  to  throw  out  streamers,  the  needle 
oscillates,  sometimes  through  several  degrees.  The  effects  are  more  decided  in  propor- 
tion to  the  brightness  of  the  aurora.  The  dip  and  the  intensity  are  likewise  affected 
by  the  aurora  as  well  as  the  declination. 

The  establishment  of  magnetic  observatories,  in  which  the  motions  of  the  needle  are 
observed  continuously,  has  led  to  the  discovery  of  perturbations  which  cannot  be  attri- 
buted to  any  of  the  preceding  causes.  One  of  the  most  remarkable  facts  brought  to 
light,  by  observing  the  movements  of  the  powerful  magnets  with  which  these  establish- 
ments are  furnished,  is  that  the  magnetism  of  the  earth  is  in  a  state  of  constant  fluc- 
tuation, like  the  waves  of  the  sea.  Hence,  in  studying  the  diurnal,  annual,  and  secular 
variations  of  the  declination,  &c.,  it  is  necessary  to  take  the  mean  of  a  large  number 
of  observations,  in  order  to  eliminate  the  irregular  disturbances  and  bring  out  the 
general  laws. 

Another  very  remarkable  phenomenon  is  the  simultaneous  occurrence  of  magnetic 
perturbations  in  very  distant  countries.  Thus,  Sabine  mentions  a  magnetic  disturbance 
which  was  felt  simultaneously  at  Toronto,  the  Cape,  Prague,  and  Van  Diemen's  Land. 
This  coincidence  of  magnetic  perturbations  is  so  exact,  that  it  has  been  proposed  to 
make  use  of  them  in  determining  the  longitude  of  the  place  of  observation.  Humboldt 
and  Oltmann,  in  1806,  observed  some  remarkable  perturbations  recurring  at  the  same 
hours  for  several  successive  nights.  These  simultaneous  perturbances  have  received 
the  name  of  magnetic  storms. 

There  are  also  local  perturbations  extending  to  small  distances  only.  Humboldt 
mentions  one  which  was  observed  in  the  Saxon  mines,  but  was  imperceptible  at  Berlin. 
Magnetic  storms  observed  simultaneously  from  Sicily  to  Upsala,  were  imperceptible 
between  Upsala  and  Altona. 

IVIAG^ETO-ELECTRICITY.  The  development  of  electricity  by  magnetic 
action.  (See  ELECTBICITY,  ii.  451.) 
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IttAGWETOMETER.  This  name  is  specially  applied  to  certain  instruments 
devised  by  Gauss  for  measuring  the  intensity  of  the  earth's  magnetic  force.  (See 
Becquerel,  Traitt  de  FElectricite  et  du  Magnetisme,  tome  vii.,  and  Daguin,  Traitk 
de  Physique,  iii.  78.) 

IVIAGNIUXVT.  Davy's  name  for  Magnesium  :  it  is  also  adopted  by  Gmeliii  in  his 
flandbuch. 

MAGNOFERRXTE.  A  compound  of  ferric  oxide  and  magnesia,  2Mg0.3Fe2Os 
or  3Mg0.4Fe203,  occurring  in  octahedral  crystals  among  the  products  of  the  eruption 
of  Vesuvius  in  1855.  Specific  gravity  about  4'6.  (Rammelsberg,  Pogg.  Ann.  cvii. 
457;  Jahresber.  1859,  p.  776.) 

MAHOGANY.     See  Ure's  Dictionary  of  Arts,  $c.  iii.  16. 

3VZAZZS.  Zea  Ma'is.  —  The  composition  of  the  grain  of  this  plant  and  of  its  ash  is 
given  in  the  article  CEREALS  (i.  825,  827).  See  also  ZEIN.  On  the  germination  of  maize, 
see  v.  Plant  a  (Jahresber.  1860,  p.  523).  On  the  growth  of  maize  in  aqueous  solu- 
tions of  its  constituents,  see  Stohmann  (ibid.  1861,  p.  734). 

1KATORAKA.     See  MARJORAM. 

1KAXWAH  BUTTER.     Syn.  with  GALAM  BUTTER  (ii.  758). 

IVXAX.ACHXTE.     Native  carbonate  of  copper.     (See  CARBONATES,  i.  783.) 

lMLA.XiACOX.XTE,  also  called  Sahlite,  Pyrgom,  Fassaite.-^A  variety  of  augite, 
consisting  of  silicate  of  calcium  and  magnesium,  with  more  or  less  iron  (ferrosum),  a 
small  portion  of  the  bases  being  frequently  also  replaced  by  water. 

JMCAXiACOHTE.  A  mineral  having  the  form  of  zircon,  and  nearly  related  to  it  in 
composition.  Hardness  =  6'5.  Specific  gravity  =  3-9  to  4'05.  Brown  and  vitreous 
to  subresinous  ;  powder  reddish  brown  or  uncoloured. 

Analyses.—  a.  From  Hitteroe,  Norway,  byScheerer  (Pogg.  Ann.  Ixii.  436).—  b.  From 
the  Ilmengebirg,  by  Hermann  (J.  pr.  Chem.  liii.  323).—  c.  From  Chanteloube,  Haute 
Vienne,  by  D  amour  (Rammelsberg  's  Miner  alchemic,  p.  891): 

SiQ2  ZrQ2  Fe*03  Mn-'O'  YO          CaO         MgO  HaO 

a.  31-31  63-40  0'41        .    .  0'34       0'39       O'll  3'03  =  98-99 

b.  31-87  59-32  3'11       T20  ......  4'00  =  99-50 

c.  31-05  61-44  3-29  0'14  .    .        0'08        .    .  3'09  =  99-09 

These  analyses   lead  to   the  formula  3(Zr02.Si02).H20  or  3ZrSi04.H20,    which 
requires  32'60  per  cent.  SiO2,  64-22  ZrO2,  and  3*18  water. 

CID' 


IttAZ.AHXYX.XC  ACID.     Syn.  with  AMYL-MALIC  ACID.     (See  MALIC  ETHERS.) 
IVXAXiANTXi.     Syn.  with  PHENYL-MALIMIDE. 
TCAX.AXTXX.XC  ACID.     Syn.  with  PHENTL-MALAMIC  ACID. 
TCAXiABTXIiXDE.     Syn.  with  PHENTL-MALAMIDE. 


TCAX.EXC  ACID.     C4H404  =  O2.     Pyromalic  acid.     Pyrosorbic  acid. 

(Lassaigne,  Ann.  Ch.  Phys.  [2]  xi.  93.  —  Pelouze,  ibid.  Ivi.  72.  —  Liebig,  Ann.  Ch. 
Pharm.  xi.  276.  —  Biichner,  ibid.  xlix.  57.—  Kekule,  Ann.  Ch.  Pharm.  Suppl.  i.  129  ; 
ii.  85;  Jahresber.  1861,  p.  364;  1862,  pp.  308,  319.—  Gm.  viii.  151.)  —  An  acid  isomeric 
with  fumaric  acid,  and  differing  from  malic  acid  (C4H605)  by  1  at.  water.  It  is  pro- 
duced, together  with  fumaric  acid,  by  the  dry  distillation  of  malic  acid.  It  has  not  yet 
been  found  ready  formed  in  any  plant.  Equisetic  acid,  obtained  from  Equisetum  fluvia- 
tilc,  was  for  some  time  regarded,  on  the  authority  of  Eegnault,  as  identical  with  maleic 
acid  ;  but  Baup  has  shown  that  it  is  really  identical  with  aconitic  acid  (C6H606). 

To  prepare  maleic  acid,  malic  acid  is  heated  in  a  capacious  retort,  of  which  it  fills 
about  a  fourth,  the  distillation  being  pushed  on  rapidly.  Water  then  passes  over  first  ; 
afterwards,  white  vapours  of  maleic  acid,  which  condense  in  the  water.  As  soon  as 
the  residue  in  the  retort  thickens,  the  fire  must  be  withdrawn  ;  the  distillation  then 
goes  on  of  itself  for  some  time,  till  a  solid  residue  is  left  in  the  retort,  consisting  of 
fumaric  acid.  An  additional  quantity  of  maleic  acid  may  be  obtained  by  distilling 
this  residue  at  a  higher  temperature  ;  but  the  product  is  then  coloured  and  difficult  to 
purify.  By  evaporating  the  distillate  at  a  gentle  heat,  the  maleic  aeid  is  obtained  in 
crystals. 

Maleic  acid  crystallises  in  oblique,  rhomboi'dal  prisms,  generally  having  their  summits 
modified  with  octahedral  faces.  It  is  colourless  and  inodorous  ;  its  taste,  sour  at  first, 
soon  excites  a  very  unpleasant  sensation  of  nausea.  It  is  very  soluble  in  water  and  in 
alcohol  ;  dissolves  also  in  ether.  The  aqueous  solution  reddens  litmus  strongly  ;  when 
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left  to  itself  in  an  open  vessel,  it  creeps  up  the  sides  and  effloresces  in  forms  like 
cauliflower  heads. 

The  crystals  melt  at  about  130°,  and  the  liquid  acid  begins  to  boil  at  about  160°,  being 
then  resolved  into  water  and  maleic  anhydride,  C4H203.  If  the  acid,  instead  of 
being  rapidly  heated  to  160°,  be  boiled  in  a  very  long  and  narrow  tube,  so  that  the 
water  which  escapes  is  obliged  to  fall  back  upon  it,  the  maleic  acid  is  converted  into 
the  isomeric  body  fumaric  acid.  The  same  transformation  takes  place  on  heating 
the  acid  in  a  tube  sealed  at  both  ends. 

Maleic  acid  is  also  converted  into  fumaric  acid  by  heating  it  with  concentrated  hydriodic 
or  hydrobromic  acid,  or  by  boiling  for  some  time  with  dilute  nitric  acid.  When 
hydriodic  acid  is  used,  the  fumaric  acid  is  subsequently  converted  into  succinic  acid. 

Maleic  acid  in  contact  with  water  and  sodium-amalgam  takes  up  hydrogen,  and  is 
converted  into  succinic  acid: 

C4H404     +     H2        =        C4H«04 

Maleic  Succinic 

acid.  acid. 

The  same  transformation  takes  place  when  maleate  of  calcium  is  fermented  in  con- 
tact with  cheese.  (Dessaignes.) 

In  contact  with  water  and  bromine,  maleic  acid  is  converted  into  dibromosuccinic 
acid,  C4H4Br204,  and  another  more  soluble  acid  of  the  same  composition,  called  iso- 
dibromosuccinic  acid.  (Kekule.) 

MALEA.TES. — Maleic  acid  is  dibasic,  forming  acid  salts,  C^^O*,  and  neutral  salts, 
C4H:JM!J04.  The  maleates  bear  considerable  resemblance  to  the  fumarates,  with  which 
they  are  isomeric  ;  but  they  may  be  distinguished  by  the  difference  of  solubility  between 
fumaric  and  maleic  acid :  solutions  of  the  maleates  are  not  precipitated  by  other  acids,, 
whereas  on  adding  a  mineral  acid  to  the  solution  of  a  fumarate  (sufficiently  concen- 
trated and  not  warm)  a  precipitate  of  fumaric  acid  is  formed. 

Maleates  of  Ammonium. — a.  The  neutral  salt  is  obtained  as  a  crystalline  jelly  by 
saturating  the  aqueous  solution  of  the  acid  with  ammonia,  and  evaporating  over  lime 
in  vacuo.  Absolute  alcohol  added  to  the  concentrated  aqueous  solution  throws  down 
the  salt  in  the  form  of  a  white  crystalline  powder,  which  may  be  dried  by  repeated 
washing  with  alcohol,  and  pressing  between  paper,  but,  when  exposed  to  the  air, 
quickly  becomes  glutinous  and  deliquescent  (Biichner).  This  salt  does  not  precipi- 
tate a  solution  of  sesquichloride  of  iron,  a  character  which  distinguishes  it  from  the 
corresponding  salt  of  aconitic  acid. 

ft.  The  acid  salt  is  obtained  by  exactly  neutralising  a  known  quantity  of  the  aqueous 
acid  with  ammonia,  then  adding  an  equal  quantity  of  the  acid,  and  evaporating  to  the 
crystallising  point  at  a  gentle  heat.  It  forms  crystalline  laminae,  which  are  permanent 
in  the  air,  redden  litmus,  and  give  off  nothing  at  100°  :  their  solution  evolves  ammonia 
when  boiled ;  it  is  very  easily  soluble  in  water,  but  not  in  alcohol. 

Maleates  of  Barium,  a.  Neutral  salt.  C4H-Ba"04.2H20.—l.  Maleic  acid  forms 
with  baryta- water  a  pulverulent  precipitate,  which  disappears  on  the  addition  of  a  small 
quantity  of  cold  water,  but  reappears  after  awhile  in  shining  scales  (Lassaigne). 
According  to  Pelouze,  the  precipitate  is  converted  into  the  crystalline  scales,  even  with- 
out addition  of  water.  On  adding  a  saturated  solution  of  baryta-water  to  the  concen- 
trated aqueous  acid,  the  precipitate  redissolves  at  first  in  the  excess  of  acid;  even  when 
sufficient  baryta-water  has  been  added  to  neutralise  the  acid,  the  precipitate  is  but 
small :  but,  after  a  few  minutes,  the  whole  solidifies  to  a  tremulous  gelatinous  mass, 
resembling  hydrate  of  aluminium,  which,  after  being  pressed,  dries  up  to  small  crystal- 
line laminae.  These  crystals  are  obtained  still  more  distinct  on  evaporating  the 
aqueous  solution  (Regnault). — 2.  The  salt  is  also  obtained  by  adding  carbonate  of 
barium  to  the  hot  aqueous  acid,  as  long  as  effervescence  continues,  then  filtering  hot, 
and  leaving  the  solution  to  crystallise  (Biichner). — 3.  The  concentrated  acid  added 
to  acetate  of  barium  throws  down  a  white  crystallo-granular,  neutral  salt.  Part  of  the 
salt,  however,  remains  dissolved  in  the  acetic  acid  which  is  set  free,  and  may  be  preci- 
pitated by  ammonia  :  this  portion  is  also  crystallo-granular,  and  has  the  same  compo- 
sition (Biichner).  The  salt  crystallises  from  its  aqueous  solution  on  cooling,  in  small 
shining  needles  united  in  stellate  groups ;  and  the  solution,  when  evaporated  at  a  tem- 
perature below  its  boiling  point,  becomes  covered  with  a  crystalline  crust  (Biichner). 
The  crystals,  after  drying  in  the  air,  lose  5'62  per  cent.  (1  at.)  water  at  100°  (Biich- 
ner), and  7'3  per  cent,  at  150°  (Regnault).  They  dissolve  sparingly  in  cold  water 
(in  9  pts.  water  at  20°,  according  to  Regnault),  with  tolerable  facility  in  boiling  water, 
easily  in  aqueous  maleic  or  acetic  acid,  easily  also  in  excess  of  baryta-water. 

j8.  Acid  salt,  C8H6Ba"Os.5H20. — Obtained  by  saturating  the  aqueous  acid  with  the 
neutral  salt;  or  by  saturating  a  known  quantity  of  the  boiling  aqueous  acid  witli  car- 
bonate of  barium,  and  adding  another  equal  quantity  of  acid  to  the  hot  filtrate.  The 
resulting  solution  yields,  after  rather  strong  concentration,  indistinct  crystals,  which 
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redden  litmus,  give  off  the  whole  of  their  water  of  crystallisation  (19'67  per  cent.)  at 
100°,  and  dissolve  in  water,  but  not  in  alcohol.  (Biichner.) 

Maleates  of  Calcium.— a.  The  neutral  salt,  C4H2Ca"04.H20,  is  obtained,  accord- 
inf  to  Biichner,  in  small  needles  very  soluble  in  water,  but  insoluble  in  alcohol,  by 
saturating  the  boiling  aqueous  acid  with  carbonate  of  calcium  and  concentrating  the 
filtrate  at  a  gentle  heat.  According  to  Pelouze,  a  solution  of  maleate  of  potassium 
mixed  with  concentrated  aqueous  chloride  of  calcium  remains  clear,  but  after  a  few 
days  deposits  needles  which  are  but  sparingly  soluble  in  water.  By  saturating  the 
boiling  acid  with  carbonate  of  calcium  and  evaporating  the  filtrate  at  a  gentle  heat, 
small  needles  are  obtained  united  in  saline  crusts  ;  they  do  not  give  off  any  water  at 
100°;  dissolve  readily  in  water,  but  not  in  alcohol  (Biichner).  This  salt,  when  fer- 
mented with  casein,  is  converted  into  succinate  of  calcium.  (Dessaignes.) 

£.  The  acid  salt,  CHHHCa' OS.5H*0,  is  formed  by  dissolving  the  neutral  salt  in  a 
quantity  of  the  aqueous  acid  equal  to  that  which  it  already  contains,  and  concentrating 
the  solution  somewhat  strongly.  It  forms  long  rhombic  prisms,  which  are  permanent 
in  the  air,  redden  litmus,  give  off  24'1  per  cent.  (|  at.)  of  water  at  100°,  and  dissolve 
readily  in  water,  but  not  in  alcohol.  Oxalic  acid  added  to  the  solution,  throws  down 
the  lime.  (Biichner.) 

Maleate  of  Copper,  C'H2Cu"0*. — 1.  On  boiling  carbonate  of  copper  in  the  aqueous 
acid,  the  filtrate  is  found  to  contain  in  solution  but  a  small  quantity  of  salt,  which 
crystallises  out  on  evaporation ;  if  the  residue  on  the  filter  be  freed  from  the  carbonate 
of  copper  still  adhering  to  it,  by  means  of  dilute  acetic  acid,  which  dissolves  but  a 
small  quantity  of  the  maleate,  the  latter  remains  in  the  form  of  crystals,  which  may  be 
washed  with  cold  water.-  2.  When  a  concentrated  solution  of  acetate  of  copper  is 
mixed  with  an  equivalent  quantity  of  maleic  acid,  and  evaporated  at  a  gentle  heat, 
acetic  acid  goes  off,  and  maleate  of  copper  crystallises  out ;  the  crystals  must  be  washed 
with  cold  water.  The  light  blue  crystals  are  but  sparingly  soluble  in  water,  even  at  a 
boiling  heat,  but  dissolve  readily  in  aqueous  ammonia.  (B  ii  c  h  n  e  r.) 

Maleate  of  Cupr  ammonium. — The  dark  blue  solution  of  maleate  of  copper  in 
ammonia  may  be  evaporated,  even  near  its  boiling  point,  without  loss  of  ammonia,  and 
alcohol  added  to  the  concentrated  solution  precipitates  the  compound  in  the  form  of  a 
neutral,  azure-blue,  crystalline  powder,  which  gives  off  ammonia  when  heated  with 
potash,  and  dissolves  readily  in  water,  but  not  in  alcohol.  (Biichner.) 

Maleate  of  Iron  (ferricwri). — Neither  maleic  acid  nor  maleate  of  potassium  preci- 
pitates ferric  acetate  ;  neither  is  ferric  chloride  precipitated  by  maleate  of  ammonium. 
A  boiling  solution  of  maleic  acid  dissolves  a  small  quantity  of  ferric  hydrate,  forming 
a  brownish  solution  which  yields  a  red-brown  syrup  on  evaporation. 

Maleate  of  Lead,  C4H2Pb"04.3H20. — 1.  Free  maleic  acid  forms  a  precipitate 
with  neutral  acetate  of  lead  (Lassaigne),  but  not  with  the  nitrate  (Braconnot) ;  if 
the  solution  is  dilute,  the  white  precipitate  changes  in  a  few  minutes  into  shining 
micaceous  laminae ;  but  if  the  solution  is  concentrated,  and  the  acetate  of  lead  in 
excess,  the  mixture  solidifies  to  a  tremulous  mass,  which  changes  slowly — or  quickly 
on  the  addition  of  water — into  crystalline  laminae,  which  with  difficulty  give  off  their 
16'5  per  cent.  (3  at.)  water  (Pelouze). — 2.  Maleate  of  potassium  added  to  nitrate  of 
lead,  throws  down  white  flakes  ;  these  soon  change  to  a  translucent  pasty  mass,  and 
then,  when  washed  upon  a  filter,  diminish  considerably  in  volume,  and  are  converted 
into  small  pearly  needles  (Lassaigne).  The  salt  dissolves  in  nitric,  but  not  in 
acetic  acid.  (Braconnot.) 

Maleates  of  Magnesium,  a.  Neutral  salt,  C4H*Mg"04  (at  100°).— The  aqueous 
acid  saturated  at  the  boiling  heat  with  carbonate  of  magnesium,  yields  a  liquor  which 
leaves  on  evaporation  a  tumefied  spongy  mass  perfectly  soluble  in  water.  The  con- 
centrated solution  of  the  salt  yields  with  alcohol  a  bulky  precipitate,  which  is  not 
hygrometric,  but  gives  off  27*36  per  cent,  water  at  100°:  it  is  very  soluble  in  water  and 
in  dilute  alcohol. 

/3.  Acid  salt,  C8H6Mg"08.6H20. — By  cooling  a  solution  of  1  at.  of  the  neutral  salt 
and  1  at.  maleic  acid  in  hot  water,  small  transparent  and  colourless  rhombic  crystals 
are  obtained,  which  redden  litmus  strongly,  grate  between  the  teeth,  taste  like  Epsom 
salts,  and  dissolve  readily  in  water,  but  are  insoluble  in  alcohol.  At  100°  they  give 
off  34-95  per  cent,  water. 

Maleate  of  Nickel,  C4H2Ni"04.H20.— By  boiling  the  aqueous  acid  with  carbonate 
of  nickel,  and  evaporating  the  dark  green,  slightly  acid  filtrate,  a  gummy  liquid  is 
obtained,  and  ultimately  apple-green  crystals  and  crystalline  crusts,  insoluble  in 
alcohol,  but  readily  soluble  in  water,  (Biichner.) 

Maleates  of  Potassium,  a.  The  neutral  salt,  C4H2K204  (at  100°),  is  obtained 
by  saturating  the  acid  with  carbonate  of  potassium,  and  evaporating,  in  radiate  crystals 
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which  are  soft  like  wax,  very  soluble  in  water,  but  insoluble  in  alcohol.  On  adding 
alcohol  to  the  COD  centra  ted  aqueous  solution,  this  salt  is  precipitated  as  a  grauulo- 
crystalline  powder. 

£.  Acid  salt,  2C4H3K04.H20.—  On  saturating  the  acid  with  carbonate  of  potassium, 
adding  an  equal  quantity  of  maleic  acid,  and  cooling  the  solution,  after  sufficient  con- 
centration, this  salt  is  obtained  in  small  crystals  very  soluble  in  water  ;  the  solution 
reddens  litmus.  The  salt  is  insoluble  in  alcohol.  It  does  not  give  off  any  water 
at  100°. 

On  adding  maleic  acid  to  a  concentrated  solution  of  the  neutral  potassic  salt,  no 
precipitate  is  formed  immediately,  but  the  acid  salt  is  deposited  after  some  time. 
(Biichner.) 

Male  ates  cf  Silver,  a.  Neutral,  C4H2Ag204.  —  The  acid  gives  no  precipitate  with 
nitrate  of  silver,  but  maleate  of  potassium  or  ammonium  throws  down  a  white  preci- 
pitate (Lass  aigne,  Braconnot).  The  white  precipitate  obtained  with  an  alkaline 
maleate  changes  in  a  few  hours  to  tolerably  large,  transparent  and  colourless  crystals, 
having  an  adamantine  lustre  ;  after  drying,  it  detonates  slightly  on  the  application  of 
a  gentle  heat.  (Liebig.) 

j8.  Acid  salt,  C4H3Ag04  (at  100°).—  Obtained  in  fine  colourless  needles  by  mixing  a 
solution  of  maleic  acid  with  nitrate  of  silver,  and  evaporating  at  a  gentle  heat. 

Maleates  of  Sodium,  a.  Neutral,  C4H2Na204.  —  The  aqueous  acid  saturated  with 
carbonate  of  sodium  and  evaporated,  yields  a  magma  of  needles  on  cooling.  The  salt  is 
precipitated  from  its  aqueous  solution  by  alcohol,  as  a  crystalline  powder.  It  is  not 
deliquescent. 

)S.  The  acid  salt,  C4H3Na04.3H20,  obtained  like  the  acid  potassium-salt,  forms 
rhombo'idal  prisms,  sparingly  soluble  in  cold,  more  soluble  in  boiling  water,  insoluble 
in  alcohol.  The  solution  has  an  acid  reaction.  The  crystals  contain  28  -3  per  cent. 
crystallisation-  water,  which  they  give  off  at  100°. 

Sodio-potassic  maleate,  C4H2KNa04.H20.  —  On  neutralising  an  aqueous  solution  of 
maleate  of  sodium  with  carbonate  of  potassium,  then  evaporating  and  cooling  the  syrnp, 
a  few  small  crystals  are  obtained,  floating  in  a  gelatinous  mother-liquid.  On  precipi- 
tating the  concentrated  aqueous  solution  with  absolute  alcohol,  and  setting  the  crystal- 
line magma  aside  in  contact  with  absolute  alcohol,  there  is  finally  obtained  a  white, 
easily  deliquescent,  crystalline  powder,  which  gives  off  9*13  per  cent.  (2  at.)  water  at 
100°,  and  contains  25'55  per  cent,  potash,  and  17'64  per  cent.  soda.  (Biichner.) 

Neither  the  ammonio-potassic  nor  the  ammonio-sodic  salt  has  yet  been  obtained. 

Maleates  of  Strontium.—  a.  The  neutral  salt,  C4H2Sr"04.5H20,  forms  silky 
needles.—  £.  The  acid  salt,  C8H6Sr"08.8H20,  obtained  like  the  corresponding  barium- 
salt,  crystallises  in  rectangular  prisms,  which  are  limpid,  and  acid  to  litmus-paper. 
The  salt  is  soluble  in  water,  but  insoluble  in  alcohol.  It  gives  off  the  whole  of  its 
water  (31-4  per  cent.)  at  100°.  (Biichner.) 

Maleate  of  Zinc,  C4H2Zn"04.2H-0.  —  On  boiling  the  aqueous  acid  with  carbonate 
of  zinc,  and  evaporating  the  filtrate  at  a  gentle  heat,  gelatinous  flocks  are  deposited, 
which  become  completely  crystalline  on  standing.  The  solution  when  heated,  deposits 
the  salt  in  crystalline  crusts.  The  crystals  do  not  lose  anything  at  100°  ;  they  are 
very  soluble  in  water,  but  insoluble  in  alcohol.  (Biichner.) 

Substitution-derivatives  of  Maleic  Acid. 

Maleic  acid  does  not  yield  substitution-products  by  the  direct  action  of  chlorine  or 
bromine  ;  but  compounds  have  been  obtained  by  indirect  processes,  having  the  compo- 
sition of  these  substitution-products,  and  analogous  to  maleic  acid  in  their  properties. 

Bromomaleic  acids.  These  compounds  are  produced  by  the  decomposition  of 
the  brominated  derivatives  of  succinic  acid. 

Monobromomaleic  acid,  C4H3Br04.—  Of  this  acid  there  are  four  modifications. 
One  of  them,  usually  called  bromomaleic  acid,  is  obtained,  as  an  acid  barium-salt. 
by  boiling  an  aqueous  solution  of  dibromosuccinate  of  barium  : 


Bromomaleic  acid,  obtained  from  this  barium-salt  in  the  usual  way,  crystallises  readily 
in  large  nodules,  formed  of  prismatic  crystals.  It  melts  between  125°  and  126°,  and  is 
resolved,  at  about  150°,  into  water  and  bromomaleic  anhydride,  an  oily  liquid, 
which,  after  repeated  rectification,  boils  at  about  2  12°,  and  in  contact  with  wateris  slowly 
reconverted  into  the  acid. 

Bromomaleic  acid  is  converted  by  sodium-amalgam  into  succinic  acid.  It  does  not, 
liko  bromomalic  acid,  yield  tartaric  acid  when  bciled  with  lime.  When  heated  to  100 
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with  water  and  bromine,  it  yields  a  crystallisable.  deliquescent  acid,  which  appears  to 
be  dibromotartaric  acid: 

C4H3Br04   +    2Br2   +   2H20     =     C4H4Br208   +    3HBr. 

Bromomaleic  acid  is  dibasic.  Its  salts  usually  form  nodules  of  indistinct  crystals. 
The  silver-salt,  C4HBrAg204,  separates,  on  mixing  bromomaleate  of  ammonium  with 
nitrate  of  silver,  as  a  white  amorphous  precipitate,  which  may  be  crystallised  without 
decomposition  from  boiling  water.  (Kekule.) 

Isobromomaleic  add.  This  acid,  isomeric  with  the  preceding,  is  produced  by  heating 
isodibromosuccinic  acid  to  180°,  or  by  boiling  and  evaporating  its  aqueous  solution  : 

C4H4Br204     =     C4H3Br04  +   HBr; 

also  by  boiling  isodibromosuccinic  anhydride  with  water. 

Isobromomaleic  acid,  is  very  much  like  bromomaleic  acid,  but  melts  at  a  higher 
temperature,  viz.  160°.  Its  silver-salt  is  easily  decomposed  by  boiling  with  water. 

Isobromomaleic  anhydride,  C4HBr02.0,  is  obtained,  with  evolution  of  hydrobromic 
acid,  on  heating  isodibromosuccinic  anhydride  to  180°.  It  is  crystallisable. 

Two  other  acids  having  the  composition  of  bromomaleic  acid,  viz.  meta-  and  para- 
bromomaleic  acid,  are  found,  together  with  dibromosuccinic  acid,  in  the  most  soluble 
portion  of  the  secondary  products  resulting  from  the  action  of  bromine  on  succinic  acid. 
Both  are  crystallisable  and  very  soluble  in  water.  The  former  melts  at  126°  —  127°  ; 
the  latter  at  172°.  Their  silver-salts  are  more  stable  than  that  of  isobromomaleic  acid. 


r 
Dibromomaleic  acid,        '  -0-2  [O2.  —  This  acid  is  produced,  in  small  quantity, 

together  with  dibromosuccinic  acid,  and  the  two  last-mentioned  modifications  of  mono- 
bromomaleic  acid,  by  the  action  of  bromine  on  succinic  acid.  It  is  found  in  the  last 
mother-liquors,  and  may  be  obtained  therefrom  by  distillation  and  slow  evaporation  of 
the  distillate.  It  is  probably  a  product  of  the  decomposition  of  previously  formed 
tribromosuccinic  acid. 

Dibromomaleic  acid  crystallises  in  nodular  groups  of  large  needles.  It  is  extremely 
soluble,  and  volatilises  with  the  aqueous  vapours.  Melts  at  112°.  Its  lead-  and  silver- 
salts  are  crystalline  precipitates,  which  detonate  when  heated  ;  the  silver-salt,  also,  by 
percussion.  (Kekule,  Lehrbuch  d.  org.  Chemie,  ii.  315.  —  Ann.  Ch.  Pharm.  cxxxi.  1.1 

p4TTft]f)2) 

Chloromaleic  acid.  °2-  —  Obtained  by  the  action  of  pentachloride  of 


phosphorus  on  tartaric  acid.  When  1  pt.  of  tartaric  acid  is  heated  with  5  or  6  pts.  of 
the  pentachloride,  large  quantities  of  hydrochloric  acid  are  evolved,  together  with  oxy- 
chloride  of  phosphorus,  which  must  be  removed  by  prolonged  heating  to  120°  in  a 
current  of  air.  The  residue  consists  of  oily  chloride  of  chloromaleyl,  C4HC102.C12,  which 
is  resolved  by  water  into  hydrochloric  and  chloromaleic  acids. 

The  reaction  may  be  explained  as  follows  :  —  The  first  product  of  the  action  of  penta- 
chloride of  phosphorus  on  tartaric  acid  is  the  tetrachloride  of  the  radicle  of  that  acid  : 


+   4PC1S     =     C'H202.C14  +   4POCP  -f   4HC1, 

Tartaric  acid.  Tetrachloride 

of  tartryl. 

and  this  tetrachloride,  which  is  identical  with  dichloride  of  dichlorosuccinyl,  is  resolved 
by  heat  (in  a  manner  analogous  to  the  decomposition  of  isodibromosuccinic  acid,  already 
mentioned)  into  hydrochloric  acid  and  dichloride  of  monochloromaleyl  . 

C4H2C1202.C12     =     C4HC102.C12  +   HC1. 

Bichloride  of  dichloro-  Dichloride  of 

succinyl.  chloromaleyl. 

Chloromaleic  acid  forms  white  microscopic  needles,  soluble  in  water  and  fusible  by 
heat.  It  is  dibasic.  The  lead-  and  silver-salts  are  crystalline  precipitates.  (Per  kin 
and  Duppa,  Ann.  Ch.  Pharm.  cxv.  105.) 

Isomaleic  acid,  C4H404. 

Isomalic  acid  (p.  794),  treated  with  pentachloride  of  phosphorus,  yields  a  chloride, 
which,  when  in  contact  with  water,  is  converted  into  this  acid,  isomeric  with  maleic 
acid. 

Isomaleic  acid  is  crystallisable,  less  soluble  in  water  than  maleic  acid,  more  soluble 
than  fumaric  acid.  The  neutral  potassium-salt  forms  deliquescent  crystals.  The 
lead-salt  is  an  amorphous  precipitate.  The  silver-salt  is  very  soluble  in  water,  and  its 
solution,  when  boiled,  deposits  metallic  silver.  (Kammerer,  J.  pr.  Chem.  Ixxxviii. 
321  ;  Jahresber.  1863,  p.  379.) 

ANHYDRIDE.     C4H20S  =  C4H202.0.  (Pelouze,  Ann.  Ch.  Pharm. 


MALIC   ACID.  7S:i 

xi.  263. — Kekule,  ibid.  Suppl.  ii.  87.) — This  compound  is  obtained  by  rapidly  distil- 
ling maleic  acid,  and  rectifying  the  product  several  times,  the  first  portion  of  the  distil- 
late being  each  time  rejected.  It  is  a  white  crystalline  mass,  which  melts  at  57°,  and 
boils  at  196°.  In  contact  with  water  it  is  converted  into  maleic  acid. 

Maleic  anhydrHe.  unites  directly  with  bromine,  producing  a  substance  which  has  the 
composition  of  dibromosuccinic  anhydride,  C4H2Br'20'-.0,  is  converted  by  water  into 
isodibromosuccinic  acid,  and  is  resolved  at  180°  into  hydrobromic  acid  and  isobromo- 
maleic  anhydride.  (Kekule.) 


XULA.-LIC  ACID.     C'H605  =  ^  g,v  >  JO3.  (Gm.  x.  205.~Gerh.  i.  787.)— This 

acid  was  discovered  by  Scheele  in  1785,  but  its  composition  was  first  correctly  deter- 
mined by  Liebig  (Ann.  Ch.  Pharm.  xxvi.  166).  It  is  very  widely  diffused  in  the 
vegetable  kingdom,  and  is  contained  in  plants,  sometimes  in  the  free  state,  sometimes 
in  the  form  of  a  potassium-,  calcium-,  or  magnesium-salt.  It  is  found  in  abundance, 
together  with  citric  acid,  in  unripe  apples,  in  the  fruits  of  the  barberry,  sloe,  elder, 
and  mountain-ash,  and  in  gooseberries,  cherries,  bilberries,  strawberries,  raspberries, 
and  many  other  acid  fruits.  It  is  likewise  found  in  the  roots  of  marsh-mallow, 
angelica,  aristolochia,  bryony,  liquorice,  primrose,  and  madder ;  in  carrots  and  potatoes  ; 
in  the  leaves  and  stems  of  aconite,  belladonna,  hemp,  celandine,  holy  thistle,  lettuce, 
tobacco,  poppy,  rue,  sage,  house-leek,  tansy,  thyme,  valerian  and  melilot ;  in  the  flowers 
of  chamomile,  elder,  and  mullein ;  in  pine-apples  and  grapes ;  in  the  seeds  of  carraway, 
cumin,  parsley,  anise,  flax,  and  pepper;  in  asafioetida,  opopanax,  myrrh,  &c. 

Malic  acid,  as  it  exists  in  plants,  exerts  a  rotatory  action  on  polarised  light.  An 
acid  having  exactly  the  same  composition  and  properties,  including  the  rotatory  power, 
is  produced,  according  to  Piria  (Ann.  Ch.  Phys.  [3]  xxii.  160),  by  the  action  of  nitrous 
acid  on  asparagin  or  on  active  aspartic  acid ;  but,  by  acting  with  nitrous  acid  upon 
inactive  aspartic  acid  (produced  by  the  metamorphosis  of  fumarimide),  Pasteur  has 
obtained  a  modification  of  malic  acid  destitute  of  rotatory  power  (Ann.  Ch.  Phys.  [3] 
xxxiv.  46). 

Malic  acid  is  found,  according  to  Berzelius,  among  the  residues  of  the  preparation 
of  nitrous  ether.  Debus  (Ann.  Ch.  Pharm.  c.  1)  could  not  detect  malic  acid  in  these 
residues,  but  found  instead,  glyoxylic  acid. 

Preparation. — From  the  berries  of  the  Mountain-ash.  These  likewise  contain  small 
quantities  of  tartaric  and  citric  acid,  especially  while  very  unripe.  (Liebig.) 

The  juice  of  mountain-ash  berries,  not  quite  ripe,  after  being  pressed,  boiled  up  and 
filtered,  is  partly  neutralised  with  carbonate  of  potassium,  leaving,  however,  a  sufficient 
excess  of  acid  to  redden  litmus  pretty  strongly ;  then  precipitated  by  nitrate  of  lead 
(or  with  neutral  acetate  of  lead,  if  carbonate  of  potassium  is  not  used) ;  set  aside  for 
a  few  days,  till  the  curdy  precipitate  is  completely  converted  into  small  needles ;  these 
crystals  freed  from  the  admixed  mucous  or  flocculent  compound  of  lead-oxide  and 
colouring  matter  (which  is  particularly  abundant  when  acetate  of  lead  is  used)  by 
careful  elutriation  with  cold  water;  and,  lastly,  well  washed  with  water. — a.  The  needles 
are  boiled  with  a  quantity  of  dilute  sulphuric  acid  not  sufficient  to  decompose  the 
whole  of  them,  as  long  as  any  granular  deposit  continues  to  subside ;  the  uniform  pulpy 
mass  mixed  with  aqueous  sulphide  of  barium,  till  a  filtered  sample  is  found  to  contain 
baryta  ;  the  liquid  filtered  (the  sulphide  of  lead  then  acting  as  a  decolorising  agent) ; 
the  colourless  filtrate  boiled  with  excess  of  carbonate  of  barium;  the  liquid  again 
filtered  (tartrate  and  citrate  of  barium  remaining  on  the  filter) ;  the  baryta  precipitated 
from  the  filtrate  by  careful  addition  of  dilute  sulphuric  acid ;  and  the  filtrate,  which 
should  show  no  turbidity,  either  with  sulphuric  acid  or  with  chloride  of  barium,  evapo- 
rated to  the  crystallising  point.  If  the  filtrate  should  become  turbid  on  addition  of 
sulphuric  acid,  it  must  be  evaporated  down,  the  residue  exhausted  with  alcohol ;  the 
liquid  filtered  from  the  remaining  malate  of  barium ;  and  again  evaporated. — b.  Or 
the  needles  of  impure  malate  of  lead  are  boiled  with  a  slight  excess  of  dilute  sulphuric 
acid ;  the  filtrate  divided  into  two  equal  portions ;  one  portion  exactly  neutralised  with 
ammonia;  the  other  portion  then  added;  and  the  reddish  liqiud  evaporated  and  cooled; 
it  then  yields  nearly  colourless  crystals  of  acid  malate  of  ammonia,  which  may  be 
rendered  quite  colourless  by  recrystallisation.  These  crystals  are  then  precipitated  by 
acetate  of  lead,  and  the  precipitate,  after  thorough  washing,  is  decomposed  by  sui- 
phydric  or  sulphuric  acid.  (Liebig.) 

By  similar  processes,  malic  acid  may  be  obtained  from  house-leek,  from  cherries  01 
barberries,  from  the  berries  of  Ehus  coriaria,  from  the  stems  of  rhubarb,  from  apples, 
and  from  tobacco. 

Proper  ties. —  The  aqueous  solution  of  malic  acid  concentrated  to  a  syrup,  and  then 
left  to  evaporate  in  a  warm  place,  yields  groups  of  colourless  shining  needles  or  prisms 
of  4  or  6  faces.  They  melt  at  83° C.  (Pelouze),  at  100°  (Pasteur),  and  do  not 
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suffer  any  loss  of  weight  at  120°.  They  are  odourless,  have  a  sour  taste,  and  deli- 
quesce in  the  air.  Malic  acid  is  soluble  in  alcohol. 

The  aqueous  solution  of  active  malic  acid  rotates  the  plane  of  polarisation  of  a  luminous 
ray  to  the  left :  [o]  =  —  5°.  Some  of  its  salts  possess  dextro-rotatory,  others  laevo- 
rotatory  power.  The  presence  of  acids,  whether  mineral  or  organic,  increases  the 
tendency  to  laevo-rotation.  (Pasteur.) 

Decompositions. — 1.  The  acid  heated  for  some  hours  to  between  175°  and  180°  in  a 
retort  placed  in  the  oil-bath,  is  resolved,  without  any  evolution  of  gas  or  carbonisation, 
into  water,  maleic  acid,  which  passes  over  in  the  liquid  form  with  the  water,  and 
crystallises  soon  afterwards,  and  about  an  equal  quantity  of  fumaric  acid  (ii.  741), 
part  of  which  distils  over,  while  the  rest  remains  in  the  retort  in  the  form  of  a  crystal- 
line mass.  If  the  malic  acid  be  suddenly  heated  to  200°,  and  kept  for  some  time  at 
that  temperature,  a  comparatively  large  quantity  of  maleic  acid  is  obtained;  but  at 
150°,  the  malic  acid  is  very  slowly,  but  almost  completely,  resolved  into  water  and 
fumaric  acid.  The  first  product  of  the  decomposition  perhaps  consists  entirely  of 
maleic  acid,  which,  however,  if  the  heat  be  not  quickly  raised  to  the  point  of  volatili- 
sation, is  converted  into  fumaric  acid.  (Pelouze.) 

If  a  strong  fire  be  made  to  act  immediately  on  the  malic  acid,  it  swells  up,  turns 
brown,  and  yields,  together  with  maleic  and  fumaric  acids,  large  quantities  of  car- 
bonic oxide  and  carbonic  anhydride,  empyreumatic  oil,  and  charcoal,  which  must  be 
regarded  as  decomposition-products  of  the  maleic  and  fumaric,  not  of  the  malic  acid. 
(Lassaigne). — 2.  In  the  open  fire,  the  acid  burns  with  the  odour  of  burnt  sugar. — 
3.  The  acid  in  combination  with  potash  is  decomposed  by  bromine,  with  formation  of 
bromoform  (Cahours,  Ann.  Chim.  Phys.  [3]  xix.  507).— 4.  Nitric  add  easily  con- 
verts it  into  oxalic  acid,  with  evolution  of  carbonic  anhydride. 

6.  By  the  action  of  reducing  agents  it  is  converted  into  succinic  acid.  The  reduc 
tion  takes  place  readily  on  heating  it  with  concentrated  hydriodic  acid  tol30°(Schmitt, 
Ann.  Ch.  Pharm.  cxiv.  106) ;  also  when  malate  of  calcium  is  fermented  in  contact 
with  yeast.  (Piria,  ibid.  Ixx.  102 ;  Liebig,  ibid.  104,  and  363.) 

6.  By  slow  oxidation  in  the  cold  with  acid  chromate  of  potassium,  it  is  converted  into 
malonic  acid  (Dessaignes,  Ann.  Ch.  Pharm.  cvii.  251)  : 

C4H«05  +  O2  =  C3H404  +  H20  +  C0». 

Malic  Malonic 

acid.  acid. 

When  heated  with  chromate  of  potassium  and  sulphuric  acid,  it  gives  off  all  its  carbon 
as  carbonic  anhydride  (Dobereiner).  Boiled  in  dilute  aqueous  solution  with 
peroxide  of  manganese,  it  yields  a  distillate  containing  aldehyde  (Liebig,  Ann.  Ch. 
Pharm.  cxiii.  14). 

7.  Malic  acid  gently  heated  with  excess  of  potassic  hydrate,  is  resolved  into  oxalic 
and  acetic  acids : 

C4H4K20S  +  KHO  =  C2H3K02  +  C2K204  +  H2. 

When  malate  of  calcium  (1  pt.)  is  heated  with  pentachloride  of  phosphorus  (4  pts.), 
chloride  of  fumaryl  passes  over  (Perkin  and  Duppa  (ibid.  cxii.  24).  When 
malic  acid  (1  at.)  is  heated  with  the  pentachloride  (2  at.)  till  it  begins  to  turn  brown, 
and  the  product  is  decomposed  with  water,  f u m a r i c  a c i d  is  obtained.  (Lie s-B o d a r t, 
ibid.  c.  327.) 

MALA.TES.— Malic  acid,  though  most  probably  triatomic,  as  shown  by  the  consti- 
tution of  its  amides  (p.  796),  contains  only  2  at.  hydrogen  replaceable  by  metals.  It 

H         ) 
may  therefore  be  conveniently  represented  by  the  formula  (C4HS02)'"  >0S  (similar  to  that 

of  glycollic  acid,  which  is  diatomic  but  monobasic),  and  the  neutral  and  acid  malates 

H      )  "E      ) 

bv  the  formulae  C4H802  >  O3,  and  C4H802  VO*.     Malic  acid  has  a  great  tendency  to  form 

M2    i  H.M) 

acid  salts. 

The  active  and  inactive  modifications  of  malic  acid  yield  respectively  active  and 
inactive  salts.  The  former  sometimes  exhibit  hemihedral  modifications ;  the  latter  are 
always  holohedral. 

The  malates  heated  to  200°  give  off  water,  and  are  converted  into  fumarates : 

C4H4M205        -        C4H2M20«     +     H20. 

« Nearly  all  malates  are  soluble  in  water.  A  solution  of  the  acid  or  of  a  malate  is  not 
precipitated  by  lime-water  or  chloride  of  calcium,  either  in  the  cold  or  on  heating ;  but 
on  the  addition  of  alcohol,  a  white  precipitate  of  calcic  malate  separates.  Neutral 
malate  of  calcium  is  also  precipitated  by  long  boiling  of  a  solution  of  malic  acid,  nearly 
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neutralised  with  milk  of  lime.  With  awtate  of  lead,  malic  acid  forms  a  white  precipi- 
tate soluble  in  excess  of  malic  acid  and  in  ammonia:  this  precipitate  when  heated  in  its 
mother-liquid,  melts  to  a  semifluid,  transparent  mass.  Malates  are  not  blackened  by 
heating  with  fuming  sulphuric  acid;  this  reaction  distinguishes  malic  from  citric  and 
lartaric  acids. 

Malates  of  Aluminium. — The  neutral  salt  is  a  transparent  gum,  which  reddens 
litmus  slightly,  is  permanent  in  the  air,  and  dissolves  readily  in  water,  forming  a  solu- 
tion which  is  not  precipitated  by  potash  or  ammonia.  There  is  also  a  basic  salt 
sparingly  soluble  in  water. 

Malates  of  Ammonium. — a.  The  neutral  salt  is  very  soluble  and  uncrystalli- 
sable. 

/3.  The  acid  salt,  C4H5(NH4)05,  is  prepared  by  treating  malate  of  lead  with  dilute 
sulphuric  acid,  taking  care  to  avoid  an  excess  of  acid,  filtering,  dividing  the  liquid  into 
two  parts,  saturating  one  with  ammonia,  then  adding  the  other,  and  evaporating  to  a 
syrup.  The  salt  prepared  with  optically  active  malic  acid  crystallises  in  fine  trans- 
parent prisms,  belonging  to  the  trimetric  system,  with  well-defined  and  strongly  reflect- 
ing faces.  Ordinary  combination,  coP  .  oof  oo  .  £&<»,  sometimes  with  hemihedral 

facets  — .     Inclination  of  the  faces,  ooP  :  ooP  »  71°  36';  ^f  oo :  ^£  oo ,  in  the  plane  of 

the  brachydiagonal  and  vertical  axis  =  137°  35' ;  £  oo  :  f*oo  in  the  same  plane  =  103°  36'. 
Cleavage  easy,  perpendicular  to  the  faces  ooP.  The  salt,  when  crystallised  from  pure 
water,  or  from  water  acidulated  with  nitric  acid,  is  never  hemihedral ;  but  the  crystals 
acquire  that  character  when  melted  till  they  begin  to  decompose,  and  then  recrystal- 
lised.  It  would  appear,  therefore,  that  the  action  of  heat  gives  rise  to  the  formation 
of  small  quantities  of  products  which  induce  the  development  of  hemihedral  faces. 
Specific  gravity  of  the  crystals  =  1-55  (that  of  water  at  12'5°  =  1).  The  crystals  dis- 
solve in  3'11  pts.  of  water  at  15'7°.  The  solution  deflects  the  plane  of  polarisation  to 
the  left:  rotatory  power  for  100  millimetres:  [a]  =  —  6C  or  -7°.  If  the  suit  is  dis- 
solved in  nitric  acid,  it  becomes  dextro-rotatory:  [a]  =  +  5' 6°.  By  dry  distillation,  it 
gives  off  water,  and  leaves  an  insoluble  residue  of  fumarimide  (ii.  746).  Ammonia 
escapes,  however,  together  with  the  water,  and  the  residue  contains  fumaric  and  maleic 
acids,  together  with  malic  acid  both  active  and  inactive. 

The  acid  ammonium-salt  of  inactive  malic  acid  forms  two  kinds  of  crystals. — (a)  The 
solution  when  evaporated  first  yields  crystals  having  the  same  composition  as  the  active 
ammonium-salt,  and  the  same  form,  with  exception  of  the  hemihedral  faces,  which  are 
absent.—  (b)  The  mother-liquor  separated  from  these  crystals  deposits,  after  a  while, 
large,  hard,  transparent  crystals  containing  2  at.  water  more  than  the  salt  a,  and  be- 
longing to  the  monoclinic  system.  Ordinary  combination,  ooP  .  [  ooPn]  .  [Poo  ]. 
Inclination  of  faces,  ooP  :  ooP  in  the  plane  of  the  clinodiagonal  and  principal  axis 
=  124°  19';  [  ooPn]  :  ooP  =  149°  33' ;  [Poo  ]:  [Poo  ]  in  the  plane  of  the  clinodiagonal 
and  principal  axis  =  127°  20';  [Poo  ]  :  ooP  =  85°  22'  and  119°  22'.  Angle  of  the 
inclined  axes  =  110°  56'.  No  hemihedral  faces.  Inactive  acid  malate  of  ammonium 
is  decomposed  by  heat  in  the  same  manner  as  the  active  salt. 

Active  acid  malate  of  ammonium  unites  in  atomic  proportion  with  acid  dextro- 
turtrate  of  ammonium  ;  the  inactive  salt  does  not. 

Malates  of  Antimony. — The  neutral  salt  has  not  been  obtained. 

Malate  of  Antimony  and  Ammonium  is  obtained,  according  to  Pasteur,  by  boiling  a 
solution  of  acid  malate  of  ammonium  with  antimonic  oxide.  The  liquid  left  to  evapo- 
rate yields  the  double  salt  in  large  crystals,  having  the  hemihedral  faces  very  fully 
developed.  The  solution  is  dextro-rotatory  ;  for  100  millimetres  :[«]=  +  1 15-47°. 

Malate  of  Antimony  and  Potassium  is  obtained  in  the  crystalline  state  by  saturating 
acid  malate  of  potassium  with  antimonic  oxide.  Neither  of  these  double  salts  has  been 
analysed. 

Malates  of  Barium,  a.  Neutral  salt,  C4H4Ba"05.2H20  ?— Itis  difficult  to  saturate 
malic  acid  with  carbonate  of  barium,  so  completely  that  the  liquid  shall  no  longer 
redden  litmus-paper.  The  solution  evaporated  in  a  vacuum  deposits  transparent 
plates  neutral  to  test  paper,  and  giving  off  10'6  per  cent.,  water  at  220°.  The  solution 
when  boiled  deposits  white  crusts  of  the  anhydrous  salt,  having  no  appearance  of  crys- 
tallisation ;  they  are  absolutely  insoluble  in  water  whether  cold  or  boiling,  but  dissolve 
rapidly  on  adding  a  trace  of  nitric  acid ;  the  solution  thus  formed  is  not  precipitated  by 
ammonia. 

)8.  Acid-salt.—  Uncrystallisable  and  more  soluble  than  the  preceding. 

Malates  of  Calcium,  a.  Ne utral  salt,  CJH4Ca"05.— 1.  Malic  acid  does  not  become 
turbid  on  addition  of  excess  of  lime-water  (Braconnot,  Ann.  Ch.  Phys.  [2]  li.  831  ; 
Lassaigne);  not  even  in  concentrated  solutions  and  on  the  application  of  heat, — a 
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character  by  which  malic  is  distinguished  from  citric  acid  (H.  Rose,  Pogg.  Ann. 
xxxi.  210;  Winckler).  The  acid  neutralised  with  lime-water  yields  on  evaporation 
in  vacuo  (an  acid  mother-liquid  remaining)  large,  thin,  shining  laminae,  which  dissolve 
readily  in  water,  and  after  drying  in  vacuo  at  ordinary  temperatures,  give  off  all  their 
water  =  17  per  cent.  (2  at.)  at  180°,  and  about  half  of  it  at  100°.  Their  aqueous 
solution,  when  left  to  evaporate  in  the  air,  again  yields  laminae,  but  when  heated  to  the 
boiling  point,  deposits  a  white,  granular,  nearly  insoluble  salt  with  1  at.  water.  Hence 
the  laminae,  in  parting  with  half  their  water,  likewise  lose  their  solubility.  (Richardson 
and  Menzdorf,  Ann.  Ch.  Pharm.  xxvi.  135.) 

2.  Dilute  malic  acid  agitated  in  the  cold  with  excess  of  carbonate   of  calcium, 
remains  strongly  acid ;  but  the  filtrate,  when  boiled,  coagulates  to  a  pulp  composed  of 
granules  of  the  monohydrated  neutral-salt,  which  is  nearly  insoluble  in  water  and  in 
aqueous    malic   acid    (Richardson  and    Menzdorf).      From    the    solution   thus 
obtained,  the  neutral  salt  separates  in  four-sided  prisms,  which  grate  between  the 
teeth,  dissolve  in  83  pts.  of  cold  and  a  somewhat  smaller  quantity  of  hot  water 
(Lassaigne);  or  as  a  granular  powder  of  anhydrous  salt,  which  is  nearly  insoluble 
both  in  hot  and  in  cold  water.     (Hagen,  Ann.  Ch.  Pharm.  xxxviii.  257.) 

3.  The  same  granular  powder  is  thrown  down  from  the  aqueous  solution  of  the  acid 
salt  by  several  hours'  boiling.     (Hagen.) 

4.  A  mixture  of  aqueous  chloride  of  calcium  and  neutral  malate  of  sodium  deposits, 
after  a  while,  the  neutral  malate  of  calcium,  in  transparent  crystalline  grains.      This 
salt  scarcely  froths  up  in  the  fire ;  it  is  completely  decomposed  by  the  soluble  alkaline 
carbonates.     It  dissolves  in  147  pts.  of  cold  water,  forming  a  solution  which  tastes 
somewhat  like  nitre,  and  in  at  most  65  pts.  of  boiling  water,  from  which  it  does  not 
separate  on  cooling.     (Bpaconnot.) 

5.  The  solution  of  acid  malate  of  calcium  neutralised  with  a  soluble  alkaline  carbo- 
nate, yields,  by  evaporation  at  a  gentle  heat,  hard  shining  crystals  of  the  neutral  salt, 
which  contain  3  at.  water,  give  off  1  at.  water  at  100°,  assuming  the  appearance  of 
porcelain,  and  are  completely  dehydrated  at  150°.     (Hagen.) 

6.  The  granular  salt,  left  to  itself  in  the  moist  state  for  two  days,  takes  up  water,  and  is 
converted,  under  circumstances  not  yet  determined,  into  rough,  translucent,  globular 
crystals,  which,  after  drying  in  the  air,  whereby  they  are  rendered  opaque,  give  off 
22-49  per  cent.  (3  at.)  water  at  200°.     (De^saignes  and  Cathaurd,  J.  Pharm.  [3] 
xiii.  243.) 

Neutral  malate  of  calcium  is  easily  obtained  in  the  crystalline  state  by  dissolving 
the  acid  malate  in  ammonia,  and  leaving  the  solution  to  evaporate.  If  the  solution  is 
dilute,  an  abundant  crop  of  crystals  is  obtained  in  24  hours  ;  but  if  the  salt  is  dissolved 
in  hydrochloric  acid,  and  ammonia  then  added  in  excess,  it  takes  a  considerable  time  to 
crystallise. 

The  crystalline  form  of  this  salt  is  hemihedral,  and  it  produces  dextro-rotation, 
whether  dissolved  in  water  or  in  hydrochloric  acid.  (Pasteur.) 

Neutral  malate  of  calcium,  kept  for  some  months  under  a  shallow  layer  of  water  in  a 
vessel  covered  with  paper,  is  converted  into  succinate  (Dessaignes).  During  the 
winter,  crystallised  hydrated  carbonate  of  calcium  and  a  mucous  organisation  are  like- 
wise produced ;  but  in  the  summer  months,  the  sole  product  consists  of  needles  of 
succinate  of  calcium,  which  gradually  rise  above  the  diminishing  malate  of  calcium, 
while  a  small  quantity  of  gas  is  given  off.  (Dessaignes,  Compt.  rend,  xxviii.  16.) 

When  a  mixture  of  4  pts.  of  malate  of  calcium,  24  pts.  of  water,  and  1  pt.  of  yeast 
(or  a  smaller  quantity  of  putrefying  cheese  or  fibrin)  is  set  aside  in  a  warm  place,  a 
tolerably  brisk  evolution  of  pure  carbonic  anhydride  takes  place,  the  muddy  calcium- 
salt  begins  in  the  course  of  three  days  to  become  granular  and  heavy,  and  after  the 
evolution  of  gas  is  terminated,  appears  under  the  microscope  to  consist  of  transparent 
needles  united  in  stellate  groups,  and  composed  of  succinate  and  carbonate  of 
calcium.  The  supernatant  liquid  contains  acetate  of  calcium. 

If  too  much  yeast  or  cheese  is  used,  or  if  the  mixture  becomes  too  hot,  hydrogen  gas 
is  evolved  as  well  as  carbonic  anhydride,  and  possibly  in  equal  volume  ;  and  in  that 
case  there  is  obtained  but  little  succinic  and  acetic,  but  a  large  quantity  of  butyric 
acid,  and  a  colourless,  volatile  oil,  smelling  of  apples,  which  may  be  obtained  by  dis- 
tilling the  liquid ;  this  oil  dissolves  readily  in  water,  and  may  be  separated  therefrom 
by  chloride  of  calcium  or  carbonate  of  potassium :  it,  however,  dissolves  a  larger 
quantity  of  chloride  of  calcium  in  the  dry  state.  For  the  fermentation  in  which  succinic 
and  acetic  acid  are  produced,  and  pure  carbonic  anhydride  is  evolved,  the  equa- 
tion is : 

3C4H60S     =     2C'H"04  +   C2H402  +  2C02  +   H20. 

For  the  fermentation,  when  hydrogen  is  evolved : 

2C*H«05     =     C4H802    +    4  CO2   +  H* 
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or,  if  the  evolution  of  hydrogen  is  consequent  on  the  decomposition  of  succiuic  acid : 
3C4H604     =     2C4H802   +   4C02   +   H2. 

Part  of  the  carbonic  acid  remains  with  the  lime.  (Liebig,  Ann  Ch  Pharm  Ixz 
104,  and  363.) 

According  to  E.  J.  Kohl  (Ann.  Ch.  Pharm.  Ixxviii.  252),  malate  of  calcium  fermented 
with  putrefying  casein  gives  off  nothing  but  carbonic  anhydride,  and  yields  principally 
lactate  of  calcium,  with  small  quantities  of  succinate,  acetate,  and  carbonate.  W.  Baer 
(Arch.  Pharm.  [2]  Ixix.  147)  obtained  a  similar  result  with  the  juice  of  mountain-ash 
berries,  neutralised  with  carbonate  of  calcium,  mixed  with  beer-yeast,  and  left  to  stand 
at  ordinary  temperatures.  Winckler  (Jabrb.  pr.  Pharm.  xxii.  300)  found  a  large 
quantity  of  lactic  acid  in  the  acid  residue  of  cider,  and  supposes  it  to  have  been  formed 
by  fermentation  of  the  malate  of  calcium  contained  in  the  juice  of  the  apples.  Keb- 
ling  (Arch.  Pharm.  [2]  Ixvii.  300)  observed  that,  in  the  fermentation  of  malate  of 
calcium,  valerianic  acid  is  formed  as  well  as  succinic  and  butyric  acids. 

When  a  solution  of  inactive  malic  add  is  neutralised  with  lime-water,  no  turbidity  is 
produced ;  but  on  addition  of  alcohol,  the  neutral  calcium-salt  is  deposited  in  white 
amorphous  flakes.  On  boiling  the  neutralised  aqueous  solution,  a  granulo-crystalline 
precipitate  is  formed,  having  the  composition  C4H4Ca"Os,  and  but  sparingly  soluble  in 
water,  either  hot  or  cold.  When  a,  solution  of  acid  malate  of  ammonium  containing 
the  inactive  acid  is  mixed  with  a  soluble  calcium-salt  and  excess  of  ammonia,  no  pre- 
cipitate is  formed  at  first,  but  after  24  hours,  transparent  crystals  united  in  nodules 
are  formed,  containing  2C1H4Ca"Od.  5aq.  (Pasteur.) 

£.  Acid  salt,  C8H10Ca"010.8H20.—  This  salt  may  be  prepared  from  the  stems  of 
Geranium  zonale  (Br  aeon  not).  Also  from  the  berries  of  Bhusglabrum  or  copallinum, 
by  exhausting  them  with  hot  water,  evaporating  the  infusion,  decolorising  it  with 
animal  charcoal  previously  purified  with  hydrochloric  acid,  evaporating  the  filtrate 
further,  setting  it  aside  to  crystallise,  and  purifying  the  resulting  crystals,  if  necessary, 
by  recrystallisation  (Eogers,  Sill.  Am.  J.  xxvii.  294).  Tobacco  also  contains  it  in 
large  quantity.  The  solution  of  the  neutral  salt  in  warm  dilute  nitric  acid,  deposits 
tho  acid  salt  in  crystals  on  cooling.  (Ha gen.) 

The  crystals  of  the  salt  prepared  with  the  active  acid  belong  to  the  trimetric  system. 
Ordinary  combination,  ocP  .  oo  Pn  .  ooPoo  .  Poo  .  mPoo .  Inclination  of  the  faces, 
ooP  :  ooP  =  93°  26';  ooP  :  ocfn  =  162°  14';  oofoo  :  o>P  =  133°  17';  ocfoo  :  £00  = 
136°  33';  Poo  :  mPoo  =  163°  30'.  Cleavage  easy  parallel  to  ooPoo .  When  crystal- 
lised from  pure  water,  it  does  not  exhibit  hemihedral  faces ;  but  when  crystallised  from 

nitric  acid,  all  the  crystals  have  four  faces  -^-,  and  for  a  certain  concentration  of  the 

acid,  these  facets  become  so  much  developed  as  nearly  to  obliterate  the  principal  faces 
of  the  crystal.  The  crystals  dissolve  in  50  pts.  of  cold  water,  and  in  a  much  smaller 
quantity  of  boiling  water  :  they  are  insoluble  in  absolute  alcohol.  They  give  off  22'37 
per  cent,  (nearly  3  at.)  water  at  100°,  and  are  completely  dehydrated  at  180°. 

The  inactive  salt  resembles  the  preceding  in  every  respect,  excepting  that  it  has  no 
hemihedral  faces. 

According  to  Braconnot,  acid  malate  of  calcium  saturated  with  alkaline  carbonates 
yields  double  salts,  viz.  ammonio-,  potassio-,  and  sodio-calcic  malate s ;  but  they  have 
not  been  analysed. 

Malates  of  Copper. — a.  The  neutral  salt,  C4H4Cu"05.H20,  is  a  gummy  mass  of  a 
fine  green  colour,  and  very  soluble  in  water. 

£.  The  acid  salt,  CsH10Cu"Os.2H20,  is  obtained  in  fine  blue  crystals,  by  saturating 
the  cold  aqueous  acid  with  cupric  hydrate  and  evaporating  at  40°. 

•y.  A  basic  salt,  2C4H4Cu"Oi.Cu"0.4H20,  is  obtained,  as  a  green  insoluble  powder,  by 
boiling  malic  acid  in  excess  with  cupric  carbonate.  The  carbonate  treated  in  the  cold 
with  excess  of  malic  acid  dissolves  in  considerable  quantity,  and  the  solution,  when 
boiled,  immediately  deposits  the  salt  just  mentioned ;  but  if  evaporated  in  a  vacuum, 
between  40°  and  50°,  it  deposits  dark  green  crystals  containing  the  same  proportion 
of  malate  and  oxide  of  copper  with  6  at.  water. 

A  mixture  of  cupric  sulphate  and  malate  of  ammonium  deposits  by  spontaneous 
evaporation,  first  crystals  of  cupric  sulphate,  then  green  acicular  crystals  unalterable 
in  the  air,  of  a  double  salt,  consisting  of  cupric  malate  and  sulphate  of  ammonium. 
(H.  Schulze,  Arch.  Pharm.  [2]  Ivii.  273.) 

Malate  of  Iron  (ferricum). — Both  the  neutral  and  acid  salts  are  brown,  gummy, 
permanent  in  the  air,  very  soluble  in  water  and  in  alcohol.  A  solution  of  a  ferric 
salt  containing  malic  acid  is  not  precipitated  by  alkalis. 

Malates  of  Lead.— a.  The  neutral  salt,  C4H4Pb"04.3H20,  is  obtained  by  preci- 
pitating neutral  acetate  of  lead  with  a  solution  of  calcic  or  potassic  malate ;  it  is  a 
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^hite  curdy  precipitate,  which,  when  left  for  some  hours  in  a  solution  of  the  acetate,  is 
converted  into  four-sided  needles  grouped  around  a  common  centre.  This  salt  melts 
in  boiling  water  to  a  transparent  pitchy  mass;  it  is  very  slightly  soluble  in  cold,  more 
soluble  in  boiling  water ;  a  strong  aqueous  solution  deposits  it  in  shining  needles.  It 
dissolves  very  easily  in  nitric  acid  ;  acetic  acid  and  malic  acid  do  not  dissolve  it  more 
>eely  than  pure  water.  Acetate  of  lead  also  dissolves  the  malate,  and  deposits  it  by 
slow  evaporation  in  silky  needles. 

According  to  K.  Otto  (Ann.  Ch.  Pharm.  cxxviii.  175),  a  neutral  malate  of  lead 
having,  after  drying  at  100°,  the  composition  C4H4Pb"05.IPO,  is  obtained  by  dropping 
a  partly  neutralised  solution  of  malic  acid  into  an  excess  of  boiling  aqueous  solution 
of  basic  acetate  of  lead,  boiling  for  several  hours  with  de-aerated  water,  and  washing 
by  decantation. 

Both  the  active  and  inactive  malates  of  lead  melt  with  equal  facility  in  boiling 
water ;  the  only  difference  observed  between  the  two  modifications  is  that  the  inactive 
salt  takes  a  longer  time  than  the  active  salt  to  become  crystalline,  the  latter,  which  is 
amorphous  at  the  time  of  precipitation,  being  converted  into  needle-shaped  crys- 
tals in  a  few  hours,  whereas  the  inactive  salt  may  remain  amorphous  for  several 
days.  This  character  may  serve  to  distinguish  between  the  two  salts,  when  only  small 
quantities  of  them  are  at  hand.  Both  salts  melt  immediately  on  being  immersed  in 
boiling  water,  but  a  portion  dissolves  and  is  precipitated  when  the  liquid  cools  and  is 
left  at  rest ;  the  active  malate  is  then  deposited  after  24  hours  in  shining  prisms 
grouped  in  tufts ;  the  inactive  salt,  on  the  contrary,  is  deposited  in  the  amorphous 
itate,  and  covers  uniformly  the  sides  of  the  vessel ;  but  after  a  few  days,  this  amor- 
phous precipitate  disappears,  and  is  replaced  by  needle-shaped  crystals,  also  grouped 
in  tufts,  and  exactly  resembling  those  of  the  active  malate.  (Pasteur.) 

Malate  of  lead  in  the  amorphous  state  easily  parts  with  the  whole  of  its  combined 
water  (14  per  cent.  =3  at.)  when  dried  over  sulphuric  acid.  If  the  salt  is  crystallised, 
the  water  is  retained  with  greater  force,  and  it  must  be  heated  to  about  150°  to  dehy- 
drate it. 

Neutral  malate  of  lead,  which  melts  easily  when  thrown  into  boiling  water,  does  not 
melt  in  the  hot  air  chamber,  either  at  100°  or  at  a  higher  temperature.  It  even 
retains  its  crystalline  aspect  up  to  170°,  in  spite  of  the  loss  of  its  water  of  crystallisa- 
tion, and  only  then  begins  to  assume  a  dull  woolly  aspect.  When  heated  to  220°,  it 
gives  off  more  water,  and  is  converted  intofumarate  of  lead. 

0.  A  basic  salt,  Pb"0.2C'II4Pb"05,  is  obtained  by  digesting  the  neutral  salt  with 
ammonia,  or  by  pouring  acetate  of  lead  into  the  solution  of  a  malate  mixed  with 
ammonia,  or,  according  to  Otto  (loc.  cit.),  by  dropping  a  perfectly  neutralised  solution 
of  malic  acid  into  excess  of  a  boiling  solution  of  basic  acetate  of  lead.  It  never 
becomes  crystalline,  and  does  not  melt  in  boiling  water,  but  if  acetic  acid  be  added,  it 
melts,  with  considerable  diminution  of  volume,  being  then  evidently  converted  into  the 
neutral  salt. 

Basic  malate  of  lead  dissolves  in  acetate  of  lead,  like  the  neutral  salt,  and  the  solu- 
tion, if  somewhat  concentrated,  is  precipitated  by  .ammonia.  It  is  nearly  insoluble  in 
water,  either  cold  or  boiling ;  but  sufficiently  soluble  to  blue  red  litmus  paper,  when  a 
few  moist  fragments  are  placed  upon  it. 

Malates  of  Lithium. — Both  the  neutral  and  acid  salt  are  uncrystallisable. 

Malates  of  Magnesium.— a.  Neutral  salt,  C4H4Mg"05.5H20.  A  dilute  solution 
of  malic  acid  boiled  with  magnesia  yields  a  liquid  which,  when  evaporated  to  a  pellicle, 
deposits  after  some  time,  rhomboidal  prisms  of  this  salt,  containing  5  at.  water,  four 
of  which  arc  given  off  at  100°.  Alcohol  added  to  the  concentrated  solution  precipitates 
it  in  anhydrous  flocks,  which  become  pasty  by  heat. 

0.  The  acid  salt,  C8HloMg"U10.4H-0,  is  obtained  in  flattened  prisms,  by  half  saturat- 
ing malic  acid  with  carbonate  of  magnesium,  and  evaporating  to  crystallisation.  It 
gives  off  half  its  water  at  100°,  and  melts  at  a  higher  temperature. 

Malates  of  Manganese. — a.  The  neutral  salt,  which  is  uncrystallisable  and  very 
soluble,  is  obtained  by  saturating  the  acid  with  carbonate  of  magnesium.  The  acid 
salt  is  precipitated  as  a  white  powder,  on  adding  malic  acid  to  a  solution  of  the  preced- 
ing salt.  It  dissolves  in  41  pts.  of  cold  water,  and  is  deposited  from  boiling  water  in 
transparent  rose-coloured  crystals. 

^  Malates  of  Mercury. — These  salts  have  not  been  analysed.  When  malic  acid  is 
digested  with  mercurous  oxide,  a  crystalline  powder  is  formed.  The  same  salt  is 
obtained  on  mixing  malate  of  potassium  with  a  dilute  solution  of  mercurous  nitrate. 
It  is  decomposed  by  boiling  with  water. 

When  mercuric  oxide  is  boiled  with  a  strong  solution  of  malic  acid,  the  filtered 
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liquid  deposits  small  crystals  of  an  acid  salt  soluble  iu  water  ;  with  excess  of  mercuric 
oxide,  au  insoluble  yellow  basic  salt  is  formed.      (Harff,  Arch.  Pharm.  [3]v.  281.) 

Mala te  of  Potassiu m. — a.  Neutral,  Uncrystallisable,  deliquescent,  insoluble  in 
strong  alcohol  (Braconnot). —  )8.  Acid.  Crystals,  permanent  in  the  air,  soluble  in 
water,  insoluble  in  alcohol.  (Donovan.) 

Malate  of  Silver,  C4H4Ag-05. — Nitrate  of  silver  forms,  with  a  solution  of  neutral 
or  acid  malate  of  ammonium,  a  white  granular  precipitate,  which  becomes  yellow  when 
thoroughly  dried.  If  heated  after  drying,  it  melts  and  decomposes,  swelling  up  a  little, 
emitting  an  empyreumatic  odour,  and  leaving  perfectly  white  metallic  silver.  The 
acid  malate  of  silver  has  not  been  obtained. 

Malates  of  Sodium. — The  neutral  salt  is  Uncrystallisable.  The  acid  salt  is  crystal- 
line, permanent  in  the  air,  soluble  in  water,  insoluble  in  alcohol. 

Malates  of  Strontium,  a.  Neutral  salt,  C4H4Sr"05.H20  (at  100°).— Malic 
acid  is  not  rendered  turbid  by  strontia-water;  but,  on  evaporating  the  mixture,  a  crys- 
talline mass  is  obtained,  very  soluble  in  water.  When  malic  acid  is  digested  with  car- 
bonate of  strontium,  a  solution  is  obtained  which  slightly  reddens  turmeric,  and  deposits 
after  concentration  mammellated  groups  of  crystals  having  the  above  composition. 

0.  An  acid  salt  is  precipitated  in  the  crystalline  state  on  adding  malic  acid  to  an 
aqueous  solution  of  the  neutral  salt ;  it  is  but  slightly  soluble  in  cold  water,  more 
soluble  in  boiling  water. 

Malate  of  Thallium  crystallises  with  difficulty;  it  is  deliquescent,  and  melts 
below  100°.  (Kuhlmann.) 

Uranic  Malate. — Yellow ;  sparingly  soluble  in  water.     (Richter.) 

Malate  of  Yttrium. — 1;  "When  an  aqueous  solution  of  malic  acid  is  poured  upon 
carbonate  of  yttrium,  part  of  the  resulting  salt  dissolves,  and  is  obtained  by  evapora- 
tion in  small  white  nodules. — 2.  Neutral  alkaline  malates  throw  down  from  yttrium- 
salts — when  the  solutions  of  the  two  salts  are  concentrated  and  mixed  in  due  propor- 
tion— a  white,  almost  crystalline  powder,  which  remains  in  white  granules  when  its 
aqueous  solution  is  evaporated. — The  air-dried  salt  is  C'E^yOMFO.  It  does  not 
give  off  its  water  at  110°,  and  is  but  slowly  decomposed  at  higher  temperatures  It 
dissolves  in  74  pts.  of  water ;  its  solution  in  aqueous  malic  acid  deposits  the  neutral 
salt  unchanged.  It  dissolves  abundantly  in  aqueous  malate  of  sodium,  and  dues  not 
crystallise  on  evaporation.  (B  erlin.) 

Malates  of  Zinc.  a.  Neutral  salt,  C4H4Zn"05.3H20.—  When  the  aqueous  acid  is 
saturated  with  carbonate  of  zinc  at  a  temperature  below  30°,  the  filtrate  deposits,  after 
a  while,  small  shining  crystals  which  gradually  but  completely  give  off  their  3  at.  water 
at  100°  (Hagen).  When,  on  the  other  hand,  the  acid  is  saturated  at  a  high  tempera- 
ture, and  the  solution  filtered  from  a  basic  salt  which  separates  on  cooling,  and  further 
evaporated,  crystals  are  deposited,  containing  indeed  3  at.  water,  but  having  a  different 
form,  and  obstinately  retaining  about  f  at.  water  at  100°  (Hagen).  They  are  short 
hard,  strongly  lustrous,  four-sided  prisms  (square,  according  to  Lass aigne),  perpendi- 
cularly truncated,  or  bevelled  with  two  faces;  they  redden  litmus  (Braconnot).  They 
become  opaque  at  100°,  giving  off  10  p.  c.  of  water,  and  at  120°  swell  up  and  crumble 
to  a  white  powder,  giving  off  at  the  same  time  10  p.  c.  more  water  (Liebig).  They 
dissolve  in  55  pts.  (67  pts.  at  20°,  according  to  Lass  aigne)  of  cold,  and  10  pts. 
of  boiling  water,  from  which  the  salt  does  not  separate  on  cooling.  (Braconnot.) 

0.  Acid  salt,  C8H10Zn"010.4H20.— Obtained  by  supersaturating  the  salt  a  with  the 
acid,  and  washing  the  resulting  crystals  with  alcohol.  It  forms  elongated  square-based 
octahedrons,  which  swell  up  when  heated,  giving  off  8'33  per  cent,  water,  and  are  con- 
verted into  a  gum  ;  they  dissolve  in  23  pts.  of  cold  water.  (Braconnot.) 

7.  Basic  salt,  Zn"0.2C4H4Zn"05.4H20  ? — This  salt  remains,  on  dissolving  the  neutral 
salt  in  water,  as  a  crystalline  residue,  containing  48' 1 1  per  cent,  zinc-oxide  (Braconnot). 
The  solution  obtained  by  continuous  boiling  of  the  aqueous  acid  with  carbonate  of  zinc, 
solidifies  on  cooling  to  a  tremulous  jelly,  which  by  prolonged  boiling  with  water  is  con- 
verted into  a  sandy  powder.  This  powder  is  not  decomposed  by  water  at  100°,  but 
at  200°  it  gives  off  water,  and  is  partially  converted  into  fumarate  of  zinc.  (Hagen.) 

Sromomalic  acid.  C4H5Br05.-  No  substitution-products  hav'e  yet  been  obtained 
from  malic  acid ;  but  when  an  aqueous  solution  of  dibromosuccinate  of  sodium  is 
boiled,  and  then  evaporated,  a  mass  of  crystals  is  obtained,  having  the  composition  of 
acidbromomalate  ofsodium,  C4H4BrNa05.  From  this  salt,  other  bromomalates 
may  be  formed  by  double  decomposition  ;  but  the  acid  itself  has  not  yet  been  obtained. 

Acid  bromomalate  of  sodium  is  distinguished  from  the  bromomaleate  (p.  787)  and 
its  isomors,  by  yielding  tartrate  of  calcium  when  boiled  with  lime-water.  (Kekule", 
Lehrtwch,  i.  185.) 
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Isomalic  acid,  C4H603. 

An  acid,  isomeric  with  malic  acid,  and  perhaps  identical  with  diglycollic  acid 
(iL  912),  the  silver-salt  of  which  was  deposited  from  a  photographic  silver-bath 
containing  nitrate  of  silver  and  milk-sugar,  which  had  been  used  for  a  long  time  for 
dipping  papers  soaked  in  succinic  or  citric  acid.  The  free  acid  separated  by  sulphydric 
acid  from  the  silver-  salt,  forms  a  crystalline  mass,  or  by  slow  crystallisation,  trans- 
parent, well- developed  crystals  resembling  those  of  augite.  The  add  ammonium- 
salt,  C4HJ(NH4)0*  2H20,  remains,  on  evaporating  the  neutralised  acid  with  ammonia, 
as  a  radio-crystalline  mass.  The  neutral  potassium-salt,  C4H4K205.H20,  crystallises 
in  monoclinic  laminae.  The  lead-salt  is  a  white  precipitate,  perfectly  insoluble 
in  water,  and  not  melting  or  baking  together  in  boiling  water.  The  silver-salt, 
C4H4Ag205,  which  is  flocculent  at  first,  is  converted,  when  warmed  with  water,  into 
microscopic  six-sided  tables,  which  do  not  decompose  at  100°.  This  salt,  treated  with 
iodide  of  ethyl,  yields  the  neutral  ethylic  ether,  C4H4(CZH*)205,  as  a  colourless  liquid, 
gradually  decomposed  by  water. 

The  isomalates,  treated  with  pentachloride  of  phosphorus,  yield  a  chloride  isomeric 
with  chloride  of  fumaryl,  according  to  the  equation : 

C<H4M05  +   3PC1S     =     2MC1   +   2HC1  +   3POC13   +   C4H202C12. 

This  chloride  is  a  liquid,  which  is  partly  decomposed  by  distillation,  and,  in  contact 
with  water,  is  resolved  into  hydrochloric  acid  and  isomaleic  acid,  C4H'04  (p.  788). 
(Kammerer,  3.  pr.  Chem.  Ixxxviii.  321.) 

IviAXilC  ACID,  AMIDES  OP.    When  ammonia  is  passed  into  an  alcoholic 
solution  of  ethyl ic  malate,  small  crystals  ofmalamide  are  gradually  deposited: 
C4H4(C2H5)205   +   2NH3     =     C4HfiN203  +   20^0; 

Malate  of  ethyl.  Malamide.  Alcohol. 

and  when  dry  ethylic  malate  is  saturated  with  ammonia-gas,  the  product  soon  solidifies 
to  a  crystalline  mass  of  ethylic  malamate  or  malamethane,  C'lT'NO4  «= 


,  the  decomposition  being  represented  by  the  equation  : 

C4H4(C2H5)205  +   NH3     =     C6H"N04  +   C2H60. 
This  latter  compound,  dissolved  in  alcohol  and  saturated  with  ammonia,  likewise  yields 
malamide. 

Malamide  crystallises,  by  slow  evaporation,  in  well-defined  crystals.  It  differs  from 
the  metameric  compound  asparagine  (i.  421)  by  its  crystalline  form,  by  not  containing 
any  water  of  crystallisation,  and  by  its  property  of  easily  taking  up  water,  and  being 
thereby  converted  into  ammonia  and  malic  acid.  It  differs  also  in  optical  rotatory 
power:  [o]  =  —  47'5.  (Demondesir,  Ann.  Ch.  Pharm.  Ixxx.  303. — Pasteur.) 

Mai  ami c  acid,  C4H7N04,  which  is  metameric  with  aspartic  acid  (i.  422),  has  not 
been  isolated. 

If  malic  acid  be  regarded  as  triatomic  and  dibasic,  and  represented  by  the  formula 

CIHS02  \  0s  (p.  790),  in  which  two  out  of  the  three  tvpic  hydrogen-atoms  are  saline, 

H2     j 

that  is,  easily  replaceable  by  metals,  and  the  third,  alcoholic,  that  is,  most  easily  re- 
placeable by  acid-radicles  (see  ii.  915),  the  difference  between  malamic  acid  and  mala- 
mide on  the  one  hand,  and  aspartic  acid  and  asparagine  on  the  other,  may  be  represented 
by  formulae  analogous  to  those  of  glycollic  monamide  (the  so-called  glycollamide, 
ii"  908)  and  glycocine  (ii.  902),  thus : 

HZ        )v  H2        )N 

(C4H302)'"  L  *  ( C4H302)'"  1 0 

H         )  H2        )u  H.H2        )N 

(C4H302)'"  \  0s  Asoarticacid.  Asparagiu. 

H2  J  H  )0  H  )n 

Malic  acid.  (C4H302)'"fN  (WTfVPV*  ( U 


(C4HS02)'"    N  (C4H302)"'       2 

H.H'        JO  W»       JN 


Malamic  acid.  Malamide. 

Aspartic  acid  bears  the  same  relation  to  malic  acid  that  glycocine  bears  to  glycollic 
acid.  The  saline  or  basic  hydrogen  of  malic  acid  is  still  present  in  aspartic  acid,  but 
the  alcoholic  water-residue  HO  of  the  malic  acid  is  replaced  in  aspartic  acid  by  the 
ammonia-residue  NH2.  Asparagine  is  the  amide  of  aspartic  acid.  Hence  it  is  that 
aspartic  acid  is  not  decomposed  by  boiling  with  alkalis  (the  ammonia-residue  not  being 
in  the  saline  place),  and  that  asparagine,  when  treated  in  the  same  way,  gives  off  only 
half  its  nitrogen  as  ammonia,  and  is  converted  into  aspartic  acid.  In  malamic  acid,  on 
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the  other  hand,  the  ammonia-residue  occupies  the  saline  place;  and,  consequently, 
when  malamide,  which  is  its  amide,  is  boiled  with  alkalis,  the  decomposition  does  not 
stop  at  the  formation  of  malamic  acid,  but  goes  on  to  the  formation  of  malic  acid  and 
ammonia. 

H2        ) 

The  neutral  amide  (triamide)  of  malic  acid,  (C4H302)'"  J-  N3,  is  not  known. 

H'.H2        j 

Malamic  acid  and  malamide  may  be  derived  from  the  acid  and  neutral  malates  of 
ammonium  by  elimination  of  1  and  2  at.  water  respectively,  and,  by  further  abstraction 
of  water,  the  other  compounds  in  the  following  table  may  be  conceived  to  be  formed, 
though  only  one  of  them,  viz.  fumarimide  (ii.  746),  has  actually  been  obtained: 

H          ^  H 


H4N  N2  H2 

J£«N      )  H2  J  (unknown.)  Nitrile 

Neutral  malate  Malamide.  (unknown), 

of  ammonium. 

H         )  H         )Q2  H         )Q 

(C4H3o2)'"lo3        (C4H3o2)'"l;;          (C4H302V"L;;         (C4H802)'".N 

H.H4N     J  H.H2        J*  H 

Acid  malate  of  Malamic  acid.  Malimide  Nitrile 

ammonium.  (unknown).  (Fumarimide). 

Malic  acid  was  formerly  regarded  as  diatomic  as  well  as  dibasic,  being  represented 

/Q4TT4Q3\"  J 

by  the  formula       gz        { °2>  which  agrees  perfectly  with  the  constitution  of  its  salts. 

Moreover,  the  formulae  of  malamic  acid  and  malamide  are  easily  derived  from  it;  but 
then  the  so-called  fumarimide  cannot  be  supposed  to  contain  the  same  radicle,  but  must 
actually  be  regarded  as  the  imide  of  fumaric  acid  ;  thus : 

H         )  (C4H403)' 


(C4H403)"[-Oa  [N2  (C4H408)"^  ^-g-u-;  rN 

H         )  H2        j  H         ) 

Malic  acid.  Malamide  and  Malamic  acid  and  Fumarimide. 

asparagine.  aspartic  acid. 

But  the  formation  of  this  compound  by  heating  acid  malate  of  ammonium  to  160° — 
200°,  and  its  conversion  into  inactive  aspartic  acid  by  boiling  with  strong  hydrochloric 
acid,  show  that  it  is  intimately  related  to  malic  acid,  and,  therefore,  that  the  triatomic 
formula  of  malic  acid,  which  renders  it  possible  to  express  fumarimide  by  a  formula 
containing  the  same  radicle  as  the  acid,  must  be  regarded  as  preferable  (Kekule). 
Moreover  the  relation  of  malic  acid  to  succinic  and  tartaric  acids  cannot  be  adequately 
expressed  by  a  diatomic  formula. 

Substances  closely  resembling  fumarimide  or  malonitrile,  are  likewise  obtained, 
according  to  Dessaignes,  by  the  action  of  heat  on  acid  fumarate  and  acid  maleate  of 
ammonium. 

IKAXiXC  ACID,  PHEIffiri.ATED  AMIDES  OF.  These  compounds  have 
been  more  completely  studied  than  the  primary  amides  of  malic  acid ;  three  of  them 
have  been  obtained  by  Arppe  (Ann.  Ch.  Pharm.  xcvi.  106),  viz.  diphenyl-malamide, 
phenyl-malimide,  and  phenyl-malamic  acid. 

f         H         )0 
Diphenyl-malamide.   Malanilide.  CI6H16N20'=  \  (C4H302)'"  [  ^2.— This  com- 

((C6H5)2.H  JN 
pound  is  formed,  together  with  phenyl-malimide,  by  melting  malic  acid  with  aniline : 

2C6H7N  +   C4H«05   -   2H20     =     C  6H16N203. 

Aniline.  Malic  Diphenyl- 

acid.  malamide. 

C8H7N  +   C4H605  -  2H20     =     C'°H9N08 

Phenyl-malimide. 

The  product  treated  several  times  with  boiling  water,  is  resolved  into  a  nearly  colour- 
less solution  containing  phenyl-malimide,  and  a  strongly  coloured  residue  consisting 
chiefly  of  diphenyl-malamide,  which  may  be  obtained  pure  and  colourless  by  crystal- 
lisation from  boiling  alcohol,  with  the  aid  of  animal  charcoal. 

It  forms  colourless  scales  having  a  faint  lustre ;  melts,  with  partial  decomposition, 
at  175°,  and  at  a  higher  temperature  volatilises  for  the  most  part  unaltered.  When  set 
on  fire  it  burns  with  a  bright  smoky  flame. 

It  is  nearly  insoluble  in  water,  and  in  dilute  hydrochloric  acid,  ammonia,  and  potash. 
It  dissolves  also  but  sparingly  in  alcohol  and  ether.  Strong  sulphuric  avid  dissolves 
it  with  the  aid  of  heat.  Nitric  acid  dissolves  it  in  the  cold,  forming  a  yellow  solution. 
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When  boiled  with  strong  caustic  potash,  it  dissolves  and  is  for  the  most  part  decom- 
posed, a  fatty  substance  rising  to  the  surface  of  the  liquid.  On  addition  of  water, 
the  semifluid  portion  is  converted  into  a  white  insoluble  powder,  which  may  be 
completely  freed  from  potash  by  washing  with  water.  This  powder  dissolves  with 
some  difficulty  in  alcohol,  and  crystallises  therefrom  in  small  crystalline  groups  and 
needles.  It  may  be  heated,  without  visible  alteration,  to  225° ;  melts  at  a  higher 
temperature  ;  and  if  cautiously  heated,  yields  a  crystalline  laminar  sublimate,  and  leaves 
a  small  quantity  of  charcoal.  This  substance  gives  by  analysis  64'17  per  cent,  carbon 
and  5'41  hydrogen:  hence  it  appears  to  be  tartranilide.  (Arppe.) 

C'«Hl«N204     -     2C6H7N   +   C4H606  -   2H20 ; 

06115     )  o 

Pbenyl-malimide.    Malanil.     C:°H9N03  =  (C4H302)'"  I JJ.  —  Formed,  together 

H        j 

with  the  preceding  compound,  by  melting  a  mixture  of  malic  acid  and  aniline.  When 
the  fused  mixture  is  kept  in  a  state  of  gentle  ebullition  for  about  two  hours,  a  brown 
syrup  is  obtained,  which  solidifies  on  cooling,  and  when  boiled  with  water,  yields  a 
nearly  colourless  solution  of  phenyl-malimide,  and  a  coloured  residue  containing 
diphenyl-malamide.  The  solution  -when  evaporated  yields  phenyl-malimide  in  the 
form  of  a  granular  mass,  still,  however,  mixed  with  diphenyl-malamide,  from  which  it 
is  purified  by  digestion  in  hot  water,  and  filtration.  The  solution  is  then  further 
purified  by  treatment  with  animal  charcoal,  and  evaporated  to  the  crystallising  point. 

From  a  hot  concentrated  aqueous  solution,  phenyl-malimide  separates  on  cooling  in 
delicate  needles  grouped  together ;  also  when  its  alcoholic  solution  is  evaporated  ; 
sometimes,  however,  it  forms  nacreous  laminse,  and  from  a  very  dilute  aqueous  solution 
it  is  deposited  in  very  thin,  iridescent,  rectangular  prisms.  It  melts  at  170°,  and  when 
heated  between  two  watch-glasses,  forms  a  slight  mealy  sublimate.  It  dissolves  very 
abundantly  in  water,  alcohol,  and  ether. 

Phenyl-malimide,  boiled  with  aqueous  ammonia,  is  converted  into  phenyl-malam  te 
of  ammonium. 

It  dissolves  easily  in  the  strongest  nitric  acid,  forming  a  deep  red  solution  from 
which  water  throws  down  a  nearly  colourless,  indistinctly  crystalline  body,  probably 
nitro-phenyl-tnalimide,  accompanied  by  a  resinous  body  which  is  very  difficult  to 
separate.  The  crystalline  body  dissolves  easily  in  boiling  water>  and  the  solution  on 
cooling  yields  fine  needles.  (Arpp  e.) 

H          \0 

Phenyl-malamic  acid.    Malanilic  acid.    CIOHnN04  =  (C4H302)'"  IN.— This 

C6H5.H2     )  0 

acid  is  obtained  in  the  form  of  an  ammonium-salt  by  boiling  phenyl-malimide  with 
aqueous  ammonia  (vid.  sup.}.  The  solution  of  this  salt  forms  with  baryta  a  copious  pre- 
cipitate, which,  when  mixed  with  a  small  quantity  of  water,  and  decomposed,  with  the 
aid  of  heat,  by  an  exactly  equivalent  quantity  of  sulphuric  acid,  yields  phenyl-malamic 
acid ;  and  from  the  solution,  filtered  while  yet  warm,  the  acid  crystallises  on  cooling, 
and  may  be  purified  by  recrystallisation  from  alcohol.  The  slightest  excess  of  sul- 
phuric acid  used  in  the  preparation  converts  the  phenyl-malamic  acid  into  phenyl- 
malimide  ;  hence  it  is  best  to  use  rather  less  than  the  equivalent  quantity. 

The  acid  crystallises  in  white,  faintly  lustrous  granules,  composed  of  very  minute 
needles,  and  scarcely  attaining  the  size  of  a  pin's  head;  melts  at  145°;  has  a  very 
sour  taste,  reddens  litmus,  and  decomposes  carbonates ;  dissolves  readily  in  water, 
somewhat  less  in  alcohol,  and  sparingly  in  ether.  Its  salts  are  also  distinguished  by 
their  solubility  in  water. 

The  solution  of  the  ammonium-salt  remains  clear  when  mixed  with  lime-water,  but 
is  slightly  clouded  by  boiling  with  potash  ;  with  acetate  of  lead,  it  forms  a  white  pre- 
cipitate soluble  in  water ;  and  with  sesquichloride  of  iron,  a  precipitate  of  a  fine  yellow 
colour. 

The  barium-salt  is  very  soluble  in  water,  and  crystallises  in  spherical  nodules  of  a 
dazzling- whiteness  ;  it  is  insoluble  in  hydrochlorate  of  ammonia. 

Phenyl-malamate  of  silver,  C^H'MigNO4,  forms  a  white  precipitate,  which  soon 
becomes  coloured  by  exposure  to  light ;  it  dissolves  in  water,  and  is  deposited  from  the 
solution  in  shining  cubes. 

1YI ALIC  ETHERS.  These  compounds  have  not  been  much  studied.  According 
to  Demondesir  (Compt.  rend,  xxiii.  227),  the  m'alates  of  ethyl  and  methyl  are  pro- 
duced by  passing  hydrochloric  acid  gas  into  a  solution  of  malic  acid  in  alcohol  or 
wood-spirit.  The  neutral  ethers  cannot  be  distilled ;  they  are  obtainedr-by  neutralising 
the  crude  liquid  with  carbonate  of  sodium  and  agitating  with  common  ether,  which 
takes  up  the  ethylic  or  methylic  malate,  and  leaves  it  behind  on  evaporation.  The 
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compound  ether  thus  obtained  still  contains  water  and  alcohol  or  wood-spirit,  which 
may  be  removed  by  evaporation  in  a  vacuum. 

The  neutral  malates  of  ethyl  and  methyl  are  liquids  which  are  soluble  in  water, 
almost  completely  decomposed  by  distillation,  being  converted  into  the  corresponding 
fumaric  ethers,  and  are  converted  into  malamide  by  ammonia.  They  possess  optical 
rotatory  power. 

Ethyl-  and  Methyl-malic  acids  are  always  formed  by  the  above  process  simul- 
taneously with  the  neutral  ethers.  Their  calcium-salts  are  soluble  in  alcohol. 

Amyl-malic  acid,  CPH^CWJO*,  is  obtained  by  prolonged  heating  of  malic 
acid  with  amyl-alcohol  to  120°.  It  forms  a  syrup  which  crystallises  on  cooling. 
(Breunlin.) 

Syn.  with  OIL  OF  APPLES  (i.  532  ;  ii.  636). 


IVEALONIC    ACID.      C3H404   -         £a"      °2-     An  acid  discovered  by  Pes  - 

saignes  (Ann.  Ch.  Pharm.  cvii.   251),   who  obtained  it  by  slowly  oxidising  malic 
acid  with  a  cold  solution  of  chromate  of  potassium  : 

C4H605  +  0-  =  CO2  +H20  -r   C3H404. 

Malic  Malonic 

acid.  acid. 

It  is  also  produced,  with  evolution  of  ammonia,  by  the  action  of  alkalis  on  cyanacetic 
acid,  or  better  on  cyanacetic  ether  : 


C2H3(CN)02  +  2H20  =  NHS  +  C3H'04 

Cyanacetic  Malonic 

acid.  acid. 

C2H2(CN)(C2H5)02  +  3H20  =  NH3  +  C-H60  +  C3H404 

Cyanacetic  ether.  Alcohol.         Malonic 

acid. 

The  solution  obtained  by  boiling  cyanacetic  ether*  with  potash,  forms  with  sulphate  of 
copper,  a  green  precipitate,  which  by  decomposition  with  sulphydric  acid,  and  evaporation 
of  the  filtrate,  yields  malonic  acid.  (Hugo  Miiller,  Chem.  Soc.  J.  xvii.  109.) 

Malonic  acid  forms  large  rhombohedral  crystals,  having  a  laminar  structure.  It 
dissolves  easily  in  water  and  alcohol,  melts  at  140°,  and  decomposes  at  150°  into  carbonic 
anhydride  and  acetic  acid. 

The  malonates  have  been  but  little  examined.  The  neutral  potassium-  and  am- 
monium-salts are  deliquescent  and  crystallise  with  difficulty;  the  acid  salts  of  the  same 
bases  crystallise  readily.  The  barium-  and  calcium-salts  are  crystalline  precipitates 
sparingly  soluble  in  cold  water.  The  silver'Salt  is  insoluble  and  crystalline  ;  the  lead- 
salt  is  likewise  insoluble. 

An  acid  called  nicotic  acid,  obtained  by  Barral  (Compt.  rend.  xxi.  1374)  from 
tobacco,  has  the  composition  of  malonic  acid,  and  is  probably  identical  therewith.  It 
crystallises  in  small  scales,  forms  insoluble  lead-  and  silver-salts,  and  is  resolved  by 
heat  into  carbonic  anhydride  and  acetic  acid. 

XVIAIiT.  Grain,  chiefly  barley,  which  has  become  sweet  from  the  conversion  of 
its  starch  into  sugar,  by  an  incipient  growth  or  germination  artificially  induced,  called 
malting.  (See  BEER,  i.  527  ;  also  lire's  Diet,  of  Arts,  &c.  iii.  18) 

BTAliTHA.  The  mineral  tallow  of  Kirwan,  said  to  have  been  found  on  the  coast 
of  Finland.  It  resembles  wax.  Its  specific  gravity  is  077.  It  is  white,  brittle, 
stains  paper  like  oil,  melts  with  a  moderate  heat,  and  burns  with  a  blue  flame  and 
much  smoke.  It  dissolves  readily  in  oil,  and  imperfectly  in  hot  alcohol. 

See  MONTMORILLONITE. 


IVTAI.TOSE.  This  name  is  given  by  Dubrunfaut  (Ann.  Ch.Phys.f3]  xxi. 
178),  to  the  sugar  produced  from  starch-paste  by  the  action  of  malt  or  diastase. 
It  resembles  dextro-glucose  in  crystalline  form  and  most  other  respects,  but  its  dextro- 
rotatory power  is,  according  to  Dubrunfaut,  three  times  as  great  as  that  of  dextro-glu- 
cose, and  not  stronger  in  a  recently  prepared  solution  than  after  the  lapse  of  several 
hours  (ii.  858).  It  appears  also  to  be  less  easily  altered  by  alkalis.  It  is  converted 
into  dextro-glucose  by  boiling  with  dilute  sulphuric  acid. 

JVTA.NTCIN'ITE.  A  brown  mineral  from  Mancino,  near  Leghorn,  consisting,  ac- 
cording to  Jacquot  (Ann.  Min.  [3]  xix.  703),  of  sesquisilicate  of  zinc,  2Zn0.3Si02. 
It  is  plumose  and  shining,  with  two  unequal  cleavages  inclined  to  one  another  at  92°. 

IVEAN-DEZ.IC  ACID.     Formo-benzoilic  acid,   C16H1606.—  This  acid,  which  con- 

*  Thp  cyanacetic  ethfir  was  obtained  by  the  action  of  chloraceiic  ether  on  cyanide  of  potassium,  or  of 
iodacetic  ether  on  cyanide  of  silver. 
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tains  the  elements  of  bitter  almond  oil  and  formic  acid,  CI8HI806  =  2C7H60 
+  2CH202,  and  is  related  to  benzoic  acid  (so  far  at  least  as  composition  is  concerned) 
in  the  same  manner  as  lactic  to  acetic  acid,  was  discovered  by  Winckler  (Ann.  Ch. 
Pharra.  xviii.  310),  who  obtained  it  by  heating  bitter  almond  water  with  hydrochloric 
acid,  the  hydrocyanic  acid  contained  in  the  liquid  being  then  resolved  into  ammonia 
and  formic  acid,  which,  at  the  moment  of  its  formation,  unites  with  the  bitter  almond 
oil  (Liebig,  Ann.  Ch.  Pharm.  xviii.  39).  It  is  also  produced  by  the  action  of 
fuming  sulphuric  acid  on  bitter  almond  oil  (Laurent,  Ann.  Ch.  Phys.  [2],  Ixv. 
202),  and  by  heating  amygdalin  with  fuming  hydrochloric  acid.  (Wohler,  Ann.  Ch. 
Pharm.  Ixvi.  238.) 

Preparation. — Bitter  almond  water — obtained  by  distilling  80  oz.  of  bitter  almond 
paste  with  90  Ibs.  of  water  till  160  oz.  have  passed  over,  then  taking  80  oz.  of  this 
liquid,  and  shaking  up  the  distillate  with  the  bitter  almond  oil — is  mixed  with  4  oz.  of 
hydrochloric  acid  of  specific  gravity  1-12,  and  evaporated  to  dryness  over  the  water- 
bath,  till  all  the  hydrochloric  acid  is  expelled.  The  yellowish  crystalline  residue, 
smelling  slightly  of  bitter  almonds,  leaves  pure  sal-ammoniac  when  treated  with  cold 
ether ;  and  the  ethereal  solution  yields  by  spontaneous  evaporation  a  slightly  yellow 
crystalline  mass,  which,  when  treated  with  water,  leaves  a  resinous  fiocculent  body 
having  the  odour  of  bitter  almonds.  The  aqueous  solution  is  transparent  and  colour- 
lees,  and  contains  pure  mandelic  acid,  which  crystallises  on  evaporation  (Winckler). 
— 2.  When  bitter  almond  oil  is  treated  with  one-third  of  its  volume  of  fuming  sul- 
phuric acid,  heat  is  evolved,  the  liquid  becomes  brown  and  thick,  and  solidifies  in  a 
compact  mass  on  cooling.  The  mass,  when  treated  with  water,  yields  an  upper  semi- 
solid  layer  containing  undecomposed  bitter  almond  oil  and  stilbylous  acid,  and  a  lower 
layer  containing  mandelic  acid  and  excess  of  sulphuric  acid ;  the  mandelic  acid  crys- 
tallises from  the  latter  on  cooling  (Laurent). — 3.  A  solution  of  amygdalin  in- 
hydrochloric  acid  is  evaporated  over  the  water-bath,  and  the  syrupy  mass  treated  with 
ether,  which  dissolves  the  mandelic  acid.  On  evaporating  the  solution,  the  mandelic 
acid  crystallises.  (Wohler,  Liebig.) 

Properties. — Mandelic  acid  forms- a  scaly  crystalline  mass  (Winckler).  It  crys- 
tallises sometimes  in  rhombic  needles,  sometimes  in  rhomboidal  plates,  frequently 
having  their  acute  angles  truncated  (Laurent) ;  in  plates  belonging  to  the  rhombic 
system  (J.  Heusser,  Pogg.  Ann.  xciv.  637).  It  has  a  very  faint  odour  of  sweet 
almonds,  and  a  strong  acid  taste,  with  a  somewhat  styptic  after-taste.  It  melts  easily, 
with  loss  of  water,  into  a  yellow  oil,  which,  on  cooling,  solidifies  to  a  translucent  gum 
(Winckler).  When  a  solution  of  mandelic  acid  in  strong  hydrochloric  acid  is  eva- 
porated at  a  temperature  above  100°,  it  becomes  amorphous,  and  afterwards  forms  a 
solution  with  a  small  quantity  of  water,  but  is  precipitated  by  a  larger  quantity  in  the 
form  of  a  heavy  yellowish  oil  (Wohler).  The  acid  is  very  soluble  in  water,  alcohol, 
and  ether. 

Decompositions.  The  acid,  heated  above  its  melting  point,  diffuses  an  agreeable 
odour,  recalling  those  of  white-thorn  blossoms,  hyacinth,  and  gum  benzoin.  Heated 
in  a  distillatory  apparatus  to  a  temperature  short  of  carbonisation,  it  is  converted  into 
a  dark  brown,  resinous,  balsamic  mass,  which  dissolves  sparingly  in  water,  but  readily 
in  •  Ikalis  and  in  alcohol.  A  large  quantity  of  bitter  almond  oil  passes  over  at  the 
same  time.  The  acid  burns  with  a  red,  smoky  flame,  leaving  a  bulky,  easily  combus- 
tible charcoal  (Winckler).  When  it  is  boiled  with  nitric  acid,  as  long  as  nitrous 
fumes  continue  to  escape,  the  formic  acid  is  decomposed,  and  the  bitter  almond  oil 
is  converted  into  benzoic  acid,  which  crystallises  on  addition  of  water  (Liebig). 
When  chlorine  gas  is  passed  through  an  aqueous  solution  of  mandelic  acid,  an  oil 
smelling  like  chloride  of  benzoyl  separates  at  first ;  and  if  potash  be  then  added,  and 
the  passage  of  the  chlorine  continued  till  this  oil  has  completely  disappeared,  the  solu- 
tion, when  subsequently  treated  with  acid,  gives  off  carbonic  anhydride  and  deposits 
benzoic  acid  in  the  form  of  a  crystalline  magma  (Liebig).  The  acid  dissolves  in  oil 
of  vitriol,  and  the  solution,  when  gently  heated,  gives  off  carbonic  oxide  (Liebig). 
The  aqueous  solution,  boiled  with  peroxide  of  manganese,  yields  carbonic  anhydride 
and  bitter  almond  oil.  (Liebig.) 

Mandelates. — The  acid  neutralises  bases  completely,  and  expels  carbonic  acid 
from  its  compounds.  (Winckler.) 

Mandelate  of  Ammonium. — This  salt  is  obtained  by  slightly  supersaturating  the 
aqueous  acid  with  ammonia,  and  leaving  the  solution  to  evaporate.  It  is  very  difficult 
to  crystallise,  and  generally  forms  a  yellowish- white  mass.  It  has  a  very  mild  taste. 
When  heated,  it  decomposes  in  the  same  manner  as  the  free  acid.  It  dissolves  in  the 
smallest  quantity  of  water,  and  readily  in  alcohol.  (Winckler.) 

Mandelate  of  Barium,  obtained  by  decomposing  carbonate  of  barium  with  raaiidelic 
acid,  crystallises  readily  in  small,  tolerably  hard  needles.  It  is  much  less  soluble 
in  water  than  the  potassium-salt.  ( W  i  n  ckl  e r.) 
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Mandelate  of  Copper. — A  solution  of  sulphate  of  copper,  precipitated  by  mandelate 
of  potassium,  yields  a  fine  light-blue  powder,  which,  when  heated,  gives  off  a  large 
quantity  of  bitter  almond  oil. 

Mandelate  of  Lead  is  precipitated  as  a  white,  finely  crystalline  powder,  on  adding 
mandelate  of  potassium  to  neutral  acetate  of  lead.  When  heated,  it  behaves  like  the 
copper-salt.  It  is  scarcely  soluble  in  water.  (Winckler.) 

Mandelate  of  Magnesium  crystallises  readily.     (Winckler.) 

Mercuric  Mandelate  is  obtained  by  precipitating  mercuric  nitrate  with  mandelate  of 
potassium.  Its  reactions  closely  resemble  those  of  the  copper-salt.  (Winckler:) 

Mandelate  of  Potassium. — Obtained  by  nearly  neutralising  carbonate  of  potassium 
with  the  aqueous  acid,  evaporating  to  dryness,  exhausting  the  dry  mass  with  alcohol, 
and  leaving  the  alcoholic  solution  to  evaporate.  It  is  a  white,  soft,  easily  friable, 
soapy  mass,  having  a  very  mild,  scarcely  saline  taste,  faintly  resembling  that  of  sweet 
almonds.  It  decomposes  like  the  free  acid  when  heated,  takes  fire  easily  and  burn* 
away  completely,  leaving  pure  carbonate  of  potassium.  It  dissolves  very  readily  in 
water  and  alcohol.  (Winckler.) 

Mandelate  of  Silver,  obtained  by  precipitating  nitrate  of  silver  with  neutral  mande- 
late of  potassium,  forms  a  white,  heavy,  crystalline  powder,  easy  to  wash.  From  its 
aqueous  solution  saturated  at  the  boiling  heat,  it  separates  in  rather  hard  crystals  having 
a  slight  yellowish  colour.  It  melts  at  a  somewhat  high  temperature  into  a  dark  mass> 
and  yields  the  same  products  of  decomposition  as  the  acid,  leaving  metallic  silver. 
(Winckler.) 

IVIAWGAN-AIVIPHIBOIaE.      See  KHODONITE. 

XVXAXTGANESE.  Synonymes.  Manganese,  Mangan,  Mangadium.  Symbol,  Mn ; 
.Atomic  Weight  =  55. 

History. — Black  oxide  of  manganese,  a  substance  long  used  to  decolorise  glass,  and 
called  magnesia  nigra,  from  its  resemblance  to  the  loadstone,  was  formerly  included  among 
the  ores  of  iron.  It  was,  however,  proved  by  the  researches  of  Pott  in  1740,  of  Kaim 
and  Winterl  in  1770,  and  of  Scheele  and  Bergmann  in  1774,  that  the  metal  contained 
in  this  mineral  is  distinct  from  iron,  and  possesses  characters  peculiar  to  itself.  The 
metal  itself  was  first  eliminated  by  Grahn.  Chevillot  and  Edwards,  in  1818,  pointed 
out  that  mineral  chameleon—  a  substance  discovered  some  considerable  time  before — 
contained  a  peculiar  acid  of  manganese.  Forchhammer,  in  1820,  distinguished  two 
acids  of  manganese;  and  Mitscherlich,  in  1832,  fully  confirmed  the  distinction. 

Manganese  occurs  chiefly  in  the  form  of  peroxide,  known  as  black  oxide  of  manga- 
nese ;  also  as  manganic  and  manganoso-manganic  oxide ;  as  sulphide,  carbonate,  sili- 
cate, and  titanate ;  in  small  quantities  also,  as  colouring  matter  in  many  siliceous  minerals 
and  in  very  minute  quantity  in  the  ashes  of  plants  and  in  the  bones  of  animals-. 

Preparation  of  ike,  metal. — 1.  Hydrogen  and  charcoal  at  a  red  heat  reduce  tbe  supe- 
rior oxides  of  manganese  to  protoxide,  but  do  not  eliminate  the  metal ;  but  at  a  white 
heat  charcoal  deprives  the  metal  of  the  whole  of  its  oxygen.  The  following  process, 
recommended  by  John  (Gehleris  Journal  fur  Chemie  und  Physik,  iii.  452),  is  com- 
monly used  for  the  reduction  of  manganese.  A  finely-divided  oxide  of  manganese, 
obtained  by  calcining  the  carbonate  in  a  well- closed  vessel,  is  mixed  with  oil  and  ignited 
in  a  covered  crucible,  so  as  to  convert  the  oil  into  charcoal.  After  several  repetitions 
of  this  treatment,  the  carbonaceous  mass  is  reduced  to  powder,  and  made  into  a  firm 
paste  by  kneading  it  with  a  little  oil.  Finally  this  paste  is  introduced  into  a  crucible 
lined  with  charcoal  (creuset  brasque,  p.  388),  the  unoccupied  portion  of  which  is  filled  up 
with  charcoal  powder.  The  crucible  is  first  heated  merely  to  redness  for  half  an  hour,  to 
dry  the  mass  and  decompose  the  oil,  after  which  its  cover  is  carefully  luted  down,  and 
it  is  exposed  for  an  hour  and  a  half  to  the  most  violent  heat  of  an  air-furnace  that  the 
crucible  itself  can  support  without  undergoing  fusion.  The  metal  is  obtained  in  the 
form  of  a  semi-globular  mass  or  button  in  the  lower  part  of  the  crucible,  but  not  quite 
pure,  as  it  contains  traces  of  carbon  and  silicium  derived  from  the  ashes  of  the  charcoal. 
By  igniting  the  metal  a  second  time  in  a  charcoal  cmcible,  with  a  portion  of  borax, 
John  obtained  it  more  fusible  and  brilliant,  and  so  free  from  carbon  that  it  left  no 
black  powder  when  dissolved  in  an  acid. 

2.  C.  Brunner  (Ann.  Ch.  Pharm.  cii.  330;  Jahresb.  1857,  p.  201)  obtains  manga- 
nese by  reducing  the  chloride  or  fluoride  with  sodium,  in  a  manner  similar  to  Deville's 
process  for  the  reduction  of  aluminium :  a.  2  pts.  fluoride  of  manganese,  and  1  pt. 
sodium  are  arranged  in  alternate  thin  lavers  in  a  hessian  crucible ;  the  mixture  is  well 
pressed,  and  covered  with  chloride  of  sodium  ;  and  over  the  whole  is  placed  a  layer  of 
fluor-spar  in  small  pieces  (to  prevent  spirting).  The  crucible,  with  the  cover  on.  is 
then  heated  in  a  blast  furnace,  first  gently,  then,  when  the  commencement  of  the  action 
is  indicated  by  a  hissing  noise,  to  brigh't  redness  for  a  quarter  of  an  hour,  after  which, 
all  the  apertures  of  the  furnace  are  closed,  and  the  whole  is  left  to  cool.  If  the  heat 
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has  been  strong  enough,  the  manganese  is  found  in  a  fused  mass  at  the  bottom  of  the 
crucible ;  if  not,  it  must  be  heated  again  under  a  layer  of  chloride  of  sodium  or  potas- 
sium, mixed  with  i  of  nitre  (borax  attacks  it  too  strongly). 

ft.  Instead  of  fluoride  of  manganese,  a  mixture  of  equal  parts  of  chloride  of  manga- 
nese and  finely-pulverised  fluor-spar  may  be  used,  and  reduced  with  sodium  in  the 
manner  above  described. 

Manganese  may  be  obtained  in  the  pulverulent  state  by  heating  its  amalgam  (p.  802) 
in  a  tube  filled  with  vapour  of  rock-oil.  ( Giles.) 

Properties. — Manganese,  obtained  by  reduction  of  either  of  its  oxides  with  charcoal, 
is  a  greyish-white  metal  having  the  aspect  of  cast  iron,  very  soft  and  brittle,  with  a 
fine-grained  structure,  and  is  easily  split.  Specific  gravity  8'013  (John).  Feebly 
magnetic.  Melts  only  at  the  strongest  heat  of  a  blast  furnace.  It  oxidises  quickly 
when  exposed  to  the  air,  and  must,  therefore,  be  kept  under  rock-oil,  or  in  sealed  tubes. 
It  decomposes  water  slowly  at  ordinary  temperatures,  and  dissolves  easily,  with  evolu- 
tion of  hydrogen,  in  hydrochloric  or  dilute  sulphuric  acid.  It  does  not  reduce  any 
simple  metallic  salts,  except  the  salts  of  silver  and  gold,  and  even  then  the  reduction 
is  very  slight. 

The  metal  obtained  from  the  chloride  or  fluoride  by  Brunner's  process,  has  also  the 
aspect  of  cast  iron,  and  is  very  brittle,  but  it  is  not  magnetic  [?  what  power  was  used 
in  testing  it]  ;  has  a  specific  gravity  of  only  7'138  to  7'206  ;  is  hard  enough  to  scratch 
and  cut  glass  like  a  diamond ;  may  be  polished ;  and  does  not  tarnish,  even  in  moist 
air,  at  ordinary  temperatures  ;  when  heated  on  platinum-foil,  it  becomes  coloured  like 
steel,  and  covered  with  a  brown  film  of  oxide.  Under  water,  it  oxidises  slowly  at 
ordinary  temperatures,  more  quickly  at  the  boiling  heat,  with  scarcely  perceptible 
evolution  of  hydrogen.  When  immersed  in  strong  sulphuric  acid,  it  eliminates  but  a 
small  quantity  of  hydrogen  at  ordinary  temperatures,  but  dissolves  when  heated,  with 
evolution  of  sulphurous  anhydride.  In  dilute  sulphuric  acid  it  dissolves  readily,  even 
at  ordinary  temperatures ;  also  in  nitric  acid,  in  very  dilute  hydrochloric  acid,  and  in 
acetic  acid. 

H.  Deville  (Compt.  rend.  xliv.  673)  attributes  the  differences  between  the  manga- 
nese prepared  by  Brunner's  method,  and  that  obtained  by  reducing  either  of  the  oxides 
with  charcoal,  to  the  presence,  in  the  former,  of  impurities  derived  from  the  rock-o.il 
adhering  to  the  sodium,  and  to  silicium  from  the  fluor-spar.  Wohler  found,  indeed, 
that  Brunner's  manganese,  when  dissolved  in  hydrochloric  acid,  left  a  not  inconsider- 
able residue  of  hydrated  oxide  of  silicium ;  and  Brunner  himself  afterwards  found 
that  this  residue,  from  12  samples  obtained  in  different  preparations,  varied  from  1*6 
to  6-8  per  cent.  By  fusing  the  coarsely -pulverised  metal  with  twice  its  weight  of 
chloride  of  sodium  containing  1  per  cent,  of  chlorate  of  potassium,  the  quantity  of 
silicium  could  be  reduced  to  O'l  per  cent.;  but  Brunner  did  not  find  that  this  reduction 
in  the  proportion  of  the  silicium  made  any  difference  in  the  colour,  fusibility,  hardness, 
or  lustre  of  the  metal.  (See  MANGANESE,  SUICIDE  OF.) 

Manganese  enters  as  a  base  into  two  classes  of  compounds,  namely,  the  manganous 
compounds,  in  which  it  is  bivalent,  and  the  manganic  compounds,  in  which  it  is 
trivalent.  It  likewise  enters  as  an  acid-radicle  into  two  classes  of  salts,  the  manga- 
nates  and  permanganates.  Examples  of  these  compounds  are  given  in  the  folio wi ng 
table  :— 

Manganous  chloride  .  .      MnCl2  =        55  +  2  .  35'5  =  126 

Manganous  oxide      .         .  .  •      MnO  =        5>5  +         16  =71 

Manganic  chloride    .         .  .  *  Mn'Cl6  =  2  .  55  +  6  .  35'5  =  328-0 

Manganic  oxide         .        .  .      Mn2O3  =  2  .  55  +  3  .  16  =158 

Manganate  of  potassium  MnK20*  =        55  +  2  .  39'2  +  4  .  16  =  197'4 

Permanganate  of  potassium        Mn2K208  =  2  .  55  +  2  .  39'2  +  8  .  16  =  316'4 

Manganese  also  combines  with  chlorous  elements  in  other  proportions,  e.g.  the 
peroxide  =  MnO2. 

Iff AMTGANESE,  ALLOYS  OF.  The  compounds  of  manganese  with  other 
metals  are  not  of  much  importance.  It  unites  with  cobalt,  nickel,  copper  (ii.  43), 
iron  (iii.  368),  and  gold,  forming  white,  brittle,  and  very  refractory  alloys. 

An  alloy  of  manganese  and  aluminium,  MnAl3,  is  obtained  by  melting  together 
10  pts.  anhydrous  chloride  of  manganese,  30  pts.  of  a  mixture  of  the  chlorides  of 
potassium  and  sodium  in  atomic  proportions,  and  15  pts.  aluminium,  and  treating  the 
resulting  regulus  with  dilute  hydrochloric  axjid.  It  forms  a  dark  grey  crystallino 
powder,  of  specific  gravity  3*402,  insoluble  in  cold,  but  easily  soluble  in  hot  conceu- 
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trated  nitric  acid  ;  also,  in  concentrated  hydrochloric  acid  ;  it  is  decomposed  by  caustic 
soda-ley,  even  when  dilute,  the  aluminium  dissolving  out.  (Wohler,  Ann.  Ch.  Pharm. 
cxv.  102.) 

An  amalgam  of  manganese  is  obtained  by  reducing  a  solution  of  the  chloride  with 
sodium-amalgam.     (Giles,  Phil.  Mag.  [4]  xxiv.  328.) 


ARSENIDE  OP.  Mn2As2.—  This  compound  occurs  as  a 
natural  mineral,  Arsenical  manganese  or  Kaneite,  in  botryoi'dal  masses,  or  amorphous 
with  foliated  or  granular  structure.  Specific  gravity  5-55.  Hard.  Greyish-  white. 
Becomes  covered  with  a  blackish-grey  powder  when  exposed  to  the  air.  Melts  on 
platinum-fail,  and  combines  with  the  platinum.  Before  the  blowpipe,  it  burns  with  a 
blue  flame,  garlic  odour,  and  emission  of  white  fumes  of  arsenious  anhydride.  It 
dissolves  completely  in  nitromuriatic  acid,  and  in  a  large  quantity  of  nitric  acid.  Con- 
tains, according  to  Kane's  analysis  (Pogg.  Ann.  xix.  145),  45'5  per  cent,  manganese, 
51'8  arsenic,  and  a  trace  of  manganese  (  =  97'3),  the  formula  requiring  4275  Mn  and 
57'25  As.  The  specimen  examined  was  supposed  to  be  from  Saxony. 

1VI  ANGAKTESE,  BROMIDE  OP.  MnBr2.  —The  anhydrous  bromide  is  obtained 
as  a  pale  red  fused  mass,  by  heating  the  pulverised  metal  in  bromine-vapour.  By 
dissolving  the  carbonate  in  hydrobromic  acid  and  evaporating,  the  hydrated  bromide, 
MnBr2.4H20,  is  obtained  in  small,  red,  deliquescent  needles,  isomorphous  with  the 
ordinary  form  of  hydrated  manganous  chloride  (Marignac,  see  p.  804).  The  crystals, 
when  carefully  heated  in  a  close  vessel,  give  off  their  water  of  crystallisation,  and 
leave  the  anhydrous  bromide  ;  and  this,  when  ignited  in  contact  with  the  air.  gives 
off  bromine-vapour,  and  leaves  manganoso-manganic  oxide.  It  is  decomposed  by 
sulphuric  acid,  the  bromine  going  off  partly  in  the  free  state,  partly  as  hydrobromic 
acid.  (Lowig.) 

ftXAHTGAlO-ESE,  CHLORIDES  OF.  —  a.  Manganous  Chloride,  MnCl2. 
This  compound  is  formed  by  direct  combination,  the  finely-divided  metal  taking 
fire  when  thrown  into  chlorine  gas.  It  is  also  produced  by  passing  dry  hydro- 
chloric acid  gas  over  manganous  carbonate  or  the  red  oxide,  heated  first  gently, 
afterwards  to  low  redness,  the  process  being  continued  till  the  gas  is  no  longer 
absorbed,  and  the  product  forms  a  clear,  colourless  liquid.  The  air  must  be  care- 
fully excluded  during  the  whole  of  the  reaction  ;  the  mass  must  be  left  to  cool  in 
the  current  of  hydrochloric  acid  ;  and  the  excess  of  the  latter  finally  expelled  by  a 
stream  of  dry  air. 

Manganous  chloride  obtained  by  this  process,  or  by  heating  the  hydrated  chloride, 
is  a  pale  rose-coloured  mass,  having  a  lamino-crystalline  structure.  According  to 
II.  Rose,  it  may  be  obtained  in  yellow  crystals,  by  passing  chlorine  gas  over  a  strongly 
ignited  mixture  of  manganous  oxide  and  charcoal  ;  also,  by  exposing  a  mixture  of  the 
peroxide  with  sal-ammoniac  to  a  gradually  increasing  heat.  Manganous  chloride  melts 
to  an  oily  liquid  at  a  dull  red  heat,  but  does  not  volatilise  at  a  temperature  above  the 
melting  point  of  glass.  It  is  not  decomposed  by  heat  alone,  if  air  be  excluded,  but 
when  ignited  in  moist  air,  it  gives  off  hydrochloric  acid,  and  leaves  manganoso-man- 
ganic oxide.  Hydrogen  gas  does  not  act  upon  it  at  a  red  heat,  but  phosphoretted 
hydrogen  decomposes  it,  forming  phosphide  of  manganese  and  hydrochloric  acid.  When 
heated  with  sulphur,  it  is  partly  converted  into  sulphide  of  manganese.  When  water 
is  poured  upon  the  anhydrous  chloride,  it  becomes  hot,  and  dissolves  very  easily.  It  is 
very  deliquescent. 

Hydrated  chloride,  MnCl2.4H20.  —  The  protoxide  and  carbonate  of  manganese 
dissolve  readily  in  cold  hydrochloric  acid  ;  and  the  higher  oxides,  with  evolution  of 
chlorine,  when  heated  therewith,  the  product  being  in  all  cases  manganous  chloride. 
It  is  contained,  together  with  ferric  chloride  and  other  substances,  in  the  waste-liquor 
of  the  preparation  of  chlorine  by  heating  the  common  black  oxide  of  manganese  with 
hydrochloric  acid;  and  as  this  liquid  accumulates  very  quickly  in  chemical  laboratories, 
it  may,  after  proper  purification,  be  advantageously  used  as  a  source  of  the  pure 
chloride,  and  thence  of  the  other  preparations  of  manganese.  The  iron,  which  is 
the  chief  impurity,  may  be  removed  by  boiling  down  considerably,  to  expel  the 
excess  of  acid,  afterwards  diluting  with  water,  and  boiling  again  with  carbonate  of 
manganese,  which  salt  precipitates  the  whole  of  the  sesquioxide  of  iron,  forming 
chloride  of  manganese  with  its  acid.  If  about  one-fourth  of  the  impure  solution 
of  chloride  of  manganese-  be  reserved,  and  precipitated  by  carbonate  of  sodium,  a 
quantity  of  carbonate  of  manganese  will  be  obtained,  which  is  sufficient  to  precipitate 
the  iron  from  the  other  three-fourths  of  the  liquid,  and  may  be  used  for  that  purpose 
after  it  has  been  washed.  The  iron  may  likewise  be  separated  by  evaporating  the 
solution  of  the  impure  chloride  to  dryness,  heating  the  residue  to  low  redness  in  a 
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crucible,  as  long  as  hydrochloric  acid  continues  to  escape  ;  then  leaving  it  to  cool,  ex- 
hausting with  boiling  water,  and  filtering.  The  hydrated  chloride  of  iron  is  resolved 
by  the  heat  into  hydrochloric  acid  and  sesquioxide,  while  the  chloride  of  manganese 
remains  unaltered,  and  is  easily  dissolved  out  by  water,  all  the  iron  remaining  behind 
(E  ver  itt,  Phil.  Mag.  [3]  vi.  493).  Chloride  of  manganese,  when  free  from  iron,  is  pre- 
cipitated white,  without  any  shade  of  blue,  by  ferrocyanide  of  potassium,  and  of  a  pure 
flesh-red  colour,  by  sulphide  of  ammonium  :  the  latter  test  is  the  most  delicate,  the 
slightest  trace  of  iron  imparting  a  perceptible  blackness  to  the  precipitated  sulphide. 
By  precipitating  the  whole  of  the  solution  with  sulphide  of  ammonium,  the  manganese 
may  be  freed  from  barium,  calcium,  and  other  impurities  present.  If  copper  is  present, 
it  must  be  removed  by  sulphydric  acid,  before  precipitating  with  sulphide  of  ammonium. 

The  solution  of  chloride  of  manganese,  obtained  by  either  of  these  processes,  yields 
by  cooling,  or  by  spontaneous  evaporation,  between  15°  and  20°,  crystals  of  the  hydrated 
chloride  having  the  composition  above  indicated.  They  are  monoclinic,  but  the  deter- 
minations of  their  form  by  different  observes  do  not  agree.  According  to 
Schabus  (Bcschreibung  der  Krystattgestallen,  &c.),  they  exhibit  the  combination 
ooP  .  [  ooPoo  ]  .  [Poo].  Ratio  of  clinodiagonal,  orthodiagonal,  and  principal  axis 
=  0-4101  :  1  :  0-8331.  Angle  of  inclined  axes  =  54°  50';  ooP  :  ooP  in  the  clino- 
diagonal principal  section  =  142°  56';  [Poo]  :  [Poo]  =  111°  20'.  But,  according 
to  Kammelsberg  (Krystallographische  Ckemie,  p.  45),  and  Marignac  (Rechcrch  s 
aur  les  formes  crystalling  de  quelqttes  composes  chimiques,  Geneve,  1855;  Compt. 
rend.  xlii.  288),  the  clinod.,  orthod.,  and  principal  axis,  are  to  one  another  as 
1-1525  :  ]  :  06445,  and  the  angle  of  the  inclined  axes  is  80°  35'.  Angle  ooP  :  ooP 
in  the  clinodiagonal  principal  section  =  82°  40';  [Poo]  :  [Poo  ]  =  115°  5'; 
ooPoo  :  [Poo]  —  97°  15'. — Marignac  has  since  found  (Compt.  rend.  xlv.  650),  that 
crystals  of  the  same  composition,  but  of  different  form,  isomorphous  with  those  of 
hydrated  ferrous  chloride,  FeCP.4H20,  are  sometimes  obtained  when  a  solution  of 
manganous  chloride,  supersaturated  by  evaporation  at  a  high  temperature,  is  left  to 
stand  for  some  time  at  a  temperature  between  0  and  +  6°  in  a  vessel  covered  with  bibu- 
lous paper.  These  crystals  are  also  monoclinic,  but  the  angle  of  their  inclined  axes  is 
69°  14'.  They  exhibit  the  combination  OP  .  +P .  -P .  [£Poo  ].  Angle  +P  :  +P  in 
the  clinodiagonal  principal  section  =  86°  0' ;  —  P  :  —  P  in  the  same  =  105"  36';  +P  : 
-  P  in  the  orthodiagonal  principal  section  =  103°  59'  :  oP  :  +P  =  103°  30';  oP  : 
-P  =  126°  30';  oP  :  [£Poo]  =  142°  30'.  Hydrated  manganous  chloride  is  therefore 
dimorphous.  It  must  be  observed,  however,  that  the  crystals  last  described  are  of 
rare  occurrence,  the  solution,  even  when  evaporated  under  the  peculiar  circumstances 
just  mentioned,  generally  yielding  the  ordinary  crystals  previously  described  according 
to  the  determinations  of  Marignac  and  Rammelsberg.  As  the  crystals  measured  by 
Schabus  are  decidedly  different  from  both,  it  is  probable  that  he  examined  a  different 
hydrate. 

The  crystals  (MnCl2.4H20)  placed  ovt-r  oil  of  vitriol,  either  in  va-cuo  or  in  a 
receiver  containing  air,  lose  2  at.  water  at  ordinary  temperatures  (Graham).  At  25 
they  become  white  and  opaque  (John);  between  25°  and  37°  they  give  off  hygro- 
scopic water  with  decrepitation,  and  become  hard;  at  37 '5°  they  become  tough;  at 
50°  semi-fluid;  and  at  87'5  they  form  a  mobile  liquid,  which  boils  at  106°.  If  the 
mass  be  kept  for  some  time  at  a  temperature  near  100°,  it  gives  off  28  per  cent.  (3  at.) 
of  water,  and  leaves  a  white  powder,  which  retains  1  at.  water.  (Brandes.) 

Both  the  anhydrous  and  the  hydrated  chloride  deliquesce  rapidly  in  the  air,  one 
part  of  the  crystals  absorbing  1*2  parts  of  water.  One  part  of  the  crystallised  salt 
dissolves  at  10° in  0'66  parts;  at  31'25°  in  0'37;  and  at  62'5,  87*5°  and  106°, equally, 
in  0-16  parts  of  water  (Brandes).  The  solution  has  alight  rose  colour,  and  thin, 
syrupy  consistence. 

The  salt  dissolves  readily  in  alcohol,  but  is  insoluble  in  ether  and  oil  of  turpentine. 
The  alcoholic  solution  of  the  hydrated  salt  is  green,  and  yields  on  cooling  colourless 
crystals,  still  containing  4  at.  water.  The  anhydrous  chloride,  dissolved  to  saturation 
in  boiling  absolute  alcohol,  crystallises  out  on  cooling,  and  the  remaining  solution  eva- 
porated in  vacuo  yields  an  additional  quantity  of  crystals,  containing  0'4  of  their 
weight  of  alcohol. 

A  solution  of  manganous  chloride  is  not  altered  by  passing  chlorine  through  it ;  but 
if  chloride  of  potassium,  chloride  of  barium,  &c.,  be  added  at  the  same  time,  a  precipi- 
tate of  hydrated  peroxide  of  manganese  is  formed  (Sobrero  and  Selmi,  Ann.  Ch. 
Phys.  [3]  xxxix.  161).  According  to  Millon  (Jahresb.  1849,  p.  254),  the  same 
oxidation  is  produced  by  chlorine  water  which  has  been  exposed  to  sun-light,  and 
therefore  contains  hydrochloric  and  hypochlorous  acids. 

Manganous  chloride  forms  two  crystalline  double  salts  with  chloride  of  ammonium. 
One  of.  these,  MnCl2.2NH4Cl,  forms  cubical  crystals  containing  1  at.  water  a:cording  to 
Rammelsberg,  and  2  at.  according  to  v.  Hauer.  The  crystals  when  ignited  leave  man- 
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ganosc-manganic  oxide  in  microscopic  pyramids  resembling  hausmannite.  The  other 
double  suit,  MnCF.NH4C1.2H20,  forms  monoclinic  crystals  (Hautz).  Solution  of 
manganous  chloride  containing  chloride  of  ammonium  yields,  on  addition  of  ammonia 
and  exposure  to  the  air,  a  precipitate  of  hydrated  manganoso-manganic  oxide. 
(Otto.) 

A  compound  of  manganous  chloride  and  mercuric  cyanide,  MnCl2.2HgCy2.6H20,  is 
obtained,  by  spontaneous  evaporation  of  a  solution  containing  the  two  salts  in  atomic 
proportion,  in  colourless  four-sided  prisms,  which  effloresce  quickly  in  the  air,  and  are 
very  soluble  in  water.  (Poggiale.) 

£.  Manganic  Chloride,  Mn2Cl6,  is  not  known  in  the  solid  state,  but  when  finely 
divided  manganoso-manganic  or  manganic  oxide  is  added  by  small  portions  at  a  time, 
in  order  to  avoid  rise  of  temperature,  to  cold  concentrated  aqueous  hydrochloric  acid, 
a  brown  solution  is  formed,  which  slowly  becomes  colourless  at  ordinary  temperatures, 
and  more  rapidly  when  heated  or  exposed  to  sunshine — chlorine  being  evolved  and 
manganous  chloride  produced :  hence  the  solution  dissolves  metals  as  readily  as  chlorine- 
water.  It  likewise  converts  sulphurous  and  sulphydric  acids  into  sulphuric,  and  tartaric 
into  carbonic  acid.  The  addition  of  water  in  large  quantities  precipitates  manganic 
oxide,  and  gives  rise  to  the  formation  of  manganous  chloride.  (For ch hammer.) 

When  chlorine  is  passed  into  a  solution  of  1  pt.  manganous  chloride  in  19  pts.  water 
cooled  to  +  5°,  the  liquid  gradually  solidifies  to  a  yellow  crystalline  mass  which,  how- 
ever, melts  for  the  most  part,  on  slight  rise  of  temperature  (John).  The  crystals 
thus  obtained  deliquesce  very  readily  in  the  air,  and  are  decomposed  by  gentle  heating, 
just  like  the  solution  of  manganous  oxide  in  hydrochloric  acid. 

y.  Perchloride  of  Manganese,  Mn2Cl14?  When  sulphuric  acid  is  added  to  a  green 
solution  of  potassic  manganafe  till  the  liquid  turns  red;  the  solution  then  evaporated  to 
dryness;  the  residue,  consisting  of  sulphate  and  permanganate  of  potassium,  dissolved 
in  strong  sulphuric  acid ;  the  solution  introduced  into  a  tubulated  retort ;  and  fragments 
of  fused  chloride  of  sodium  added  as  long  as  coloured  vapours  are  evolved,  — the  copper- 
coloured  or  green  vapours  which  distil  over,  condense  entirely  in  a  tube  attached  to  the 
retort  and  cooled  down  to  —  15°  or  —  20°,  forming  a  greenish -brown  liquid.  The 
vapours,  when  brought  in  contact  with  moist  air  in  a  wide  tube,  produce  a  dense  rose- 
coloured  cloud,  and  form  on  the  sides  of  the  tube,  with  evolution  of  hydrochloric  acid,  a 
deposit  of  purple-red  permanganic  acid  (Dumas,  Ann.  Ch,  Phys.  [2]  xxxvi.  81). 
H.  Rose  regards  this  compound  as  probably  analogous  to  the  chromate  of  trichloride  of 
Chromium. 

3VTANGANESE,   CYANIDES    OF.      See  CYANIDES  (ii.  253). 

MANGANESE,  DETECTION  AND  ESTIMATION  OP — \.  Reactions 
in  the  Dry  Way.  All  compounds  of  manganese,  heated  with  borax  or  phosphorus- 
salt  in  the  outer  blow-pipe  flame,  form  an  amethyst-coloured  bead  containing  man- 
ganoso-manganic oxide,  which  becomes  colourless  in  the  inner  flame  by  reduction  of 
that  compound  to  manganous  oxide.  This  reaction,  when  not  disguised  by  the  pre- 
sence of  other  metals  forming  coloured  beads,  is  extremely  delicate,  and  serves  to 
distinguish  manganese  from  all  other  metals.  Another  reaction,  equally  characteristic, 
even  more  delicate,  and  not  likely  to  be  interfered  with  by  the  presence  of  other 
metals,  is  obtained  by  heating  the  substance  under  examination  with  two  or  three 
times  its  weight  of  carbonate  of  sodium  and  a  little  nitre,  on  platinum-foil  in  the  outer 
blow-pipe  flame.  The  smallest  trace  of  manganese  will  then  be  indicated  by  the 
formation  of  green  manganate  of  sodium.  The  best  way  of  applying  the  heat  is  to 
direct  the  hottest  part  of  the  flame  on  the  under  side  of  the  platinum-foil  immediately 
beneath  the  mixture.  In  testing  for  traces  of  manganese  in  ores  which  are  rich  in 
iron,  it  is  best  to  treat  them  with  nitric  acid,  which  dissolves  the  iron  as  ferric -salt ; 
nearly  saturate  the  solution  with  carbonate  of  sodium,  and  precipitate  the  iron  with 
acetate  of  sodium;  then  saturate  the  filtrate  with  ammonia,  add  one  drop  of  sulphide 
of  ammonium,  and  test  the  precipitated  sulphide  by  fusion  with  nitre  and  carbonate 
of  sodium,  as  above. 

2.  Reactions  in  Solution. — a.  Of  Manganous  Salts. — These  salts  have  a  pale 
rose  tint,  which  is  not  destroyed  by  sulphurous  or  hydrochloric  acid,  and  must  there- 
fore be  considered  as  characteristic.  When  the  solution  is  colourless,  as  is  sometimes 
the  case,  the  fact  is  explained,  according  to  Gorgeu,  by  the  presence  of  a  salt  of  iron, 
nickel,  or  copper,  the  green  or  blue  tint  of  the  latter  metals  producing  a  white  or 
scarcely  perceptible  violet  tint,  when  combined  with  the  rose  colour  of  a  manganous 
salt, 

Sulphydric  acid  forms  no  precipitate  in  neutral  solutions  of  manganous  salts  con- 
taining any  of  the  stronger  acids.  In  a  neutral  solution  of  the  acetate,  a  flesh- 
coloured  precipitate  is  formed  after  some  time  ;  but  not  if  the  solution  contains  free 
acetic  acid.  Sulphide  of  ammonium  forms,  in  neutral  solutions  of  manganous  salts,  a 
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flesh-coloured  precipitate  of  hydrated  sulphide  of  manganese,  insoluble  in  excess  of 
sulphide  of  ammonium,  but  readily  sohible  in  acids.  When  exposed  to  the  air,  it 
turns  brown  on  the  surface,  from  oxidation.  This  reaction  is  quite  characteristic,  no 
other  metal  giving  anything  like  it ;  a  very  small  trace  of  iron  or  cobalt,  however, 
colours  the  precipitate  black. 

Caustic  alkalis,  added  to  solutions  of  manganous  salts,  throw  down  the  protoxide 
of  manganese  in  the  form  of  a  white  hydrate,  which  soon  absorbs  oxygen  from  the 
air,  and  becomes  brown  ;  when  collected  on  a  filter  and  washed,  it  ultimately  changes 
into  a  blackish-brown  powder,  which  is  the  hydrate  of  the  sesquioxide.  A  similar 
change  is  instantaneously  produced  by  the  action  of  chlorine-water  upon  the  white 
hydrate,  or  by  the  addition  of  chloride  of  lime  to  a  salt  of  the  protoxide  of  manga- 
nese ;  but  then  the  hydrated  peroxide  is  formed.  Ammonia  precipitates  the  white 
hydrate  from  neutral  manganous  eolutions  ;  in  solutions  containing  free  acid  or  ammo- 
niacal  salts,  it  gives  no  precipitate  ;  but  if  sufficient  ammonia  is  added,  the  solution, 
on  exposure  to  the  air,  gradually  deposits  all  the  manganese  as  brown  sesquihydrate. 
The  alkaline  monocarbonates  precipitate  white  carbonate  of  manganese,  which  does 
not  turn  brown  in  the  air,  and  dissolves  sparingly  in  a  cold  solution  of  sal-ammoniac. 
Acid  carbonate  of  potassium  precipitates  a  strong  solution  immediately,  and  renders  a 
dilute  solution  slightly  turbid ;  but  if  the  solution  contains  a  free  acid,  so  that  an 
excess  of  carbonic  acid  is  set  free,  no  precipitate  is  formed.  The  earthy  carbonates 
do  not  precipitate  manganous  salts.  Alkaline  phosphates,  arsenates,  and  oxalates  give 
white  precipitates. 

Ferrocyanide  of  potassium  forms  in  neutral  solutions  of  manganous  salts,  a  white 
precipitate,  having  a  tinge  of  red,  and  soluble  in  free  acids.  Ferricyanide  of  potassium 
forms  a  reddish  precipitate,  insoluble  in  acids. 

The  least  trace  of  a  manganous  salt  may  be  detected  by  heating  the  solution  with  a 
little  dioxide  of  lead  (or  red  lead),  and  nitric  acid,  when  an  intense  purple-red  colour 
is  produced,  owing  to  the  formation  of  permanganic  acid,  or,  according  to  H.  Rose,  of 
manganic  oxide.  The  colour  is  readily  perceptible  when  the  excess  of  lead-oxide  has 
subsided.  This  is  the  most  delicate  test  for  manganese  in  the  wet  way.  (W.  Crum.) 

All  compounds  of  manganese,  after  boiling  with  hydrochloric  acid,  exhibit  the  re- 
actions of  manganous  salts. 

/3.  Of  Manganic  salts. — Solutions  of  manganic  salts  are  red,  and  yield  with  potash 
a  black  precipitate  of  manganic  hydrate,  unless  chloride  of  ammonium  is  present,  in 
which  case  no  precipitate  is  formed.  They  are  very  unstable,  being  reduced  to  man- 
ganous salts  merely  by  heating,  also  by  hydrochloric,  sulphurous,  or  nitrous  acid,  or 
any  organic  compound,  the  liquid  then  becoming  colourless.  Sulphide  of  ammonium 
reduces  them  to  manganous  salts,  and  then  precipitates  the  flesh-coloured  sulphide. 

7.  Of  Manganates. — The  manganates  of  the  alkali-metals  are  soluble  in  water, 
forming  green  solutions,  which,  however,  are  very  unstable,  quickly  turning  red  on 
exposure  to  the  air,  from  formation  of  permanganic  acid,  and  depositing  the  brown 
hydrated  peroxide;  this  change  is  retarded  by  the  presence  of  excess  of  alkali. 
Nitric,  sulphuric,  or  hydrochloric  acid,  effects  the  change  at  once ;  with  hydrochloric 
acid,  the  red  solution  gradually  becomes  brown,  and,  when  heated,  colourless,  owing 
to  the  formation  of  manganous  chloride.  The  solution  is  also  decolorised  by  sulphu- 
rovs  and  sulphydric  acids,  and  other  reducing  agents. 

5.  Of  Permanganates.  —  The  alkaline  permanganates  form  solutions  of  a  deep 
purple-red  colour.  They  are  very  easily  reduced  by  organic  compounds,  and  by  all 
reducing  agents  (e.  g.  hydrochloric,  sulphurous,  arsenious,  nitrous,  and  sulphydric  acids, 
ferrous  salts,  stannous  salts,  &c.),  the  solution  first  becoming  green  and  ultimately 
colourless. 

3.  Quantitative  Estimation  and  Separation. — The  usual  method  of  pre- 
cipitating manganese  from  the  solution  of  a  manganous  salt,  is  to  add  carbonate,  of 
sodium  at  the  boiling  heat.  The  precipitated  carbonate  of  manganese  is  then  well 
washed  with  boiling  water,  and  calcined  at  a  strong  red  heat,  whereby  it  is  converted 
into  manganoso-manganie  oxide,  Mn302,  containing  72'11  per  cent,  of  manganese.  If 
the  solution  contains  a  considerable  quantity  of  ammoniacal  salts,  it  must  be  evaporated, 
after  mixing  it  with  excess  of  carbonate  of  sodium,  and  the  soluble  salts  dissolved  out 
of  the  residue  by  water. 

From  the  metals  of  Group  I.  (i.  217),  manganese  is  separated  by  the  non -precipita- 
tion of  its  sulphide  from  an  acid  solution  by  sulphydric  acid.  Its  separation  from  the 
metals  of  Group  II.,  which,  like  manganese  itself,  are  precipitated  by  sulphide  of  ammo- 
nium and  not  by  sulphydric  acid,  is  more  difficult. 

The  methods  of  separating  manganese  from  iron  have  been  already  given  under 
IRON  (p.  386).  The  best  is  to  precipitate  the  iron  (previously  brought  into  the  ferric 
state  by  succinate  or  benzoate  of  ammonium)  from  a  solution  carefully  neutralised  with 
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From  cobalt,  nickel,  and  zinc,  manganese  may  be  separated  by  mixing  the  solu- 
tion with  acetate  of  sodium,  and  saturating  with  sulphydric  acid  gas,  which  throws 
down  the  other  metals,  leaving  the  manganese  in  solution.  In  the  case  of  cobalt  and 
nickel,  the  solution  must  not  contain  much  free  acid.  The  separation  thus  effected  is 
not  very  complete  at  first,  but  it  may  be  rendered  almost  absolute  by  repeating  the 
process  two  or  three  times.  Other  methods  of  separating  manganese  from  cobalt  are 
given  under  COBALT  (i.  1046).  One  of  the  best  is  that  which  consists  in  converting 
the  two  metals  into  chlorides,  and  igniting  them  in  a  stream  of  hydrogen,  which  reduces 
the  cobalt,  and  leaves  the  chloride  of  manganese  undecomposed.  The  same  methods 
may  be  used  for  separating  manganese  from  nickel. 

From  uranium,  manganese  is  separated  by  precipitating  that  metal  as  uranic  oxide  . 
by  means  of  carbonate  of  barium,  which  leaves  all  the  manganese  in  solution.     For  the 
separation  from  chromium,  see  i.  915. 

From  the  metals  which  are  precipitated  by  sulphide  of  ammonium  from  their  neutral 
solutions  as  hydrates,  viz.  those  of  the  earths  proper,  also  cerium,  lanthanum, 
and  didymium,  manganese  may  be  separated  by  mixing  the  solution  with  a  sufficient 
quantity  of  tartaric  acid  to  prevent  the  precipitation  of  those  metals  by  an  alkali, 
then  adding  excess  of  ammonia,  and  precipitating  the  manganese  by  sulphide  of  am- 
monium. 

From  yttrium,  thorium,  zirconium,  cerium,  lanthanum,  and  didy- 
mium it  may  also  be  separated  by  precipitating  those  metals  with  escalate  of 
ammonium,  after  adding  sal-ammoniac  to  retain  the  manganese  in  solution;  from 
cerium  and  its  allied  metals,  also  by  sulphate  of  potassium  (i.  833). 

For  the  methods  of  separation  from  titanium,  tantalum,  and  niobium,  see 
those  metals. 

From  aluminium  and  glucinum,  manganese,  if  in  small  or  moderate  quantity 
only,  may  be  separated  by  boiling  the  solution  with  potash  in  an  open  vessel.  The 
manganese  is  then  precipitated  in  the  form  of  sesquioxide,  while  the  alumina  and 
glucina  are  dissolved  by  the  potash.  If,  however,  the  proportion  of  manganese  be  con- 
siderable, this  method  cannot  be  used,  because  the  oxide  of  manganese  carries  down 
with  it  considerable  quantities  of  alumina  and  glucina.  In  this  case  the  liquid  must 
be  mixed  with  sal-ammoniac,  and  the  alumina  and  glucina  precipitated  by  ammonia 
The  precipitate,  however,  always  contains  small  quantities  of  manganese,  which  must 
be  separated  by  subsequent  treatment  with  potash. 

From  barium  and  strontium  manganese  is  easily  separated  by  means  of  sidphate 
of  sodium  which  throws  down  the  barium  and  strontium  as  sulphates;  also  by  sulphide 
of  ammonium.  From  calcium  and  magnesium  it  is  separated  by  oxalate  of 
ammonium,  which,  if  the  solution  be  sufficiently  dilute,  precipitates  the  manganese 
alone  in  the  form  of  sulphide.  The  separation  from  calcium  may  also  be  effected  by 
means  of  oxalate  of  ammonium,  after  the  addition  of  chloride  of  ammonium  to  keep 
the  manganese  in  solution. 

Manganese  is  separated  from  the  alkali-metals  by  means  of  carbonate  of  sodium 
or  sulphide  of  ammonium,  which  latter  precipitates  it  in  the  form  of  sulphide.  The 
sulphide  is  washed  with  water  containing  a  small  quantity  of  sulphide  of  ammonium  ; 
then  redissolved  in  acid ;  and  the  manganese  precipitated  from  the  solution  by  car- 
bonate of  sodium. 

4.  Valuation  of  Ores  of  Manganese. — As  the  commercial  value  of  manganese 
ores  depends,  not  on  the  quantity  of  metal,  but  on  that  of  the  available  oxygen  con- 
tained in  them,  the  mode  of  assaying  them  does  not  properly  come  under  the  estimation 
of  manganese,  but  will  be  best  considered  in  connection  with  the  oxides  of  manganese. 
(See  p.  814.) 

5.  Atomic  Weight  of  Manganese. — The  earlier  determinations  of  this  number 
by  Berzelius,   J.  Davy,   and  Forchhammer,  were  either  too  high  or  too  low. 
Arfvedson  in  1818  (Schw.  J.  xlii.  202),  by  precipitating  the  solution  of  mangan- 
ous  chloride  with  nitrate  of  silver,  found  the  atomic  weight  of  manganese  to  be  28, 
that  is  to  say,  the  same  as  that  of  iron.     Turner,  in  the  same  year  (Phil.  Mag.  [2] 
iv.  22),  by  a  similar  method,  obtained  the  number  27'49,  and  by  determining  the 
quantity  of  manganous  sulphate  produced  by  treating  a  known  quantity  of  manganous 
oxide  with  sulphuric  acid,  he  found  Mn  —  27'96.     Berzelius  in  1830  (Pogg.  Ann. 
xiv.  211)  also,  by  precipitating  manganous  chloride  with  nitrate  of  silver,  found  that 
4-20775  MnCl  gave  9'5?5  AgCl;  whence,  if  Ag  =  108  and  Cl  =  35'5,  calculation  gives 
Mn'  =  27-5.     Dumas,  in  1859  (Ann.  Ch.  Pharm.  cxiii.),  found,  as  a  mean  of  five 
similar  experiments,  Mn'  =  27'48. 

v.  Hauer  (Chem.  Centr.  1857,  p.  88)  determined  the  atomic  weight  of  manganese 
by  converting  anhydrous  manganous  sulphate  into  the  corresponding  sulphide.  The 
quantity  of  oxygen  in  the  sulp*hate  was  thus  found,  as  a  mean  of  nine  experiments,  to 
be  42-390  per  cent,  (from  42-351  to  42'428) ;  whence  Mn'  =  27'49. 
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The  most  exact  of  the  preceding  experiments  appear  to  show  that  the  atomic  weight 
of  manganese  is  27'6  or  55,  according  as  it  is  regarded  as  mono-  or  diatomic. 

E.  Schneider  (Pogg.  Ann.  (1859)  cvii.  655)  has,  however,  obtained  a  much  lower 
result:  1.  By  determining  the  quantity  of  water  produced  in  the  reduction  of  man- 
ganoso-manganic  to  manganous  oxide  by  reduction  with  hydrogen :  2.  By  determining 
the  ratio  between  the  carbon  and  manganese  in  manganous  oxalate.  The  first  method 
gave  as  a  mean,  Mn'  =  27'01 ;  the  second  27'02.  Schneider  therefore  assumes  27  as 
the  true  atomic  weight  of  manganese,  Mn'  =  27  or  Mn"  =  54. 

MANGANESE,  EARTHY.  •  This  term  is  applied  to  oxides  of  manganese 
occurring  in  amorphous,  loosely  coherent  masses  (see  p.  813.) 

MANGANESE,  FXiUORXDES  OP.  Manganous  fluoride,  MnF2,  is  obtained 
by  dissolving  the  carbonate  in  excess  of  hydrofluoric  acid.  On  evaporating  the  excess 
of  acid,  the  salt  separates  in  small,  indistinct,  amethyst-coloured  crystals,  which  are 
insoluble  in  pure  water,  but  dissolve  in  water  containing  free  hydrofluoric  acid.  The 
fluoride  is  not  decomposed  by  heat  alone,  but  when  heated  with  sodium,  it  yields 
metallic  manganese  (p.  801). 

Manganic  fluoride,  Mn2Fa,  is  obtained  by  digesting  the  sesquioxide  or  peroxide  with 
excess  of  hydrofluoric  acid.  The  resulting  dark  brown  solution  yields,  by  spontaneous 
evaporation,  crystals  of  manganic  fluoride,  which  are  ruby-coloured  by  transmitted 
light,  and  yield  a  rose-coloured  powder.  They  dissolve  without  decomposition  in  a 
very  small  quantity  of  water ;  but  the  solution  is  decomposed  by  dilution  into  a  soluble 
acid  fluoride  and  an  insoluble  basic  compound  or  oxyfluoride.  Ammonia,  added  to 
the  solution,  throws  down  manganic  hydrate. 

Perfluoride  of  Manganese,  Mn2F14  ? — When  a  fused  mixture  of  peroxide  of  manganese, 
hydrate  of  potassium,  and  chlorate  or  permanganate  of  potassium  is  mixed  with  half 
its  weight  of  fluor-spar,  and  drenched  with  strong  sulphuric  acid,  a  yellow  vapour  is 
formed,  which  is  decomposed  and  acquires  a  purple  colour  by  contact  with  moist  air, 
and  corrodes  glass,  forming  fluoride  of  silicium  and  permanganic  acid.  With  water, 
it  is  resolved  into  hydrofluoric  and  permanganic  acids,  forming  a  purple  solution,  which 
remains  unchanged  in  stoppered  bottles,  but,  when  evaporated,  evolves  oxygen  gas 
and  hydrofluoric  acid  vapour,  and  leaves  a  brown  shining  residue,  from  which  water 
dissolves  manganous  fluoride,  leaving  a  black  insoluble  basic  salt.  The  solution  also 
dissolves  copper,  mercury,  and  silver  (not  gold  or  platinum),  forming  fluorides,  and  at 
the  same  time  becoming  perfectly  colourless.  (Wohler,  Pogg.  Ann.  ix.  619;  see 
also  Dumas,  Ann.  Ch.  Phys.  [2]  xxxvi.  82.) 

MANGANESE,  GREY.  A  term  sometimes  applied  to  manganite  and  pyro- 
lusite(pp.  810,  811). 

MANGANESE,  IODIDES  OF.  a.  Manganous  Iodide,  MnP. — A  solution  of 
manganous  carbonate  in  aqueous  hydriodic  acid  leaves  a  white  crystalline  mass, 
having  a  somewhat  styptic  taste.  When  kept  from  contact  of  air,  it  may  be  fused 
without  decomposition ;  but  on  the  admission  of  air,  it  is  resolved  into  vapour  of  iodine 
and  manganous  oxide.  It  deliquesces  in  the  air,  and  dissolves  readily  in  water,  forming 
a  colourless  solution,  which,  on  evaporation,  deposits  white  needles.  The  solution, 
when  exposed  to  the  air,  is  slightly  decomposed,  depositing  brown  flakes.  Bromine 
and  chlorine,  as  well  as  concentrated  nitric  or  sulphuric  acid,  set  the  iodine  free. 
(Lassaigne.) 

)8.  Manganic  iodide. — Very  finely-pounded  peroxide  of  manganese,  agitated  with 
cold  aqueous  hydriodic  acid,  yields  a  dark  yellowish-red  solution,  which,  when  heated, 
evolves  iodine,  and  is  rapidly  converted  into  manganous  iodide. 

MANGANESE,  OXIDES  OF.  Manganese  forms  four  oxides  of  definite 
composition,  viz.: — 

Protoxide  or  Manganous  oxide MnO 

Manganoso-manganic  oxide Mn304 

Sesquioxide  or  Manganic  oxide Mn203 

Dioxide  or  Peroxide MnO2. 

The  protoxide  is.  a  strong  base,  forming  with  acids  a  class  of  very  stable  salts :  the 
sesquioxide  is  a  weak  base.  Manganoso-manganic  acid  also  dissolves  without  de- 
composition in  certain  acids.  The  peroxide,  treated  with  acids,  is  resolved  into  man- 
ganous or  manganic  oxide  and  free  oxygen. 

There  are  also  two  or  three  other  native  oxides,  intermediate  in  composition  between 
the  sesqui-  and  di-oxides,  viz.  Varvacite,  NewJcirJcite,  &c.,  but  they  are  not  very  definite, 
and  are  probably  mere  mixtures.  Besides  these  it  is  usual  to  enumerate  two  higher 
oxides,  MnO3  and  Mn-07,  which  are  the  anhydrides  corresponding  to  manganic  and 
permanganic  acid  respectively :  but  they  have  not  yet  been  obtained,  and  must  therefore 
at  present  be  regarded  as  merely  hypothetical.  (See  MANGANIC  ACIDS.) 
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Protoxide,  or  IVTanganous  oxide,  MnO. —  This  oxide  may  be  prepared  by 
igniting  manganous  hydrate,  carbonate,  or  oxalate,  at  a  moderate  heat  in  a  closed 
vessel,  or  better  in  a  stream  of  hydrogen,  and  allowing  the  product  to  cool  in  that 
gas.  The  best  mode  of  preparation  is,  however,  that  recommended  by  Liebig  and 
Wb'hler  (Pogg.  Ann.  xxi.  584),  which  consists  in  mixing  equal  parts  of  fused  man- 
ganous chloride  and  carbonate  of  sodium  with  a  small  quantity  of  sal-ammoniac, 
heating  the  mixture  till  it  fuses,  and  exhausting  the  fused  mass  with  water  when 
cold. 

Manganous  oxide  is  a  greyish-green  powder,  which,  according  to  Despretz,  melts  at 
the  heat  of  a  forge-fire  to  a  fine  green-coloured  mass.  By  heating  it  to  a  cherry -red 
heat  in  hydrogen,  mixed  with  a  very  small  quantity  of  hydrochloric  acid  gas,  Deville 
(Compt.  rend.  lii.  1264)  obtained  it  crystallised  in  transparent  regular  octahedrons 
of  an  emerald-green  colour,  and  adamantine  lustre.  It  is  not  deoxidised  by  any 
heat,  however  great.  Heated  in  sulphydric  acid  gas,  it  yields  water  and  manganous 
sulphide.  When  it  is  fused  with  sulphur,  sulphurous  anhydride  is  evolved,  and 
manganous  oxysulphide  remains  behind. 

Hydratcd  Manganous  oxide,  or  Manganous  hydrate,  is  obtained  by  precipitating  a 
manganous  salt  with  caustic  potash,  as  a  white,  milky,  flocculent  precipitate,  -which,  on 
exposure  to  the  air,  turns  brown  by  oxidation,  and  is  ultimately  converted  into  man- 
ganic hydrate.  The  same  change  is  produced  immediately  by  chlorine-water,  or  the 
solution  of  a  hypochlorite.  If  it  be  washed  in  an  apparatus  from  which  the  air  is 
excluded  as  completely  as  possible,  then  dried  in  a  stream  of  hydrogen,  and  heated  in 
that  gas  just  sufficiently  to  drive  off  the  water,  the  remaining  protoxide  is  sometimes 
pyrophoric,  and  when  a  red-hot  coal  is  laid  upon  it,  it  glows  from  the  point  of  contact 
throughout  its  whole  mass,  and  is  converted  into  manganic  oxide.  According  to  H. 
Davy,  the  hydrate  contains  24  per  cent,  water. 

Both  the  oxide  and  hydrate  dissolve  readily  in  .nitric,  sulphuric,  and  hydrochloric 
acid,  forming  solutions  of  manganous  salts. 

Sesquioxide,  or  Manganic  oxide,  Mn203. — This  oxide  occurs  native,  as  Braunite, 
in  obtuse  quadratic  pyramids,  in  which  the  principal  is  to  the  secondary  axes 
as  0-985 :  1.  Angle  of  the  terminal  edges  =  109°  53' ;  of  the  lateral  edges  =  180°  39'. 
Cleavage  perfect,  parallel  to  P,  none  parallel  to  oP.  It  occurs  also  massive. 
Hardness  =  6 — 6'5.  Specific  gravity  =  475 — 4-818.  Lustre  submetallic.  Streak 
and  colour  dark  brownish-black.  Fracture  uneven.  Brittle.  Infusible  before  the 
blowpipe.  It  occurs  in  veins  traversing  porphyry  at  Oehrenstock  near  llmenau ;  at 
Eglersberg  in  Thuringia ;  also  near  Ihlefeld  in  the  Hartz ;  at  St.  Marcel  in  Pied- 
mont ;  in  the  isle  of  Elba ;  at  Vizianagram  in  India ;  and  in  the  state  of  Vermont 

ca.  a). 

Analyses  of  Braunite. 


Locality  . 

Eglersberg. 

Tellemark. 

Elba. 

St.  Marcel. 

Analyst   . 

Turner. 

Tonsager. 

Bechi. 

Damour. 

Sesquioxide  of  manganese     . 
Sesquioxide  of  iron 
Baryta  . 

96-71 
2-26 

95-83 
1-74 

91-42 
4-75 
1-03 

96-62 
1-45 

. 

1-22 

Water          

0-95 

2-19 

2-08 

99-92 

9976 

99-28 

99-64 

The  same  oxide  is  obtained  as  a  black  powder  by  heating  manganous  nitrate,  per- 
oxide of  manganese,  or  manganic  hydrate  to  low  redness,  the  hydrate  perhaps  yielding 
the  most  definite  product.  If  the  heat  is  too  strong,  the  residue  consists  of  manganoso- 
manganic  oxide. 

According  to E.  Schneider  (Pogg.  Ann.  cvii.  605)  all  the  lower  oxides  of  manganese 
are  converted  into  Sesquioxide  by  strong  ignition  in  oxygen  gas. 

From  the  experiments  of  Dittmar  (Chem.  Soc.  J.  xvii.  294)  it  appears  that  the 
composition  of  the  product  obtained  by  heating  an  oxide  of  manganese  depends  upon 
the  tension  of  the  oxygen  in  the  surrounding  atmosphere  as  well  as  on  the  temperature. 
By  heating  peroxide  of  manganese  to  bright  redness  in  pure  oxygen  of  various  tensions, 
also  in  various  mixtures  of  oxygen  and  nitrogen,  and  in  pure  nitrogen,  it  was  found 
that  when  the  tension  of  the  oxygen  was  between  0  and  0'21  atmosphere,  manganoso- 
manganic  oxide  was  formed ;  but  when  the  oxygen-tension  was  between  0'26  and 
1  atmosphere,  the  Sesquioxide  was  obtained.  The  exact  limit  of  tension  which 

3  F  2 


810  MANGANESE,  OXIDES   OF. 

determines  the  stability  of  one  or  the  other  oxide  appears  to  vary  with  the  tem- 
perature. 

Manganic  oxide  when  strongly  ignited  in  a  close  vessel,  or  in  the  air,  gives  off 
oxygen,  and  leaves  manganoso-manganic  oxide.  By  boiling  with  nitric  acid,  or  with 
dilute  sulphuric  acid,  it  is  resolved  into  protoxide,  which  dissolves,  and  peroxide,  which 
remains  undissolved.  Hot  strong  sulphuric  acid  reduces  it  to  manganous  oxide,  and 
dissolves  it,  with  evolution  of  oxygen  gas.  Hot  hydrochloric  acid  dissolves  it,  with 
evolution  of  chlorine. 

Hydrated  Manganic  oxide,  or  Manganic  Hydrate,  Mn208.H«0,  or    '  jj,'  |  O4.— This 

compound  is  found  native,  as  Manganite  or  Grey  Manganese  ore,  in  veins  traversing 
porphyry,  at  Ihlefeld,  in  the  Hartz  ;  at  Ilmenau  and  Oehrenstock  in  Thuringia ;  in  Aber- 
deenshire;  at  Undenaesin  Sweden ;  and  at  Christiansand  in  Norway.  It  forms  trimetric 
crystals,  usually  exhibiting  the  face  ooP  with  ooPf  and  other  vertical  prisms,  together 
with  oP  and  Poo ,  or  a  pyramid  P3,  &c.  Katio  of  axes,  a  :  b  :  c  =•  0-8440  :  1  :  0-5444  ; 
»P  :  ooP  =  80°  20' ;  <xP§  :  oopa  =  103°  23' ;  Poo  :  Poo  «=  66°  41'.  Also  twins  with 
plane  of  combination  Poo .  Cleavage  very  perfect,  parallel  to  coPoo  .  The  crystals  are 
longitudinally  striated  and  often  grouped.  The  mineral  also  occurs  columnar  and 
granular.  Hardness  =  4.  Specific  gravity  =  4-2— 4'4.  Lustre  submetallic.  Colour 
dark  steel-grey  to  iron-black.  Streak  reddish-brown,  sometimes  nearly  black.  Opaque ; 
minute  splinters  sometimes  brown  by  transmitted  light.  Fracture  uneven.  Fusible 
before  the  blowpipe. 

Analyses  of  Manganite. 

West  Ihlefeld. 

Gothland.             ^— * -^  Calculated. 

Arfvedson.             Gmelin.        Turner.  Mn<O3.H2O. 

Manganese   .         .        .  )    ftQ.Q9  5  62-86            62-68  62-50 

Oxygen                          .  J    '  {  27'64            27'22  27'27 

Water  ....        1Q-Q8                9'50             10-10  10-23 

100-00           100-00           100-00  100-00 

Manganic  hydrate  is  prepared  artificially  by  exposing  moist  manganous  hydrate  to 
the  air,  or  by  passing  chlorine,  not  to  saturation,  into  water  in  which  manganous 
carbonate  is  suspended,  decanting  the  liquid,  and  digesting  the  brown  residue  still 
containing  manganous  carbonate,  in  cold  very  dilute  nitric  or  acetic  acid  to  remove  the 
manganous  oxide ;  when  prepared  by  this  latter  process  however,  it  is  often  mixed 
with  hydrated  peroxide. 

Manganous  hydrate  artificially  prepared  is  a  light  powder  having  a  dark  brown 
colour  and  capable  of  soiling  very  strongly.  It  gives  off  its  water  at  a  temperature 
above  100°.  By  boiling  with  moderately  concentrated  nitric  acid,  it  is  resolved  into 
protoxide,  which  dissolves,  and  a  residue  of  hydrated  peroxide.  (Berthier.) 

Manganic  oxide  dissolves  without  decomposition  in  cold  hydrochloric  acid,  forming 
manganic  chloride.  Strong  sulphuric  acid  combines  with  it  at  temperatures  a  little  above 
100°,  but  does  not  form  a  solution.  Dilute  sulphuric  acid  does  not  dissolve  it,  unless 
manganous  oxide  is  present,  even  in  very  small  quantity,  in  which  case  a  violet  solu- 
tion is  formed.  (Carius.) 

A  manganic  sulphate  may  be  prepared  by  mixing  finely  divided  peroxide  of  man- 
ganese with  monohydrated  sulphuric  acid  to  the  consistence  of  a  pulp,  and  gradually 
heating  the  mixture  to  135°.  It  may  be  heated  to  160°  without  decomposition,  but  is 
decomposed  at  higher  temperatures  into  oxygen  and  manganous  sulphate.  It  is  also 
quickly  reduced  by  organic  substances,  and  decomposed  by  water,  with  separation  of 
manganous  hydrate  (Carius,  Ann.  Ch.  Pharm.  xcviii.  53).  But  the  most  stable  of 
the  simple  manganic  salts  is  the  phosphate,  which  dissolves  in  water  without  decom- 
position. 

Generally  speaking,  however,  manganic  oxide  does  not  form  stable  salts  with  acids, 
unless  another  base  or  protoxide  is  present :  with  sulphuric  acid,  for  example  it  forms 
several  double  salts  having  the  constitution  of  alums;  thus  there  is  a  manganico- 
petassic  sulphate  found  native  on  the  shores  of  the  Great  Salt  Lake  (see  SULPHATES). 

Manganoso-manganic  oxide,  or  Red  oxide  of  Manganese.  Mn804  = 
MnO.MnK)8. — This  oxide  occurs  native,  as  Hausmannite,  and  together  with  other 
manganese  ores,  with  porphyry,  near  Ilmenau  in  Thuringia  and  near  Ihlefeld  in  the 
Hartz.  Th«  crystals  are  acute  quadratic  pyramids,  in  which  the  principal  is  to  the 
secondary  axes  as  M75:  1.  Angle  P  :  P  in  the  terminal  edges  =  105°  25';  in  the 
lateral  edges  » 117°  54'.  Cleavage  basal,  nearly  perfect.  It  also  forms  twin-crystals, 
the  face  of  combination  being  parallel  to  Poo  ,  the  same  kind  of  combination  sometimes 
occurring  between  four  individuals.  Also  granular,  sometimes  strongly  coherent. 
Hardness  =  5  to  5'5.  Specific  gravity  =  4-722.  Lustre  submetallic.  Colour  brownish- 
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black.     Streak   chestnut-brown.     Opaque.     Fracture  uneven.    Infusible  before  the 
blowpipe. 

Analyses  of  Hausmannite. 

IMcfeld.  Ilmenau. 

Turner.  Rammelsberg. 

Red  oxide  of  manganese      .        .        .     98-902  99'44 

Oxygen 0'215  0-06 

Baryta O'lll  0'15 

Silica 0-337 

Water Q'435 

100  00  99-64 

This  oxide  is  the  most  easily  obtained  by  artificial  means  of  all  the  oxides  of  man- 
ganese, being  always  produced  when  manganous  oxide,  nitrate,  or  carbonate,  is  strongly 
ignited  in  contact  with  the  air,  or  when  either  of  the  higher  oxides  is  subjected  to  very 
strong  ignition.  Metallic  manganese,  exposed  to  moist  air  at  ordinary  temperatures, 
evolves  hydrogen  gas  of  a  peculiar  odour,  and  is  converted  into  a  reddish-brown  powder, 
which  is  a  mixture  of  manganese  containing  charcoal  and  silicium,  with  mangauoso- 
manganic  oxide,  since  it  dissolves  in  hydrochloric  acid,  with  evolution  of  hydrogen  gas, 
and  forms  a  brown  solution,  which,  when  heated,  becomes  colourless  and  gives  off 
chlorine.  The  oxidation  takes  place  more  rapidly,  in  proportion  as  the  manganese  is 
more  free  from  charcoal,  and  the  air  is  warmer  and  contains  more  moisture.  If  the 
metal  is  heated  in  the  air,  the  conversion  into  manganoso-manganic  oxide  takes  place 
more  rapidly,  but  without  incandescence ;  in  oxygen  gas,  the  finely-divided  metal 
becomes  ignited.  The  red  oxide  is  also  produced,  with  evolution  of  hydrogen,  by 
heating  the  protoxide  in  a  stream  of  aqueous  vapour.  It  is  a  reddish-brown  or  cinna- 
mon-coloured powder,  which  turns  black  when  heated,  but  recovers  its  original  colour 
on  cooling.  When  heated  to  whiteness  with  charcoal,  it  is  reduced  to  metallic  man- 
ganese. By  boiling  with  dilute  sulphuric  or  with  nitric  acid,  it  is  resolved,  like  the 
sesquioxide,  into  protoxide  and  peroxide ;  hot  strong  sulphuric  acid  dissolves  it  as 
manganous  sulphate,  with  liberation  of  oxygen ;  hot  hydrochloric  acid,  with  liberation  of 
chlorine.  It  dissolves  without  decomposition  in  a  hot,  very  strong  solution  of  phos- 
phoric acid,  and  in  cold  concentrated  sulphuric,  hydrochloric,  oxalic,  or  tartaric  acid, 
but  only  in  small  quantity,  and  without  neutralising  the  acid.  The  solutions,  treated 
with  caustic  potash,  yield  a  brown  precipitate,  perhaps  consisting  of  manganoso-man- 
ganic hydrate.  Heat,  and  the  addition  of  water,  or  of  deoxidising  agents,  converts 
these  salts  (the  phosphate  excepted)  into  salts  of  manganous  oxide,  with  a  large  excess- 
of  acid. 

Dioxide  or  Peroxide.  MnO2. — This  oxide  occurs  in  jiature  as  Pyrolmite  or 
Polyanite,  in  trimetric  crystals  exhibiting  the  combination  ooPoo  .  ocP.  ooPoc  .oP.^Poo . 
Ratio  of  axes  a  :  b  :  c  =  0'776  :  1  :  1'066.  Angle  ooP  :  ooP  =  93°  40'.  Also  columnar, 
often  divergent ;  also  granular,  massive,  and  frequently  in  reniform  coats ;  often  soils. 
Hardness  =  2  to  2'5.  Specific  gravity  =  4'81 9  (Turner) ;  4*97  when  pure.  Lustra 
metallic.  Colour  iron-black,  dark  steel-grey,  sometimes  bluish.  Streak  black.  Opaque. 
Rather  brittle.  Infusible  alone  before  the  blowpipe ;  gives  off  oxygen  on  char- 
coal. It  is  a  valuable  ore  of  manganese,  and  is  extensively  worked  at  Eglersberg, 
Ilmenau,  and  other  places  in  Thuringia ;  also  at  Vorderehrensdorf  near  Mahrisch- 
Triibau  in  Moravia,  which  place  affords  annually  many  tons  of  the  ora  It  also  occuis 
in  Devonshire,  and  with  psilomelane  in  many  parts  of  the  United  States, 

Analyses  of  Pyrolusite. 


Locality  . 

Devon- 
shire. 

Eglers- 
burg. 

Ihle- 
feld. 

Ilme- 
nau. 

Unde- 
naes. 

Tarn. 

Krett- 
nich. 

Calcu- 

U  e. 

Analyst     . 

Turner. 

Schef 
fler. 

Arfved- 
son. 

Dufres- 
noy. 

Riegel. 

MuSQZ. 

Red  oxide  of  manganese 
Oxygen         . 

85-62 
11-60 

84-05 
11-78 

85-62 
11-60 

87-0, 

116 
1-3 

83-56 
14-58 

72-5 
9-8 
4-2 

86-00 
11-45 
0-40 

8774 
12-26; 

0-3 

Baryta 

0-67 

0-53 

0-66 

1-2 
0-3 

trace 

Silica  .... 
Water. 

0-55 
1-56 

0-51 
1-12 

0.-65 
1-57 

0-8 

5-8 

1-86 

1-4 
1-6 

0-71 
1-40 

100-00 

97*99 

100-00 

108-3 

100-00 

99-5 

99-96 

100-00 
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Peroxide  of  manganese  is  prepared  by  the  following  processes : — 1.  Manganoso- 
manganic  or  manganic  oxide,  is  boiled  with  strong  nitric  acid. — 2.  Manganous  nitrate 
is  gradually  heated  to  incipient  redness,  and  the  residue  pounded  and  freed  by 
boiling  nitric  acid  from  any  remaining  manganous  oxide ;  the  insoluble  residue  is  then 
washed  and  very  carefully  heated  to  low  redness,  stirring  all  the  while  (Berthier). 
— 3.  Manganous  carbonate  is  heated  in  an  open  vessel'  to  260°,  and  any  portions  of 
carbonate  which  may  then  remain  undecomposed,  are  removed  by  cold  and  very  dilute 
hydrochloric  acid;  whereupon,  according  to  Forchhammer,  pure  peroxide  remains 
behind. — 4.  Manganous  carbonate  is  carefully  heated  with  fused  chlorate  of  potassium, 
and  the  mass,  when  cold,  is  well  washed  with  water  (Grobel). — 5.  A  solution  of  a  man- 
ganous salt,  even  when  very  dilute,  provided  it  is  perfectly  free  from  iron,  deposits 
peroxide  of  manganese  on  the  positive  pole  of  a  voltaic  battery;  a  feeble  current  is 
sufficient  for  the  purpose  (Fischer,  Kastn.  Arch.  xvi.  219).  Artificially  prepared  per- 
oxide of  manganese  is  black  with  submetallic  lustre,  hard  and  tough. 

Peroxide  of  manganese,  whether  natural  or  artificial,  is  a  good  conductor  of  elec- 
tricity, and  is  remarkable  for  its  tendency  to  become  strongly  electro-negative  in  contact 
with  metals,  so  that  powerful  voltaic  combinations  may  be  made  by  using  a  platinum 
plate  covered  with  it  as  the  negative  element.  Discs  of  paper  covered  with  the  per- 
oxide are  also  used  in  the  construction  of  dry  piles.  (See  ELECTRICITY,  ii.  421,  423.) 

The  peroxide  when  heated  alone  gives  off  part  of  its  oxygen,  and  is  reduced  to  man- 
ganic or  manganoso-manganic  oxide,  according  to  the  degree  of  heat  applied ;  the  decom- 
position takes  place  more  readily  in  open  than  in  closed  vessels  (see  p.  809).  Heated  in 
a  charcoal-lined  crucible,  it  is  reduced  to  protoxide,  and  if  mixed  with  sulphur,  to  man- 
ganous oxysulphide,  with  evolution  of  sulphurous  anhydride.  When  drenched  with 
strong  sulphuric  acid,  it  gives  off  one-fourth  of  its  oxygen  and  yields  a  dark  red  solu- 
tion of  manganic  sulphate ;  and  on  heating  the  mixture,  another  fourth  part  of  the 
oxygen  is  given  off  and  manganous  sulphate  is  produced.  The  reduction  is  greatly 
facilitated  by  mixing  the  peroxide  with  organic  substances,  such  as  sugar,  oxalic  acid,  &c., 
carbonic  anhydride  being  then  evolved  instead  of  oxygen.  With  cold  hydrochloric 
acid  it  forms  manganic  chloride ;  on  heating,  manganous  chloride,  with  evolution  of 
chlorine.  With  sulphurous  acid,  it  forms  a  solution  containing  mangauous  sulphate 
and  hyposulphate.  By  ignition  with  potash  in  a  close  vessel,  it  is  resolved  into  man- 
ganous oxide  and  manganic  acid. 

The  facility  with  which  peroxide  of  manganese  parts  with  a  portion  of  its  oxygen 
renders  it  a  very  valuable  oxidising  agent,  both  in  the  chemical  laboratory  and  in 
manufactures.  It  is  extensively  used  for  the  evolution  of  chlorine  from  hydrochloric 
acid  (i.  890),  also  for  discharging  the  brown  and  green  tints  of  glass :  hence  the  name 
pyrolusite  (from  vvp  fire,  and  Auetv  to  wash)  applied  to  the  native  peroxide,  and  the 
somewhat  whimsical  title,  savon  des  verriers,  given  to  it  by  the  French. 

Hydrates  of  the  Peroxide. — Peroxide  of  manganese  unites  with  water  in  several  pro- 
portions, according  to  the  mode  of  preparation. — o.  In  the  spontaneous  decomposition 
of  manganates  or  permanganates  dissolved  in  water  or  in  dilute  acid,  a  black-brown 
hydrated  peroxide  is  precipitated,  which  cakes  together  to  a  black  coherent  mass  con- 
taining Mmn02.H20  (Mitscherlich).  The  same  hydrate  is  formed  when  manganous 
carbonate  suspended  in  water  is  treated  with  chlorine,  and  the  black-brown  residue  is 
well  washed  with  dilute  acid  (Berthier).— ft.  A  hydrate  containing  2Mmn02.H'J0  is 
obtained  when  a  solution  of  a  manganous  salt  is  precipitated  by  a  mixture  of  caustic 
potash  and  potassic  hypochlorite  (Winkelblech).— 7.  The  hydrate  3Mmn02.H20  is» 
deposited  on  evaporating  a  solution  of  manganous  bromate  (Rammelsberg). — 
5.  4Mmn02.H2Q  is  obtained  by  treating  manganoso-manganic  hydrate  with  strong 
nitric  acid  (Berthier).  See  Gmeliris  Handbook,  iii.  206. 

According  to  G-orgeu  (Ann.  Ch.  Phys.  [3]  Ixvi.  155  ;  Jahresb.  1862,  p.  155)  per- 
oxide of  manganese  acts  as  an  acid,  uniting  with  bases,  and  reddening  litmus  slightly 
when  suspended  in  perfectly  pure  water;  hence  Go'rgeu  proposes  to  call  it  manga  no  us 
acid.  (See  MANGANIC  ACIDS,  p.  817.) 

Oxides  of  Manganese  intermediate  in  composition  between  the  Sesquioxide  and 
Dioxide. — Under  this  head  are  included  several  ores  of  manganese,  mostly  amorphous,, 
one  or  two  of  definite  constitution,  but  the  greater  number  merely  mixtures  of 
different  oxides,  which  cannot  be  regarded  as  definite  chemical  compounds  or  distinct 
mineral  species. 

o.  Psilomelane.  EO.Mn02.H20,  with  excess  of  peroxide  mechanically  combined : 
the  symbol  KO  denotes  protoxide  of  manganese,  partly  replaced  by  other  protoxides, 
chiefly  baryta  and  potash.  This  ore  occurs  massive  and  botryoidal.  Hardness 
=  5  to  6.  Specific  gravity  =  37  to  4*328.  Lustre  submetallic.  Streak  brownish- 
black,  shining.  Colour  iron-black,  passing  into  dark  steel-grey;  opaque.  It  is  a 
common  ore  of  manganese,  occurring  frequently  in  alternate  layers  with  pyrolusite. 
It  is  found  in  botryoidal  and  stalactitic  shapes  in  Devonshire  and  Cornwall,  at 
Ihlefeld  in  the  Hartz,  and  the  other  localities  undermentioned. 
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Analyses  of  Psilomelane. 


Locality    . 

Schnee- 
berg. 

Roman- 

eche. 

Flor- 
hauten. 

Bui. 

reuth. 

I/menau. 

Tkiviert. 

Heidel- 
berg. 

Ilmenan. 

La  ii  gen- 
berg. 

Analyst     . 

Tu 

•ner. 

Rammels- 
berg. 

Fuchs. 

Scheffer. 

Berthier. 

Rammels 
berg. 

Claus- 
bruch. 

Heyl. 

Manganoso-manga-  > 
nic  oxide        .       j 

69-80 

70-97 

81-36 

81-8 

73-3 

64-1 

70-17 

77-23 

68-00 

Oxygen      . 

7-36 

7-26 

9-18 

9'5 

9-8 

7-5 

15-16 

15-82 

13-62 

Sesquioxide  of  iron 

1-43 

0'96 

•     • 

03 

6-8 

0-30 

0*40 

0-36 

cobalt 

( 

.     . 

0-54 

Alumina     . 

2-1 

0-38 

1*8 

0-60 

0*91 

0-20 

Magnesia           . 

0'32 

0'21 

0*53 

Baryta 

16-36 

16-69 

.     . 

5-8 

4-6 

8-08 

0-12 

8-59 

Potash 

.    . 

3-04 

4-5 

.     . 

2-62 

5*29 

0-27 

Silica  . 

0-26 

0-95 

0-53 

1-7 

10-0 

0-90 

0-52 

2-18 

Water 

6-22 

4-13 

3-39 

4-2 

4-3 

7-0 

1-42 

3-95 

100-00 

100-00 

100-59 

100-0 

99-1 

100-0 

100-00 

100-29 

97-70 

£.  Varvacite,  a  mineral  from  Warwickshire,  of  crystalline-laminated  texture,  and  spe- 
cific gravity  4'531  to  4*623,  was  found  by  E.Phillips  to  contain  63  per  cent,  manganese, 
31'6  oxygen,  and  5-4  water,  agreeing  nearly  with  the  formula  Mn20.3Mn202.H20.  It 
is  probably  an  altered  manganite  consisting  largely  of  pyrolusite. 

y.  Wad,  Earthy  Cobalt,  Cupreous  Manganese. — These  ores  occur  in  amorphous 
and  reniform  masses,  either  earthy  or  compact,  sometimes  encrusting  or  as  stains.  They 
are  mixtures  of  different  oxides,  and  not  distinct  mineral  species.  Their  hardness  varies 
from  0'5  to  6;  specific  gravity  from  3  to  4 -26;  colour  dull  black. 

Analyses  of  Wad. 


Locality    . 

Cluustkf.l. 

ihire. 

Derby- 
shire. 

FfafcMOt.     Groroi. 

Siegen. 

RiJbeten. 

Austerlitx, 
N.  Y. 

Skidberg. 

Analyst     . 

Klaproth. 

Turner. 

Berthier. 

Rammelsberg. 

Bahr. 

Protoxide  of  manganese 
Oxygen 
Sesquioxide  of  iron 

63-3 
47 
6-5 

74-60 
13-34 

34-73 
3-86 
52-34 

69-8 
11-7 

62-4 
12-8 
6-0 

58-5 
10-4 
5-7 

67-50 
13-48 
1  01 

52-65 
5-85 
22-00 

61-54 
4-62 
2-70 
0-d2 
0-75 
15-34 
059 
0"28 
0-28 
0-92 
12-07 

Alumina     . 
Baryta 
Lime  . 

"w 

Wo 

10-66 

Wo 

2-  74 

10-29 

7-0 

•    • 

10-7 

0-36 
4-22 

3-66 
0-47 
1030 

Wo 

17-00 

12-4* 

V6 

15-S 

'l-8 
12-9 

Magnesia   . 
Potash 
Silica,  &c.  . 
Water 

V6 

17-5 

1010 

100'  00 

109-36 

100-9 

100-0 

100-0 

101-00 

100-00 

99-11 

Analyses  of  Manganese-ores  (continued). 


Cupreous  Manganese. 

Earthy  Cobalt. 

Locality  . 

Schlacken- 
l*rg. 

Canudorf. 

LatUerberg. 

Oberlaiuitg. 

Canudorf. 

Analyst    . 

Kersten. 

Rammels- 
berg. 

BOttger. 

Klaproth. 

DObereiner. 

Rammels- 
berg. 

Protoxide  of  manganese 
Oxygen. 
Sesquioxide  of  iron 
Protoxide  of  copper      . 
Oxide  of  cobalt     . 

66-64 
7-46 
0-12 
4-80 

4999 
8-91 
4-70 
14-67 
0-49 

53-22 
9-14 

1-88 
16-85 
0-14 

27-04 
301 
29-00 
11-50 

14-4 
1-6 

*0  2 
19-4 

31-21 
6-78 

32-05 

40-05 
9-47 
4-56 
4-35 
19  45 

Alumina         .        .        • 

§ 

,        . 

.    . 

1-64 

2-25 

1-70 
2-85 

*    * 

•    • 

*        * 

0  50 

Lime      .... 

Magnesia 

• 

0-69 
0-52 

0-65 

9        ^ 

0-37 

Silica,  Ac.      . 

0-30 

2-74 

2*48 

Gvpsnm         .        .        . 
Water    .... 

1-05 
20-10 

14-46 

16-94 

27-45 

17-0 

22-90 

21-24 

100-47 

101-06 

103-37 

98-00 

97-8 

92-94 

99-99 

Wad  or  Boa  Manganese,  consists  mainly  of  oxides  of  manganese  and  water,  often 
mixed  with  silica,  alumina,  lime,  or  baryta.     Groro'ilite  occurs  in  roundish  masses  of 
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brownish-black  colour  and  reddish-brown  streak:  hardness  sometimes  6  to  6'5.  It  is 
from  G-roroi  in  Mayence,  Vicdessos  in  Spain,  and  Canteen  in  France. 

Cupreous  Manganese  contains,  besides  hydrous  oxides  of  manganese,  from  14  to  26 
per  cent,  oxide  of  copper,  and  4  to  18  per  cent,  oxide  of  cobalt,  with  various  impurities. 
Specific  gravity  3-1  to  3'2.  Pdokonite  is  a  variety  of  cupreous  manganese,  having  a 
liver- brown  streak.  Hardness  =  3.  Specific  gravity  =  2'567. 

Earthy  Cobalt  is  a  wad  in  which  oxide  of  cobalt  sometimes  occurs  to  the  amount  of 
33  per  cent. 

Valuation  of  the  Oxides  of  Manganese. 

The  numerous  applications  of  the  higher  oxides  of  manganese  in  chemical  manufac- 
tures, depend  upon  the  quantity  of  oxygen  which  they  can  furnish  when  exposed  to 
the  action  of  acids,  or — what  comes  to  the  same  thing — the  quantity  of  chlorine  which 
they  are  capable  of  eliminating  when  treated  with  hydrochloric  acid.  This  will  be 
seen  from  the  following  equations,  which  represent  the  action  of  hydrochloric  acid  on 
the  dioxide,  sesquioxide,  and  red  oxide  of  manganese : 

MnO2  +  4HC1    =     MnCl2    +  2H20  +  Cla 
Dioxide. 

Mn20'  +  6HC1     =    2MnCl2  +  3H20  +  Cl2 

Sesquioxide. 

Mn'CM  +  8HC1     =     3MnCl2  +  4H20  +  Cl2. 
Red  oxide. 

Hence  it  appears  that  the  quantities  of  hydrochloric  acid  required  to  furnish  a  given 
quantity  of  chlorine,  when  acted  upon  by  these  three  oxides,  are  as  the  numbers 
2:3:4;  or  a  given  weight  of  hydrochloric  acid,  acted  upon  by  the  three  oxides,  will 
yield  quantities  of  chlorine  in  the  inverse  ratio  of  these  numbers. 

Moreover,  as  the  sesquioxide  and  red  oxide  may  be  regarded  (so  far  as  proportional 
composition  is  concerned)  as  compounds  of  the  protoxide  and  dioxide  (Mn-03  =  MnO  + 
MnO2;  and  Mn304  =  2MnO  +  MnO2),  it  follows  that  the  commercial  value  of  a  man- 
ganese-ore may  be  regarded  as  proportional  to  the  percentage  of  dioxide  or  peroxide 
contained  in  it. 

The  methods  of  assaying  the  oxides  of  manganese  may  be  classed  under  three 
heads; — 1.  The  determination  of  the  amount  of  oxygen  disengaged  by  sulphuric 
acid.— 2.  The  oxidation  of  oxalic  acid. — 3.  The  evolution  of  chlorine  Irom  hydrochloric 
acid. 

o.  The  decomposition  of  peroxide  of  manganese  by  sulphuric  acid  takes  placo  as 
represented  by  the  equation : 

MnO2  +  H2S04    =    MnSO*  +  H20  +  0. 

The  sample  of  manganese  ore  to  be  tested  is  heated  with  strong  sulphuric  acid  in  a 
small  retort  provided  with  a  bent  delivery-tube  passing  upwards  into  an  inverted  bell- 
jar,  filled  with  and  standing  in  an  alkaline  liquid,  so  that  any  carbonic  acid  gas  that 
may  pass  over  may  be  absorbed,  and  the  oxygen  alone  collected.     The  contents  of  the 
retort  are  heated  to  the  boiling  point,  the  heat  being  continued  as  long  as  any  gas  is 
disengaged.    The  apparatus  is  then  left  to  cool,  and  the  volume  of  gas  is  measured  and 
corrected  for  pressure,  temperature,  and  tension  of  aqueous 
Fig.  731.  vapour. 

Each  atomic  proportion  (16  pts.  by  weight)  of  oxygen 
evolved  corresponds  to  1  at.  peroxide  (87  pts.)  in  the  sample. 
Moreover,  as  the  reaction  is  precisely  analogous  to  the  de- 
composition of  the  peroxide  by  hydrochloric  acid,  each  at. 
of  oxygen  evolved  in  the  one  reaction  is  equivalent  to  2  at. 
chlorine  eliminated  in  the  other. 

£.  By  oxidation  of  oxalic  acid. — When  oxalic  acid  is 
heated  with  peroxide  of  manganese  and  hydrochloric  acid, 
the  disengaged  chlorine  converts  the  oxalic  acid  into  car- 
bonic anhydride,  2  at.  carbonic  anhydride  evolved  repre- 
senting 2  at.  chlorine,  and  therefore  1  at.  peroxide  of  man- 
ganese : 

C2H20«  +  Cl2     =     2C02  +   2HCV 

Oxalic  acid. 

The  quantity  of  carbonic  anhydride  evolved  may  be  deter- 
mined by  means  of  the  flask-apparatus  represented  in  fig. 
731,  and  already  described  under  ALKALIMETRY  (i.  119).  50 
grains  of  the  manganese-ore  finely  pulverised  are  introduced  into  the  flask,  together 
with  half  an  ounce  of  cold  water  and  100  grains  of  strong  hydrochloric  acid  in  the  test- 
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tube ;  60  grains  of  crystallised  oxalic  acid  are  then  added,  the  chloride  of  calcium  tube 
fitted  on ;  the  whole  quickly  weighed ;  and  the  process  conducted  exactly  in  the  same 
manner  as  a  determination  of  carbonic  anhydride,  as  described  in  the  article  above 
referred  to.  The  loss  of  weight  of  the  flask  after  boiling,  gives  the  quantity  of  carbonic 
anhydride  evolved,  and  as  87 — the  atomic  weight  of  peroxide  of  manganese— is  nearly 
double  that  of  carbonic  anhydride,  44,  the  loss  of  weight  in  the  apparatus  may  be  taken 
approximately  to  represent  the  quantity  of  real  peroxide  in  the  50  grains  of  the  sample. 
A  more  exact  calculation  is  easily  made. 

The  quantity  of  oxalic  acid  oxidised  by  a  given  sample  of  a  manganese-ore  may  also 
be  estimated  volumetrically  by  means  of  permanganate  of  potassium.  A  dilute  solu- 
tion of  oxalic  acid  decomposes  permanganates,  in  presence  of  sulphuric  acid,  being  itself 
converted  into  carbonic  anhydride  and  water,  according  to  the  equation  : 

H2Mn208  +  2H2S04  +  5C2H204    =     2MnS04  +  8H20  +  10C02. 

Permanganic  Oxalic  acid.  Manganous 

acid.  sulphate. 

Under  the  same  circumstances,  oxalic  acid  decomposes  peroxide  of  manganese,  atom 
for  atom : 

MnO-  +  H2S04  +  C2H204    =    MiiSO4  +  2H20  +  2C02. 

Hence,  the  amount  of  peroxide  of  manganese  in  an  ore  may  be  estimated  volumetri- 
cally, by  allowing  it  to  act  upon  a  known  volume  of  a  standard  solution  of  oxalic  acid, 
which  is  added  in  excess,  and  then  estimating  the  amount  of  undecomposed  oxalic  acid 
by  a  standard  solution  of  permanganate. 

The  standard  solutions  required  are :  1.  Oxalic  acid. — 1  cub.  cent,  of  this  solution 
contains  0'063  grm.  of  oxalic  acid,  and  corresponds  to  0'042  grm.  peroxide  of  manganese. 
— 2.  Permanganate. — This  solution  cannot  be  preserved  without  decomposition,  and  is 
therefore  not  standardised  once  for  all ;  but  a  moderately  strong  solution  is  prepared, 
and  its  exact  value  determined  before  each  operation.  This  is  readily  done  by  means 
of  the  standard  solution  of  oxalic  acid.  5  c.  c.  of  the  latter  are  diluted  to  200  c.  c. ; 
about  4  c.  c.  of  strong  sulphuric  acid  are  added ;  and  the  permanganate  solution  is 
introduced,  drop  by  drop,  from  a  burette.  The  dark  colour  produced  by  the  perman- 
ganate disappears  slowly  at  first,  but  more  rapidly  as  the  operation  proceeds ;  the 
operation  is  terminated  when  a  faint  rose  tinge  is  produced,  which  remains  permanent 
for  a  short  time.  Suppose,  for  instance,  29  c.  c.  of  the  permanganate  solution  are  re- 
quired: then  1  c.  c.  of  this  solution  corresponds  to  —  =  0'1724  c.  c.  of  oxalic  acid. 

The  analysis  is  conducted  as  follows: — The  ore  having  been  finely  powdered  and 
completely  dried,  2'1  grms.  are  treated  with  about  30  c.  c.  standard  oxalic  acid,  and 
4  c.  c.  of  concentrated  sulphuric  acid;  when  the  evolution  of  carbonic  anhydride 
slackens,  heat  is  applied  till  no  more  gas  is  evolved.  If  any  of  the  ore  remains  unde- 
composed, 5  or  10  c.  c.  more  oxalic  acid  must  be  added.  When  the  evolution  of  gas  has 
quite  ceased,  the  clear  solution  is  decanted  into  a  graduated  cylinder,  and  the  residue  is 
treated  with  2  or  3  c.  c.  more  oxalic  acid,  and  a  few  drops  of  sulphuric  acid,  and  again 
heated.  When  the  decomposition  is  complete,  the  solution  (residue  and  all)  is  washed 
into  the  cylinder,  and  the  whole  is  diluted  to  a  known  volume.  The  mixture  thus 
obtained  is  never  clear;  but  it  need  not  be  filtered,  unless  it  is  dark-coloured.  A 
known  volume  of  it  is  measured  off,  diluted,  acidulated  with  sulphuric  acid,  and  the 
amount  of  non-oxidised  oxalic  acid  is  estimated  by  the  permanganate  solution,  as 
above  ;  from  the  result  thus  obtained,  the  amount  of  non-oxidised  oxalic  acid  in  the 
whole  mixture  is  calculated.  The  number  of  cubic  centimetres  of  oxalic  acid  oxidised, 
multiplied  by  2,  gives  the  percentage  of  peroxide  of  manganese  in  the  ore.  For  example, 
1  c.  c.  permanganate  solution  =  0*1724  oxalic  acid.  Weight  of  ore  taken  =  2'1  grms. 
Total  volume  of  oxalic  used  =  48  c.  c.  The  mixture  being  diluted  to  300  c.  c.,  100  c.  c. 
require  4  c.  c.  permanganate:  hence,  the  whole  300  c.  c.  require  12  c.  c.  permanganate, 
which  correspond  to  2*07  c.  c.  oxalic  acid.  48  -  2'07  =  45-93  c.  c.  oxalic  acid,  oxidised 
by  peroxide:  whence,  percentage  of  peroxide  =  45-93  x  2  =  91*86  per  cent. 

If,  instead  of  2'1  grms.,  any  arbitrary  weight  of  the  ore  is  taken,  the  amount  of 
peroxide  is  calculated  by  the  proportion  100  :  4-2  =  number  of  c.  c.  oxalic  acid  used: 
amount  required  ;  the  percentage  is  then  calculated  as  usual. 

3.  By  the  evolution  of  Chlorine  from  Hydrochloric  acid. — The  ore  (the  moisture  in 
which  is  first  estimated)  is  heated  in  a  flask  with  excess  of  concentrated  hydrochloric 
acid,  and  all  the  chlorine  evolved  is  conducted  into  a  known  volume  of  a  standard 
acid  or  alkaline  arsenious  solution,  or  into  excess  of  iodide  of  potassium,  or  into 
a  solution  of  a  known  weight  of  ferrous  sulphate,  that  salt  being  in  excess,  and 
the  amount  of  chlorine  is  estimated  by  one  of  the  chlorimetric  processes  described 
under  CHLOBINE,  ESTIMATION  OF  (i.  904).  The  amount  of  peroxide  of  manganese, 
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corresponding  to  a  given  weight  of  chlorine,  is  calculated  by  the  proportion  Cl2 :  MmiaO* 
=  71  :  87. 

Each  c.  c.  of  the  acid  arsenious  solution  (i.  904)  corresponds  to  O'OIO  grm.  chlorine, 
and  to  0-01183,  peroxide  of  manganese;  hence  50  c.  c.  correspond  to  0'5 grm.  chlorine, 
and  to  0'5915  peroxide.  If  the  ore  is  rich,  about  1  grm.  is  sufficient  for  the  analysis  ; 
if  it  be  poor,  from  I'd  to  2  grm.  should  be  taken. 

Each  c.  c.  of  the  alkaline  arsenious  solution  (i.  904)  corresponds  to  0*00355  grm. 
chlorine,  and  to  0-0042  grm.  peroxide ;  hence  100  c.  c.  correspond  to  0*42  grm.  per- 
oxide ;  and  if  0*42  grm.  be  taken  for  analysis,  the  number  c.  c.  of  arsenious  solution 
which  is  oxidised  by  it  gives  at  once  the  percentage  of  peroxide.  (Conington's  Hand- 
book of  Chemical  Analysis,  p.  247.) 

MANGANESE,  OXYCHX.ORIDE  OF.  The  pcrchloride  of  manganese  de- 
scribed by  Dumas  (p.  805)  is  perhaps  an  oxychloride. 

MANGANESE,  OXYSULPHIDE  OP.  MnSO.— This  compound  is  produced 
when  manganous  sulphate  is  ignited  in  a  stream  of  hydrogen,  or,  together  with 
sulphide  of  manganese,  when  an  oxide  of  manganese  is  ignited  in  contact  with  sulphur. 
It  is  a  green  powder  which  does  not  alter  at  ordinary  temperatures,  but  takes  fire 
when  heated,  and  burns  to  nearly  pure  manganoso-manganic  oxide,  especially  if 
strongly  heated  at  the  last.  It  dissolves  in  acids  as  easily  as  sulphide  of  manganese 
prepared  in  the  wet  way.  (Arfvedson.) 

MANGANESE,  PHOSPHIDE  OP.  Obtained  by  exposing  an  intimate  mixture 
of  10  pts.  of  pure  ignited  dioxide  of  manganese,  10  pts.  of  white-burnt  bones,  5  pts. 
of  white  quartz-sand,  and  o  pts.  of  ignited  lamp-black  for  an  hour  in  a  closed  hessian 
crucible,  to  a  heat  sufficient  to  melt  cast  iron ;  or  by  strongly  igniting  1 0  pts.  of 
ignited  phosphate  of  manganese,  3  pts.  of  ignited  lamp-black,  and  3  pts.  of  calcined 
borax  in  a  crucible  lined  with  charcoal.  The  product  is  a  very  brittle,  crystalline 
regulus  of  the  colour  of  grey  cast  iron,  and  of  specific  gravity  5'951.  It  is  permanent 
in  the  air,  glows  when  heated  in  contact  with  air,  burns  with  an  intense  light  when 
heated  with  nitre.  It  appears  to  contain  Mn5P2,  and  is  probably  a  mixture  of  Mn3P2 
and  Mn7P2,  the  latter  of  which  compounds  is  left  behind  when  the  substance  is  treated 
with  hydrochloric  acid,  while  the  former  dissolves,  with  evolution  of  non-spontaneously 
inflammable  phosphoretted  hydrogen.  (Wohler,  Ann.  Ch.  Pharm.  Ixxxvi.  371.) 

Schrotter  (Jahresb.  1849,  p.  247),  by  heating  finely  divided  manganese  in  phos- 
phorus-vapour, obtained  a  phosphite  having  the  composition  Mn6P2,  of  specific  gravity 
4'94,  insoluble  in  hydrochloric  acid,  easily  soluble  in  nitric  acid. 

MANGANESE,  SXXilCXDE  OF.  The  effect  attributed  to  small  quantities  of 
silicium  in  altering  the  physical  properties  of  metallic  manganese  has  already  been 
mentioned  (p.  802).  Wohler  (Ann.  Ch.  Pharm.  cvi.  54)  has  further  examined  the 
question  by  preparing  manganese  containing  larger  proportions  of  silicium.  A  mixture 
of  about  equal  parts  of  fluoride  of  manganese,  water-glass,  cryolite,  and  sodium,  pressed 
into  a  hessian  crucible,  and  covered  with  a  mixture  of  chloride  of  potassium  and  chloride 
of  sodium,  then  heated  and  exposed  to  a  higher  temperature,  yielded  a  well  fused,  hard, 
brittle  regulus  containing  11' 7  per  cent,  silicium,  exhibiting  a  somewhat  lamino-crystal- 
line  structure  on  the  fractured  surface,  but  without  visible  separation  of  free  silicium ;  the 
action  of  hydrochloric  acid  upon  it  was  considerably  impeded  by  the  separation  of 
oxide  of  silicium,  very  dense  but  not  crystalline ;  the  hydrogen  gas  evolved  at  the  same 
time  contained  siliciuretted  hydrogen,  and  deposited  amorphous  silicium  when  passed 
through  a  red-hot  glass  tube  ;  hydrofluoric  acid  dissolved  it,  with  evolution  of  fetid 
hydrogen  gas.  A  mixture  of  fused  chloride  of  manganese  and  sodium,  fluor-spar,  water- 
glass  and  sodium  yielded  a  well  fused,  very  brittle  regulus,  containing  13  per  cent, 
silicium,  and  exhibiting  a  few  cavities  filled  with  steel-grey  prismatic  crystals.  A  mix- 
ture of  fused  manganous  chloride,  fluor-spar,  sili co-fluoride  of  potassium,  and  sodium 
yielded  (after  somewhat  quicker  cooling)  a  nearly  silver-white,  very  brittle  regulus 
containing  6*5  per  cent,  silicium  and  having  a  conchoi'dal  strongly  shining  fracture.  A 
mixture  of  manganous  chloride,  sodium,  fine  quartz-sand  and  cryolite  (the  two  latter 
in  the  proportion  of  22  :  26)  yielded  a  yellowish  regulus  containing  11-4  per  cent, 
silicium,  with  indications  of  laminar  structure.  From  these  results  Wohler  is  in- 
clined to  believe  that  even  a  small  quantity  of  silicium  is  sufficient  to  account  for  the 
peculiarities  of  the  metallic  manganese  obtained  by  Brunner's  method. 

MANGANESE,  RED.  Native  carbonate  of  manganese,  also  called  Diallogite 
(i.  788). 

MANGANESE,  SITZiPHZDE  OP.  Manganous  sulphide,  MnS,  which  is  the 
only  known  sulphide  of  manganese,  occurs  native  as  Manganese-blende  or  Alabandine, 
in  the  gold  mine  of  Nagyag  in  Transylvania*  sometimes  crystallised  in  cubes 
and  regular  octahedrons,  with  perfect  cubic  cleavage,  but  more  generally  granu- 
lar! y  massive.  Hardness  =  3'5  to  4.  Specific  gravity  =  3'95  to  4-814.  It  has  sub- 
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metallic  lustre  and  iron-black  colour,  tarnished  brown  on  exposure.     Streak  green. 
Fracture  conchoi'dal.     Before  the  blowpipe  it  melts  only  on  the  thinnest  edges. 

The  same  compound  is  produced  artificially  in  the  dry  way,  by  heating  the  peroxide 
with  sulphur.  Sulphurous  anhydride  is  disengaged  and  a  green  powder  remains, 
which  dissolves  in  acids,  with,  evolution  of  sulphydric  acid.  The  same  compound  is 
obtained  in  the  hydrated  state  by  decomposing  acetate  of  manganese  with  sulphydric 
acid,  or  any  manganous  salt  with  sulphide  of  ammonium. 

A  crystalline  sulphide  of  manganese  is  obtained  by  passing  the  vapour  of  sulphide  of 
carbon  over  hydrated  manganic  oxide  ignited  in  a  porcelain  tube.  The  crystals  are 
iron-black  rhombic  prisms,  having  a  tinge  of  green  and  yielding  a  dingy  green  powder. 

Artificially  prepared  manganous  sulphide  soon  turns  brown  by  oxidation  on  exposure 
to  the  air.  When  ignited  in  the  air,  it  easily  gives  off  all  its  sulphur  as  sulphurous 
anhydride,  and  leaves  manganoso-manganic  oxide.  Heated  in  hydrogen  gas,  it  gives 
off  sulphydric  acid.  It  detonates  when  heated  with  nitre.  Chlorine  acts  but  slowly 
on  it,  forming  chloride  of  sulphur.  The  hydrated  sulphide  boiled  with  potash,  yields 
sulphide  of  potassium  and  manganous  hydrate. 

Manganous  sulphide  dissolves  very  easily  in  acids,  even  in  acetic  acid  ;  sulphurous 
acid  converts  it  into  hyposulphite  with  separation  of  sulphur.  When  the  precipitate  is 
mixed  by  agitation  with  neutral  metallic  solutions,  e.  g.  sulphate  of  cadmium,  acetate 
of  lead,  ferric  chloride,  nitrate  of  silver,  sulphate  of  copper,  &c.,  these  metals  unite  with 
the  sulphur,  and  the  manganese  is  taken  up  in  their  place. 

Manganous  sulphide  forms  definite  compounds  with  the  sulphides  of  potassium  and 
sodium.  —  The  potassium-salt,  K2S.3MnS  or  Mn3K-S4,  is  prepared:  —  1.  By  fusing 
anhydrous  manganous  sulphate  with  |  of  its  weight  of  lamp-black,  and  3  times  its 
weight  of  carbonate  of  potassium  and  sulphur.  A  gentle  heat  is  applied  at  first,  till 
the  carbonic  anhydride  is  expelled  and  sulphide  of  potassium  formed  ;  afterwards 
the  heat  is  raised  to  bright  redness.  On  cooling,  a  perfectly  fused  mass  is  obtained, 
which,  after  the  excess  of  sulphide  of  potassium  lias  been  removed  by  cold  water  pre- 
viously de-aerated  by  boiling,  leaves  large  dark  red  scales  collected  together  in  masses  : 
these  masses  may  be  readily  split,  like  mica,  into  thin,  transparent,  dark  red  laminae. 
—  2.  By  substituting  peroxide  of  manganese  for  the  manganous  sulphate,  a  similar 
compound  is  obtained,  but  of  less  brilliant  colour.  —  The  scales,  when  moist,  are  rapidly 
oxidised  in  the  air,  becoming  black  and  opaque  ;  but,  when  perfectly  dry,  they  remain 
permanent  for  a  considerable  time.  They  are  nearly  insoluble  in  water,  alcohol,  and 
ether.  They  detonate  violently  with  nitre.  Acids  dissolve  them,  with  rapid  evolution 
of  sulphydric  acid  gas.  When  heated  on  platinum  wire,  they  become  covered  with  a 
green  powder  of  oxysulphide  of  manganese.  They  are  gradually  dissolved  by  water 
containing  air,  into  sulphate  and  sulphide  of  potassium,  and  manganous  hyposulphite, 
which  dissolve,  and  an  insoluble  mixture  of  sulphur  and  manganic  oxide.  (Volker, 
Ann.  Ch.  Pharm.  lix.  35.) 

The  sodium-salt,  Mn3Na2S4,  obtained  in  a  similar  manner  to  the  potassium  compound, 
forms  small,  shining,  light  red  needle-shaped  crystals,  resembling  those  of  sulphide  of 
manganese  and  potassium  in  most  of  their  properties,  but  more  readily  oxidisable. 
When  treated  with  distilled  water,  they  rapidly  become  opaque  and'  dark-coloured.  If 
in  this  state  they  are  placed  over  oil  of  vitriol  in  a  vacuum,  they  rapidly  absorb  oxygen 
as  soon  as  they  become  moderately  dry  ;  and  the  absorption  is  attended  with  so  violent 
a  disengagement  of  heat,  that  the  crystals  frequently  take  fire,  and  burn  like  a  pyro- 
phorus.  (Volker.) 

(SO2)2) 
MANGANESE-  AlUM.  Manganico-potassic  sulphate,   Mn'"  lOU2H20,  found 


native  on  the  shores  of  the  Great  Salt  Lake.  —  A  manganese-magnesium  alum  has  been 
found  in  the  Canton  Uri  in  Switzerland.  (See  SULPHATES.) 

XVXANGANESE-BXiENDE.     Native  manganous  sulphide  (p.  816). 

MANGANESE-GXiAia'CE.     Syn.  with  MANGANESE-BLENDE. 

1VIANG  ANESE-SP  AR.    Syn.  with  DiALLOGiTE.   Native  carbonate  of  manganese. 

IVXAWTGANJC  ACIDS.  Two  oxygen-acids  of  manganese  have  long  been  known, 
viz.  manganic  acid  and  permanganic  acid,  the  potassium-salts  of  which  aro 
represented  by  the  formulae  : 

Manganate  of  potassium         .        .         .         .         .         .        MnK204 

Permanganate  of  potassium    ......        MnvK208. 

Manganic  acid  cannot  exist  in  the  free  state  ;  but  permanganic  acid,  Mn2H208,  has  been 
obtained  as  a  liquid,  and  appears  to  be  capable  of  existing  in  the  solid  state.  The  an- 
hydrides corresponding  to  these  acids,  viz.  MnOs  and  Mn'-'O7,  have  not  been  obtained. 
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Recent  experiments  by  Gorgeu  (Ann.  Ch.  Phys.  [3]  Ixvi.  153)  appear  to  show 
that  dioxide  of  manganese,  MnO2,  is  capable  of  uniting  with  alkaline  bases,  and 
forming  salts  which  may  be  called  manganites.  They  appear  to  have  the  compo- 
sition R20.5Mn02  (R  denoting  a  monatomic  metal).  The  potassium-salt  is  soluble 
in  water;  the  calcium-salt  is  a  brown  precipitate,  obtained  by  adding  a  solution  of 
manganous  nitrate  to  hypochlorite  of  calcium. 

IVIangranates.  MnRv04. — These  salts  are  isomorphous  with  the  sulphates,  selen- 
ates,  and  chromates.  Only  three  of  them  have,  however,  been  obtained,  viz.  the 
barium--,  potassium-,  and  calcium- salts.  They  have  a  green  colour,  but  are  very 
unstable,  especially  in  solution,  being  quickly  converted  into  permanganates,  with 
separation  of  manganic  oxide:  the  decomposition  is  accelerated  by  the  presence  of 
acids,  andTetarded  by  alkalis. 

Manganate  of  Barium.  MnBaO1. — This  salt  is  obtained  by  igniting  peroxide 
of  manganese  with  nitrate  of  barium,  or  better,  by  adding  the  peroxide  in  fine  powder, 
and  by  small  portions,  to  a  mixture  of  hydrate  of  barium  and  chlorate  of  potassium, 
heated  to  fusion,  and  afterwards  dissolving  out  the  chloride  of  potassium  by  water. 
It  is  a  green  powder,  insoluble  in  water.  It  may,  however,  be  obtained  in  the 
crystalline  state  by  mixing  a  solution  of  permanganate  of  barium  with  baryta-water, 
and  leaving  the  liquid  to  stand  in  a  loosely-covered  vessel.  (Mitscherlich.) 

M a nganatc  of  Potassium.  MnK20 *. — When  dioxide  of  manganese  is  strongly 
ignited  with  hydrate  or  carbonate  of  potassium  in  excess,  manganic  acid  is  formed,  undei 
the  influence  of  the  alkali,  together  with  a  lower  oxide  of  manganese.  Ignition  in  open 
vessels,  or  with  an  admixture  of  nitrate  of  potassium,  increases  the  production  of  the 
acid,  by  the  absorption  of  oxygen  which  then  occurs.  The  product  has  long  been  knowi 
as  mineral  chameleon,  from  the  property  of  its  solution,  which  is  green  at  first,  to  pass 
rapidly  through  several  shades  of  colour.  A  more  convenient  process  for  preparing 
manganate  of  potassium  is  that  recommended  by  Dr.  Gregory.  He  mixes  intimately 
4  pts.  of  dioxide  of  manganese  in  fine  powder  with  3£  pts.  of  chlorate  of  potassium,  and 
adds  the  mixture  to  5  pts.  of  hydrate  of  potassium  dissolved  in  a  small  quantity  of  water. 
The  mixture  is  evaporated  to  dryness,  powdered,  and  afterwards  ignited  in  a  platinum 
crucible,  but  not  fused,  at  a  low  red  heat.  The  ignited  mass,  digested  in  a  small  quan- 
tity of  cold  water,  forms  a  deep  green  solution  of  the  alkaline  manganate,  which  may 
be  obtained  in  crystals  of  the  same  colour  by  evaporating  the  solution  over  sulphuric 
acid  in  a  vacuum. 

Manganate  of  potassium  is  not  soluble  in  water  without  decomposition.  When 
water  is  poured  upon  the  crystals,  they  are  resolved  into  permanganate  of  potassium, 
and  a  black  crystalline  compound  of  potash  with  peroxide  of  manganese  (inanganite 
of  potassium)  which  almost  immediately  gives  up  its  potash  to  the  water,  and  leaves 
pure  hydrated  peroxide  of  manganese.  (Mitscherlich.) 

SMnK'O*  +  2H20  =  Mn2K208  +  4KHO  +  MnO2. 
Manganate.  Permanganate. 

According  to  Gorge u  (loc.  cit.),  when  carbonic  anhydride  is  passed  through  a  solution 
of  potassic  manganate  till  the  alkali  is  completely  converted  into  carbonate,  perman- 
ganate of  potassium  is  formed,  together  with  a  yellow  hydrated  precipitate  containing 
manganite  of  potassium,  K20.6Mn02,  or  Mn5K2Ou. 

Manganate  of  potassium  dissolves  without  decomposition  in  water  containing  free 
alkali.  If  potash  be  added,  not  in  too  great  excess,  but  still  sufficient  to  form  a 
green  solution,  this  solution  sometimes  turns  red  when  warmed,  and  remains  so  after 
cuoling ;  but  if  briskly  stirred,  it  turns  green  again. 

When  a  very  strong  solution  of  potassic  manganate  is  exposed  to  the  air  till  the 
potash  has  absorbed  carbonic  acid,  crystals  are  sometimes  formed  consisting,  according 
to  Mitscherlich,  of  acid  manganate  of  potassium,  MnKHO*. 

M a  nganate  of  Sodiu  m. — Obtained  by  igniting  peroxide  of  manganese  with  caustic 
soda.  It  is  so  very  soluble  in  water,  that  it  cannot  be  obtained  in  the  crystalline  state 
(Mitscherlich).  According  to  Gentele,  however  (J.  p.  Chem.  Ixxxii.  58),  man- 
ganate of  sodium  is  obtained  in  nearly  colourless  crystals  resembling  Glauber's  salt, 
and  containing  MnNa204.10H20,  by  heating  equal  parts  of  finely-pulverised  peroxide 
of  manganese  and  nitrate  of  sodium  in  a  muffle  to  a  bright  red  heat  for  16  hours, 
boiling  the  pulverised  black  mass  with  water,  and  leaving  the  solution  to  stand  in  a 
cold  place.  The  crystals  dissolve  in  water  with  slight  decomposition,  yielding  a  green 
solution.  According  to  Wohler  (Ann.  Ch.  Pharm.  cxix.  375),  on  the  other  hand, 
this  process  does  not  yield  a  trace  of  sodic  manganate,  because  the  nitrate  of  sodium  is 
decomposed  before  the  temperature  required  for  the  formation  of  the  manganate  is 
attained ;  in  fact,  the  decomposition  is  so  complete,  that  the  process  might  be  used  for 
the  preparation  of  pure  hydrate  of  sodium.  [But  why  does  not  this  hydrate  of  sodium 
act  on  the  peroxide  of  manganese  so  as  to  form  sodic  manganate  and  a  lower  oxide  ?] 
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Permanganates.  Mn2R208. — These  salts  are  more  stable  than  the  manganates, 
and  are,  in  fact,  produced  by  their  oxidation.  They  are  isomorphous  with  the  per- 
chlorates,  C1E04 ;  a  fact  which  affords  a  strong  argument  in  favour  of  the  diatomicity 
of  manganese,  inasmuch  as  if  the  metal  be  regarded  as  monatomic,  the  formulae  of 
the  permanganates  and  perchlorates  do  not  exactly  correspond,  the  one  containing 
2  at.  Mn,  whereas  the  other  contains  only  1  at.  Cl. 

Permanganate  of  Ammonium.  Mn2(NH4)208. — When  permanganate  of  silver 
is  triturated  with  an  equivalent  quantity  of  sal-ammoniac  and  with  water,  a  purple-red 
solution  is  formed,  which,  when  decanted  from  separated  chloride  of  silver,  yields  by 
evaporation,  crystals  corresponding  in  composition  with  the  above  formula,  and  not 
containing  any  water  of  crystallisation.  They  are  trimetric,  and  similar  in  form  to  the 
potassium-salt,  but  with  somewhat  different  angles:  a  :  b  :  c  =  0'8050  :  1  :  0'6519. 
ooP  :  <»P  =  770  40';  Poo  :  Poo  =78°  0'.  When  dried  by  heat,  they  quickly  decompose. 
Permanganate  of  Barium.  Mn'BaO8. — This  salt  may  be  prepared  by  passing 
carbonic  anhydride  through  water  in  which  impure  manganate  of  barium,  obtained 
by  calcining  peroxide  of  manganese  with  nitrate  of  barium,  is  suspended,  till 
the  salt  is  completely  decomposed,  then  decanting,  boiling  for  a  while  in  order 
to  decompose  the  resulting  acid  carbonate  of  barium,  and  evaporating  the  clear 
solution  to  the  crystallising  point.  Or  permanganate  of  silver  is  decomposed  by  an 
equivalent  quantity  of  chloride  of  barium  dissolved  in  water,  and  the  solution  is 
evaporated. 

Permanganate  of  barium  forms  black  prisms,  permanent  in  the  air,  and  isomorphous 
with  anhydrous  sulphate  and  selenate  of  sodium  (Mitscherlich).  When  the  red 
solution  of  this  salt  is  mixed  with  baryta- water,  it  acquires  a  violet  colour,  loses  after  a 
while  its  alkaline  reaction,  and  yields  by  evaporation  crystals  of  manganate  of 
barium. 

The  permanganates  of  calcium,  copper,  magnesium,  sodium,  strontium,  and  zinc  are 
prepared  like  the  ammonium-salt :  they  are  deliquescent  and  difficult  to  crystallise. 
The  lithium-salt  crystallises  more  rapidly. 

Permanganate  of  Hydrogen,  or  Permanganic  acid.  Mn2H208.  —  This 
acid  may  be  obtained  in  the  state  of  aqueous  solution,  by  decomposing  the  barium-salt 
with  sulphuric  acid.  As  thus  obtained  by  Mitscherlich,  the  free  acid  appeared  to  be  a 
body  not  more  stable  than  peroxide  of  hydrogen,  being  decomposed  between  30°  and 
40°,  with  escape  of  oxygen  gas  and  precipitation  of  hydrated  peroxide  of  manganese. 
It  bleached  -  powerfully,  and  was  rapidly  destroyed  by  all  kinds  of  organic  matter. 
Hiinefeld,  on  the  other  hand,  obtained  permanganic  acid  in  a  state  in  which  it  could 
be  preserved,  evaporated,  redissolved,  &c.  He  washed  the  manganate  of  barium  with 
hot  water,  by  which  it  is  resolved  into  dioxide  of  manganese  and  permanganate  of 
barium,  and  then  added  to  it  the  quantity  of  phosphoric  acid  exactly  necessary  to  neu- 
tralise the  baryta.  The  liberated  permanganic  acid  was  dissolved  out,  evaporated  to 
dryness,  and  by  a  second  solution  and  evaporation,  obtained  in  the  form  of  a  reddish- 
brown  mass,  crystalline  and  radiated,  which  exhibited  the  lustre  of  indigo  at  some 
points  and  was  entirely  soluble  in  water.  When  the  dry  permanganic  acid  was  fused 
in  a  retort  with  anhydrous  sulphuric  acid,  and  afterwards  distilled  at  a  higher  tem- 
perature, an  acicular  sublimate  of  a  crimson  red  colour  was  obtained,  which  appeared 
to  be  a  combination  of  permanganic  and  sulphuric  acids.  (Berzelius'  Traite,  i.  522.) 
When  monohydrated  sulphuric  acid  is  poured  upon  a  somewhat  considerable  quantity 
of  crystallised  permanganate  of  potassium,  the  salt  is  decomposed,  with  great  evolution  of 
heat,  red  flames  bursting  out,  oxygen  being  given  off,  and  manganic  oxide  being  set 
free  in  dark-brown  flakes  and  shreds  like  spider-lines.  The  red  flames  seem  to  show 
that  permanganic  acid  is  gaseous  at  the  high  temperature  produced  by  the  reaction. 
Its  volatility  has  been  further  demonstrated  by  Terreil  (Bull.  Soc.  Chim.  de  Paris, 
1862,  p.  40),  who  makes  use  of  this  property  to  obtain  the  acid  in  the  pure  state.  For 
this  purpose,  permanganate  of  potassium  is  dissolved  in  sulphuric  acid  (H2S04)  diluted 
with  1  at.  water ;  and  the  greenish-yellow  solution  is  distilled  over  the  water-bath  at 
60°  or  70°.  The  apparatus  then  becomes  filled  with  violet  vapours,  which  condense 
to  a  soluble  greenish-black  liquid,  not  containing  either  chlorine  or  sulphuric  acid,  but 
consisting  of  pure  permanganic  acid.  It  is  difficult,  however,  to  prepare  a  large  quan- 
tity of  the  acid  at  once  in  this  manner,  inasmuch  as,  at  a  certain  moment,  as  soon  as 
the  quantity  of  the  distillate  has  become  somewhat  considerable,  it  decomposes  spon- 
taneously, with  slight  detonation  and  separation  of  manganic  oxide. 

Permanganic  acid  thus  obtained  is  a  thick,  greenish-black,  metallic-shining  liquid, 
which  appears  to  be  capable  of  solidifying.  It  greedily  attracts  moisture  ;  its  solution 
has  a  violet  colour,  and,  if  protected  from  dust,  may,  when  dilute,  be  preserved 
with  tolerable  facility.  When  quickly  heated,  it  detonates ;  but  if  slowly  wanned,  it 
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volatilises  in  violet  vapours,  having  a  peculiar  metallic  odour.  It  possesses  very  great 
oxidising  power,  instantly  setting  tire  to  paper  and  alcohol,  the  latter  with  explosion. 
In  contact  with  fatty  bodies,  it  detonates  with  violence,  When  a  few  drops  of  aqueous 
sulphite  of  potassium  are  let  fall  on  permanganic  acid,  a  very  brisk  reaction  takes  place ; 
part  of  the  acid  is  carried  forward  in  vapour,  and  the  vapour  decomposes  as  it 
diffuses  through  the  air,  depositing  a  shower  of  brown  flocks.  Permanganic  acid  dis- 
solves to  a  certain  extent  with  green  colour  in  strong  sulphuric  acid.  The  solution  in 
acid  containing  3  at.  water,  is  violet ;  a  difference  which  seems  to  indicate  the  existence 
of  an  anhydrous  and  a  hydrated  permanganic  acid.  (Terreil.) 

Permanganate  of  Lead,  Mn2Pb08,  is  formed,  on  mixing  a  solution  of  nitrate 
of  lead  with  permanganate  of  potassium,  as  a  brown  precipitate,  soluble  without  residue 
in  nitric  acid. 

.  Permanganate  of  Potassium.  Mn2K208.— This  salt  may  be  prepared  by  the 
following  processes : — 1.  One  pt.  of  peroxide  of  manganese  is  ignited  with  1  pt.  of 
hydrate  of  potassium  (or  1*8  of  nitre);  the  resulting  mass  dissolved  in  water;  and 
the  red  solution  decanted  and  evaporated,  rapidly  at  first  till  small  needles  appear, 
afterwards  cautiously,  so  that  the  crystallisation  may  go  on  regularly  (Chevillot  and 
Edwards). — 2.  Chlorate  of  potassium  being  kept  in  a  state  of  fusion  over  a  spirit- 
lamp,  hydrate  of  potassium  is  first  added  to  it,  and  then  an  excess  of  finely-divided 
peroxide  of  manganese,  which  immediately  dissolves,  forming  a  splendid  green  solution. 
The  mixture  is  then  heated  till  the  whole  of  the  chlorate  is  decomposed;  and  the  mass, 
when  cold,  is  boiled  with  a  small  quantity  of  water,  whereupon  the  green  colour  of  the 
solution  changes  to  red ;  finally,  the  liquid  is  decanted  from  the  peroxide  of  manganese 
while  still  hot,  and  set  aside  to  crystallise  by  cooling  (Wohler,  Pogg.  Ann.  xxvi.  626). 
Gregory  (J.  Pharm.  xxi.  312)  adds  a  solution  of  10  pts.  (3  at.)  of  hydrate  of  potas- 
sium in  a  very  small  quantity  of  water  to  a  finely-divided  mixture  of  8  pts.  (3  at.)  of 
peroxide  of  manganese  and  7  pts.  (1  at.)  of  chlorate  of  potassium  ;  evaporates  to  dry- 
ness,  during  which  a  small  quantity  of  mineral  chameleon  is  formed;  ignites  the  finely 
powdered  mass  in  a  platinum  crucible  over  a  spirit-lamp,  till  the  whole  of  the  chlorate 
of  potassium  is  decomposed  (for  which  a  low  red  heat  is  quite  sufficient) ;  reduces  the 
semi-fused  mass  to  coarse  powder ;  boils  it  in  a  larger  quantity  of  water ;  allows  the 
insoluble  portion  to  subside,  and  decants ;  evaporates  the  clear  solution  rapidly ;  again 
decants  from  the  freshly  precipitated  peroxide  of  manganese  ;  and  leaves  the  solution 
to  crystallise  by  cooling.  The  crystals  are  then  washed  with^a  small  quantity  of  cold 
water ;  dissolved  in  the  smallest  possible  quantity  of  boiling  water  ;  and  the  solution 
is  left  to  crystallise  by  cooling.  In  this  manner  needles  are  obtained  three-quarters  of 
an  inch  in  length,  and  amounting  in  weight  to  about  a  third  of  the  peroxide  of  manga- 
nese employed.  If  it  be  desired  to  filter  the  solution,  in  order  to  avoid  the  loss  arising 
from  decantation,  a  funnel  may  be  used,  having  its  neck  filled  with  asbestos. 

The  salt  crystallises  in  dark  purple-red  needles,  having  first  a  sweet,  and  afterwards 
a  rough  taste;  it  does  not  redden  turmeric,  and  is  permanent  in  the  air.  The  crystals 
aretrimetric;  a:b'.c  =  079523:  1 :  0-6478;  «P  :  ooP  =  76°  59';  Poo  :  Poo  =  78° 20'. 
They  are  prismatic,  exhibiting  the  combination  ooP  .  Poo ,  the  latter  often  predominant; 
frequently,  also,  with  oP  and  other  faces.  The  salt  dissolves  in  16  pts.  water  at  15°. 

The  crystals  decrepitate  when  heated,  evolve  10'8  per  cent,  of  oxygen  gas,  and  are 
converted  into  a  black  powder  from  which  water  extracts  manganate  of  potassium, 
leaving  54  per  cent,  of  black  manganic  oxide.  When  heated  in  an  atmosphere  of 
hydrogen  gas,  they  become  red-hot  and  diminish  in  bulk,  at  first  rapidly,  afterwards 
slowly,  with  formation  of  a  green  mixture  of  hydrate  of  potassium  and  protoxide  of 
manganese.  The  salt,  when  triturated  with  sulphur,  produces  a  series  of  small  detona- 
tions. Mixed  with  an  equal  weight  of  sulphur  and  heated  to  177°,  it  explodes  with 
flame.  Phosphorus  produces  a  much  louder  detonation  when  triturated  with  it,  also 
when  heated  with  it  to  70°.  Charcoal,  arsenic,  and  antimony  likewise  take  fire  when 
heated  with  the  salt. 

A  solution  of  permanganate  of  potassium  containing  perchlorate,  deposits  crystals  con- 
taining the  two  salts  in  the  same  proportion  as  the  solution.  In  presence  of  a  very 
large  excess  of  perchlorate,  they  are  red ;  but  if  the  proportion  of  permanganate  amounts 
to  one  half,  they  appear  black. 

Permanganate  of  Silver,  Mn'Ag'O8,  is  obtained,  according  to  Mitscherlich,  on 
mixing  warm  solutions  of  nitrate  of  silver  and  permanganate  of  potassium,  the  solu- 
tion as  it  cools  depositing  the  salt  in  large  regular  crystals,  which  require  190  times 
their  weight  of  water  at  15°  to  dissolve  them.  In  warm  water  they  are  much  more 
soluble,  but  they  cannot  sustain  a  boiling  heat  without  decomposition. 

The  manganates  and  permanganates,  especially  the  latter,  are  used  as  oxidising 
agents  for  a  variety  of  purposes.  A  solution  of  permanganate  of  potassium  is  quickly 
deoxidised,  and  consequently  decolorised,  by  sulphurous  acid,  by  neutral  solutions  of 
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Bulphides  and  pentathionates,  and  by  acid  solutions  of  sulphites,  hyposulphites,  tetra- 
thionates,  sulphocyanates  and  nitrites ;  more  slowly  by  trithionates.  Acidulated 
solutions  of  mercurous,  ferrous,  stannous  and  antimonious  salts,  and  acid  solutions  of 
arsenious  acid,  likewise  rapidly  decolorise  a  solution  of  a  permanganate.  A  solution  of 
permanganate  of  potassium  constitutes  a  test-liquid  of  great  use  in  volumetric  analysis, 
as  we  have  already  had  occasion  to  notice  (see  i.  263 ;  ii.  59  ;  iii.  384). 

The  manganates  and  permanganates  likewise  act  very  rapidly  on  organic  matter,  and 
may  therefore  be  employed  as  disinfecting  agents.  Solutions  of  these  salts  have,  in  fact, 
lately  been  prepared  on  the  large  scale  for  this  purpose  by  Mr.  Condy.  Putrid  water 
from  stagnant  pools  is  rapidly  deodorised  by  these  solutions.  Their  freedom  from 
odour  and  perfectly  innocuous  character  render  them  available  for  many  purposes  for 
which  other  disinfectants  cannot  be  used,  as  for  application  to  wounds  and  foetid 
sores :  they  may  also  be  advantageously  used  for  the  purification  of  tainted  provi- 
sions. Qn  the  other  hand,  their  fixed  character  renders  them  less  adapted  for  purifying 
infected  atmospheres  than  the  hypochlorites,  which  evolve  a  gas  capable  of  acting  on 
the  organic  matter  in  the  air.  (See  Hofmann's  Report  on  Chemical  Products  and 
Processes  in  the  International  Exhibition  of  1862.) 

IKANGANTXTXi.     Native  manganic  hydrate  (p.  810). 

iviANGIFERA  GABOTJENSIS.  The  tree  which  yields  the  so-called  Dika 
bread  (ii.  330). 

MANGOLD  WURZEIi.  See  BETA  (i.  582).  On  the  changes  which  take  place 
in  the  composition  of  the  plant  during  its  growth,  see  E.  Hoffmann.  (Bull.  Soc. 
Chim.  de  Paris,  1864,  p.  393.) 

MAia-GpSTXN.  C20H2205.  (W.  Schmid,  Ann.  Ch.  Pharm.  xciii.  83).— A  sub- 
stance contained  in  the  husk  of  the  fruit  of  Garcinia  Mangostana  (ii.  771).  To  obtain 
it,  the  dry  husks  are  boiled  with  water  to  extract  tannin,  then  treated  with  hot  alcohol, 
and  the  alcoholic  extract  is  left  to  evaporate,  whereupon  it  deposits  mangostin  as  a 
yellow  crystalline  substance,  mixed  with  a  large  quantity  of  yellow  amorphous  resin. 
To  remove  the  latter,  the  whole  is  dissolved  in  alcohol,  and  the  solution  is  mixed  with 
sufficient  water  to  render  it  opalescent ;  it  then,  on  cooling,  deposits,  first  the  resin, 
afterwards  the  mangostin  in  small  yellow  laminae.  For  further  purification,  the  alco- 
holic solution  is  precipitated  with  basic  acetate  of  lead ;  the  washed  precipitate  is 
suspended  in  water,  and  decomposed  by  sulphydric  acid ;  the  filtrate  is  mixed  at  the 
boiling  heat  with  water,  till  it  becomes  milky ;  and  the  mangostin  which  separates 
from  it  on  cooling  is  finally  purified  by  crystallising  it  several  times  from  dilute 
alcohol. 

Mangostin  thus  prepared  forms  thin  golden-yellow  laminae,  destitute  of  taste  and 
smell.  It  melts  at  about  190°,  without  loss  of  water,  to  a  dark-yellow  liquid,  which 
solidifies  to  an  amorphous  mass ;  by  a  stronger  heat,  the  greater  part  of  it  is  decom- 
posed, the  remainder  subliming  unaltered.  It  is  insoluble  in  water,  but  dissolves  easily 
in  alcohol  and  in  ether,  forming  neutral  solutions.  "Warm  dilute  acids  dissolve  it 
without  alteration  ;  by  heating  with  strong  nitric  acid,  it  is  converted  into  oxalic  acid. 
Alkalis  dissolve  it  with  yellow  or  brownish  colour.  It  reduces  the  noble  metals  from 
their  solutions :  with  ferric  chloride,  it  forms  a  dark  greenish-black  solution,  the  colour 
of  which  disappears  on  the  addition  of  acids.  It  is  not  precipitated  by  any  metallic 
salt,  excepting  basic  acetate  of  lead.  The  yellow  precipitate  thrown  down  from  the 
alcoholic  solution  by  neutral  acetate  of  lead  and  a  little  ammonia,  gave  by  analysis  (at 
100°),  in  one  experiment,  numbers  agreeing  nearly  with  the  formulae  4C20H2805.5PbO. 

XKAHrXHOTXC  ACID.  An  acid  said  to  have  been  obtained  from  the  root  of 
Jatropha  Manihot ;  it  crystallises  in  prisms,  having  an  acid  taste,  and  forms,  with 
baryta,  lime,  and  magnesia,  neutral,  easily  fusible  salts,  crystallising  in  nodules  ;  but  its 
existence  is  not  well  established.  (Handw.  d.  Chem.  v.  113.) 

XKAXarXXiA  GUM.  A  resin  of  unknown  origin,  resembling  Copal  and  Dammara 
resin.  It  dissolves  for  the  most  part  in  alcohol  of  90  per  cent.,  and  melts  easily,  dif- 
fusing an  odour  like  that  of  the  resin  of  the  Coniferse.  (Buchner.) 

MANIOC.  The  Indian  name  of  the  nutritious  matter  of  Jatropha  Manihot,  from 
which  cassava  and  tapioca  are  made  in  the  West  Indies.  It  has  been  analysed  by 
Pay  en.  (Compt.  rend.  xliv.  401.) 

MANNA.  A  saccharine  juice  which  exudes  from  certain  species  of  ash  and  other 
plants.  It  has  a  strong  smell,  a  sweetish,  slightly  nauseous  taste,  and  acts  as  a  mild 
purgative,  but  is  also  more  or  less  nutritious. 

The  trees  which  yield  the  manna  of  commerce  are  two  species  of  ash  growing  in  the 
•warmer  parts  of  Europe  and  in  the  East,  viz.,  Fraxinus  Ornus,  Linn.,  which  grows  in 
the  South  of  Europe,  in  mountainous  situations,  especially  in  Calabria  and  Sicily ;  and 
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Fraxinus  rotundifolia,  Lamarck,  or  Ornus  rotundifolia,  Persoon — the  round-leaved, 
flowering,  or  manna  ash,  which  grows  in  Calabria  and  in  the  East.  According  to 
Decandolle,  it  is  from  this  latter  tree  that  manna  is  chiefly  obtained.  The  manna  flows 
naturally  from  the  trees,  and  attaches  itself  to  their  sides  in  the  form  of  white  trans- 
parent drops ;  but  the  extraction  of  the  juice  is  facilitated  by  incisions  made  during 
summer. 

The  finest  kind  of  manna  is  called  flake  manna  (Manna  cannulatavel  canellata}. 
It  is  white  or  yellowish- white,  light,  porous  and  friable,  the  fractured  surface  exhibit- 
ing a  number  of  small  capillary  crystals.  Its  odour  somewhat  resembles  that  of 
honey ;  its  taste  is  sweet,  but  afterwards  rather  acrid. 

Inferior  sorts  are :  1.  The  Sicilian  manna,  which  is  the  commonest  in  English  com- 
merce, consisting  of  small,  soft,  round  fragments  of  a  dirty  yellowish-brown  colour, 
intermixed  with  particles  of  dark  flake-manna :  this  kind  contains  many  impurities. 
— 2.  Manna  in  sorts  (in  sortis},  which  may  be  subdivided  into:  a.  Grerace,  which 
approaches  most  nearly  to  flake  manna ;  and,  |8.  Capace,  which  comprises  not  only 
that  from  the  district  so  called,  but  also  that  of  Cinesi  and  Faberetti  in  Sicily ;  it  is 
fatty,  sticky,  and  hard,  though  clearer  in  appearance  than  the  last. — 3.  Manna  calabrina, 
which  stands  between  the  last  two  (o  and  )8),  but  is  now  of  rare  occurrence  in  com- 
merce.— 4.  An  inferior  kind,  known  as  Manna  communis,  is  found  in  the  Neapolitan 
province  of  Capitanata,  on  the  declivities  of  Mount  St.  Angelo.  It  is  not  fatty,  but 
very  damp,  and  is  chiefly  consumed  in  Italy,  and  sent  to  the  Levant.  The  yearly  pro- 
duction of  this  kind  of  manna  amounts  to  more  than  200  tons. 


Analyses  of  Manna. 

According  to  Leuchtweiss.t 


Mannite         .... 

Sugar    ..... 

Mucilage,  with  some  mannite, 
resinous  and  acid  matter, 
and  a  small  quantity  of  nitro- 
genous substance 

Insoluble  matter    . 

Water 

Ash 


42-6 
9-1 


40-0 
0-4 

11-6 
1-3 


ments. 
37-6 
10-3 


40-8 
0-9 

13-0 
1-9 


32-0 
15-0 


42-1 
3-2 

11-1 
1-9 


105-0     104-5     105-3 


According  to  Bucholz.* 

Mannite   .         .         .  60'0 

Fermentable  but  un- 
crystalli  sable  sugar, 
with  colouring  mat- 
ter (purgative  bitter 
matter  ? )  .  .  5'5 

Sweetish  gum   .         .     1'5 

Gummy  extractive     .     0'8 

Fibro-glutinous  mat- 
ter ...  0-2 

Water  and  loss         .  30*0 
~98l) 

There  are  also  several  varieties  of  saccharine  exudations,  known  under  the  name  of 
manna,  not  produced  by  the  ash.  Of  these  Landerer  enumerates  eight,  viz. :  1.  Manna 
laricina,  from  the  leaves  of  Larix  europeea  ;  also  called  BrianQon  manna.  According 
to  Berthelot,  it  contains  melezitose  (q.  v.). — 2.  Manna  cedrina,  from  the  branches  of 
Pinus  cedrus.  This  variety  is  brought  from  Mount  Lebanon,  and  has  great  repute  in 
Syria. — 3.  M.  celastrina. — 4.  M.  quercina. — 5.  M.  australis,  produced  by  Eucalyptus 
resinifera. — 6.  M.  cistina  s.  labdanifera,  a  rare  variety  met  with  in  Greece.  This  is 
derived  from  several  species  of  Cistus,  and  is  called  Cistus  manna. — 7.  M.  Althagnia, 
the  exudation  of  Hedysarum  Alkago,  a  plant  indigenous  in  Arabia,  and  growing  also 
in  the  maritime  districts  of  Greece.  This  manna  is  supposed  to  exude  from  the  Hedy- 
sarum, which  covers  extensive  plains  in  Arabia  and  Palestine,  as  a  result  of  the  wounds 
produced  on  the  plants  by  the  browsing  of  sheep  and  goats.  It  is  used  as  nutriment 
by  the  Arabs,  as  well  as  by  those  who  form  the  caravans  which  cross  the  Desert. 
According  to  Landerer,  it  is  this  variety,  and  not  the  produce  of  the  ash,  which  corre- 
sponds to  the  mel  ex  aerc  of  Pliny,  and  the  humor  melleus  of  Theophrastus. — 8.  Manna 
tamariscina,  called  also  Manna  Israelitarum,  and  believed  by  Landerer  to  be  the  manna 
mentioned  in  the  Old  Testament.  He  informs  us  that  this  exudation  is  produced  by 
the  puncture  of  Coccus  manniferus,  an  insect  inhabiting  the  trees  of  Tamarix  mannifcra, 
which  grow  abundantly  in  the  neighbourhood  of  Mount  Sinai.  The  manna  exudes  as 
a  thick  transparent  syrup,  covering  the  smaller  branches,  from  which  it  flows.  It  is 
collected  by  the  monks  of  the  district  in  the  month  of  August.  The  collection  takes 
place  very  early  in  the  morning,  at  which  time,  owing  to  the  coolness  of  the  night,  the 
saccharine  juice  has  become  to  some  extent  congealed.  The  tamarisk  manna  is  eaten 
in  Palestine,  and  in  the  district  of  Sinai,  as  a  4elicacy,  and  iswsaid  to  be  efficacious  in 
diseases  of  the  chest.  It  is  soluble  in  water  and  alcohol,  and  the  aqueous  solution 


»  Jahrb.  pr.  Pharm.  Ixi.  (1809). 


f  Ann.  Ch.  Pharm.  liii.  124. 
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readily  undergoes  fermentation.  The  alcohol  which  it  yields  has  a  peculiar  odour, 
resembling  that  from  the  fruit  of  Ceratonia  siliqua,  which  contains  butyric  acid.  The 
manna  must  therefore  contain  fermentable  sugar,  in  place  of  mannite  [or  together  with 
the  latter].  (Pereira's  Materia  Medica,  4th  ed.  vol.  ii.  [1]  p.  673.)  According  to  Be  r- 
thelot  (Compt.  rend.  liii.  583),  the  tamarisk  manna  from  Sinai  contains  55  per  cent, 
cane-sugar,  25  inverted  sugar  (ii.  863),  and  20  dextrin,  &c.  ;  manna  from  Kurdistan 
contains  61  per  cent,  cane-sugar,  15 -6  inverted  sugar,  and  22*5  dextrin,  &c. 


[     See  the  next  article,  p.  825. 


IVTAWWITE.  Sugar  of  Manna.  Sugar  of  Mushrooms.  C8H1408. — This  substance 
was  discovered  by  Proust  (Journal  f.  Chem.  u.  Phys.  v.  Grehlen,  ii.  83),  and  has  been 
investigated  by  many  chemists,  including,  among  others,  Liebig,  Fremy,  Strecker, 
Berthelot,  Wanklyn,  Erlenmeyer,  and  Linnemann.  (For  references,  see  Gmelin's 
Handbook,  xv.  356.) 

The  following  plants  and  parts  of  plants  contain  mannite  ready  formed:  the  roots 
of  Aconitum  Napcllus ;  of  celery,  from  Apium  graveolens  ;  of  Meum  athamanticum ; 
of  (Enanthe  crocata ;  of  Polypodium  vulgare ;  of  Scorzonera  Hispanica  ;  the  root- 
bark  of  Tunica  Granatum  [constituting  Latour's  Granatiri] ;  the  roots  of  Triticum 
repens.  The  bark  of  Canella  alba  contains  about  8  per  cent,  of  mannite;  that  of 
Fraxinus  excelsior  contains  mannite.  The  leaves  and  young  twigs  of  Syringa  vul- 
garis  contain  mannite  [which,  mixed  with  Lilacin,  constitutes  Bernays'  Syringin:  also, 
the  leaves  of  Ligustrum  vulgare ;  celery-leaves ;  the  foliage  of  Cocos  nucifera ;  the 
fr  u  i  t  of  Laurus  Persea,  of  Cactus  opuntia.  Coffee-beans  contain  mannite,  according 
to  Dobereiner.  Ergot  of  one  year  contained  mannite,  that  of  another  year  mycose. 
Many  fungi  contain  mannite.  On  alg&  there  is  often  found  an  efflorescence  of  mannite, 
which,  according  to  Stenhouse,  may  also  be  obtained  from  the  dry  algae  ;  according  to 
Phipson,  mannite  does  not  exist  in  fresh  algae,  but  is  formed  from  vegetable  mucilage 
by  fermentation.  It  is  formed  very  abundantly  during  the  viscous  fermentation  of 
sugar,  and  to  a  greater  or  less  extent  during  fermentation  generally.  In  the  trans- 
formation of  starch  into  glucose  by  boiling  with  dilute  sulphuric  acid,  it  is  also  formed 
as  a  secondary  product.  Finally,  Linnemann  (Ann.  Ch.  Pharm.  cxxiii.  136)  has 
obtained  it  by  the  action  of  sodium-amalgam  on  glucose. 

Mannite  is  usually  prepared  from  manna,  which  is  treated  with  boiling  alcohol,  and 
the  alcoholic  solution  allowed  to  crystallise.  On  cooling,  mannite  is  deposited.  It  is 
purified  by  recrystallisation,  and  appears  to  be  very  easily  obtainable  in  a  high  state 
of  purity. 

Mannite  crystallises  in  thin  four-sided  prisms,  which  sometimes  grow  to  a  consider- 
able size.  One  of  the  characteristics  of  mannite  is  the  ease  with  which  it  may  be 
crystallised  from  its  solution  in  water  or  in  alcohol.  The  crystals  contain  no  water 
of  crystallisation,  and  are  but  very  slightly  hygroscopic. 

At  18°,  1  pt.  of  mannite  dissolves  in  6£  pts.  of  water.  At  15°,  1  pt.  of  mannite 
dissolves  in  80  pts.  of  alcohol  (specific  gravity  0-898),  and  in  1,400  pts.  of  absolute 
alcohol.  In  boiling  alcohol,  it  is  much  more  soluble.  In  ether,  it  does  not  dissolve  at  all. 

An  aqueous  solution  of  mannite  does  not  become  syrupy  on  being  spontaneously 
evaporated ;  in  this  respect  it  differs  strikingly  from  a  solution  of  sugar.  It  is  only 
slightly  sweet  to  the  taste.  It  does  not  exert  any  action  on  polarised  light. 

Mannite  differs  from  sugar  in  its  power  of  resistance  to  the  action  of  heat.  It  melts 
between  160°  and  165° ;  at  about  200°  it  begins  to  boil,  and  may  be  distilled  with 
very  little  decomposition,  even  at  the  ordinary  atmospheric  pressure.  In  sealed  tubes 
it  will  bear  a  heat  of  250°  without  suffering  much  decomposition  ;  at  higher  tempera- 
tures it  carbonises. 

It  does  not  ferment  except  under  very  unusual  conditions.     It  does  not  reduce  oxide  ' 
of  copper  to  the  state  of  suboxide  ;  but  hinders  the  precipitation  of  sulphate  of  copper 
by  the  fixed  alkalis,  causing  the  formation  of  a  beautiful  blue-purple  solution  instead. 
It  may  be  boiled  with  solution  of  potash  without  imparting  a  brown  colour  to  the 
solution. 

The  composition  of  mannite  was  determined  some  years  ago  by  Liebig,  who  fixed 
upon  the  formula  which  is  at  present  admitted ;  but,  as  was  shown  a  short  time  ago 
(Proceed.  Roy.  Soc.  Edinburgh,  1861-62 ;  Ann.  Ch.  Pharm.  cxxiii.  372  ;  Chem.  Soc.  J., 
xvi.  221),  this  must  have  been  by  accident;  for,  until  quite  recently,  nothing  was 
known  about  mannite  which  could  lead  to  the  adoption  of  one  rather  than  another  of 
three  or  four  formulae,  each  of  them  equally  probable. 

The  close  analogy  subsisting  between  mannite  and  glycerin  was  shown  by  Berthelot 

(Chimie  organigue  fondee  sur  la  Syn these,  par  M.  Berthelot),  who  obtained  a  great 

variety  of  salts  of  mannite  by  heating  a  mixture  of  mannite  with  different  acids  to  a 

temperature  of  between  200°  and  250° :  nitro-mannite,  which  is  really  the  nitrate  of 
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the  series,  had  been  previously  discovered  by  Flores  Domonte  and  Menard  (1847),  and 
then  investigated  by  Strecker. 

The  connection  between  mannite  and  the  hexylic  group  was  shown  by  Wanklyn  and 
Erlenmeyer  in  1861,  by  the  conversion  of  mannite  into  iodide  of  hexyl,  by  means  of 
Taydriodic  acid: 

C6H8(HO)6  +   11HI     =     C6H"I   +   6H'0   +   5I2. 

Mannite. 

By  this  transformation  the  formula  of  mannite,  which  up  to  that  time  was  doubtful, 
was  fixed  with  certainty. 

The  chemical  character  of  mannite  is  that  of  a  polyatomic  alcohol :  it  is  a  hex-atomic 
alcohol : 


Or,  it  may  be  regarded  as  hydride  of  hexyl  in  which  6  atoms  of  peroxide  of  hydrogen 
replace  6  atoms  of  hydrogen : 

C6H8(HO)6 :  type,  C«H14. 

It  is  closely  related  to  the  sugars,  glucose  becoming  mannite  when  acted  upon  by 
nascent  hydrogen,  whether  that  hydrogen  be  a  product  of  fermentation  or  of  the  action 
of  sodium-amalgam  on  water: 

C6H1208   +   H2     =     C6H140«. 

Glucose.  Mannite. 

Glucose  is  probably  derived  from  the  hydrocarbon  C6H12,  being  C6H6(HO)8. 

On  being  heated  to  a  temperature  of  200°,  mannite  loses  water  and  passes  into 
mannitan  (Berthelot): 

C«H1406  -  H20     =     C6H120S. 

This  conversion  seems  to  be  partial.  Mannite  is  likewise  converted  into  mannitan 
by  prolonged  boiling  with  strong  hydrochloric  acid. 

When  mannite  is  oxidised  with  nitric  acid,  it  is  converted  into  saccharic  acid, 
and  not  into  mucic  acid :  on  pushing  the  oxidation  further,  oxalic  acid  is  obtained. 

Fusion  with  caustic  potash  causes  disengagement  of  hydrogen,  and  production  of  for- 
mate, acetate,  and  propionate  of  potassium.  Distilled  with  lime,  it  appears  to  give 
acetone. 

With  fuming  nitric  acid,  or  better  with  a  mixture  of  nitric  and  sulphuric  acids,  it 
gives  nitro-mannite,  C6H8(N08)6. 

With  sulphuric  acid  it  gives  a  coupled  acid,  sulpho-mannitic  acid : 

(C6H8)*H306.(S02)SHS08. 

Heated  for  some  hours  to  a  little  over  200°  with  organic  acids,  it  forms  salts  which 
bear  a  considerable  resemblance  to  the  fats.  (Berthelot.) 

When  it  is  heated  with  bromide  of  ethyl  and  potash,  it  furnishes  ethyl-mannite. 

According  to  Berthelot,  when  it  is  kept  for  several  weeks  in  contact  with  water,  chalk 
and  cheese,  or  other  protein-compound,  at  a  temperature  of  40°,  it  gives  rise  to  alcohol, 
carbonic,  lactic,  butyric  and  acetic  acids,  and  hydrogen :  at  the  same  time  there  is  no 
production  of  yeast,  and  no  fat,  nor  glycerine  nor  sugar.  If  a  slit  testicle  be  employed 
as  a  ferment,  then  there  is  production  of  sugar. 

Inasmuch  as  glycerin  has  been  produced  artificially  from  a  derivative  of  propylene, 
viz.,  from  CsH5Br8,  there  is  reason  to  expect  that  mannite  will  be  made  from  a  deriva- 
tive of  hexylene.  Up  to  the  present  time,  however,  the  synthesis  of  mannite  has  not 
been  realised. 

Salts  of  Mannite. — In  Berth elot's  Chemie  organique,  $c.,  a  number  of  organic 
salts  of  mannite  are  described,  i.  e.,  acetate,  butyrate  and  dibutyrate,  palmitate, 
stearate,  oleate,  benzoate,  and  tribenzoate.  They  are  prepared  in  general  by  heating 
mannite  or  mannitan  with  the  acid  to  a  temperature  ranging  between  200°  and  250° 
for  from  12  to  15  hours.  At  the  end  of  this  process  more  or  less  of  the  salt  is  found. 
In  order  to  purify  the  salt,  the  crude  product  is  treated  with  excess  of  an  alkali 
(baryta  or  carbonate  of  sodium)  which  combines  with  the  acid  that  has  not  been  used 
up  by  the  mannite  or  mannitan,  but  does  not  attack  the  organic  salt  which  has  been 
produced.  Ether  is  then  added  and  dissolves  the  salt.  The  ethereal  solution,  on  being 
evaporated,  yields  the  salt,  which  is  an  oil  or  a  fat  according  to  acid  employed. 

Of  the  salts  above  mentioned  the  butyrate  appears  to  be  the  easiest  to  prepare ;  but 
in  all  cases  only  a  portion  of  the  mannite  or  mannitan  undergoes  conversion  into  a 
salt.  There  is  the  closest  resemblance,  both  physically  and  chemically,  between  the 
salts  of  glycerin  and  these  salts  of  mannite. 

Berthelot  regards  these  salts  as  derivatives,  not  of  mannite,  C6HM06,  but  of  mannitan, 
C8HI205.  Their  formulae  (given  under  ETHEBS,  ii.  521)  require  confirmation. 
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Derivatives  of  Mannite. 

Mannide.  C6H1004  =  C«HH08  -  2H20.— Discovered  by  Berthelot,  who  obtained 
it  by  acting  upon  mannite  with  butyric  acid.  It  constitutes  a  syrup,  which  is  at  first 
sweet  to  the  taste,  and  afterwards  bitter.  It  is  very  soluble  in  water  and  in  absolute 
alcohol,  even  in  the  cold. 

A  remarkable  circumstance  connected  with  it  is  its  volatility.  It  is  sensibly  volatile 
at  100°,  and  evaporates  rapidly  at  140°. 

It  is  highly  deliquescent,  passing  gradually  into  mannite  when  it  is  exposed  to  a 
moist  atmosphere.  Exposed  in  an  open  vessel  to  the  air  in  the  usual  state,  it 
absorbs  as  much  as  40  per  cent,  of  moisture,  whilst  in  air  saturated  with  moisture,  it 
will  sometimes  take  up  as  much  as  80  per  cent. 

Mannide  is  not  an  ether,  but  a  derivative  of  the  hydrocarbon  C8HW,  viz., 
C6H6(HO)4. 

IVlannitan.  C6H1805.— Discovered  by  Berthelot.  Obtained,  but  only  in  small 
quantity,  by  heating  mannite  to  about  200°.  A  better  method  of  preparation  is  by 
the  long-continued  boiling  of  mannite  with  strong  hydrochloric  acid ;  or  by  the  saponifi- 
cation  of  a  salt  of  mannite.  It  is  a  curious  fact,  that  the  salts  of  mannite  always 
give  mannitan  on  saponification,  the  mannitan  passing  subsequently  more  or  less 
completely  into  mannite. 

Mannitan  is  a  syrup  with  a  slightly  sweetish  taste.  It  may  be  very  readily 
distinguished  from  mannite  by  its  solubility  in  absolute  alcohol,  which  thus  affords  a 
means  of  effecting  a  separation  of  these  two  substances.  It  is  very  soluble  in  water, 
but  insoluble  in  ether. 

On  being  exposed  for  a  length  of  time  to  the  atmosphere,  it  undergoes  a  very  partial 
conversion  into  mannite.  Boiling  with  alkalis  or  dilute  acids  accelerates  this  change. 

When  heated  above  140°,  it  partly  volatilises. 

"With  respect  to  its  rational  constitution,  it  appears  to  the  writer  of  this  article  that 
mannitan  is  not  an  ether  of  mannite.  It  would  seem  rather  to  be  derived  from  a 
lower  hydrocarbon : 

Mannite  being  derived  from  C6H14,  i.  e.,  CGH8(HO)6. 
Mannitan  „  from  C6H12,  *.  e.,  C6H7(HO)5. 

The  ease  with  which  hexylic  compounds  pass  into  hexylene  is  again  encountered  in  the 
mannite  compounds,  which  are  hexyl-compounds  that  have  suffered  replacement  of 
hydrogen  by  peroxide  of  hydrogen.  (See  HEXYX-COMPOUNDS.) 

»  itro-mannite.  C6H8(N03)6. — Prepared  by  treating  mannite  with  the  strongest 
nitric  acid  and  sulphuric  acid.  It  forms  beautiful  fine  white  acicular  crystals,  insoluble 
in  \vater5  but  soluble  in  alcohol  or  ether.  It  explodes  very  violently  on  being  struck 
with  a  hard  substance.  If  carefully  heated,  it  may  be  decomposed  without  explosion ; 
but  when  it  is  suddenly  heated,  it  explodes,  but  not  with  great  violence.  It  seems  to 
suffer  spontaneous  decomposition  on  being  kept  for  a  long  time. 

It  has  been  proposed  to  use  nitro-mannite  for  charging  percussion-caps,  but 
apparently  without  success. 

A  reaction  of  nitro-mannite  which  is  of  considerable  theoretical  interest  is  that  with 
sulphide  of  ammonium,  by  which  reagent  it  is  converted,  not  into  a  nitrogenous 
organic  base,  but  into  mannite. 

Sulpho-mannitic  acid  (C6H14063S03).  A  kind  of  mannite-sulphovinic  acid,  is 
formed  by  the  action  of  strong  sulphuric  acid  upon  mannite.  A  barium-salt, 
C6H11Ba9063SO:i,  and  other  salts  of  this  acid,  have  been  obtained.  J.  A.  W. 

XVEAmriTXC  ACID.  C6HI207. — An  acid  produced,  together  with  mannitose,  by 
the  oxidation  of  mannite  under  the  influence  of  platinum-black ;  it  was  first  observed 
by  Dobereiner,  and  more  completely  investigated  by  Gorup-Besanez  (Ann.  Ch. 
Pharm.  cxviii.  257).  To  prepare  it,  mannite  is  mixed  with  twice  its  weight  of  pla- 
tinum-black ;  and  the  mixture,  moistened  with  water,  is  exposed  to  a  temperature  not 
exceeding  30°  or  40°  at  the  utmost,  as  long  as  it  contains  any  undecomposed  mannite 
(about  three  weeks  for  20  or  30  grains  of  mannite).  The  mass  is  then  exhausted  with 
water ;  the  solution  precipitated  with  basic  acetate  of  lead ;  the  well- washed  precipi- 
tate decomposed  by  sulphydric  acid ;  and  the  solution  is  evaporated,  first  over  the 
water-bath,  then  in  the  cold  over  sulphuric  acid. 

Mannitic  acid  is  not  crystalh'sable,  but  forms  a  gummy  mass,  soluble  in  water  and 
in  alcohol,  nearly  insoluble  in  etfcer.  It  reduces  cuprous  oxide  from  an  alkaline 
cupric  solution,  and  throws  down  metallic  silver  from  the  nitrate. 

The  mannitates  have  not  yet  been  obtained  in  the  crystalline  form.  The  compo- 
sition of  the  salts  analysed  by  Gorup-Besanez  corresponds  with  the  formula  C6HIOM707. 
The  calcium-salt,  C8H10Ca"07,  is  precipitated  from  its  aqueous  solution  by  alcohol. 
Th3  copper-salt,  C6H'°Ou''07,  remains  as  a  green  amorphous  mass  when  its  aqueous 
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solution  is  evaporated.  The  lead-salt,  C6H'°Pb"07,  separates  on  cooling  from  the  solu- 
tion obtained  by  boiling  mannitic  acid  with  lead-oxide.  The  silver-salt,  C6HIOAg207, 
separates  as  a  greenish-yellow  precipitate  on  mixing  a  concentrated  solution  of  the 
calcium-salt  with  nitrate  of  silver. 

IVIANNITOSE.  C6HI208. — A  kind  of  sugar,  isomen'c  with  glucose,  produced, 
together  with  mannitic  acid,  in  the  oxidation  of  mannite  under  the  influence  of  platinum- 
black  (Gorup-Besanez,  loc.  cit.\  It  is  fermentable,  but  does  not  act  on  polarised 
light.  It  exhibits,  with  alkalis,  alkaline  cupric  solutions,  basic  nitrate  of  bismuth, 
carbonate  of  sodium,  and  other  reagents,  the  same  behaviour  as  dextro-glucose  (ii.  860), 
but  does  not  unite  with  chloride  of  sodium ;  its  alcoholic  solution  mixed  with  alco- 
holic potash  containing  11  '27  per  cent,  potash,  forms  a  semifluid  yellow  precipitate, 
corresponding  with  the  formula  K20.2C6H1208.  (Gmelin's  Handbook,  xv.  339.) 

IVTATJURE.  Dhnger.  Engrais. — This  term,  in  its  widest  signification,  is  appli- 
cable to  any  material  used  in  agriculture  and  horticulture  for  the  purpose,  and  with 
the  effect,  of  accelerating  vegetation,  or  of  increasing  the  production  of  cultivated  plants. 
In  a  usual  and  more  limited  sense,  it  signifies  the  accumulated  refuse  of  the  dwell- 
ings, stables,  and  cattle-yards  of  a  farm — including  animal  excreta,  decaying  remains  of 
plants,  &c.  (See  Voelcker,  1856-9,  Journal  of  the  Royal  Agricultural  Society  of 
England,  xvii.  191;  xviii.  Ill;  xix.  112;  xx.  134;  On  the  Composition  of  Farm- 
yard Manure. — Lawes,  1862  ibid,  xxiii.  45.)  Burnt  lime,  marl,  clay,  gypsum,  &c. 
are  also  commonly  used  as  manure. 

In  addition  to  these  kinds  of  manure  which  are  produced  upon  the  farm  as  the 
result  of  its  internal  economy,  or  obtained  in  the  immediate  neighbourhood  of  the  land 
to  which  they  are  applied,  a  variety  of  other  materials  are  employed  for  the  same  pur- 
pose, under  the  name  of  artificial  manure.  These  materials  are  chiefly  obtained  by 
the  farmer  from  extraneous  sources,  and  sometimes  from  considerable  distances,  accord- 
ing to  their  value.  They  comprise  guano  (ii.  952),  bones  (i.  619),  prepared  phosphatic 
minerals  (APATITE,  i.  348 ;  COPKOLITES,  i.  82),  ammonia-salts,  nitrates,  the  refuse  of 
slaughter-houses  and  of  various  manufactures ;  fish,  sea-weed,  &c. ;  the  refuse  of  towns, 
in  the  form  either  of  night-soil  or  sewage  ;  and  artificial  saline  mixtures.  (See  Ure'  s 
Dictionary  of  Arts,  Manufactures,  and  Mines,  iii.  36  et  seq.  ;  also  Way  1849,  Journ. 
Roy.  Agric.  Soc.  Eng.  x.  196 — Composition  and  Value  of  Guano,  1851,  Ib.  xii.  204 — 
On  Superphosphate  of  Lime,  1856,  Ib.  xvi.  533 — Value  of  Artificial  Manures. — 
Voelcker,  1861-2,  Ibid.  xxi.  350;  .xxiii.  277 — Chemical  Composition  and  Commer- 
cial value  of  Phosphatic  Manures  and  Artificial  Manures.) 

The  fertilising  influence  of  manure  is  a  fact  which  has  been  established  by  universal 
experience  wherever  the  cultivation  of  plants  has  been  practised.  In  agriculture — 
considered  as  that  branch  of  industry  which  is  concerned  in  the  manufacture  of  food 
for  man  and  domesticated  animals,  and  therefore  the  most  important  art  of  civilised 
life — manure  may  be  regarded  as  being,  to  a  great  extent,  the  raw  material  employed. 
A  complete  knowledge  of  the  causes  to  which  the  efficacy  of  manure  is  due,  and  of  the 
mode  in  which  it  acts,  would  comprise  the  whole  chemistry  of  agriculture.  The  right 
management  of  the  manure  naturally  resulting  from  systematic  agriculture  is  the 
basis  on  which  rests  the  profitable  practice  of  the  art,  the  fundamental  principle  which 
should  regulate  all  the  operations  of  the  farm,  and  determine  all  their  details.  It  is 
only  by  means  of  such  knowledge  that  it  can  be  possible  to  modify  and  improve  the 
method  of  culture,  or  to  make  a  right  selection  and  use  of  other  materials,  besides  the 
natural  manure  of  the  farm,  with  the  object  of  augmenting,  artificially,  the  produce  of 
land,  by  rendering  effective,  in  a  higher  degree,  the  natural  sources  of  fertility. 

The  principles  involved  in  the  action  of  manure  are  to  some  extent  deducible  from 
that  knowledge  of  the  general  phenomena  of  vegetation  which  has  been  acquired 
chiefly  within  the  present  century,  and  has  begun  to  assume  consistency  and  system 
only  within  the  last  five-and-twenty  years.  The  data  upon  which  that  know- 
ledge is  founded  were  contributed  chiefly  by  the  successive  researches  of  Priestley, 
Ingenhousz,  Sennebier,  Woodhouse,  Saussure,  and  Davy.  But  though 
they  afforded  materials  for  a  view  of  the  chemistry  of  vegetation,  more  correct  than 
that  which  considered  decaying  animal  and  vegetable  substances  as  the  chief  food  of 
plants,  they  were  but  little  regarded;  and  though  the  researches  of  Saussure  were 
conducted  with  special  reference  to  agricultural  practice,  still  the  humus  theory  of 
plant-nutrition  held  its  ground,  and  was  adopted  by  Davy  in  his  lectures  on  the 
"Elements  of  Agricultural  Chemistry,"  delivered  before  the  Board  of  Agriculture 
between  1802  and  1812.  In  those  lectures  he  did  little  more  than  state  the  general 
problem  to  be  solved  in  the  application  of  chemistry  to  agriculture,  and  insist  upon  the 
important  relation  between  the  science  and  the  art ;  but  they  afford  some  remarkable 
illustrations  of  the  correct  appreciation  of  natural  facts  which  was  characteristic  of  his 
genius.  (Priestley,  1772,  Phil.  Trans.  72;  Ixii.  157-200. — Ingenhousz,  1779, 
Experiments  on  Vegetables,  $c.;  1782.  Phil.  Trans.;  1784,  Sur  1'Economie  de  Vege- 
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t;mx,  Jour.  Phys.  xxiv. ;  1798,  Essay  on  the  Food  of  Plants  and  the  Renovation  of 
Soils. — Hassenfratz,  1792,  Jour.  Phys.  xiii.,  xiv.  Sur  la  Nutrition  des  V£ge- 
taux. — Kir-wan,  1794,  Trans.  Roy.  Irish  Acad.  v.  123.  What  are  the  manures  most 
advantageously  applicable  to  various  sorts  of  soils,  and  what  are  the  causes  of  the  bene- 
ficial effect  in  particular  instances? — Sennebier,  1800,  Physiologie  vegetale,  $c. — 
Woodhouse,  1802,  Nicholson's  Journ. — Saussure,  1804,  Recherches  chimiques  sur 
la  Vegetation. — Davy,  Collected  Works,  vii.,  viii.) 

Following  in  the  track  of  Saussure's  researches,  Boussingault  entered  upon 
the  study  of  the  same  subject,  conducting  his  experiments  on  a  much  larger  scale,  and 
with  a  more  direct  relation  to  agricultural  practice  than  had  hitherto  been  attempted. 
In  this  country,  Lawes  was  also  led,  by  the  suggestive  work  of  Saussure,  to  study 
the  effects  of  various  earthy  and  saline  substances  upon  the  growth  of  different  plants, 
and  the  researches  of  both  have  been  continued  to  the  present  time.  Boussingault's 
first  memoirs  on  the  subject  were  published  in  1836,  and  in  the  year  1839  he  had  made 
known  results  of  his  investigations,  which — besides  establishing  the  composition  of 
the  most  important  kinds  of  agricultural  produce ;  the  efficacy  of  various  materials  in 
feeding  animals,  and  the  general  relations  between  the  composition  of  the  crops  obtained 
and  the  manure  used  in  the  ordinary  routine  of  practice  in  his  locality — had  led  him  to 
adopt  the  conclusions,  that  the  carbon  and  nitrogen  obtained  in  the  several  crops  com- 
prised in  a  rotation,  amounted  to  much  more  than  was  contained  in  the  manure  supplied 
within  the  same  time;  and  consequently,  that  those  constituents  must  be  derived  in 
some  way  from  the  atmosphere  during  vegetation;  that  those  alternations  of  crops 
which  admitted  of  accumulations  of  carbon  and  nitrogen  being  gathered  from  the 
atmosphere,  and  conserved  upon  the  farm  most  largely,  in  the  form  of  manure,  were 
the  most  advantageous ;  that  certain  plants  were  better  fitted  for  this  purpose  than 
others ;  and  that  the  value  of  manure  was,  to  a  great  extent,  indicated  by  the  amount 
of  ammonia  or  nitrogen  which  it  contained.  (See  Boussingault,  1836,  Ann.  Chim. 
Phys. ;  Eecherches  sur  la  quantite  d' Azote  contenu  dans  les  Fourrages,  et  sur  leur 
Equivalens,  Ixiii.  225-244,  1838,lxvii.  408-421 ;  Examen  comparatif  des  Circonstances 
meteorologiques  sous  lesquelles  vegetent  certaines  Plantes  alimentaires,  a  1'equateur  et 
sous  la  zone  tempere,  ib.  337-358  ;  1837,  Des  Influences  meteorologiques  sur  la  Culture 
de  la  Vigne,  Ixiv.  174  ;  Memoire  sur  la  quantite  de  Gluten  contenue  dans  les  Farines  de 
plusieurs  especes  de  Froment  cultivees  dans  le  meme  sol,  Ixv.  301 ;  De  la  Discussion  de  la 
valeur  relative  desAssolements  par  1' analyse  elementaire,  Gompt.  rend.  vii.  1149;  viii.  54.) 

Ingenhousz  and  Saussure  had  already  adopted  the  opinion  that  the  carbon  of 
plants  was,  to  a  great  extent,  derived  from  the  atmospheric  carbonic  acid ;  and  the  same 
view  had  been  put  forward  by  Brongniart,  in  reference  to  the  origin  of  the  coal  strata, 
as  more  probable  than  the  humus  theory.  (Brongniart,  1837,  Gompt.  rend.,  Con- 
siderations sur  la  Nature  des  Vegetaux  qui  ont  couvert  la  surface  de  la  Terre  aux 
diverses  epoques  de  sa  formation,  v.  403-415.) 

But  it  was  not  until  the  year  1840  that  a  comprehensive  theory  of  plant-nutrition 
was  propoimded  by  Liebig,  with  such  perspicuity  and  force  as  to  excite  universal 
attention.  The  fundamental  proposition  of  that  theory  was,  that  the  food  of  plants, 
the  materials  from  which  the  chief  mass  of  their  substance  is  produced  in  vegetation,  con- 
sists solely  of  carbonic  acid,  water,  and  ammonia.  The  chemical  arguments  by  which 
this  view  was  supported,  in  opposition  to  the  prevailing  opinion,  that  plants  derived 
their  carbon,  hydrogen,  oxygen,  and  nitrogen  from  humus,  and  from  other  vegetable 
and  animal  substances,  were  conducted  in  such  a  convincing  and  logical  manner,  that 
Liebig  has  been  generally  regarded  as  being  entitled  to  the  same  honour  in  the 
establishment  of  this  theory  of  plant-nutrition,  as  if  the  data  on  which  it  was  based 
had  altogether  originated  with  himself.  Liebig's  researches  on  the  phenomena  of  the 
decay  of  animal  and  vegetable  materials  afforded,  together  with  the  existing  knowledge  of 
the  phenomena  of  animal  life,  the  most  conclusive  evidence  that  the  ultimate  products  of 
those  processes  were  carbonic  acid,  water,  and  ammonia,  precisely  those  materials 
constituting  the  chief  food  of  plants.  Moreover,  these  substances  cannot  be  com- 
bined, in  any  way,  so  as  not  to  contain  a  far  greater  amount  of  oxygen  than  the 
substances  of  which  plants  collectively  consist,  and  which  are  produced  in  vegetation. 
This  fact  showed  that  elimination  of  oxygen  was  a  necessary  feature  of  vegetation, 
and  threw  an  entirely  new  light  upon  the  known  constitution  of  the  atmosphere  and 
the  decomposition  of  carbonic  acid  by  growing  plants ;  at  once  establishing  a  most 
remarkable  relation  between  the  phenomena  of  vegetation  and  of  animal  respiration,  and 
demonstrating  the  essential  interdependence  of  the  processes  of  animal  and  vegetable  life. 

From  the  fact  that  the  food  of  animals  is  provided  exclusively  by  the  vegetable 
kingdom,  either  directly,  in  the  form  of  corn,  roots,  fruit,,  &c. ;  or  indirectly,  through 
the  medium  of  animal  life,  as  the  flesh  of  herbivorous  animals,  the  importance  of  a 
knowledge  of  the  chemistry  of  vegetation,  in  reference  to  the  cultivation  of  plants  as 
a  source  of  food  for  animals,  is  self-evident.  Consequently,  Liebig's  exposition  of 
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his  theory  of  plant-nutrition  had  especial  reference  to  the  practice  of  agriculture,  just 
as  the  researches  of  Saussure,  Boussingault,  Lawes,  and  others,  had  been  prose- 
cuted in  the  same  direction ;  and  it  was  developed,  in  its  application,  into  a  theory  of  agri- 
culture. (Lie big,  1840,  Chemistry  in  its  Applications  to  Agriculture  and  Physiology.') 

In  order  to  illustrate  fully  the  chemistry  of  manures,  and  the  principles  involved  in 
their  use,  as  well  as  in  the  general  routine  of  agricultural  practice,  it  will  be  necessary 
to  give  a  brief  statement  of  the  general  features  of  the  chemistry  of  vegetation,  con- 
sidered from  an  abstract  point  of  view,  so  far  as  the  present  knowledge  of  that  subject 
will  permit ;  then  to  describe  the  conditions  which  exercise  the  chief  determining 
influence  upon  vegetation,  in  regard  to  the  object  appertaining  to  agriculture  generally, 
and  the  di&erent  means  adopted  for  the  attainment  of  that  object,  according  to  the 
modification  it  receives  by  the  various  special  circumstances  under  which  the  art  is 
practised. 

The  ultimate  result  of  the  growth  and  development  of  plants  consists  in  the  pro- 
duction of  a  number  of  oxygenated  and  nitrogenous  hydrocarbon  compounds : — starch, 
sugar  (ii.  855),  gum  (ii.  953),  lignin  (i.  818),  fat  (ii.  616),  albumin  (i.  69),  gluten 
(ii.  873),  legumin  (iii.  568),  fibrin  (ii.  643),  &c.,  which,  in  some  form  of  subordinate 
modification,  are  universal  constituents  of  all  plants  ;  and  a  great  variety  of  other 
analogous  substances,  which  are  special  constituents  of  particular  plants  or  of  particular 
plant-organs. 

The  chief  mass  of  the  solid  portion  of  plants  consists  of  these  substances ;  it  is  the 
main  function  of  vegetation  to  produce  them,  and  thus  to  provide  food  for  animals. 
(See  NUTRITION.) 

These  constituents  of  plants  were  formerly  termed,  in  a  chemical  sense,  "  organic  " 
substances,  in  conformity  with  the  opinion  that  they  could  be  produced  only  by  the 
plant-organism,  under  the  influence  of  vital  action  ;  and  that  they  were  totally  distinct, 
in  their  chemical  nature,  from  the  compounds  producible  artificially,  and  from  those 
belonging  to  the  mineral  kingdom,  which  were  termed  "inorganic"  to  distinguish  them 
chemically  from  the  proximate  constituents  of  organised  bodies — either  plants  or 
animals — and  from  the  derivatives  of  those  compounds.  Modern  chemistry,  however, 
has  discarded  that  opinion,  and  with  it  the  use  of  the  terms  organic  and  inorganic,  as 
expressive  of  a  distinction  which  no  longer  represents  a  recognised  difference ;  but 
the  term  "organic"  is  still  conveniently  applied  to  the  constituents  of  plants  and 
animals  without  involving  such  a  distinction.  (Grerhardt,  1853,  Traite  de  Chimie 
organique,  i.  1-6.) 

The  materials  from  which  the  proximate  constituents  of  plants  are  produced  in  vege- 
tation are  few.  According  to  the  present  state  of  knowledge,  carbonic  acid  is  the  prin- 
cipal source  of  the  carbon ;  but  in  the  case  of  some  plants,  a  further  portion  of  carbon 
may  possibly  be  derived  from  other  carbon-compounds.  (See  HUMUS,  iii.  76,  and  ULMIN.) 
"Water  is  the  source  of  hydrogen  and  oxygen,  while  nitrogen  is  derived  chiefly  from  am- 
monia; to  some  extent  also  from  nitric  acid;  possibly  from  nitrogenous  substances  ana- 
logous to  humus,  and  from  the  elementary  nitrogen  of  the  atmosphere;  but  whether 
directly  or  indirectly,  or  even  at  all,  has  not  been  ascertained.  The  preponderance  of 
evidence  is  in  favour  of  the  opinion  that  elementary  nitrogen  is  not  directly  assi- 
milated by  plants.  See  on  this  subject:  Saussure,  1804,  Eecherches  &c. — Davy, 
Collected  Works,  vii.,  viii.; — Boussingault,  1838,  Ann.  Chim.  Phys.  Ixvii.  1-54, 
Ixix.  353-367 ;  Kecherches  chimiques  sur  la  Vegetation,  entreprises  dans  le  but  d'ex- 
aminer  si  les  Plantes  prennent  de  1'azote  a  1'atmosphere,  1854  [3]  xli.  1-60;  1855, 
xliii.  149-223  ;  1856,  xlii.  1-41 ;  1858,  Compt.  rend,  xlvii.  807  ;  1838,  Compt.  rend.  vi. 
129;  1839,  vii.  889.— Liebig,  1840,  Chemistry,  $c.— Mulder,  1845,  The  Chemistry 
of  Vegetable  and  Animal  Physiology. — Gr.  Ville,  1853,  Eecherches  exper.  sur  la  Vege- 
tation; 1856,  Compt.  rend.  xlii.  679;  xliii.  85,  143,  612. — Mene,  1851,  Compt.  rend. 
•g-nm,  180,  770.— Eoy,  1854,  Compt.  rend,  xxxix.  1133.— Cloez  and  Gratiolet, 
1850-5,  Compt.  rend.  xli.  775,  935. — De  Luca,  1856,  Compt.  rend,  xliii.  865. — 
Harting,  1855,  Compt.  rend.  xli.  942.— Petzholdt,  J.  pr.  Chem.  Ixv.  101-105.— 
Lawes,  G-ilbert,  and  Pugh,  1862,  On  the  Sources  of  Nitrogen  in  Vegetation,  Phil. 
Trans,  for  1861,  p.  431  et  seq.  and,  1863,  Journ.  Chem.  Soc.  (2)  I.  100. — Lehmann, 
Physiological  Chemistry,  Cavendish  Soc.  iii.  178. — Mo  hi,  The  Vegetable  Cell,  by 
Henfrey,  pp.  77-88. 

Among  the  substances  above  named,  carbonic  acid,  water,  and  ammonia  constitute 
the  chief  materials  of  plant-food ;  and  since  it  is  from  them  that  the  organic  constitu- 
ents of  plants  are  principally  produced  in  vegetation,  they  have  been  sometimes  called 
the  "organic  materials  of  plant-food "  (Quarterly  Review,  Ixix.  336;  Schleiden,  The 
Plant,  p.  173).  Under  natural  conditions,  these  substances  are  constantly  supplied  to 
plants  by  the  atmosphere  (i.  437-439),  which  contains  them  in  small  proportion,  but  in 
large  aggregate  quantity,  continually  replenished  by  the  process  of  animal  life  (see 
RESPIRATION)  ;  by  the  decay  of  dead  animals  and  plants  (EREMACAUSIS,  ii.  197) ;  by 


MANURE.  829 

several  natural  phenomena  of  the  mineral  kingdom  (i.  770,  ii.  835) ;  by  industrial  anc 
economic  operations  (COMBUSTION,  i.  1095 ;  FUEL,  ii.  722) ;  by  rain,  dew,  and  the 
evaporation  of  water  from  the  ocean,  lakes,  and  rivers  (see  WATER  and  AMMONIA, 
i.  182).  It  is  immaterial  whether  these  substances  are  supplied  to  plants  exclusively  by 
the  atmosphere,  or  whether  they  are  derived  from  other  sources  as  well ;  in  either  case 
their  value  in  regard  to  vegetation  is  the  same.  They  may,  therefore,  be  termed 
collectively  the  air-food  of  plants ;  and  the  organic  substances  produced  from  them  in 
vegetation  may  be  designated  the  air-derived  constituents  of  plants.  So  far  as  relates 
to  the  merely  abstract  view  of  the  chemistry  of  vegetation,  it  is  a  matter  of  indifference 
whether  the  materials,  constituting  the  air-food  of  plants,  are  derived  exclusively  and 
directly  from  the  atmosphere,  or  whether  they  are  to  some  extent  derived  from  other 
sources  also,  and  indirectly ;  as,  for  instance,  by  the  decay  of  humus  or  nitrogenous 
animal  or  vegetable  substances  contained  in  the  soil,  or  supplied  to  it  as  manure.  The 
case  is  different,  however,  when  vegetation  is  regarded  from  a  practical  point  of  view — 
as  the  means  of  producing  food  for  animals  artificially — and  when  the  objects  and  cir- 
cumstances of  the  practice  of  agriculture  have  to  be  included  in  the  consideration  of 
that  subject,  the  difference  is  of  the  highest  importance. 

But  there  aafr  also  other  materials  concerned  in  vegetation  besides  the  carbonic  acid, 
water,  ammonia,  &c.,  from -which  the  plant  constructs  its  chief  substance.  In  almost 
all  plants,  and  in  every  organ  of  a  plant,  there  are  certain  substances — indestructible 
by  fire — which  remain  as  ashes  when  plants  are  perfectly  burnt.  (See  ASH,  i.  416  ct  seq.) 

The  ash  of  all  plants  contains  potash,  soda,  lime,  magnesia,  phosphoric  acid,  sul- 
phuric acid,  silica,  iron,  &c,,  which,  in  the  case  of  land-plants,  are  derived  exclusively 
from  the  soil  on  which  the  plants  grow.  The  relative  proportions  of  these  substances 
vary  considerably  in  different  plants,  and  in  the  different  organs  of  the  same  plant ; 
sometimes  also,  though  in  a  less  degree,  according  to  the  character  of  the  soil  on  which, 
the  plant  grows  ;  but  most  of  them  are,  in  greater  or  less  amount,  constant  constituents 
of  plants,  and  are  therefore  to  be  regarded  as  necessary  to  their  existence  and  essential 
to  vegetation.  (See  Kirwan,  1794,  op.  cit.  145-,  148—  Saussure,  1804,  Recherches 
chimiques  sur  la  Vegetation,  pp.  261,  269.) 

In  connection  with  the  chemistry  of  agriculture,  these  substances  have  been  commonly 
called  the  "  mineral "  or  the  "  inorganic  "  constituents  of  plants ;  mineral,*  in  accor- 
dance with  the  recognised  classification  of  natural  objects,  into  mineral,  vegetable,  and 
animal,  because  they  are  earthy  in  their  nature,  and  are  likewise  derived  from  the  earth ; 
inorganic,  to  distinguish  them  from  the  organic  constituents  of  plants,  which  are  pro- 
duced in  vegetation  from  carbonic  acid,  water,  and  ammonia.  (H.  Davy,  Elements  of 
Agricultural  Chemistry,  1827,  Collected  Works,  viii.  40,  et.  seq.  ;  Liebig,  Chemistry  in 
its  applications  to  Agriculture  and  Physiology,  1840,  p.  92.  et  seq.~) 

The  condition  in  which  the  above  substances  are  found  in  the  ashes  of  plants  is 
doubtless  very  different  from  that  in  which  they  exist  in  the  plants  themselves,  and 
very  little  is  known  as  to  what  that  may  be.  The  functions  they  perform  in  vegetation 

*  This  use  of  the  epithet  "mineral"  to  denote  those  constituents  of  plants  which  are  not  dissipated 
by  fire,  as  well  as  to  distinguish  them  from  the  other  constituents,  and  from  other  materials  of  plant- 
food — carbonic  acid,  water,  and  ammonia — has  recently  been  objected  to  by  a  high  chemical  authority 
as  an  error  in  nomenclature,  indicating  confusion  of  ideas,  since  the  epithet"  mineral  "applies  "equally 
to  all  the  elements,  both  volatile  and  fixed,  of  plant-food"  (Hofmann,  Chemical  Products  and  Pro- 
cesses—International  Exhibition,  1862,  Class  II.  Section  A,  Reports  by  the  Juries,  p.  159).  Since  the 
chemistry  of  agriculture  is  a  subject  concerning  which  it  is  especially  desirable  that  any  real  or  supposed 
confusion,  whether  of  terms,  or  of  ideas,  or  of  facts,  should  be  stringently  eradicated,  and  kept  clear  of, 
I  shall,  in  submission  to  that  authority,  abstain  from  such  use  of  the  term  "mineral,"  substituting  for  it 
the  term  "ash,"  to  denote  those  constituents  of  plants  which,  being  earthy,  are  derived  exclusively  from 
the  soil;  and  shall  follow  the  same  rule  in  reference  to  the  materials  of  plant-food  which  are  supplied 
exclusively  by  tiie  soil,  in  order  to  distinguish  them  from  the  other  materials  of  plant-food— carbonic 
acid,  water,  and  ammonia.  In  doing  so,  however,  I  may  remark  that  the  use  of  the  term  "mineral," 
which  is  now  condemned,  has  long  been  common  amouj;  chemists;  and  will  venture  to  suggest  thai  there 
is  no  reason,  beyond  obedience  to  authority,  for  abstaining  from  that  use  of  the  term  which  has  been  cus- 
tomary. For  though  the  epithet  "mineral"  unquestionably  does  apply  "equally  to  all  the  elements, 
both  volatiJeand  fixed,  of  plant-food,"  still  it  does  so  oniy  in  a  Natural  History  sense,  not  as  synonymous" 
with  the  chemical  term  "inorganic,"  when  used  in  its  true  sense  as  the  antithesis  to  "organic."  Nor 
has  the  use  of  the  term  "mineral,"  in  special  reference  to  the  chemistry  of  agriculture,  been  such  as  to 
indicate  its  equivalence  to,  or  confusion  with,  the  term  "  inorganic,"  when  used  in  its  true  chemical 
sense.  On  the  contrary,  the  term  "mineral "  has  been  used  in  reference  to  that  subject,  during  the  la>t 
riftv  years  at  least,  for  the  specific  designation  of  the  ash-constituents  of  plants;  and  during  the  last 
thirty  years,  to  distinguish  those  substances  from  the  other  "inorganic  "  materials  of  plant-food—carbonic 
acid,  water,  and  ammonia.  This  is  aptly  illustrated  in  "  An  Ad  tress  to  the  Agriculturist*  of  Great  Britain, 
explaining  the  Principles  and  Use  of  Artificial  Manures,  by  Professor  Justus  Lie  hi  g— Li  verpool,  1 845, 
p.  8— by  the  description,  "They  are  mineral  substances,  and  as  such,  are  indestructible  by  fire ;  and, 
consequently,  remain  as  ashes  after  the  incineration  of  the  plants,  or  of  their  parts."  (See  also 
Schleiden,  The  Plant,  p.  173.)  In  fact,  the  term  "mineral,"  so  used,  has  a  real  advantage,  in  being 
more  precise  than  the  term  "inorganic,"  also  used,  in  some  instances, by  Liebig  and  others,  for  the 
special  designation  of  the  fixed,  ash,  or  soil-constituents,  as  contradistinguished  from  the  other  materials 
of  plant-food— carbonic  acid,  water,  and  ammonia— which,  in  a  chemical  sense,  are  also  "inorganic" 
but  which  have  frequently  been  called  the  "organic"  materials  of  plant-food  (See  Liebig,  1840, 

Chemistry  in  its  Applications  to  Agriculture  and  Physiology,  pp.  3, 92, 1 1 4 B  o  u  s  s  i  n  g  a  u  1 1,  1 846,  Rural 

Economy,  p.  490 — Quarterly  Review,  1842,  Ixix.  $36, et  sea — Lawes  and  Gilbert,  1847—64.    Journ 
Roy.  Agricult.  Soc.  viii.  xii.  xvi.  xvii.  xviii.  xxi.  xiii.  &c._B.  H.  l». 
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are  also  little  understood.  The  amount  of  them  contained  in  plants  is  comparatively 
very  small ;  but  those  which  are  constant  and  essential  constituents  of  particular  plants 
being  necessary  to  vegetation,  must  be  regarded  as  indispensable  constituents  of  plant- 
food.  (See  Kir  wan,  op.  cit.  149,  157 — Saussure,  op.  cit.  p.  261.)  This  is  evident 
from  the  fact  that  plants  will  not  grow  to  maturity  under  conditions  which  exclude  a 
supply  of  the  ash-constituents  found  in  them  under  ordinary  circumstances.  The 
necessity  of  the  ash-constituents  in  vegetation  is  rendered  still  further  apparent  by  the 
fact  that  the  fluids  and  organs  of  animals  contain  precisely  those  ash-constituents 
which  are  always  found  in  fully-developed  plants.  (BiLE,  i.  587 ;  BLOOD,  i.  609  ; 
BONE,  i.  619 ;  CHYLE,  i.  961 ;  FLESH,  ii.  663  ;  GTASTEIC  JUICE,  ii.  822 ;  MUSCULAB 
TISSUE;  NERVOUS  TISSUE.) 

Moreover,  the  functions  of  these  ash-constituents  in  the  process  of  animal  life,  have 
been  so  far  traced,  that  there  cannot  be  any  doubt  of  their  being  essential  to  it,  both  in 
the  growth  of  animals — when  they  partly  remain  in  the  body,  contributing  to  its 
increase — and  during  the  life  of  mature  animals,  when  they  no  longer  remain  and  ac- 
cumulate in  the  body,  but  are  eliminated,  either  directly  or  indirectly,  in  common 
with  the  rest  of  the  daily  food,  in  the  excretions,  after  having  performed  their  quota 
in  the  chemical  process  of  animal  life.  (See  NUTRITION.) 

The  ash -constituents  of  plants  have,  therefore,  a  two-fold  importance,  being  essentially 
concerned  both  in  vegetation  and  in  animal  life.  Since  they  cannot  be  derived  from 
the  atmosphere,  it  is  evident  that  the  soil  on  which  plants  grow  has  a  far  more  impor- 
tant share  in  vegetation  than  that  of  affording  merely  mechanical  support :  that  it  is 
likewise  the  source  of  an  essential  portion  of  their  food.  (See  ante,  p.  829.) 

The  mode  in  which  the  materials  of  plant-food  are  taken  up  into  the  organism  of 
the  plant  is  twofold :  partly  by  means  of  the  leaves,  and  partly  by  the  roots.  The 
absorption  of  carbonic  acid  by  the  leaves  and  green  parts  of  plants,  first  observed  by 
Priestley  (1772,PM.  Trans.  Ixii.  166),  and  more  fully  demonstrated  bySaussure  and 
Sennebi  er,  is  one  means  by  which  plants  may  appropriate  carbon,  and  perhaps  water ; 
but  whether  they  obtain  nitrogen  in  the  same  way,  has  not  been  proved  (see  Mohl, 
The  Vegetable  Cell,  p.  86).  The  ash-constituents  of  plants  can  be  introduced  into  their 
organism  only  by  the  roots,  and  the  structure  of  plants  justifies  the  opinion  that  they 
are  taken  up  in  the  state  of  solution  in  water  (Mohl,  op.  cit.  p.  65).  But,  besides  the 
ash-constituents,  other  food-materials  are  taken  up  by  the  roots,  especially  in  cul- 
tivated plants — carbonic  acid,  ammonia,  or  other  nitrogenous  substances,  resulting 
from  the  decomposition  of  humus,  and  perhaps  also  carbonaceous  compounds  other  than 
carbonic  acid.  (See  Mohl,  op.  cit.  pp.  80,  81. — Mulder,  The  Chemistry  of  Vegetable 
and  Animal  Physiology,  pp.  142-188. — Trinchinetti,  Sul  Facolta  assorbente  della 
Badici,  pp.  55. — Boussingault,  Rural  Economy,  p.  41  et  seq.) 

Scarcely  anything  is  known  as  to  the  precise  influence  exercised  upon  the  growth 
and  development  of  plants  by  the  relative  amounts  of  air-food  supplied  by  the  atmo- 
sphere and  from  within  the  soil,  or  of  the  modifications  of  growth  which  may  result 
from  such  influences ;  though  there  are  numerous  facts,  established  by  agricultural 
experience,  which  apparently  indicate  that  this  circumstance  is  in  some  cases  of  especial 
importance  in  determining  the  character  of  the  produce.  (See  pp.  841,  844.) 

Nor  are  the  special  functions  of  particular  materials  of  plant-food  in  the  growth  of 
plants  any  better  understood,  though  experience  appears  to  indicate  that  they  are  use- 
ful in  some  other  way  than  by  directly  contributing  to  the  increase  of  mass  in  the 
plant ;  and  it  is  far  from  being  established  that  either  the  kind  or  amount  of  the  sub- 
stances of  which  plants  consist  afford  a  quantitative  indication  of  the  food-materials 
which  are  necessary  in  their  growth.  This  is  especially  the  case  with  cultivated  plants 
which  are  frequently  grown  with  special  objects,  requiring  a  disproportionate  develop- 
ment of  particular  organs  and  constituents. 

These  circumstances  render  it  very  doubtful  whether  the  requirements  of  plants 
during  their  growth,  can  be  correctly  measured  by  a  knowledge  of  their  composition 
alone,  any  more  than  it  would  be  possible,  in  the  case  of  animals,  to  determine  the 
quantities  of  food  required  during  their  existence,  merely  from  a  knowledge  of  the 
qualitative  and  quantitative  composition  of  the  animal  at  any  period  of  its  life. 

The  various  materials  concerned  in  vegetation  as  plant-food,  are  all  equally  necessary 
for  the  growth  and  development  of  the  great  majority  of  plants.  No  one  of  them  can 
be  replaced  by  anything  else,  not  even  by  an  increased  amount  of  some  other  of  them. 
All  must  be  supplied  together ;  in  the  absence  of  any  one,  the  rest,  however  abundant, 
are  wholly  incapable  of  supporting  vegetation,  and  deficiency  of  any  one  limits  the 
effect  of  the  remainder. 

However,  the  relative  proportions  of  the  several  materials  of  plant-food  requisite  for 
vegetation,  are  not  absolutely  constant  for  all  plants :  on  the  contrary,  they  vary  to  some 
extent  for  different  plants,  or  families  of  plants:  some  plants  drawing  more  largely 
upon  the  air-food  than  others ;  some  requiring  a  greater  proportion  of  ash-constituents, 
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Among  the  former,  some  produce  the  nitrogenous  constituents  in  larger  proportion 
than  others ;  while  some  produce  chiefly  the  corresponding  non-nitrogenous  constitu- 
ents. Among  the  latter,  some  require  alkalis,  some  phosphoric  acid  in  preponderating 
amount,  others  require  chiefly  lime,  silica,  &c. 

The  special  conditions  under  which  plants  grow  also  exercise  a  considerable  influence 
in  modifying  their  requirements  as  regards  the  several  food-materials,  and  in  deter- 
mining the  size  of  particular  organs,  as  well  as  the  relative  proportion  of  the  nitroge- 
nous and  non-nitrogenous  constituents  produced.  Many  plants  become,  under  culti- 
vation, totally  different,  both  in  structure  and  composition,  from  what  they  are  in  a 
state  of  natural  vegetation ;  but  the  extent  to  which  this  influence  is,  or  may  be 
exerted,  is  far  from  being  sufficiently  known,  nor  are  the  conditions  which  determine  it 
fully  ascertained.  Climate  and  season,  the  physical  condition  of  the  soil,  the  greater  or 
Jess  facility  with  which  some  or  all  of  the  food- materials  may  be  obtainable  by  plants 
in  particular  cases,  and  the  copious  or  scanty  supply  of  certain  food-materials,  are  all 
doubtless  influential  in  this  respect,  and  this  subject  still  offers  a  wide  field  for  obser- 
vation and  research. 

Among  those  conditions  of  vegetation  which  are  neither  chemical  nor  climatic,  the 
physical  characters  and  state  of  land  exercise  great  influence  upon  the  amount  of  pro- 
duce. Soils  differ  naturally,  in  this  respect,  according  to  the  relative  proportions  of 
clay,  sand,  gravel,  &c.,  which  they  contain,  and  they  differ,  perhaps  still  more  widely, 
in  regard  to  the  texture  they  possess,  or  are  capable  of  acquiring  by  tillage.  (See  SOLLS^ 
and  Boussingault,  1845,  Rural  Economy,  pp.  258-308.) 

The  essentially  chemical  conditions  of  vegetation  consist  then,  in  a  supply  of  food- 
materials:  they  comprise  the  existence  in  the  soil  of  the  requisite  ash-constituents  in 
a  state  fit  for  assimilation  by  plants,  and  a  supply  of  the  requisite  air-food. 
Wherever  these  conditions  obtain  in  due  proportion,  together  with  the  conditions  of 
climate,  &c.,  required  by  particular  plants — whether  perennial  or  annual — those  plants 
will  grow,  attain  maturity,  and  perfect  development. 

So  far  then  as  relates  to  the  purely  chemical  conditions  of  vegetation,  other  condi- 
tions being  the  same,  the  quantity  of  plant-substance  produced  within  a  given  time 
on  a  given  area  of  land — the  amount  of  produce — will  be  determined,  within  certain 
limits,  by  the  quantity  of  plant-food  supplied ;  and  it  will  be  limited  by  the  available 
quantity  of  that  constituent  of  the  food  which  is  supplied  meanwhile,  in  least  amount, 
relatively  to  the  general  requirements  of  the  particular  plant  growing. 

Since  the  very  striking  differences  recognisable  in  vegetation  at  different  places,  or 
on  different  land,  and  manifested  in  the  unequal  amount  of  produce,  cannot  be  ascribed 
to  the  atmospheric  supply  of  air-food,  which  is  always  constant,  and  everywhere  the 
same,  it  becomes  necessary  to  seek  in  the  soil  for  the  chemical  cause  of  these  differences 
in  the  degree  of  fertility  as  represented  by  the  amount  of  produce.  The  soil  being  the 
only  source  of  the  ash-constituents  of  plant-food,  the  capability  of  performing  its  share 
in  the  chemical  conditions  of  vegetation  must  necessarily  depend  upon  its  containing 
the  requisite  ash-constituents,  in  sufficient  amount,  and  in  such  a  state,  as  to  be  avail- 
able in  the  growth  of  plants. 

When  it  is  considered  that  soils  have  been  formed  by  the  mechanical  and  chemical 
alteration  of  rocks  possessing  the  most  varied  composition,  that  they  consist  of  the 
disintegrated  debris  of  granite,  basalt,  clay-slate,  limestone,  sandstone,  chalk,  &c.,  it  is 
evident  that  their  chemical  constituents  must  vary  very  considerably  according  to  the 
particular  rocks  from  which  they  have  originated,  just  in  the  same  manner  as  they  differ 
in  being  sandy,  calcareous,  loamy,  or  argillaceous. 

The  total  amount  of  the  ash-constituents  concerned  in  vegetation  will  therefore  be  very- 
different  in  different  soils.  Moreover,  the  different  chemical  nature  of  the  minerals  consti- 
tuting the  rocks  from  which  soils  have  originated,  and  the  unequal  susceptibility  of  those 
minerals  to  decomposition  under  atmospheric  influences,  give  rise  to  wide  differences 
between  soils  in  regard  to  the  chemical  condition  the  ash-constituents  tliey  contain. 
Both  these  circumstances  may  influence  the  fertility  of  land. 

The  mechanical  operations  of  tillage,  besides  communicating  to  soils  that  texture 
•which  is  necessary  to  admit  of  the  free  development  of  the  roots,  are  also  conducive  to 
the  chemical  alteration  of  minerals  in  the  land,  by  facilitating  the  access  of  atmospheric 
air,  and  the  consequent  decomposition  of  insoluble  alkaline  silicates.  The  fertilising 
influence  of  tillage  upon  land,  especially  when  it  contains  a  large  proportion  of  clay, 
has  long  been  known,  and  it  was  at  one  time  believed  to  be  a  substitute  for  manuring. 
Tull,  Horse-hoeing  Husbandry. — Smith,  A  Word  in  Season  :  Lois  Weedon  Husbandry. 

The  analysis  of  soils,  from  which  so  much  advantage  was  at  one  time  anticipated, 
has  not  been  found  so  useful  as  had  been  supposed  in  regard  to  agriculture,  or,  indeed, 
capable  of  affording  any  trustworthy  indication  as  to  the  composition  of  soils  or  their 
defects;. but  the  following  statement  of  the  most  prominent  features  of  a  number  of 
analyses  of  soils,  made  by  several  chemists  under  the  direction  of  Magnus,  will  serve  to 
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give  some  idea  of  the  variation  affecting  the  most  important  constituents,  phosphorite 
ncid  and  potash,  &c.,  existing  in  such  states  as  to  be  soluble  and  insoluble  in  dilute 
hydrochloric  acid.  (Magnus,  1846,  Ann.  der  Landwirthschaft,  xiv.  2:  Bericht  iiber 
Versuche  betreffend  die  Erschopfung  dea  Bodens,  welche  das  Konigliche  Landes 
Oekonomie-Kollegium  veranlasst  hat.) 


Percentage  amount  of  ash-constituents  in  soils. 

Quantity  per 

Soluble  in  dilute  acid. 

Insoluble  in  acid. 

acrv  at  a  depth 
of  one  loot. 

Average. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Average. 

Lime  . 

0-895 

35,794  Ibs. 

Magnesia    . 

0-260 

. 

. 

. 

. 

10,180 

Potash 

0-221 

0-530 

trace 

3-406 

trace 

8,983 

Soda  . 

0-161 

Silica  . 

0-448 

.     e 

.    . 

, 

t    . 

17,920 

Phosphoric  acid  . 

0-172 

0-651 

trace 

0 

7,581 

Sulphuric  acid    . 

0-154 

Ammonia    . 

•     • 

• 

•    • 

•     • 

•     • 

8-4 

The  extent  of  the  resources  of  land  in  ash-constituents  is  still  further  illustrated 
by  the  following  table  calculated  from  the  results  of  experiments  conducted  by  La  we  & 
and  Gilbert  at  Eothamsted,  in  which  wheat  was  grown  every  year  on  the  same  land 
without  any  manure  for  20  years.  The  land  was  a  heavy  loam,  resting  upon  chalk. 
The  average  amount  of  produce  in  the  neighbourhood  at  the  time  when  the  experi- 
ments were  commenced  was  under  22  bushels  per  acre,  and  wheat  was  grown  only 
once  in  five  years.  When  the  experiments  were  commenced  in  1843,  the  land  was  in 
such  a  condition  that,  according  to  the  ordinary  routine,  it  required  to  be  again 
manured  with  farm-yard  manure :  for  since  the  previous  application  of  manure,  four 
crops  had  been  removed  from  it,  viz.  barley,  peas,  wheat,  oats.  See  Lawes  and 
G-ilbert— 1847 — op.  cit.  viii. — Agricultural  Chemistry — 1864 — Ibid.  xxv. — Keport 
of  Experiments  on  the  Growth  of  Wheat — 1857 — Chem.  Soc.  Qu.  J.  x.  1. — On  some 
Points  in  the  Composition  of  Wheat  Grain ;  its  Products  in  the  Mill  and  Bread.) 


Ash-constituents  removed  from  land  by  wheat. 

In  20  consecutive  years. 

in  average  annual  crop. 

Total 
produce. 

Corn. 

Straw. 

Total 
produce. 

Corn. 

Straw. 

Ibs. 

Ibs. 

Ibs. 

His. 

Ibs. 

Ibs. 

Total  ash-constituents  . 

2241-00 

354-00 

1887-00 

112-00 

18-00 

94-00 

Silica  .... 

122977 

3-54 

1226-23 

61-48 

0-18 

61-30 

Phosphoric  acid    . 

252-56 

177-10 

75-46 

12-62 

8-85 

3-77 

Potash 

360-94 

106-26 

254-68 

18-04 

6-31 

1273 

Soda    .... 

9-43 

. 

9-43 

0-47 

0-47 

Lime    .... 

105-49 

11-16 

94-33 

5-28 

0-56 

4-72 

Magnesia     . 

77-40 

39-67 

37-73 

3-87 

1-98 

1-89 

Sulphuric  acid 

51-88 

. 

51-88 

2-59 

§ 

2-59 

Chlorine 

3773 

•    • 

37-73 

1-89 

•     • 

1-89 

The  soils  in  which  the  fertilising  effects  of  tillage  are  most  marked,  are  generally  of 
a  clayey  nature,  and  are  therefore  capable  of  furnishing  a  larger  supply  of  ash-consti- 
tuents under  the  influence  of  atmospheric  decomposition.  But  there  is  another 
characteristic  which  such  soils  possess  in  a  high  degree,  viz.,  the  capability  of  absorbing 
ammonia  from  the  atmosphere.  (See  Faraday — 1825 — Quarterly  Journ.  of  Science, 
xix.  16  et  scq.)  By  reason  of  this  capability, they  store  up,  during  the  period  of  fallow, 
the  ammonia  conveyed  to  them  from  the  atmosphere  by  rain  and  otherwise,  and  thus 
provide  an  increased  supply  of  this  air-food  to  plants  requiring  it.  (See  Lawes  and 
Gilbert,  Op.  cit.  xvii.  293  et  seq.} 

The  absorptive  power  of  soils  is  not  limited  to  ammonia,  but  extends  likewise  to 
most  of  the  important  ash-constituents  of  plant-food  which  are  soluble  in  water.  This 
fact  was  first  observed  by  Thompson  (1850,  Journ.  Eoy.  Agric.  Soc.  of  England, 
xi.  68),  and  was  afterwards  investigated  by  Way  (Ibid.  xi.  313. ;  xiii.  123).  It  is 
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highly  probable  that  the  condition  in  which  substances  are  thus  retained  by  soils,  so 
as  to  be  gradually  supplied  to  the  roots  of  plants  by  the  medium  of  carbonic  acid  and 
water,  is  of  great  importance  in  regard  to  the  nutrition  of  plants,  and  to  the  relative 
fertility  of  land.  (See  SOILS;  Way  and  Vo  el  eke  r,  Op.  cit.\  Liebig,  The  Natural 
Laws  of  Husbandry,  p.  66  et  seq.) 

In  considering  the  chemical  conditions  which  determine  the  relative  fertility  of  land, 
it  will  be  convenient  to  examine,  in  the  first  place,  how  far  this  is  determined  by  the 
ash-constituents.  So  far  as  these  alone  are  concerned,  the  degree  of  fertility  of  land 

its  capability  of  contributing  to  the  growth  of  a  greater  or  less  amount  of  produce — 

would  be,  in  a  strictly  chemical  sense,  proportionate  to  the  available  amount  of  ash- 
constituents  it  was  capable  of  furnishing  within  the  period  of  growth ;  but  the  amount 
of  produce  would  not  vary  in  the  same  ratio,  because  the  ash-constituents  of  land 
cannot  be  useful  in  vegetation,  except  in  so  far  as  they  can  co-operate  with  a  due 
proportion  of  air-food. 

If  the  sources  of  air-food,  available  during  the  period  of  growth,  were  limited 
to  the  constant  atmospheric  supply,  the  amount  of  produce  would  be  proportionate  to 
the  capability  of  assimilation  by  the  plant,  under  the  other  prevailing  conditions  of 
climate,  season,  &c. 

But  if  other  sources  of  air-food  were  available  within  the  period  of  growth,  in  addition 
to  the  atmospheric  supply,  and  together  with  an  abundant  supply  of  ash- constituents 
by  the  land,  the  amount  of  produce  would  be  largely  augmented  under  conditions  other- 
wise the  same. 

Thus  plants  growing  upon  land  affording  only  a  scanty  supply  of  available  ash-con- 
stituents might  be,  on  that  account,  incapable  of  assimilating  air-food  to  the  full 
extent  of  the  atmospheric  supply,  and  the  amount  of  produce  in  such  case  would  be 
Email.  By  the  death  and  decay  of  these  plants,  their  ash-constituents  would  be 
restored  to  the  land,  so  as  to  become  capable  of  serving  for  a  succeeding  growth  of 
plants,  and  the  production  of  humus,  at  the  same  time,  would  provide  in  the  soil  itself 
a  further  source  of  air-food  in  addition  to  the  atmospheric  supply.  Still  the  amount 
of  produce  from  the  succeeding  growth  would  be  small,  if  the  available  supply  of  ash- 
constituents  remained  as  scanty  as  before.  In  this  way  vegetation  might  continue  in- 
definitely without  alteration,  ^affording  sustenance  to  numerous  animals,  as  in  the 
steppes  of  Central  Asia,  the  prairies  and  pampas  of  America. 

But  if  a  larger  amount  of  ash-constituents  became  available,  in  the  interval  between 
the  successive  growths,  by  the  decomposition  of  minerals  in  the  land,  the  conditions 
might  become  such  as  to  ensure  assimilation  of  air-food  not  only  to  the  full  extent  of 
the  atmospheric  supply  during  the  period  of  growth,  but  also  from  the  further  supply 
provided  by  the  gradual  decomposition  of  humus  in  the  soil ;  and  in  such  case  the 
amount  of  produce  would  be  proportionally  increased. 

The  greater  or  less  amount  of  available  ash-constituents  is,  therefore,  not  the  only 
condition  upon  which  the  amount  of  produce  or  the  fertility  of  land  depends,  even  in 
a  strictly  chemical  sense ;  another  essential  condition  is  the  amount  of  air-food  capable 
of  being  supplied  from  within  the  soil,  during  the  period  of  growth.  Land,"  however 
rich  in  available  ash -constituents — however  well  adapted  in  all  other  respects  for 
prolific  vegetation,  would  still  afford  but  scanty  produce  without  an  ample  supply 
of  air-food  during  the  period  of  growth.  The  increased  supply  of  air-food  provided 
by  the  decomposition  of  humus  in  the  soil  may  be  regarded,  in  this  respect,  as  the 
accumulated  atmospheric  supply  of  several  successive  periods  of  growth ;  and  the  capa- 
bility of  land  to  furnish  such  a  supply  is,  in  a  chemical  sense,  as  much  an  element  of 
its  fertility  as  the  available  amount  of  ash-constituents  it  contains. 

The  requirements  of  different  plants  for  such  an  augmented  supply  of  air-food,  in 
regard  to  the  amount  of  produce,  differ  very  widely,  and  the  capability  of  different 
plants  to  assimilate  the  air- food  thus  stored  up  is  also  very  different.  The  adaptation 
of  the  capability  of  one  plant,  in  this  respect,  to  provide  for  the  requirements  of  another, 
and  the  development  with  that  view  of  particular  habits  and  conditions  of  growth 
in  regard  to  certain  crops,  constitute  the  basis  of  the  modern  system  of  agriculture. 

Having  thus  far  described  the  general  features  of  the  chemistry  of  vegetation,  in  its 
simplest  form,  they  must  now  be  considered  in  their  relation  to  agriculture  ;  and  it  will 
be  desirable  first  to  examine  the  conditions  affecting  the  supply  of  ash-constituents,  as 
well  as  their  influence  under  different  circumstances. 

In  the  cultivation  of  plants  as  a  source  of  food  for  animals,  and  for  other  purposes, 
the  ash-constituents  requisite  for  vegetation  are  removed  from  the  land  in  the  produce  ; 
and  since  they  are  not  replaced  in  the  same  manner  as  the  atmospheric  supply  of  air- 
food,  the  successive  growth  of  a  particular  plant,  year  after  year,  would  in  process  of 
time  so  far  exhaust  the  land  of  available  ash-constituents,  as  to  render  it  incapable  of 
supporting  further  growth,  or  of  yielding  such  an  amount  of  produce  as  would  be 
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worth  the  trouble  and  cost  of  cultivation.  Hence  arises  the  necessity  of  periodical^ 
returning  to  land  under  cultivation  the  ash-constituents  thus  withdrawn  from  it. 
Hence  the  practice,  intuitively  adopted  in  the  rudest  state  of  agriculture,  of  applying 
to  land  the  excreta  of  animals  fed  upon  its  produce  and  the  decaying  refuse  of  the 
plants  grown  upon  it.  Such  a  system  of  cultivation  would  be  sufficient  to  prevent  any 
decrease  in  the  annual  produce  of  the  land,  inasmuch  as  the  materials  applied  to  it  as 
manure,  would  restore  whatever  had  been  removed  in  the  plants  serving  as  food  for 
animals,  or  for  other  purposes,  and  thus  render  the  land  capable  of  continuing— with 
the  aid  of  the  atmospheric  sources  of  plant-food — to  support  vegetation.  (See  K  i  r  w  a  n, 
Op.  tit.  p.  160.) 

If  there  were  absolutely  no  export  of  produce,  in  such  a  case  the  restoration  of  the 
ash-constituents  would  be  complete,  and  the  capability  of  production  would  continue 
undiminished,  so  far  as  relates  to  the  ash-constituents  only.  It  would,  in  fact, 
increase  year  by  year,  so  far  as  ash-constituents  were  concerned ;  for  the  available 
amount  of  them  would  be  gradually  increased  by  tillage,  and  by  the  consequent  decom- 
position of  minerals  in  the  land.  The  improvement  of  the  land  by  tillage  is  doubtless 
referable  in  some  degree  to  such  an  unlocking  of  its  natural  resources,  and  the  increase 
of  what  may  be  regarded  as  its  floating  capital  in  ash-constituents. 

Where  the  population  of  a  country  is  small  and  thinly  distributed,  and  where  land 
is  of  little  value,  as  in  many  remote  and  uncivilised  localities,  all  requirements  may  be 
fulfilled  by  such  a  system  of  relying  upon  the  natural  produce,  without  the  need  of  any 
effort  to  increase  it.  But,  even  in  such  circumstances,  it  is  seldom  that  the  natural  con- 
ditions of  fertility  are  relied  upon  exclusively,  or  that  the  means  adopted  for  maintain- 
ing the  amount  of  produce  are  limited  to  the  internal  economy  of  the  farm.  Whatever 
fertilising  materials  can  be  obtained  from  external  sources,  at  a  cost  commensurate 
with  their  capability  of  augmenting  the  produce,  are  generally  employed  as  manure  even 
in  the  rudest  practice  of  agricultura  Guano  has  long  been  used  for  that  purpose  by 
the  natives  of  South  America  (Humboldt,  Fourcroy,  and  Vauquelin,  1803,  Ann. 
Chim.  Ivi.  258-268).  Fish,  seaweed,  &c.,  have  been  used  from  time  immemorial  as 
manure  by  the  peasantry  of  seaboard  districts  ;  and  wood-ashes,  soot,  &c.,  have  been 
applied  to  the  same  purpose  inland.  Most  of  these  materials  would  add  to  the  amount 
of  available  ash-constituents  in  the  land,  and  would  in  so  far  increase  its  capability 
of  production. 

Where,  on  the  contrary,  the  population  of  a  country  was  chiefly  concentrated  in  cen- 
tres, and  a  portion  of  the  corn  grown  was  annually  removed  from  the  land  for  the  supply 
of  food  to  towns  at  a  distance,  or  under  circumstances  not  admitting  of  the  correspond- 
ing excreta  being  returned  to  the  land  as  manure,  the  soil  would  be  gradually 
deprived  of  ash-constituents,  in  a  degree  proportionate  to  the  export  of  food.  The  in- 
ternal economy  of  the  farm  would  then  no  longer  ensure  the  full  restoration  to  the  land 
of  all  the  ash-constituents  of  its  produce ;  it  would  no  longer  ensure  the  maintenance  of 
the  degree  of  fertility  obtaining  before  the  export  of  the  produce  commenced,  or  the 
capability  of  production  corresponding  to  the  amount  of  ash-constituents  originally  con- 
tained in  the  land.  On  the  contrary,  as  the  yearly  export  continued,  and  the  abstrac- 
tion of  ash-constituents  from  the  land  progressed,  the  quantitative  relation  between 
them  and  the  atmospheric  conditions  of  vegetation  at  any  place  would  be  progressively 
changed ;  for  while  the  atmospheric  supply  of  air-food  remained  constant,  the  quantity 
of  ash-constituents  in  the  soil  would  diminish  from  year  to  year,  until,  eventually, 
vegetation  might  be  no  longer  possible,  in  consequence  of  the  deficiency  of  one  of  its 
essential  conditions. 

Even  before  that  time,  a  point  would  be  reached  when  the  amount  of  produce  would 
be  no  longer  limited  by  the  supply  of  air-food  available  from  the  atmosphere  within 
the  period  of  growth ;  when,  on  the  contrary,  the  assimilation  of  air-food  would  fee 
limited  by  the  available  amount  of  ash-constituents  in  the  land,  and  when  the  amount 
of  produce  would  be  so  small  as  not  to  be  worth  cultivation. 

This  exhaustion  of  land,  or  reduction  of  the  degree  of  fertility,  by  the  growth  of 
successive  corn-crops,  and  by  the  export  of  the  produce,  without  any  supply  of  manure 
from  extraneous  sources,  would  take  place  sooner  or  later,  according  to  the  nature  of 
the  land  and  the  extent  of.  its  natural  resources  ;  sooner  in  the  sandy  or  chalky  soils, 
known  as  light  land,  than  in  the  loamy  or  clay  soils,  known  as  heavy  land.  So  far  as 
the  ash-constituents  were  concerned,  the  exhaustion  of  land  might  be  retarded,  under 
such  circumstances,  or  the  capability  of  production  revived,  by  allowing  it  to  remain  at 
intervals  without  growing  a  crop  on  it  for  one  or  more  years — ft  practice  adopted  under 
the  name  of  bare- fallow.  (See  Kirwan,  Op.  tit.  p.  160.) 

During  the  interval  of  rest,  a  fresh  supply  of  available  ash-constituents  would  be 
provided  for  a  future  crop  of  corn  by  the  decomposition  of  minerals  in  the  land,  thus 
compensating,  either  wholly  or  in  part,  for  the  abstraction  resulting  from  export 
of  produce.  The  amount  of  produce  obtained,  when  a  corn  crop  was  grown,  might  ia 
this  way  remain  constant,  or  suffer  but  inappreciable  diminution  during  long  periods. 
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especially  in  the  case  of  rich  soils.  The  rate  at  which  the  restoration  of  the  ratio— pre- 
viously existing  between  the  supplies  of  available  ash-constituents  from  the  soil  and  of 
air-food  from  the  atmosphere— took  place,  would  depend  upon  the  nature  of  the  land  and 
its  tillage,  and  would  determine  the  interval  to  elapse  between  the  growth  of  two  crops 
of  corn. 

The  same  result  might  be  attained  by  a  rotation  of  crops,  or  the  alternate  growth  of 
different  plants,  occupying  different  ranges  in  the  soil  during  their  growth,  or  requiring 
different  ash-constituents,  such  as  corn  and  grass,  or  potatoes;  so  that,  in  either 
case,  the  ash-constituents  contained  in  the  land  might  be  distributed  among  the  dif- 
ferent plants,  and  thus  rendered  available  during  a  longer  period.  If  the  crops  grown 
in  the  intervals  between  the  corn-crops  were  consumed  on  the  farm  in  feeding  cattle, 
they  would  contribute  to  the  production  of  manure  ;  and,  even  if  some  of  the  cattle 
were  exported,  the  greater  part  of  the  ash-constituents  of  the  fallow-crops  on  which  they 
had  been  fed,  would  remain  upon  the  farm,  and  be  returned  to  the  land  in  the  manure. 
However,  the  ultimate  result  of  exhaustion  would  still  be  the  same  ;  and  it  has  been 
long  regarded  as  an  established  fact,  that  "  the  export  of  grain  from  a  country,  unless 
some  articles  capable  of  becoming  manure  are  introduced  in  compensation,  must  ulti- 
mately tend  to  exhaust  the  soil.  Some  of  the  spots  now  desert  sands  in  Northern 
Africa  and  Asia  Minor  were  anciently  fertile.  Sicily  was  the  granary  of  Italy;  and  the 
quantity  of  corn  carried  off  from  it  by  the  Komans  is  probably  the  chief  cause  of  its 
present  sterility.  In  this  island  our  commercial  system  at  present  has  the  effect  of 
affording  substances  which  in  their  use  and  decomposition  must  enrich  the  land." 
(Davy,  Op.  cit.  viii.  78. — See  Kirwan,  Op.  cit.  p.  160. — Liebig,  Einleitung  in  die 
Nativrgesctze  des  Feldbaues,  pp.  106-109.) 

For  the  successful  practice  of  agriculture,  therefore,  it  is  as  necessary  to  maintain 
fertility,  as  it  is  to  obtain  a  sufficient  amount  of  produce.  Land  from  which  corn  is 
exported  requires,  in  most  cases,  a  constant  supply  of  manure  from  extraneous  sources 
capable  of  replacing  the  ash-constituents  which  may  have  been  rendered  deficient  ir. 
amount. 

An  idea  may  be  formed  of  the  extent  of  the  exhaustion  of  land  from  which  corn 
is  exported,  by  assuming  that,  in  the  countries  which  are  the  chief  sources  of  corn, 
the  amount  of  produce  is  at  the  rate  of  15  bushels  per  acre,  and  that  a  corn-crop  is 
grown  every  other  year.  The  quantity  of  ash-constituents  removed  from  the  land  per 
acre  in  the  crop,  would  be  about  as  shown  the  following  table  : — 

Ash-constituents  of  Wheat,  Barley,   Oats. 


Total  produce. 

Corn. 

Straw. 

Amount  of  produce  per  acre 

2260  Ibs. 

15  bushels 

1333  Ibs. 

Total  ash-constituents 

92 

15  Ibs. 

77 

["Phosphoric  acid  . 
Comprising  -j  L^and  magnesia 

11 
14 

8 

8 
4 
2 

3 
10 
6 

V  Silica 

51 

0 

51 

The  greater  part  of  these  being  contained  in  the  straw,  would  be  returned  to  the  land 
in  the  farmyard  manure ;  and  if  the  whole  of  the  corn  were  exported,  without  any 
supply  of  ash- constituents  from  without,  there  would  be  a  permanent  abstraction  of 
them  at  the  rate  of  4  Ibs.  phosphoric  acid  and  2  Ibs.  of  potash  annually  per  acre.  These 
being  the  substances  which  are  least  abundant  in  land,  it  is  necessary  that  they  should 
be  restored  again  in  some  way. 

But  in  order  merely  to  maintain  the  degree  of  fertility,  the  supply  from  without  does 
not 'require  to  be  equal  to  the  quantity  removed  in  the  exported  produce  ;  for  land 
always  possesses,  in  addition  to  its  immediately  available  resources  in  ash-constituents, 
other  resources  which  are  latent — resources  from  which  fresh  supplies  of  them  are  only 
gradually  developed,  and  rendered  available  by  the  operations  of  tillage  in  the  manner 
already  described.  (See  ante,  p.  831,  and  SOILS.) 

Consequently,  the  exhaustion  of  soils,  in  regard  to  ash-constituents,  though  con- 
ceivable under  such  circumstances  as  those  above  referred  to,  is  almost  inconceivable, 
even  in  regard  to  ordinary  land,  under  circumstances  admitting  of  a  proper  supply  of 
manure  from  extraneous  sources,  in  addition  to  that  produced  upon  the  farm. 

So  far  as  the  ash-constituents  of  land  determine  its  share  in  the  general  conditions 
of  fertility,  it  may  be  regarded  as  practically  inexhaustible  under  any  system  of  agri- 
cultural practice  considered  to  be  good  merely  from  an  empirical  point  of  view,  and 
having  no  higher  recommendation  than  success. 

The  fertilising  influence  of  manure  is  not,  however,  limited  to  the  restoration  of 
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ash-constituents  to  land.  It  is  also  due  to  its  capability  of  furnishing  a  larger  supply  of 
air-food  to  future  crops,  during  their  period  of  growth,  than  they  could  obtain  directly 
from  the  atmosphere.  This  is  one  of  the  chief  advantages  resulting  from  rotation  and 
the  growth  of  fallow-crops  for  feeding  cattle.  The  advantage  of  bare-fallow  is  also,  to 
some  extent,  due  to  the  accumulation  of  air-food  in  the  soil,  in  virtue  of  its  absorptive 
power.  (See  ante,  p.  831,  and  SOILS.) 

Since  the  available  ash-constituents  of  land  can  be  effective  in  determining  an  in- 
creased amount  of  produce,  only  in  so  far  as  they  can  co-operate  with  a  proportionate 
supply  of  air- food,  during  the  period  of  growth,  it  is  evident  that  the  supply  of  this  con- 
dition of  fertility,  by  manure,  must  be  of  especial  importance  when  it  is  necessary  to 
obtain  a  large  amount  of  produce. 

The  total  resources  of  the  generality  of  land  in  ash-constituents,  preponderate  so 
largely  over  the  constant  chemical  conditions  of  fertility  at  any  time  available  in  the 
atmosphere,  within  the  period  of  growth  of  ordinary  crops — the  latent  resources  of  the 
land  so  easily  admit  of  the  liberation,  from  time  to  time,  of  fresh  supplies  of  ash-con- 
stituents by  the  operations  of  tillage,  that,  under  a  good  system  of  farming,  the 
probability  is  rather  in  favour  of  the  ash-constituents  available  at  any  particular  time, 
being  in  excess  of  the  supply  of  air-food  directly  available  from  atmospheric  sources 
within  the  period  of  growth,  and  of  that  provided  by  manure  resulting  from  the  in- 
ternal economy  of  the  farm. 

In  some  cases,  the  gradual  unlocking  of  the  latent  resources  of  the  soil  by  tillage, 
&c.  may  far  exceed  the  yearly  abstraction  of  ash-constituents.  This  chemical  con- 
dition of  fertility  in  land  may  increase  from  year  to  year,  and,  instead  of  retaining  a 
constant  proportion  to  the  supplies  of  air-food  from  the  atmosphere  and  from  manure, 
it  may  preponderate  over  them ;  so  that  the  amount  of  produce  of  the  land  in  corn,  might 
be  increased,  if  the  other  chemical  conditions  of  fertility  were  accessible  in  the  same 
proportion  within  the  period  of  growth.  But  though  tillage,  in  such  a  case,  would 
increase  the  fertility  of  the  land,  so  far  as  the  ash-constituents  were  concerned,  it 
would  not  be  attended  with  an  increase  in  the  amount  of  produce,  unless  it  were  accom- 
panied by  an  increased  supply  of  air-food  during  that  period  of  the  rotation  when  the 
crop,  for  which  the  liberated  ash-constituents  were  most  required,  was  growing. 

The  extent  to  which  the  accumulation  of  available  ash-constituents  in  relative  excess, 
may  take  place,  is  well  illustrated  by  the  experiments  made  at  Rothamsted,  on  the 
growth  of  wheat,  upon  land  which  had  been  reduced  to  such  a  condition,  in  the  ordinary 
routine,  as  to  yield  only  half  the  average  amount  of  produce  in  wheat.  By  the  use  of 
manure  containing  only  the  ash-constituents  of  wheat,  on  a  plot  of  this  land,  the 
amount  of  produce  obtained  in  1844  was  not  greater  than  on  the  unmanured  land.  In 
the  following  year,  the  application  of  336  Ibs.  per  acre  of  mixed  ammoniacal  sulphate 
and  chloride  was  attended  with  an  increased  amount  of  produce,  amounting  to  double 
that  obtained  in  the  previous  year  from  the  unmanured  land,  or  from  that  supplied 
with  ash- constituents  only.  By  continuing  to  grow  wheat  upon  this  plot  of  land  for 
nineteen  consecutive  years  with  ammonia-salts  only  as  manure  meanwhile,  the  amount 
of  produce  obtained  in  each  year  continued  to  exceed  that  from  the  unmanured  land ; 
and  the  average  amount  of  produce  thus  obtained,  during  the  whole  period,  was  only 
one-fourth  less  than  it  was  in  the  first  year,  notwithstanding  the  very  exceptional  and 
continued  drain  on  the  ash-constituente  of  the  land.  (See  Lawes  and  Gilbert — 
1847-64.  Op.  cit  viii.  226  xxv.) 
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Amount  of  Produce  per  Acre. 

Ash  in  Produce  per  Acre. 

Dressed 
Corn. 

Corn. 

Straw. 

Total. 

Corn. 

Straw. 

Total. 

184.4.        JtJnmanured 
)  Ash-constituents 

bushels. 
15 
15* 

Ibs. 
923 
1,008 

Ibs. 
1,120 
1,112 

Ibs. 
2,043 
2,120 

Ibs. 
16 

17 

Ibs. 
63 
53 

Ibs. 
79 
70 

1845       ftTnmanured 
/Ammonia-salts  . 

32! 

1,441 
1,980 

2,712 
4,266 

4,153 
6,246 

23 
30 

152 
202 

175 

232 

A.V6KLff6  of  "fc 

16* 

24* 

1,031 
1,575 

1,723 
2,737 

2,754 
4,312 

18 
25 

96 

128 

114 
153 

Total  in    •)  TT               , 
19  years     LUnmanured 
1845-1863  (Ammonia-salts  . 

310 

464* 

19,597 
29,932 

32,740 
52,008 

52,337 
81,940 

338 
465 

1,824 
2,440 

2,162 
2,905 
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In  these  results  the  influence  of  season  in  favouring  or  impeding  the  growth  of  wheat, 
was  manifested  by  a  certain  variation  in  the  amount  and  quality  of  produce  under  con- 
ditions otherwise  similar ;  but  this  was  not  sufficient  to  obscure  the  differences  referable 
to  other  causes. 

The  quantity  of  ash-constituents  removed  from  the  land  during  this  period,  without 
any  such  return  as  would  have  been  made  in  ordinary  practice,  by  the  supply  of  farm- 
yard manure,  affords  still  further  evidence  of  the  immense  resources  of  the  land  in  this 
particular,  additional  to  that  already  referred  to  in  the  case  of  the  unmanured  land. 
(See  ante,  p.  831.) 

Moreover,  the  absence  of  any  increase  in  the  amount  of  produce  obtained  in  1844  by 
applying  to  the  exhausted  land  manure  consisting  only  of  ash-constituents  of  wheat, 
and  the  increase  in  the  amount  of  produce  obtained  in  the  following  year  by  using  only 
ammonia,  as  compared  with  that  on  the  unmanured  land  in  1845,  are  together  most 
conclusive  proof  that,  although  in  1844  the  chemical  conditions  of  fertility  were  collec- 
tively insufficient  for  the  growth  of  a  full  crop  of  wheat,  still  there  was  no  deficiency 
in  that  element  of  those  conditions  which  appertains  exclusively  to  the  soil  —viz.,  the 
available  amount  of  ash-constituents.  Those  results  also  prove,  on  the  contrary,  that 
in  1844  the  available  amount  of  ash-constituents  in  the  unmanured  land  was  far  in 
excess  of  the  other  chemical  conditions  requisite  for  the  growth  of  wheat — viz.,  the 
amount  of  air-food  supplied,  by  the  atmosphere  and  by  the  soil,  during  the  period  of 
growth.  Consequently,  the  system  of  cultivation  under  which  the  land  had  become 
exhausted  in  regard  to  this  crop,  had  admitted  of  a  large  accumulation  of  surplus  ash- 
constituents,  which  would  have  remained  useless  in  the  land  without  a  corresponding 
supply  of  air-food  during  the  period  of  growth.  The  exhaustion  consisted  in  the 
relative  deficiency  of  air-food  capable  of  being  supplied  from  within  the  soil ;  and, 
therefore,  increase  in  the  amount  of  produce  could  only  be  effected  by  an  artificial  supply 
of  air-food,  additional  to  that  furnished  by  the  manure  of  the  farm. 

The  practice  of  agriculture  in  many  localities  does  not  require  that  the  amount  of 
produce  obtained  should  be  very  large  :  the  only  thing  necessary,  in  many  instances,  is 
to  maintain  the  degree  of  fertility,  and  the  natural  amount  of  produce  is  quite  suf- 
ficient to  be  remunerative,  as  in  those  countries  which  are  the  chief  sources  of  the 
supply  of  corn.  In  such  cases,  the  manure  produced  by  the  internal  economy  of  the 
farm  may  suffice  to  provide  an  adequate  supply  of  air-food  from  within  the  soil. 

In  countries,  however,  where  the  population  is  dense,  and  land  is  of  high  value,  agri- 
culture assumes  a  very  different  character.  Its  object  then  is  not  merely  to  maintain 
a  certain  degree  of  fertility,  but  to  produce,  year  by  year,  in  the  most  profitable 
manner,  and  on  a  given  area  of  land,  the  largest  possible  quantity  of  the  materials  of 
food  for  man  and  animals ;  to  increase,  by  artificial  means,  the  amount  of  produce  upon 
an  area  incapable  of  yielding  as  much  under  natural  conditions.  (See  Liebig — 1843 — 
Chemistry  in  its  Applications  to  Agriculture  and  Physiology,  3rd  edit.  p.  112  ; 
Lawes  and  Gilbert — 1847 — Journal  of  the  Royal  Agricultural  Society  of  England, 
via.  227,  xii.,  xvi.  &c.) 

Hence  arose  the  idea  of  employing  artificial  manures — of  augmenting  artificially  the 
chemical  conditions  of  fertility.  For  the  practice  of  agriculture  under  these  circum- 
stances, so  utterly  distinct  from  those  of  agriculture  conducted  only  with  a  view  to  the 
produce  of  natural  vegetation,  the  problem  to  be  solved  by  the  chemist  for  the  guidance 
of  the  farmer  is,  what  substances  to  supply  'as  plant-food  from  extraneous  sources,  in 
order  to  obtain,  year  by  year,  a  remunerative  produce. 

The  question  is  mainly  one  as  to  manure :  its  solution,  however,  involves  the  con- 
sideration of  conditions  and  reqirements  other  than  those  obtained  in  natural  vegetation, 
not  differing  in  kind,  but  quantitatively  different.  Still,  the  knowledge  of  the  general 
phenomena  of  plant-nutrition  must  be  the  guide  in  the  endeavour  to  solve  this  problem. 
Since  it  is  established  that  the  various  materials  of  plant-food  must  bear  a  certain 
proportion  to  each  other  in  order  to  be  in  the  highest  degree  effective,  and  since  the 
amount  of  produce  is  known  to  be  limited  by  the  quantity  of  that  food-material  which 
is  present  in  least  available  amount,  relatively  to  the  requirements  of  any  particular  crop, 
the  desideratum,  in  regard  to  the  artificial  means  of  increasing  the  amount  of  produce, 
is  to  ascertain  what  food-material  becomes  deficient,  relatively  to  others,  under  the 
circumstances  attending  the  growth  of  that  crop.  The  deficiency  may  lie  in  the  source  of 
carbon  or  of  nitrogen,  in  the  supply  of  water  or  of  available  ash-constituents,  or  of  some 
one  of  them ;  but  whichever  it  be,  the  amount  of  produce  will  be  limited  by  the  deficiency. 

The  determination  of  that  point  will  indicate,  therefore,  what  food-material  it  is  most 
necessary  to  supply  artificially,  in  order  to  render  effective  in  the  highest  degree  those 
food-materials  which  are  available  in  greatest  abundance,  relatively  to  the  requirements 
of  the  crop  in  question.  The  food-materials  least  available  abundantly  in  the  same 
relation  would  be,  in  that  particular  case,  the  manure  to  be  supplied  artificially  in 
order  to  obtain  an  increased  produce.  This  is  the  fundamental  principle  of  "  high 
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farming,"  which  really  consists  in  augmenting  the  acreage-produce—obtaining,  year  by 
year,  crops  larger  than  could  be  obtained  under  natural  conditions — by  rendering  more 
effective  the  existing  natural  conditions  of  fertility. 

This  object  may  be  attained  in  part  by  the  right  selection  of  artificial  manure,  so  as 
to  accumulate  on  the  farm  the  materials  of  plant-food  which  are  naturally  most 
deficient,  in  regard  to  the  whole  of  the  crops  grown  in  a  series  of  years;  and  by 
adapting  the  method  of  cultivation  so  as  to  store  up,  during  part  of  the  rotation,  the 
materials  of  plant-food  which  are  relatively  most  deficient  as  regards  a  particular  crop, 
grown  at  intervals,  and  to  make  that  accumulation  serviceable  for  increasing  the 
amount  of  produce  of  that  crop. 

It  is  not  by  substituting  for  the  manure  produced  by  the  internal  economy  of  tne 
farm,  some  one  or  other  of  its  constituents,  that  this  object  is  to  be  attained ;  but  by 
supplementing  it  with  what  is  most  wanting,  either  naturally,  or  as  the  consequence 
of  that  branch  of  industry  which  is  the  business  of  the  farmer — the  manufacture  of  food. 

Practically  there  is  a  limit  to  the  increase  of  produce,  besides  that  natural  limitation 
which  is  due  to  climate  and  to  season ;  it  is  the  necessity  that  the  degree  of  fertility 
produced  and  maintained  should  be  remunerative.  This  purely  commercial  necessity 
introduces  into  the  subject  an  important  complication,  involving  the  consideration  of  a 
number  of  circumstances  which  cannot  be  entered  upon  here,  but  which  will  readily 
suggest  themselves  to  the  reader. 

In  order  to  obtain  such  an  amount  of  produce  in  corn  as  to  be  remunerative  in  this 
case,  it  is  necessary  to  supply  during  the  period  of  growth  a  larger  quantity  of  nitrogenous 
air-food  than  would  be  furnished  during  that  period  by  the  atmosphere  alone,  or  pro- 
vided, in  addition  to  that,  by  the  internal  economy  of  the  farm,  when  no  other  crop  but 
meadow-grass  was  grown  besides  corn. 

This  might  be  effected  by  the  use  of  ammonia-salts  as  manure ;  but  this  source  of 
ammonia  is  too  limited  to  be  alone  sufficient  in  agriculture.  Kecourse  is  therefore 
had  to  the  accumulation  of  ammonia  from  the  atmosphere,  by  the  growth  of  plants 
which  possess  the  capability,  under  certain  conditions,  of  appropriating  nitrogen  from 
that  source,  to  a  much  larger  extent  than  either  wheat,  barley,  or  oats,  and  which  can  be 
employed  as  food  for  cattle  so  as  to  produce  meat — a  marketable  commodity  equivalent 
to  corn — and,  at  the  same  time,  a  larger  supply  of  manure  than  could  be  obtained 
if  the  land  remained  in  bare  fallow,  or  were  converted  at  intervals  into  meadow-land. 

The  manure  so  produced  by  the  internal  economy  of  the  farm  would  contain  the  greater 
part  of  the  nitrogen  collected  from  the  atmosphere  by  the  crop  intervening  between  the 
corn-crops,  and  used  in  feeding  cattle,  and  would  serve  during  the  growth  of  corn  to 
furnish  the  augmented  supply  of  nitrogenous  air-food  necessary  for  obtaining  a  large 
crop  of  corn. 

The  plants  which  are  cultivated  mainly  with  this  object  may  be  represented  by  the 
turnip,  since  it  presents  a  striking  contrast  to  corn-crops,  in  regard  to  the  conditions 
most  favourable  to  increase  in  the  amount  of  produce,  as  well  as  in  regard  to  its  capa- 
bilities and  requirements,  though  it  is  inferior  to  leguminous  plants  in  the  power  of 
assimilating  nitrogen  from  the  atmosphere. 

The  amount  of  produce  obtained  under  the  system  of  agriculture  generally  practised 
in  this  country  is  considerably  higher  with  regard  to  all  crops  than  it  is  in  many  other 
countries  ;  and  though  there  is  a  difference  in  this  respect  as  to  particular  localities,  the 
accompanying  table  may  be  taken  to  represent  a  fair  average  statement  of  the  quan- 
tities of  the  several  constituents  of  the  different  crops  grown  alternately  in  what  is 
termed  a  "  four-course  rotation,"  when  a  crop  of  turnips,  beans,  or  clover  intervenes 
between  two  crops  of  corn. 

The  growth  of  the  turnip  as  an  agricultural  crop,  so  as  to  obtain  a  large  amount  of 
produce,  is  far  more  liable  to  be  influenced  by  differences  of  season  than  is  the  case 
with  wheat.  In  the  absence  of  rain,  at  a  particular  stage  of  growth,  the  greater 
number  of  the  plants  may  die,  and  the  acreage-produce  become  very  small ;  but  if  the 
conditions  of  season  be  favourable,  the  amount  of  produce  obtained  may  be  as  high  as 
20  or  30  tons  per  acre. 

It  has  been  supposed  that  the  influence  exercised  by  the  cultivation  of  the  turnip  as 
a  fallow-crop,  in  restoring  and  augmenting  the  fertility  of  land,  and  in  conducing  to  the 
increase  of  the  wheat-crop,  was  referable  to  its  comparatively  greater  capability  of 
appropriating,  by  means  of  its  large  leaf-surface,  the  atmospheric  supply  of  air-food, 
during  its  period  of  growth,  and  to  its  requiring  but  a  very  small  supply  of  food- 
materials  from  the  soil.  (See  Davy,  Op.  cit.  viii.  76,  77.) 

That  this  is  not  the  case,  is  evident  from  the  amount  of  ash-constituents  contained 
in  the  turnip,  as  shown  in  the  table  just  referred  to ;  and  it  is  rendered  still  further 
apparent  by  the  following  results  of  experiments  by  La  we  s  and  Gilbert  (p.  840), 
showing  the  amount  of  produce  obtained  by  growing  turnips  for  three  years  consecutively 
on  the  same  plot  of  land  without  manure. 
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Composition  of  the  Acreage  Produce  of  Different  Crops. 


Crop  . 

Corn  Crops. 

Root  Crops. 

Leguminous. 

Wheat. 
30  bush. 

Barley. 

40  bush. 

Oats. 
44  bush 

Turnips. 
10  tons. 

Swedes. 
3  tons. 

•I  an  gel. 
6  tons. 

Beans. 
4  bush. 

Clover- 

is 

Ibs. 

Amount  of  produce 

Fresh     ] 
crop 

Dry  crop  j 

Ash-con- 
stituents 

Nitrogen  - 

Phos- 
phoric   -1 
acid 

Potash   - 
Lime     • 

_ 

Magnesia  -\ 
Silica    -i 

1  Grain  or  bulb 
Straw  or  leaf 
Total  produce 

Grain  or  bulb 
Straw  or  leaf 

Total  produce 

Grain  or  bulb 
Straw  or  leaf 

Total  produce 

Grain  or  bulb 
Straw  or  leaf 

Total  produce 

Grain  or  bulb 
Straw  or  leaf 

Total  produce 

Grain  or  bulb 
Straw  or  leaf 

Total  produce 

Grain  or  bulb 
Straw  or  leaf 

Total  produce 

!  Grain  or  bulb 
Straw  or  leaf 

Total  produce 

1  Grain  or  bulb 
Straw  or  leaf 
Total  produce 

Ibs. 
1,800 
3,000 

Ibs. 
2,080 
2,500 

Ibs. 
1,672 
2,500 

Ibs. 
22,400 
8,960 

Ibs. 
29,120 
2,912 

Ibs. 
5,840 
5,376 

Ibs. 
2,180 
2,400 

Ibs. 

4,800 

4,580 

4,172 

31,360 

32,032 

3,203 
379 

41,216 

4,580 

5,000 

1,530 
2,520 

1,716 
2,175 

1,438 
2,075 

1,792 
1,165 

4,301 
537 

1,809 
1,968 

4,050 

3,891 

46 
125 

3,513 

47 
137 

2,957 

134 
146 

3,582 

4,838 

3,777 

4,150 

31 
151 

144 
42 

359 
91 

60 
•132 

182 

171 

184 

37 
19 

289 

36 
41 

186 

64 
15 

450 

192 

373 

32 
19 

33 
17 

90 

86 
27 

51 

50 

15 
5 

56 

10 
6 

77 

13 

7 

79 

90 

18 
5 

113 

124 

15 

8 

14 
3 

20 
9 

23 

20 

16 

20 

17 

23 

29 

28 

9 
20 

11 
19 

8 
23 

60 
29 

43 
7 

100 
21 

24 
28 

29 

30 

31 

89 

50 

121 

52 

75 

1 

8 

1 
11 

2 
10 

16 
44 

16 
12 

13 

8 

4 

28 

9 

3 
3 

12 

4 
3 

12 

3 
5 

60 

28 

4 

1 

21 

9 

7 

32 

112 

3 
I 

5 
6 

6 

7 

13 
75 

8 

4 

5 

.=== 

2 
1 

16 

T          m 

9 
2 

11 

1 
5 

32 

1 
101 

22 

68 

1 

2 

102 

88 

90 

3 

3 

11 

6 

11 

The  immediate  object  of  the  cultivation  of  the  turnip  being  the  production  of  food 
for  cattle,  it  is  not  required  to  reach  maturity,  as  is  the  case  with  wheat ;  and  it  is 
desirable  to  obtain  the  utmost  possible  development  of  the  fleshy  root,  so  as  to  afford 
a  food-material  containing  both  nitrogenous  and  non-nitrogenous  substances  in  fitting 
proportion  for  that  purpose.  During  the  early  stage  of  growth,  the  young  leaves  of 
the  turnip  are  liable  to  be  attacked  by  insects,  and  it  is  therefore  necessary  to  forward 
their  development  as  rapidly  as  possible  until  the  plants  become  sufficiently  strong  to 
resist  this  destructive  influence.  The  number  of  plants  per  acre  is  therefore  an  im- 
portant indication  of  the  efficacy  of  the  manures  used. 

The  land  selected  for  the  experiments  was  a  rather  heavy  loam,  not  of  the  best 
character  for  the  growth  of  turnips  ;  ar.rl  three  crops — wheat,  clover,  and  wheat— had 
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been  grown  upon  it  since  it  was  manured.  The  variety  of  turnip  grown  was  that 
known  as  Norfolk  white.  To  ascertain  the  capability  of  appropriating  the  atmospheric 
food,  and  the  relation  which  the  turnip  bore  to  the  soil  which  was  exhausted  for  wheat, 
a  plot  was  left  each  year  unmanured.  On  this  plot  the  amount  of  produce  was  very 
small  even  in  the  first  year,  and  in  the  third  year  the  bulbs  did  not  weigh  more  than 
two  ounces  each ;  so  that  in  regard  to  the  growth  of  the  turnip,  the  resources  of  the 
soil  are  soon  exhausted,  and  some  supply  of  manure  is  evidently  requisite  for  the 
growth  of  the  turnip  as  a  fallow-crop.  (See  Lawes  and  Gilbert— 1847— Op.  cit. 
viii.  38.) 

Effect  of  various  Manures  on  Growth  of  Turnips. 


Plot. 

Quantities  of  Manure  per  acre. 

Number 
of  plants 
per  acre. 

Average 
weight 
of  bulb. 
Ibs. 

Amount  of 
produce. 

Dry  substance. 

Fresn 
bulb. 
Ibs. 

Fre-h 
leaf. 
Ibs 

Amount 
in  bulb, 
per  cent. 

Nitrogen 
per  cent. 

Ash. 
per  cent. 

1 

r2 

Unmanured       

17,940 

0-52 

9,382 

I 

1843  -|  £ 

1  2  tons  farmyard  manure 
56  Ibs.  ammonia-sulphate 
728  Ibs.  rape-cake      .... 
504  Ibs.  superphosphate   . 

15,571 
14,996 
17,043 
18,446 

1-36 
1-03 
1-08 
1-47 

21,233 

15  509 
18,464 
27,'280 

P 

:• 

280  Ibs.  superphosphate,  420  Ibs.  \ 
rape-cake                                         / 

16,096 

1-69 

27,153 

gl 

Lift 

Mix,ed  phosphates,  551  Ibs. 

19,642 

1-35 

26,600 

•si 

/  2 

Unmanured 

13,736 

0-36 

4,956 

c  *""* 

1844-P2 
111 

12  tons  farmyard  manure 
Superphosphate,  560  tt>s.  . 
Superphosphate,  448Ibs.,  rape-cake,  \ 
448  Ibs.,  ammonia,  15  Ibs.       .        J 
Mixed  phosphates,  448  Ibs. 

20,096 
21,205 

10,320 
18,624 

1-19 
081 

1-29 
0-68 

24.10S 
17,332 
13,328 
12,712 

Proportic 
greater  ir 

2 

Unmanured                               . 

13296 

0-11 

1.536 

1,600 

3'31 

4-22 

rr,          t\.  1,120  Ibs.  rape-cake    . 
Hr»««j"na<  B.  336  Ibs.  amm.-sulph.  . 
dressing  }  A  and  B  mixed        *      . 

24,944 
15,456 
24,160 

0-67 
007 
0-50 

l!o3'2 
12,800 

10,832 
744 
10,752 

8'68 

8-71 
8-29 

2-17 
2-98 
2-53 

12  tons  farmyard  manure 

23,731 

1-61 

38,170 

16,550 

7-83 

1-56 

3-24 

„,          (  A.  1,120  Ibs.  rape-cake    . 
'  „  I  B.  336  Ibs.  amm.-sulph.  . 

23,104 

1-45 

33,472 

23,392 

7-92 
7-30 

2-54 

dressing  ^  A  and  B  mixed 

^ 

8'86 

1845- 

22 

Superphosphate,  1,232  Ibs. 
„,           <A.  1,120  Ibs.  rape-cake    . 
"    ?B.  336  Ibs.  amm.  sulph.  . 
dressingU  and  B  mixed        .        . 

24,352 
23,544 
23,424 
23.93C 

1-17 
1-33 
106 
1-17 

28,4:V2 
31.410 
24,736 
28,088 

13^440 
15.744 
14,416 

8-24 
7  83 
7-36 
7-38 

1-58 
1-89 
'2-89 
244 

6'99 
7-21 

8-24 
8-08 

18 

Mixed  phosphates     .... 
T>          (  A.  1,120  Ibs.  rape-cake    . 

24,448 
23,404 

1-16 
1-33 

28,288 
31,216 

7.568 
12,576 

7'95 
8-36 

6-99 

> 

,  L  op.'     )  B.  336  Ibs.  amm.-sulph.  . 
dressing  }  A  and  B  mixed         /      . 

24,448 
'23,392 

1-18 
1-25 

28,778 
29,3-2-2 

13,600 
15,296 

7-42 
7-77 

8-24 
8-08 

With  farmyard  manure,  which  may  be  considered  as  supplying  all  the  constituents 
of  a  large  crop  of  turnips,  the  number  of  plants  in  each  year  represents  the  influence 
of  season  during  the  early  stage  of  the  growth ;  and  the  average  weights  of  the  bulbs 
represent  the  influence  of  season  during  the  stage  of  bulb-formation. 

Ammoniacal  salts  operated  in  most  instances  prejudicially  during  the  earlier  stage  of 
growth,  especially  when  placed  near  the  seed ;  when  used  with  farmyard  or  other 
carbonaceous  manure,  the  development  of  bulb  was  in  some  instances  considerable, 
and  the  development  of  leaf  was  much  increased ;  but  the  amount  of  dry  substance  in 
these  bulbs  was  generally  less  than  in  others,  and  the  amount  of  nitrogen  in  the 
substance  was  greater — just  the  opposite  of  what  happens  in  the  growth  of  wheat. 

With  a  considerable  supply  of  ammonia,  the  vigorous  growth  of  the  plants  was 
accompanied  by  a  less  rapid  advance  towards  maturity  in  the  bulb,  and  a  condition 
less  favourable  for  providing  a  supply  of  root-food  than  for  the  production  of  seed  by 
further  growth.  In  this  respect  the  influence  of  artificial  supply  of  ammonia  upon 
the  amount  of  produce  of  the  turnip-root  and  of  wheat,  presents  a  striking  contrast ; 
and  it  is  evident  that  in  the  cultivation  of  the  turnip  for  feeding  purposes,  and  as  a 
fallow-crop  for  obtaining  a  supply  of  manure,  it  is  capable  of  appropriating  nitrogen 
from  the  atmospheric  supply  during  its  period  of  growth,  or  from  within  the  soil,  to 
such  an  extent  as  not  to  require  any  considerable  supply  artificially  by  means  of  manure. 

The  influence  of  soluble  phosphates  in  promoting  the  early  growth  of  the  plants  is 
well  indicated  in  each  year  by  the  number  of  plants,  both  when  used  alone  and  with 
other  manures ;  but  it  is  only  during  that  stage  of  the  growth  that  they  contribute  to 
increase  the  amount  of  produce  in  bulbs,  as  will  be  seen  by  the  small  average  weight 
of  the  bulbs  grown  with  phosphates  only  supplied  as  manure. 

In  the  plots  supplied  with  manure  capable  of  furnishing  a  considerable  amount  of 
carbonaceous  air- food,  the  development  of  the  bulbs,  indicated  by  their  average  weight, 
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was  much  more  considerable  than  in  any  other  case,  except  where  sohble  phosphate 
was  used  in  the  first  year,  and  where  the  exceptional  result  was  probably  referable  to 
carbonaceous  substances  in  the  soil.  The  influence  of  a  supply  of  air-food  from  within 
the  soil,  upon  the  development  of  bulb,  is  still  more  strikingly  illustrated  by  the  con- 
trast between  the  second  and  third  year's  results.  Though  with  soluble  phosphates 
alone  or  with  other  manure,  the  number  of  plants  was  always  considerably  greater  than 
in  their  absence,  the  average  weight  of  bulbs  was  very  small ;  while  on  the  plots  where 
phosphates  were  used  together  with  a  carbonaceous  manure,  the  average  weight  of  the 
bulbs  indicates  a  much  larger  bulb-development.  That,  together  with  a  greater  number 
of  plants,  gave  consequently  the  largest  amount  of  produce. 

The  necessity  for  the  presence  of  carbonaceous  substances  capable  of  supplying  food- 
material  from  within  the  soil,  is  rendered  more  strikingly  evident  by  the  results  of  the 
second  year ;  for  although  the  season  was,  on  the  whole,  more  favourable  than  that  of 
the  preceding  year,  and  though  the  number  of  plants  was  greater,  the  amount  of 
produce  Was  generally  less,  in  consequence  of  the  slower  rate  of  growth  and  bulb-forma- 
tion. In  the  third  year,  also,  the  deficient  bulb-development  within  the  period  of 
growth,  on  those  plots  where  phosphates  alone  were  used,  as  compared  with  the  results 
obtained  where  carbonaceous  manures  were  also  supplied,  shows  the  importance  of  pro- 
viding that  source  of  plant-food  in  order  to  insure  rapid  growth,  and  to  obtain  a  large 
amount  of  produce. 

The  influence  exercised  upon  the  composition  of  the  bulb  by  the  ratio  existing 
between  the  supply  of  carbonaceous  and  nitrogenous  air-food  from  within  the  soil,  is 
well  indicated  by  the  differences  in  the  amount  of  nitrogen  in  the  dry  substance  of 
the  turnips  grown  with  farmyard  manure  and  rape-cake  alone,  and  with  addition  of 
ammonia,  and  in  those  grown  without  manure  and  with  top-dressings  containing 
different  proportions  of  carbon-  and  nitrogen -yielding  materials. 

Carbonaceous  manures,  however,  are  serviceable  only  in  the  later  stage  of  growth  by 
affording  a  supply  of  food-material  for  the  development  of  bulk ;  and  in  the  earlier 
stage  of  growth  they  may  even  be  prejudicial  if  placed  near  the  seed,  as  indicated  by 
the  smaller  number  of  plants  in  the  first  two  years  when  these  manures  were  drilled  with 
the  seed.  They  should,  therefore,  be  placed  so  as  to  be  only  within  reach  of  the  young 
plant  when  it  has  developed  its  accumulative  organs  under  the  influence  of  the 
phosphate,  which  should  be  placed  as  near  as  possible  to  the  seed.  The  advantage 
of  doing  so  is  illustrated  by  the  greater  number  of  plants  in  the  third  year,  when  these 
manures  were  applied  as  a  top-dressing  to  the  land. 

Comparing  these  results  with  the  quantity  of  phosphoric  acid  contained  in  the  turnip, 
it  will  be  seen  that  the  influence  of  phosphates  on  the  growth  of  this  plant  cannot 
altogether  be  referred  to  the  mere  supply  of  material  serving  for  the  production  of 
plant-substance  by  becoming  a  constituent  of  it.  Though  the  amount  of  phosphoric 
acid  in  the  turnip-crop  is  not  larger  than  that  in  the  wheat-crop,  a  direct  supply  of 
soluble  phosphate  appears,  from  very  general  experience,  to  be  much  more  influential 
in  regard  to  the  development  of  the  turnip  than  in  the  growth  of  wheat.  Hence  it  ia 
scarcely  possible  to  avoid  the  conclusion  that  it  exercises  some  important  and  essential 
function  in  that  particular  mode  of  development  requisite  in  the  cultivation  of  the 
turnip  as  a  fallow-  and  feeding-crop,  other  than  that  which  is  represented  by  the  amount 
of  phosphoric  acid  contained  in  the  plants. 

In  these  experiments  the  supply  of  potash  as  a  constituent  of  manure  was  not 
found  to  exercise  any  favourable  influence,  either  upon  the  mode  of  development  of 
the  turnip-plant,  or  upon  the  amount  of  produce ;  nor  was  it  to  be  expected  that  this- 
land,  which  was  capable  of  growing  wheat  without  manure  for  several  consecutive 
years,  should  be  at  all  deficient  in  supply  of  potash  for  the  growth  of  a  turnip-crop, 
although  the  quantity  of  potash  required  by  it  is  so  much  larger  than  that  needed  for 
wheat. 

The  quantity  of  potash  removed  from  the  land  in  the  turnip-crop  does  not  cause 
exhaustion  of  the  ash-constituents  to  any  sensible  extent ;  for,  excepting  a  small  portion 
exported  in  the  meat  produced  by  the  use  of  the  turnip  in  feeding  live-stock,  they  are 
again  returned  to  the  land  in  the  manure ;  and  if  artificial  phosphate-manures  be  em- 
ployed in  the  cultivation  of  turnips,  the  abstraction  of  this  constituent  from  the  land 
by  the  export  of  corn  will  be  to  a  great  extent  compensated,  if  not  covered. 

The  facts  already  described  will  serve  to  show  that  the  cultivation  of  the  turnip  is 
a  part  of  the  economy  of  the  farm,  by  means  of  which  nitrogen  is  stored  up  as  part 
of  the  floating  capital  of  the  land,  and,  after  having  served  intermediate  purposes, 
is  made  to  contribute  to  the  important  result  of  increasing  the  amount  of  produce 
in  corn.  It  is  by  this  means  that  concentration  of  the  atmospheric  supply  of  nitro- 
genous plant-food  is  effected,  so  as  to  furnish  the  corn-crops,  during  their  period  of 
growth,  with  twice  as  much  as  they  could  otherwise  obtain  directly  from  that  source 
by  their  own  unaided  capability  of  appropriation. 

3  ir  2 
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Though  the  turnip  has  here  been  referred  to  as  a  plant  presenting,  in  the  circum- 
stances of  its  cultivation,  a  strong  contrast  to  corn-crops,  it  is  chiefly  by  the  growth  of 
leguminous  crops — such  as  clover,beans,  and  tares — that  nitrogen  is  directly  appropriated 
from  the  atmosphere.  In  the  cultivation  of  the  turnip  as  a  fallow-crop  an  artificial 
supply  of  nitrogen  over  and  above  that  provided  by  the  farm  manure  is  not  generally 
requisite ;  but  it  draws  largely  upon  the  supplies  of  nitrogen  from  within  the  soil ;  and 
in  this  respect  it  tends  to  render  an  artificial  supply  of  nitrogenous  manure  more 
necessary  for  the  succeeding  corn-crop  (Lawes  and  Gilbert,  Op.  tit.  xviii.  454; 
Journ.  Chem.  Soc.  [2]  i.  100).  Leguminous  crops,  on  the  contrary,  appear  to  render 
land  richer  in  nitrogenous  supply,  and  thus  to  augment  its  capability  of  yielding  large 
crops  of  corn.  The  influence  of  clover  in  this  respect  has  long  been  known.  (See 
Kirwan,  Op.  cit.,  p.  166.) 

In  the  cultivation  of  land  under  such  circumstances,  supposing  the  amount  of  pro- 
duce sold  during  4  years  to  be  30  bushels  wheat,  35  bushels  barley,  and  the  live-weight 
produced  from  10  tons  turnips  and  5,000  Ibs.  clover-hay,  or  1,500  Ibs.  beans,  without 
imported  food,  the  quantity  of  ash-constituents  removed  from  the  land  would  be,  at  the 
utmost,  as  shown  in  the  following  table: — 

Quantities  of  Ash-constituents  per  Acre  abstracted  from  Land,  in  Produce  sold  off"  the 
Farm  during  Four  Years. 


1st  Year. 

2nd  Year. 

3rd  Year. 

4th  Year. 

Average 
Quantity  per  Acre, 

in  Four         r>er 
Years.      Annum. 

Live- 
Weight 
from 
Turnips. 

Barley. 

Live-we 
Clover-hay 

ght  Ironi 
or  Beans. 

Wheat. 

Amount  of  produce. 

10  tons. 

35  bushes. 

5,000  Ibs. 

1,500  Ibs 

30  bushels. 

Fresh  produce  . 

22,400 

1,820 

5,000 

1,500 

1,800 

Dry  produce     . 
Nitrogen  . 
Total  ash 

2,464 
2.46 

1,529 
30 
40-5 

4,200 
3-13 

1,260 
1-58 

1,530 
32 
31 

76 

19 

Phosphoric  acid 
Potash     . 
Silica 

0-98 

13-4 
975 
11-4 

1-05 
0-16 

0-63 
0-09 

15 
9 
0-6 

30 
19 
12 

7'5 
4-8 
3 

It  now  only  remains  to  consider  the  means  of  maintaining  the  supply  of  carbon- 
aceous material  requisite  as  one  of  the  conditions  of  the  production  of  the  full  amount  of 
produce  in  turnips.  In  the  feeding  of  animals  there  is  a  loss  of  carbon,  due  to  respi- 
ration, amounting  to  nearly  one-half  of  that  contained  in  the  food.  It  is  therefore 
necessary  to  increase  as  far  as  possible  the  quantity  of  manure  produced  by  the  internal 
economy  of  the  farm,  by  the  use  of  imported  food-materials  in  feeding  cattle.  This  is  at 
once  a  profitable  mode  of  converting  those  materials  into  a  more  valuable  commodity, 
and  of  obtaining  a  larger  quantity  of  manure  for  the  cultivation  of  crops  ;  thus  main- 
taining, or  even  increasing,  the  fertility  of  the  land,  by  bringing  upon  the  farm  ash- 
constituents — which  compensate  for  the  export  of  corn — and  materials  containing  nitro- 
gen and  carbon  in  a  form  capable  of  becoming  available  in  the  cultivation  of  crops  as 
supplies  of  air-food,  auxiliary  to  those  furnished  by  the  atmosphere  and  by  the  farm- 
yard manure  resulting  from  the  crops  grown. 

On  a  farm  cultivated  under  such  a  system,  the  exhaustion  of  the  land  is  altogether 
precluded ;  and  although  the  existing  system  of  disposing  of  town-refuse  involves  » 
total  loss  of  the  phosphates  arid  potash  contained  in  the  exported  produce,  it  is  probable 
that,  as  regards  the  extent  of  land  at  present  under  cultivation,  there  may  be  sufficient 
available  sources  of  those  substances  in  the  mineral  kingdom,  to  counterbalance  such  a 
loss  for  a  long  time  to  come.  Still,  the  disposition  of  town-refuse  in  such  a  manner  as 
to  be  available  in  fertilising  land,  and  to  be  useful  rather  than  a  source  of  injury  and 
annoyance,  is  a  requirement  which  is  every  day  more  urgently  demanding  attention. 

Having  thus  considered  the  nature  of  the  differences  obtaining,  on  the  one  hand, 
between  spontaneous  vegetation  altogether  unaided  by  art,  and  natural  vegetation 
assisted  by  tillage — on  the  other,  between  agriculture  conducted  only  with  a  view  to 
obtaining  the  natural  amount  of  produce,  and  agriculture  involving  an  increased  produce 
by  artificial  means,  it  is  now  necessary  to  consider  what  applications  have  been  made 
of  the  general  knowledge  of  the  chemistry  of  vegetation,  or  of  the  views  which  have 
been  entertained  with  regard  to  it. 
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Liehig,  in  applying  to  agriculture  the  theory  of  plant-nutrition  which  he  con- 
structed from  the  materials  furnished  by  Saus sure,  Davy,  Sprengel,  and  Bous- 
singault,  adopted  the  fundamental  proposition,  that  plant-food  consists  solely  of 
carbonic  acid,  water,  ammonia,  and  the  ash-constituents.  In  endeavouring  to  ascertain 
the  causes  of  the  efficacy  of  mauure ;  the  mode  in  which  it  acts ;  the  circumstances 
upon  which  different  methods  of  culture  depend ;  and  to  establish  rules  for  a  rational 
system  of  agriculture,— he  addressed  himself  first  to  the  questions,  "What  does  the 
soil  contain?  What  do  the  materials  called  manure  contain?"  a«  questions  whose 
determination  constituted  the  starting-point  of  rational  agriculture  (Chemistry,  &c.,  1st 
edit.  p.  139).  In  this  enquiry  his  attention  was  mainly  directed  to  the  ash-constituents 
of  plants,  and  to  the  comparison  of  these  with  the  constituents  of  soils  and  of  manure. 
Observing  that  all  cultivated  plants  contained  potash,  phosphoric  acid,  and  other  ash- 
constituents  ;  that  the  presence  of  these  substances  was  constant  in  particular  plants, 
and  parts  of  plants ;  that  every  productive  soil  contained  the  same  substances  ;  that 
the  repeated  successive  growth  of  a  particular  crop  on  the  same  land  rendered  it  less 
capable  of  producing  that  ci-op  until  an  interval  of  some  years  had  been  allowed  to 
elapse  without  growing  it, — he  came  to  the  conclusion,  that  the  capability  of  land  to 
produce  crops,  was  due  to  the  presence  in  it  of  the  ash-constituents  of  plants ;  that  the 
assimilation  of  carbon  and  nitrogen  was  dependent  upon  the  presence  of  the  ash-con- 
stituents in  the  soil,  and  limited  by  the  available  amount  of  them :  consequently,  that 
the  amount  of  produce  was  proportionate  to  the  available  amount  of  ash-constituents 
in  the  soil  (Op.  cit.  3rd  edit.  pp.  113-123).  From  the  same  data  he  concluded  that 
the  decrease  of  produce  observed  when  a  particular  crop  is  raised  year  after  year  on 
the  same  land,  was  due  to  the  abstraction  of  ash-constituents  from  the  soil  (Op.  cit. 
pp.  118,  164.) 

Observing,  further,  that  animal  excreta  and  the  plant-remains  in  farmyard  manure 
contained  the  same  ash-constituents  as  the  plants  which  had  been  consumed  as  food ; 
that  this  manure  exercised  a  fertilising  influence  upon  land  naturally  unproductive,  or 
exhausted  by  the  cultivation  of  crops, — he  concluded  that  the  efficacy  of  this  manure, 
which  might  be  regarded  as  the  ashes  of  the  food  burnt  in  the  bodies  of  animals,  was 
due  to  the  ash-constituents  it  contained ;  that  its  peculiar  action  consisted  in  and  was 
limited  to  the  supply  or  restoration  of  the  ash-constituents,  which  the  land  was  either 
destitute  of  or  had  been  deprived  of  by  previous  crops.  (Op.  cit.  pp.  176-187  ;  Address 
'to  the  Agriculturists  of  G-rtat  Britain,  pp.  7-12.) 

From  the  well-known  facts  that  the  produce  of  land  could  be  increased  by  manure, 
and  that  in  many  cases  the  crop  is  directly  proportionate  to  the  quantity  of  manure 
used,  he  concluded  that  this  effect  was  referable  to  the  amount  of  ash-constituents 
supplied  to  the  land ;  that  if  the  supply  of  those  constituents  were  greater  than  the 
quantity  taken  away  in  the  previous  crop,  the  amount  of  produce  would  be  increased ; 
that  if  the  supply  of  them  were  less  than  that,  the  produce  would  be  reduced ;  and 
that  if  it  were  just  equal  to  the  quantity  removed,  the  produce  would  remain  constant. 
(Address,  pp.  7-12.) 

Adopting  these  conclusions  as  axioms  to  be  observed  in  practical  agriculture,  Liebig 
also  taught  that  the  production  of  the  organic  constituents  of  plants  from  carbonic 
acid,  water,  and  ammonia  was  determined  by  the  presence  of  the  ash-constituents  pro- 
per to  the  plants  cultivated  (Chemistry,  &c.,  pp.  196,  204)  ;  that  its  extent  was  limited 
by  the  available  amount  of  them  in  the  soil  (Op.  cit.  p.  203);  that  the  efficacy  of 
humus  in  augmenting  the  amount  of  produce,  by  furnishing  a  supply  of  carbonic  acid 
additional  to  that  afforded  by  the  atmosphere,  was  subject  to  the  same  limitation 
(Op.  cit.  p.  197) ;  that  the  amount  of  produce  was  so  entirely  independent  of  the  arti- 
ficial supply  of  ammonia,  that  if  only  the  ashes  of  solid  and  liquid  excreta  were  supplied 
as  manure,  the  crops  cultivated  would  derive  their  carbon  and  nitrogen  from  the  atmo- 
sphere (Op.  cit.  pp.  181,  203-204) ;  that  the  ammonia  of  the  atmosphere,  exceeding  the 
requirements  of  wild  plants,  was  fully  sufficient  for  all  the  objects  of  agriculture,  even 
for  that  most  important  one,  the  production  of  nitrogenous  constituents  of  plants  to 
serve  as  food  for  man  and  animals.  (Op.  cit.  pp.  54,  211.) 

The  production  of  these  substances  was  represented  by  Liebig  as  depending  upon 
the  presence,  in  the  soil,  of  phosphates,  which  enabled  plants  to  derive  the  requisite 
nitrogen  from  the  atmosphere — a  source  where  the  abstraction  of  that  element  was 
spontaneously  compensated  by  the  ammonia  resulting  from  the  decay  of  animals  and 
plants,  and  perhaps  from  other  sources  (Op.  cit. pp.  147,  212).  He  also  insisted  that  it 
was  of  the  greatest  importance  for  agriculture,  to  know  with  certainty  that  the  arti- 
ficial supply  of  ammonia  was  unnecessary  and  superfluous  for  the  growth  of  most 
cultivated  plants,  and  that  the  value  of  manure  could  not  be  estimated,  according  to 
the  rule  recognised  in  France  and  Germany,  by  the  amount  of  nitrogenous  substances 
it  contained.  (Op.  cii.  p.  213.) 

To  give  still  greater  prominence  to  his  opinion  as  to  the  superfluity  of  nitrogenous 
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manure,  Liebig  instanced  the  large  quantity  of  nitrogenous  substances  produced — as 
hay,  milk,  and  flesh — on  grass-land  without  any  supply  of  nitrogenous  manure,  and 
contrasted  that  fact  with  the  smaller  produce  of  nitrogenous  constituents  produced, 
within  the  same  period— as  corn  and  roots — on'land  to  which  nitrogen  had  been  sup- 
plied as  manure  in  greater  quantity  than  was  contained  in  the  produce.  He  also 
referred  to  the  export  from  Egypt  of  ammonia,  obtained  by  burning  animal  excreta ;  to 
the  proverbial  fertility  of  that  country,  where  only  the  ashes  of  excreta,  and  the  Nile 
mud,  containing  little  nitrogen,  had  been  used  as  manure  for  ages ;  to  the  export  of 
cheese  from  Holland  and  Switzerland, — as  rendering  it  perfectly  certain  that  the  pro- 
dution  of  nitrogenous  constituents  of  plants  was  not  proportionate  to  the  quantity  of 
nitrogen  supplied  to  the  land  in  the  manure  :  that  the  export  of  nitrogenous  produce 
was  not  exhaustive ;  because  it  was  not  the  soil,  but  the  atmosphere,  which  yielded 
nitrogen  to  plants :  that  it  was  impossible  to  augment  the  produce  of  land  by  the 
supply  of  highly  nitrogenous  manure,  or  of  ammonia-salts  alone;  but  that,  on  the 
contrary,  the  capability  of  land  to  produce  crops  increased  or  diminished  in  direct  pro- 
portion to  the  ash-constituents  supplied  to  it  in  the  manure.  (Op.  cit.  pp.  210,  211.) 

The  logical  consequence  of  the  opinions  thus  formed,  was  to  regard  the  ash-con- 
stituents as  the  essentially,  if  not  the  only,  effective  portion  of  manure  (op.  cit.  p.  202). 
It  was  insisted  upon  as  a  point  of  especial  importance  for  the  practical  farmer  not  to 
deceive  himself  concerning  the  cause  of  the  efficacy  of  manures  (Op.  cit.  p.  187).  In 
this  respect  the  ash-constituents  were  compared  by  Liebig  to  the  quinine  of  cinchona- 
bark,  the  iodine  of  burnt  sponge,  or  the  active  principles  of  opium  (Op.  cit.  p.  187). 
Consequently,  the  ash-constituents  of  manure  were  the  materials  which,  according  to 
his  view,  it  was  essential  for  the  farmer  to  supply  to  land  artificially,  in  order  to  increase 
the  amount  of  produce.  ( Op.  cit.  p.  203,  2 1 1 .) 

The  fundamental  principle  of  rational  culture,  according  to  that  view,  was  the  perfect 
restoration  of  the  ash-constituents  removed  from  the  land;  and  whether  that  restitution 
were  made  by  applying  excreta,  or  ashes,  or  bones,  was  regarded  as  a  matter  of 
indifference  (Op.  cit.  p.  187).  The  particular  kind  of  ash-constituents  to  be  used  as 
manure,  was  to  depend  upon  the  kind  of  produce  required ;  alkalis  for  the  production 
of  substances  analagous  to  starch  ;  phosphates  for  the  production  of  nitrogenous  sub- 
stances (Op.  cit.  pp.  193,  142,  144,  148).  By  the  exact  determination  of  the  amount 
of  ash  in  cultivated  plants,  and  by  the  analysis  of  the  ashes,  the  quantities  of  these 
substances  removed  from  land  by  crops  was  to  be  ascertained.  Thus  the  farmer  was 
to  be  enabled  to  keep  a  debtor  and  creditor  account,  for  each  of  his  fields,  of  the  several 
ash-constituents  removed  from  the  land,  year  by  year ;  and  to  determine,  according  to 
the  kind  and  quantity  of  the  crops  raised  upon  it,  what  substances  and  what  quantities 
of  them  were  to  be  returned  to  the  land,  in  order  to  restore  its  original  condition  of 
fertility,  or  to  be  able  to  express  exactly  how  many  pounds  of  one  or  other  constituent 
was  to  be  supplied  to  the  land  in  order  to  augment  the  amount  of  produce.  (  Op.  cit. 
pp.  213,  214.) 

Extending  this  view  of  the  chemistry  of  plant-nutrition  to  the  explanation  of  the  various 
operations  of  the  farm,  the  practices  of  rotation,  fallow,  &c.,  Liebig,  still  concentrating 
his  attention  upon  that  particular  aspect  of  the  chemistry  of  agriculture  in  which  the  ash- 
constituents  of  plants,  soils,  and  manure  are  concerned,  ascribed  the  influence  of  fallow  in 
rendering  land  again  capable  of  supporting  the  growth  of  corn,  solely  to  the  liberation  of 
the  ash-constituents  requisite  for  that  crop,  by  the  decomposition  of  alkaline  silicates  in  the 
land  during  the  interval  of  fallow  (Op.  cit.  pp.  118,  130-133).  The  similar  influence 
of  burnt  lime  and  burnt  clay  on  some  soils,  was  ascribed  to  the  same  cause  (p.  136). 
He  represented  the  advantages  of  rotation  of  crops  as  being,  to  some  extent,  due  to 
the  production  of  humus  in  the  soil,  but  chiefly  to  the  unequal  requirements  of 
the  different  alternating  crops  for  particular  ash-constituents,  and  to  the  consequent 
accumulation,  during  the  greater  part  of  the  period  of  rotation,  of  those  ash-constituents 
present  in  least  available  amount  in  the  soil,  and  requisite  for  the  growth  of  one  crop 
in  larger  amount  than  for  the  growth  of  the  intervening  crops.  (Op.  cit.  pp.  150-161, 
169,  172;  Berzelius— 1844— Jahresberickt,  xxiv.  333.) 

This  theory  of  the  chemistry  of  agriculture  was  applied  by  Liebig  in  the  production 
of  artificial  manure ;  and  a  patent  was  obtained  by  Muspratt  for  the  method  of  manu- 
facture, as  a  communication  from  Liebig  (Improvements  in  the  Manufacture  of  Manure, 
1845,  Specification  No.  10,616).  These  artificial  manures  were  intended  to  supply  to 
the  land  exactly  what  was  wanting  for  the  growth  of  any  particular  crop,  and  thus  to 
effect  an  economy  which  would  be  impossible  while  manure,  was  applied  indiscrimi- 
nately— the  useful  and  the  unnecessary  constituents  together.  But  the  chief  advantages 
which  these  artificial  manures  were  to  secure,  were  to  render  the  rotation  of  crops  and 
fallowing  unnecessary  and  superfluous,  and  to  admit  of  one  and  the  same  kind  of 
crop  being  grown,  year  after  year,  upon  the  same  field — of  a  perennial  wheat-crop 
without  the  necessity  either  of  fallow  or  of  a  rotation  of  crops,  which  was  regarded  by 
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Liebig  as  a  restriction  excluding  all  that  science  might  be  able  to  teach  (Principles, 
p.  47).  These  manures,  which  were  intended  to  effect  such  an  entire  revolution  in 
agricultural  practice,  consisted  chiefly  of  compounds  of  potassium-carbonate,  with  cal- 
cium-carbonate or  phosphate,  potassium-silicate,  gypsum,  bone-earth,  and  salt,  and 
about  4  per  cent,  ammonio-magnesian  phosphate,  equivalent  to  rather  less  than  0'25 
percent,  ammonia  in  the  manures.  The  following  table  contains  analyses  of  these 
manures,  as  manufactured  by  Messrs.  Pfeiffer,  Schwarzenberg,  &Co.  in  Cassel  (Pabst 
— 1849 — Landwirthschaflliche  Erfahrungen  von  Hohenheim,  p.  13).  For  the  sake  of 
comparison,  the  calculated  composition  of  the  manures,  according  to  the  directions  of 
the  specification,  is  added : — 

Composition  of  Liebig's  Artificial  Manures. 


For  Cereals. 

For  Leguminous 
Crops. 

For  Root-  Crops. 

For  Tuber- 
Crops. 

Calculated 

I  Calculated. 

Calculated. 

/-Ammonia 

a 

0-28 

0-24 

. 

0-40 

Potash     . 

9-30 

40-32 

11-38 

26-28 

14-60 

19-10 

15-31 

Soda 

10-00 

4-72 

13-70 

13-20 

4-02 

15-73 

3-33 

Lime 

21-20 

9-16 

25-23 

16-20 

32-20 

20-05 

26.15 

Magnesia 

375 

0-64 

1-67 

0-64 

1-55 

1-06 

2-92 

Ferric  oxide     . 

5-05 

. 

1-48 

. 

1-36 

. 

6-35 

Phosphoric  acid 

5-50 

6-00 

1-50 

9-76 

2-37 

14-20 

0-22 

Sulphuric  acid  . 

10-08 

3-72 

9-17 

3-72 

670 

3-06 

9-67 

Chlorine  . 

1-04 

. 

1-16 

2-40 

168 

. 

1-14 

Carbonic  acid   . 

982 

7'56 

14-33 

16-48 

25-20 

21-60 

19-47 

Insoluble  in  HC1 

24-30 

. 

18-39 

9-08 

, 

18-40 

Silica 

> 

26-00 

f 

.  8-3*2 

Water      . 

•     • 

3-00 

•     • 

2-96 

•     • 

4-50 

100-04 

100-00 

98-01 

100-00 

98-76 

100-00 

99-12 

The  proper  composition  of  manures  for  other  plants,  was  to  be  ascertained  by  burning 
the  plants,  and  analysing  the  ashes,  and  then  combining  the  manure  according  to  the 
analysis  ("Specif."  p.  4,  line  27).  In  the  Address  to  Agriculturists,  explaining  the 
principles  of  artificial  manuring,  Liebig  stated  his  view  that  "the  exhaustion  of  the 
soil  by  subsequent  crops — its  decrease  in  fertility — is  produced  by  the  gradual  removal 
of  the  mineral  elements,  in  a  soluble  state,  which  are  necessary  for  the  development  of 
our  cultivated  plants.  By  a  supply  of  manure  they  are  again  restored  to  the  state 
suited  to  serve  as  nourishment  to  a  new  vegetation.  If  the  supply  of  the  removed 
elements  of  the  soil,  by  means  of  manure,  be  sufficient,  if  the  quantity  taken  away  be 
restored,  the  original  fertility  reappears  ;  if  the  supply  be  greater,  the  produce  increases ; 
a  defective  supply  gives  a  smaller  produce"  (p.  12) ;  or,  in  other  words,  the  amount  of 
produce  was  directly  proportionate  to  the  available  quantity  of  ash-constituents,  or 
mineral  substances  which,  "as  such,  are  indestructible  by  fire,  and  consequently  remain 
as  ashes  after  the  incineration  of  the  plants,  or  of  their  parts."  (p.  8.) 

Consequently,  the  agriculturist  was  to  confine  himself  to  supplying  these  substances 
to  his  land,  and  giving  it  the  proper  physical  condition,  so  as  to  render  possible,  and  to 
increase,  the  assimilation  of  carbonic  acid  and  ammonia  from  the  atmosphere. 

This  theory  of  agriculture,  or  of  manures — known  as  the  mineral  theory — was 
received  with  enthusiasm  in  England  and  America,  and  the  estimation  in  which  it  was 
held  is  well  represented  by  the  following  comments,  published  shortly  after  the  intro- 
duction of  the  new  manures :  — "  Since  the  organic  food-materials  are  universally  supplied 
to  plants  in  constant  amount,  the  great  difference  of  vegetation  cannot  be  sought  in 
them,  and.  consequently,  must  be  due  to  the  inorganic  constituents  ;  so  that,  in  putting 
farm-manure  upon  land,  it  would  be  essentially  quite  the  same  if  it  were  first  burnt, 
and  only  the  ashes  strewed  upon  the  land,  since  its  efficacy  can  only  be  due  to  its  ash- 
constituents.  It  is  easy  to  perceive  that  this  principle,  applied  to  agriculture,  suddenly 
sheds  a  new  light  upon  all  phenomena  whose  explanation  has  hitherto  been  sought  for 
in  vain.  Now,  it  is  easy  to  conceive  why  irrigated  meadow-land  can  yield  annually 
great  quantities  of  hay  without  manure  when  the  necessary  quantities  of  salts  are 
conveyed  to  it  in  the  water.  It  becomes  clear  how  the  Peruvian  is  able  to  obtain 
luxuriant  crops  of  maize  upon  the  most  arid  sand-drifts,  if  only  a  tiny  rill  from  the 
snow-peaks  of  the  Andes  conveys  to  them  the  requisite  soluble  earths.  Hundreds  of 
similar  phenomena  are  elucidated  by  this  ingenious  idea  of  Liebig's;  but  hundreds 
of  new  ideas  are  also  suggested  fruitful  in  development  and  improvement  for  that 
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simplification  and  security  of  agriculture  which  will  be  the  inheritance  of  posterity ;  and 
we  begin  to  find  it  natural  that  in  England— where,  according  to  the  standard  hitherto 
known,  agriculture  stand^so  high— Liebig  should  be  celebrated  as  thereunder  of  a 
rational  system,  in  opposition  to  the  previous  purely  empirical  one ;  and  that  he  should 
be  overwhelmed  with  laudatory  demonstrations  and  marks  of  honour,  in  such  a  way 
as  scarcely  any  one,  and  certainly  no  foreigner,  has  ever  experienced  there." — 
Schleiden,  The  Plant,  pp.  173-174. 

Under  the  auspices  of  the  Royal  Agricultural  Society  of  England,  an  elaborate  in- 
vestigation of  plant-ashes  was  undertaken  by  Way  and  Ogston,  with  the  view  of 
obtaining  data  for  the  preparation  of  artificial  manures  according  to  Lieb  ig's  mineral 
theory  of  agriculture  (Journ.  Roy.  Agric.  Soc.). 

But  experience  did  not  realise  the  expectations  which  had  been  entertained  as  to  the 
results  to  be  obtained  by  the  use  of  manure  prepared  according  to  the  principles  of 
the  "  mineral  theory."  Among  other  places,  the  wheat-manure  was  tried  at  Kothamsted, 
and  the  following  results  were  obtained.  (See  Lawes  and  Grilb  ert,  op.  tit.  viii.  xxv.) 


, 

Dressec 

Weight 

Total 

Total 

s 

corn 
per  acre 

per 
bushel. 

corn. 

Straw. 

produce. 

1843-44 

bushels 

Ibs. 

Ibs. 

Ibs. 

3 

15 

58-5 

923 

1,120 

2,043 

2 

Farmyard  manure,  14  tons 

204 

59-3 

1,276 

1,476 

2,752 

4 

Ashes  of  ditto               „           ... 

14} 

58-0 

888 

1,104 

1,992 

10 

Superphosphate,  660  Ibs.;  potash-silicate, 

220  Ibs  

15$ 

62-0 

1,008 

1,112 

2,120 

17 

Mixed  phosphates,  amm.-sulph.,  65  Ibs. 

19 

62-3 

1,240 

1,422 

2,662 

19 

„      81  Ibs.       . 

24* 

61-8 

1,580 

1,772 

3,352 

1844-45 

3 

23 

56-5 

1,441 

2,712 

4,153 

2 

Farm-yard  manure,  14  tons 

32 

56-8 

1,967 

3,915 

5,882 

6 

Superphosphate,  112  Ibs.;  ammonia-  sulph., 
112  Ibs.  ;  rape-cake,  560  Ibs,  . 

28J 

57-8 

1,871 

3,644 

5,515 

10 

Amm.-sulph.  and  chloride,  336  Ibs.  . 

32 

56-3 

1,980 

4,266 

6,246 

1845-46 

3 

Unmanured      

18 

63-8 

1,207 

1,513 

2,720 

2 

Farmyard  manure,  14  tons 

27 

63-0 

1,826 

2,454 

4,280 

(  Liebig'  s  manure,  448  Ibs  

20£ 

637 

1,400 

1,676 

3,076 

(      „             „            „  amm.  -salts,  2241bs. 

29± 

63-5 

1,967 

2,571 

4,538 

(„             „            „  rape-cake,     448  „ 

22f 

63-0 

1,534 

1,968 

3,502 

7 

„              „             „  amm.-salts,  224  „ 

&  rape-cake,  448  „ 

31f 

63-4 

2,163 

3,007 

5,170 

i  n 

(Ammonia-sulphate,  224  Ibs.      . 

27j 

63-6 

1,850 

2,244 

4,094 

1U 

17§ 

63-8 

1,216 

1,455 

2,671 

Comparing  the  amount  of  produce  obtained  by  the  use  of  farmyard  manure,  with 
that  obtained  where  only  the  ash  of  an  equal  quantity  of  the  same  manure  was  used, 
it  is  evident  that  the  use  of  this  manure  effects  something  more  than  the  mere  restora- 
tion of  ash-constituents  to  the  land :  and  this  result  alone  is  sufficient  to  show  the 
error  of  the  "  mineral  theory  of  agriculture." 

It  has  already  been  shown  that  the  land,  though  exhausted  in  regard  to  the  growth 
of  wheat  under  the  ordinary  system  of  cultivation,  was  still  rich  in  available  ash- 
constituents  (see  ante,  p.  837):  consequently,  the  application  of  these  only  as  manure, 
was  not  attended  with  any  increase  of  produce  over  that  obtained  without  any  manure, 
which  may  be  regarded  as  the  measure  of  the  extent  to  which  the  natural  supply  of 
air-food  by  the  atmosphere  and  soil  was  available  for  the  growth  of  wheat.  But, 
wherever  ammonia  was  supplied  as  manure,  the  produce  was  always  much  increased, 
even  in  those  exceptional  instances  where  it  was  used  alone.  These  results,  then,  are 
in  direct  opposition  to  Lieb  ig's  mineral  theory  of  agriculture. 

In  the  case  of  wheat,  the  capability  of  production  does  not  increase  or  diminish  in 
exact  proportion  to  the  ash-constituents  supplied  to  land  in  manure,  but  the  amount 
of  produce  is  proportionate  to  the  supply  of  nitrogen  in  the  manure ;  the  capability  of 
production  may  be  increased  by  manure  rich  in  nitrogen,  and  even  by  ammonia-salts 
alone.  (See  Chatterley — 1843 — Phil.  Mag.  xxii.  470:  Report  of  some  experiments 
with  saline  manures,  containing  nitrogen.) 

It  is,  therefore,  the  relative  deficiency  of  the  supply  of  nitrogenous  food  which  must 
be  regarded  as  constituting  the  principal  feature  of  that  exhaustion  of  land,  in  regard 
to  the  growth  of  wheat,  which  takes  place  in  the  ordinary  routine  of  agricultural  practice. 
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Similar  experiments  to  those  above  described  have  been  made  on  the  light  land  of 
Norfolk  and  in  Kent,  and  the  same  general  results  have  been  arrived  at.  (See  Lawes 
and  Gilbert,  Op.  cit.  xvi.  207.  xxiii.  31.) 

These  facts  at  once  furnish  a  clue  to  the  function  of  farmyard  manure  in  the  growth 
of  wheat,  over  and  above  the  mere  restitution  of  ash-constituents,  and  they  illustrate 
the  importance  of  the  accumulation  of  available  nitrogen  upon  the  farm  by  the  cultiva- 
tion of  fallow-crops.  Moreover,  they  are  conclusive  proof  that,  so  far  as  relates  to 
increase  of  produce  in  wheat,  the  value  of  this  manure  is  more  essentially  dependent 
upon  the  supply  of  nitrogenous  material  which  it  provides,  than  upon  the  restoration 
of  ash-constituents  removed  by  former  crops  ;  though  this  latter  is  a  necessary  condition 
of  the  maintenance  of  fertility  in  regard  to  long  periods  of  time,  and  one  which  always 
obtains  under  a  good  system  of  farming. 

The  striking  contrast  presented  by  wheat  and  turnips  in  regard  to  amount  of  produce, 
when  grown  year  after  year  on  the  same  land  without  manure,  clearly  indicates  that, 
in  the  cultivation  of  the  turnip,  by  which  the  exhaustion  of  land,  by  previous  crops,  is 
compensated  for  in  ordinary  practice,  a  supply  of  air-food  from  within  the  soil  requires  to 
be  provided  by  manure.  Though  the  produce  of  wheat — allowing  for  the  influence  of 
season — was  tolerably  constant  during  twenty  consecutive  years,  the  produce  of  turnips 
was  reduced  in  three  years  to  almost  nothing.  Consequently,  the  capability  of  this 
plant  to  appropriate  the  food-materials  furnished  by  the  atmosphere  during  its  period  of 
growth,  is  not  so  great  as  has  been  supposed,  and  is,  indeed,  inferior  to  that  of  wheat. 

The  different  value  of  manure  in  regard  to  these  crops  respectively,  is  also  shown  by 
the  results  obtained  with  phosphates,  with  ammonia-salts,  and  with  farmyard  manure. 
Superphosphates  applied  to  wheat  afforded  no  increase  in  the  amount  of  produce 
over  that  obtained  without  manure ;  but  with  turnips  it  always  increased  the  amount  of 
produce,  especially  when  there  was  an  abundant  supply  of  carbonaceous  air-food  pro- 
vided, in  addition  to  that  furnished  by  the  atmosphere  within  the  period  of  growth. 
Ammonia-salts  applied  to  turnips,  either  with  or  without  other  ingredients  of  manure, 
and  with  abundant  supplies  of  ash-constituents  -  in  the  land,  did  not  increase  the 
produce,  or  promote  a  favourable  mode  of  growth ;  but  with  wheat,  under  the  same 
conditions,  they  often  doubled  the  amount  of  produce.  Farmyard  manure — containing 
both  phosphates  and  ammonia,  or  its  equivalent,  together  with  a  large  amount  of  carbon- 
aceous material — applied  to  wheat  did  not  increase  the  amount  of  produce  more  than 
50  per  cent,  over  that  obtained  without  manure;  but  with  turnips  its  use  was 
attended  with  large  increase  in  the  average  weight  of  the  bulbs  ;  and  when  soluble 
phosphates  were  also  used,  there  was  a  very  considerable  increase  in  the  amount  of 
produce  per  acre.  The  difference  in  these  cases  is  chiefly  referable  to  difference  in  the 
requirements  of  these  plants  as  they  are  cultivated;  a  comparatively  more  abundant 
supply  of  carbonaceous  food  and  of  phosphates  being  necessary  for  the  turnip,  while 
wheat  requires  a  comparatively  more  abundant  supply  of  nitrogenous  food. 

The  amount  of  produce  obtained  with  Liebig's  wheat-manure,  in  the  third  year, 
was  little  above  that  obtained  without  any  manure,  and  much  less  than  that  obtained 
with  farm-yard  manure  ;  but  when  ammonia-salts  were  used  with  Liebig's  manure, 
the  amount  of  produce  was  increased  nearly  in  proportion  to  the  amount  of  nitro- 
genous material  supplied  either  as  ammonia-salts  or  rape-cake. 

Experiments  made  before  1845  by  Lie  big  himself,  with  these  manures  consisting 
only  of  ash-constituents,  did  not  furnish  any  indications  of  their  efficacy;  and  in  subse- 
quent trials  upon  poor  uncultivated  land  at  G-iessen,  the  effect  produced  where  they 
were  used  alone  was  very  slight,  compared  with  that  where  forest-earth  or  stable-manure 
were  used  (Liebig,  Principles,  pp.  40-45).  By  cultivation,  the  fertility  of  the  land 
gradually  increased ;  but  as  no  data  have  been  given  as  to  the  composition  of  the  soil, 
the  amount  of  produce,  &c.,  by  which  an  opinion  could  be  formed  as  to  what  were  the 
latent  resources  of  the  land — how  much  of  the  result  may  be  due  to  the  influence  of 
tillage,  or  to  the  manure  produced  as  the  result  of  cultivation  only,  and  how  little  of 
that  result  may  be  due  to  the  supply  of  ash-constituents  to  the  land  in  the  first  year — 
it  is  impossible  to  regard  the  results  of  these  experiments  as  constituting  any  exception 
to  the  observations  made  elsewhere  as  to  the  effect  of  manure  consisting  wholly  of  ash- 
constituents  of  plants. 

The  failure  of  Liebig's  wheat-manure,  and  the  inefficacy  of  the  ash  of  farm-yard 
manure  have  been  ascribed  to  their  deficient  solubility.  (See  Liebig,  Einleitung  in 
die  Naturgesctze  dcs  Feldbaues,  pp.  70  et  seq. ;  International  Exhibition,  1862,  Reports  bjf 
the  Juries,  p.  161.)  This  opinion  may  be  urged  as  an  excuse  in  those  instances,  but  it 
has  no  applicability  to  the  other  instances  in  which  the  constituents  of  the  wheat- 
manure  and  of  the  ashes  were  used  in  a  very  soluble  condition,  and  were  nevertheless 
equally  inefficient  in  augmenting  the  produce  beyond  that  obtained  without  manure. 
The  state  of  exhaustion  could  not,  therefore,  consist  in  deficiency  of  ash-constituents ; 
and  the  results  obtained  by  the  use  of  ammonia,  even  alone,  or  with  those  manurea, 
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cleanly  prove  tnat  the  relative  deficiency  of  nitrogenous  supply  within  the  period  01 
growth,  was  the  main  feature  of  the  exhaustion,  the  determining  cause  of  the  small 
amount  of  produce  on  the  unmanured  land,  and  of  the  inefficacy  of  the  soluble  ash-con- 
stituents, if  not  also  of  the  farmyard  manure  ash  and  of  Lie  big's  manure. 

These  results,  therefore,  show  that  all  hope  of  obtaining  annual  crops  of  corn,  or  of 
increasing  the  amount  of  produce  of  crops  generally,  by  means  of  manures  consisting  only 
of  the  ash-constituents  of  the  plants  grown,  must  be  entirely  abandoned ;  and  that,  as 
regards  agricultural  practice,  precisely  the  opposite  course  must  be  adopted,  of  supplying 
air-food  by  artificial  means,  in  order  to  render  the  available  resources  of  the  land  fully 
effective.  The  artificial  supply  of  nitrogenous  air-food  is  the  only  means  by  which  a 
full  agricultural  crop  of  corn  can  be  obtained  year  after  year  from  ordinary  land.  But 
since  the  sources  of  ammonia-salts  at  present  available  are  inadequate  for  that  pur- 
pose, it  is  evident  that  a  rotation  of  crops  is  an  indispensable  feature  of  a  system  of 
agriculture  where  the  production  of  corn  is  the  chief  object,  and  where  it  is  necessary 
to  obtain  a  large  amount  of  produce.  The  increased  supply  of  nitrogen  stored  up  from 
atmospheric  sources  by  the  cultivation  of  fallow-crops,  and  made  available  by  cattle- 
feeding  for  the  production  of  corn,  must  at  the  same  time  be  supplemented  by  the 
purchase,  from  extraneous  sources,  of  nitrogenous  manures,  and  cattle-food,  as  far  as  may 
be  practicable  and  profitable  in  particular  instances.  In  the  case  of  land  rich  in  ash- 
constituents,  the  artificial  supply  of  nitrogenous  manure  may  be,  to  some  extent,  substi- 
tuted for  rotation,  and  cattle-feeding,  so  as  to  obtain  larger  and  more  frequent  corn-crops. 

It  appears,  therefore,  that  instead  of  reforming  agriculture  by  his  manures,  Liebig 
caused  them  to  demonstrate  the  incorrectness  of  his  mineral  theory  of  agriculture ; 
and  the  failure  of  those  manures,  from  the  application  of  which  farmers  had  been 
induced  to  anticipate  such  wonderful  results,  naturally  produced  a  revulsion  of  opinion 
which  was  sometimes  expressed  in  a  manner  not  altogether  free  from  exaggerated 
opposition  to  the  views  put  forward  by  Lie  big.  Thus  the  President  of  the  Koyal 
Agricultural  Society  of  England,  after  remarking,  in  his  annual  address,  that  "  the 
mineral  theory,  hastily  adopted  by  Liebig,  had  broken  down ;  and  that  the  doctrine  of 
the  increase  or  diminution  of  crops  being  exactly  proportionate  to  the  increase  or  dimi- 
nution in  the  quantity  of  ash-constituents  supplied  to  them  in  manure,  had  received  its 
death-blow  from  the  experiments  at  Rothamsted,"  went  on  to  state,  that  of  the  active 
principles  of  manure,  ammonia  was  specially  suited  for  corn,  phosphates  for  turnips. 
(Pusey— 1850— Jour.  Boy.  Agric.  Soc.  xxii.  383-392.) 

This  expression  of  opinion  by  a  practical  farmer  must  be  regarded  as  applying 
chiefly  to  the  artificial  supplies  of  manure  required  for  different  cultivated  plants,  and 
not  by  any  means  indicative  of  the  idea  that,  in  regard  to  the  nutrition  of  plants  con- 
sidered apart  from  agriculture,  any  one  or  other  constituent  of  plant-food  possessed  a 
special  value  independent  of  others.  The  erroneous  estimate  Liebig  has  formed  of 
the  opinions  held  in  this  country  respecting  manure,  has  no  other  basis  than  the  sup- 
position that  such  an  idea  has  been  entertained,  or  else  the  want  of  a  due  comprehension 
of  the  farmer's  strictly  technical  view  of  this  subject  being  limited  to  the  consideration 
of  materials  to  be  provided  over  and  above  those  supplies  which  are  furnished  by 
ordinary  practice,  either  from  extraneous  sources  or  by  modifications  of  that  practice. 

That  erroneous  estimate  has  also  given  rise  to  much  of  the  controversial  opposition 
which  Liebig  has  manifested  towards  the  conclusions  arrived  at  by  the  researches  of 
Lawes  and  Gilbert,  though  virtually  adopting  those  conclusions,  and  materially 
modifying  his  own  views  in  accordance  with  them.  It  has  also  led  him  to  imagine  that 
the  general  doctrine  of  plant-nutrition  has  been  called  in  question.  But  that  is  not  the 
case ;  nor  has  this  general  doctrine  ever  been  disputed,  except  in  so  far  as  relates  to  that 
extreme  form  of  it,  adopted  by  Liebig,  according  to  which  carbonic  acid,  water,  and 
ammonia  are  held  to  be  the  only  sources  of  the  organic  constituents  of  plants. 
(Saussure — 1841 — "Sur  la  Nutrition  des  V^ge'taux." — Bibl.  univ.  xxxvi.  340. — 
Berzelius — 1842 — Jahrcsbericht,  xxii.220.—  Mulder,  op.c^.— Mohl,  op.  dtp.  78.) 
The  originality  of  that  extreme  view  was,  indeed,  disputed  by  Dumas,  by  whom  it  was 
also  put  forward  about  the  same  time.  (Dumas — 1841 — "  Sur  le  Role  que  joue  Tair 
atmospherique  dans  la  nature,  et  sur  1' action  qu'il  exerce  sur  tous  les  etres  organises." 
Rev.  sclent,  indust.  vi.  228,  and  Chemical  and  Physiological  Balance  of  Organic  Nature?) 
Berzelius,  in  criticising  that  doctrine,  remarked  that,  while  it  was  still  unsupported 
by  any  experimental  evidence,  it  was  so  opposed  to  general  agricultural  experience, 
that  it  could  not  even  be  regarded  as  probable ;  though  it  manifested  much  genius  and  in- 
spiration, and  had  been  propounded  with  the  art  peculiar  to  D  u  mas,  but  less  calculated, 
by  soundness  of  argument,  to  overcome  the  doubts  of  those  acquainted  with  the  subject., 
than  to  impress  others,  less  cognisant  of  it,  by  striking  manner  and  positive  assertion — 
the  most  efficient  means  of  making  precipitate  scientific  conclusions  generally  popular 
(Jahresbericht,  xxii.  220).  In  reference  to  L  i  e  b  i  g '  s  views  on  the  chemistry  of  agricul- 
ture, he  also  remarked  that  the  mode  in  which  he  had  sought  to  decide  questions  of  the 
highest  importance  for  that  art,  had  met  with  greater  recognition,  as  being  perfectly 
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trustworthy,  than  was  consistent  with  the  state  of  knowledge  at  that  time.  Of 
Boussingault,  on  the  contrary,  who  had  followed  "the  difficult  and  laborious  course 
of  deciding  every  question  by  experiment,"  lie  remarked,  that  "  his  answers,  though 
not  so  rapid,  were  mostly  trustworthy."  (Jahresbericht,  xxi.  236,  238.) 

The  difference  thus  early  recognised  by  Berzelius  between  Liebig'smineral  theory 
of  agriculture,  and  Boussingault's  views  on  the  same  subject,  has  been  fully  con- 
firmed by  the  results  of  experience.  The  former  may  be  looked  upon  as  a  thing  of  the 
past,  the  error  of  which  has  been  demonstrated  by  the  entire  failure  of  the  attempts  to 
carry  into  practice  its  fundamental  principle  as  to  fertility  and  manure.  The  latter, 
though  modified  in  some  particulars  by  their  development,  and  by  the  progress  of  re- 
search, have  been  found  in  the  main  correct,  and  are  supported  by  the  extended  results 
obtained  by  Lawes  and  Gilbert,  in  the  series  of  experiments  they  have  conducted 
upon  a  working  scale,  during  the  last  twenty  years,  with  a  strict  regard  to  actual 
practice  in  the  field,  and  in  the  laboratory,  with  all  the  refinement  of  modern  methods 
of  research. 

The  difference  between  Liebig's  doctrine  and  the  conclusions  arrived  at  by  Lawes 
and  Gilbert,  as  the  result  of  their  experimental  researches,  does  not  relate  to  the 
abstract  theory  of  plant-nutrition ;  but  it  relates  solely  to  the  ordinary  system  of 
agricultural  practice,  and  chiefly  to  that  branch  of  the  "  mineral  theory  "  of  agriculture 
propounded  by  Liebig,  which  comprises  the  principles  of  manuring.  Liebig  ascribed 
fertility  and  the  efficacy  of  manure,  solely  to  the  amount  of  available  ash-constituents 
in  land,  and  the  advantages  of  rotation,  mainly  to  the  unequal  requirements  of 
different  plants  for  those  substances. 

Lawes  and  Gilbert,  on  the  contrary,  have  shown  that  fertility  is  not  proportionate  to 
the  amount  of  available  ash-constituents  in  land ;  that  the  efficacy  of  manure  is  not 
proportionate  to  the  amount  of  ash-constituents  it  contains ;  that  the  exhaustion  of 
land,  in  the  ordinary  practice  of  agriculture,  consists  chiefly  in  a  deficiency  of  nitro- 
genous food-material ;  that  the  advantage  of  rotation  consists  more  in  the  accumulation 
of  nitrogenous  and  carbonaceous  food-materials  'in  the  farmyard  manure,  than  in  the 
difference  between  the  ash-constituents  taken  from  land  by  corn  and  fallow-crops ;  and 
that  the  requirements  of  cultivated  plants  cannot  be  measured  merely  by  the  results  of 
their  analyses. 

The  sterling  value  of  the  results  thus  obtained  is  not  overrated  by  the  opinion  ex- 
pressed in  the  annual  address  of  the  President  of  the  Koyal  Agricultural  Society  of 
England,  that  "  during  the  last  twenty-five  years,  there  has  not  been  any  addition 
made  to  our  knowledge,  which  approaches,  in  importance,  to  the  insight  into  the  true 
principles  of  cropping  and  manuring,  obtained  on  the  experimental  farm  at 
Bothamsted."  (Thompson — 1864 — Journ.  Roy.  Agric.  Soc.  xxv.  4.) 

The  particular  conclusions  and  general  views  which  have  been  arrived  at  by  these 
researches  have  been  vehemently  disputed  by  Liebig,  who  has  sought  to  maintain 
that  they  are  at  once  totally  erroneous,  and  perfectly  confirmatory  of  his  "  mineral 
theory  of  agriculture."  (Liebig — 1851 — Letters  on  Chemistry,  3rd  edit. ;  1855 — Prin- 
ciples of  Agric.  Chemistry;  1863 — Natural  Laws  of  Husbandry,  Einlcitung,  &c. — 
Hofmann,  Op.  cit.  p.  160.) 

This  paradoxical  position  has  been  arrived  at  by  a  singular  process. 

It  is  contended  that  the  "mineral  theory"  of  agriculture  comprised  ammonia  and  its 
salts,  among  the  mineral  substances  which  were  considered  to  determine  the  fertility  of 
land  and  the  efficacy  of  manure,  and  which  it  was,  consequently,  necessary  to  return  or 
supply  to  land,  in  order  to  maintain  or  increase  fertility.  (Liebig — IS 5 5— Principles 
of  Agric.  Chemistry \  p.  90.) 

This  claim,  however,  is  quite  inconsistent  with  Liebig's  original  exposition  of  his 
views,  and  with  the  pointed  antithesis  constantly  maintained  in  all  his  writings,  between 
the  atmospheric  food  of  plants,  carbonic  acid,  water,  and  ammonia,  whether  furnished 
directly  by  the  atmosphere,  or  indirectly  from  within  the  soil ;  and  those  materials 
derived  exclusively  from  the  soil,  which  "are  mineral  substances,  and  as  such  are 
indestructible  by  fire,  and,  consequently,  remain  as  ashes  after  the  incineration  of  the 
plants,  or  of  their  parts."  It  is  also  inconsistent  with  the  general  interpretation  of 
his  "  mineral  theory  "  by  other  writers  on  the  subject.  (SeeHorsford — 1846 — Gcneste 
Farmer,  Aug.  1855. — Weissenborn — 1847 — Farmer's  Magazine. — Schultze — 1848, 
American  Patent  Office  Report,  1849. — Johnston — 1848 — Jour.  Hoy.  Agric.  Soc.  Eng., 
ix.  223.— Puvis — 1844—  Traite  des  Amendments,  pp.  423,  623,  624,  627,  632.— Bous- 
singault— 1851—  Economic  Rurale,  ii.  81. — North  British  Agriculturist,  Nov.  7, 1855.) 
Moreover,  it  is  certain  that,  in  the  specification  of  the  patent  which  was  the  embodi- 
ment of  Liebig's  "  mineral  theory  "  in  relation  to  practical  agriculture,  neither  ammonia 
nor  its  salts  were  included*  among  the  mineral  substances  mentioned  in  the  recipes  and 

*  The  quantity  of  ammonia,  amounting  to  less  than  0-5  per  cent.,  corresponding  to  the  ammonio- 
magnesiaii  phosphate  in  the  manure,  is  of  course  considered  as  unimportant. 
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directions  given  by  him  for  the  preparation  of  manures  (see  p.  845).  In  the  "  Address  " 
also,  though  ammonia  was  stated  to  have  been  added  to  the  manure  in  the  first  year,  still 
the  prospect  of  being  able  to  exclude  it  altogether  was  spoken  of  as  probable  ;  and  in 
the  third  edition  of  the  Letters  on  Chemistry,  1851,  (p.  502),  a  whole  letter  was  devoted 
to  the  argument,  that  an  artificial  supply  of  nitrogen  was  quite  a  matter  of  indifference 
(p.  515) ;  for  though  such  a  supply  would  exercise  a  favourable  effect  on  vegetation,  still, 
if  it  were  not  given,  all  the  requisite  nitrogen  would  be  obtained  from  the  atmosphere. 
(p.  518.  See  also  Allgemeine  Zritung — 1857 — No.  157.) 

In  the  criticism  of  Lawes'  and  Gilbert's  experiments  and  conclusions,  Liebig 
has  assumed  that  they  have  regarded  certain  substances  as  having  a  specific  value  as 
materials  of  plant-food  in  an  abstract  point  of  view ;  but  this  assumption  is  unfounded. 
Their  experiments  have  only  led  them  to  consider  that  in  a  practical  point  of  view, 
and  in  relation  to  the  existing  practice  of  agriculture,  in  this  country  especially,  those 
materials  of  plant-food  acquire  a  preponderating  value  as  manure,  which,  like  ammonia 
in  the  case  of  corn,  become  relatively  deficient ;  or  which  are  capable  of  determining  a 
particular  mode  of  growth,  like  phosphoric  acid  in  the  case  of  root-crops  ;  that  they  are 
the  materials  to  be  supplied  artificially,  not  with  the  object  of  wasting  the  available 
resources  of  land,  but  in  order  to  prevent  these  from  lying  idle. 

Herein  lies  a  difference  which  Liebig  has  either  failed  to  perceive,  or  studiously 
disregarded  ;  and  it  is  a  difference  of  the  highest  importance.  The  practical  farmer 
accepts,  in  its  full  significance,  the  abstract  theory  of  plant-nutrition,  so  far  as  it 
concerns  him :  he  also  looks  for  its  application  to  the  art  in  which  he  is  engaged,  and 
for  rules  by  which  his  practice  may  be  improved.  There  is  probably  no  art  in  which 
suggestions  for  improvement  have  been  more  eagerly  accepted  during  the  past  twenty 
or  thirty  years  than  in  agriculture ;  but  when  such  suggestions  are  tested  and  found 
wanting,  the  practical  nature  of  agriculture  demands  their  abandonment. 

So  it  has  proved  with  L  i  e  b  i  g '  s  application  of  his  theory  of  plant-nutrition  to  agri- 
culture. Looking  only  to  the  ash-constituents  of  plants,  of  soils,  and  of  manure,  he 
has  laid  down  rules  for  agricultural  practice — he  has  prescribed  manures,  and  written 
elaborate  expositions  of  the  various  operations  of  culture,  which  in  every  single  instance 
failed  to  bear  the  test  of  experience. 

But  where  the  enquiry  into  this  subject  has  been  conducted  in  a  more  catholic  spirit, 
and  by  a  method  at  once  more  philosophical  and  more  directly  relating  to  the  ruling 
conditions  of  practical  agriculture,  as  in  the  experiments  of  Boussingault,  and  of 
Lawes  and  G-ilb  ert,  the  results  obtained  are  calculated  to  afford  materials  for  a  legiti- 
mate induction,  by  which  principles  of  real  value  in  relation  to  th,e  practice  of  the  art 
may  be  arrived  at. 

The  customary  routine  of  agricultural  practice,  however  defective  it  may  be  in  par- 
ticular cases,  has  become  established  by  observation  and  experience,  and  by  the  exercise 
of  the  same  mental  functions  which  are  employed  in  scientific  research.  Though  their 
exercise  may  be  limited  by  the  practical  object  in  view,  there  can  be  no  doubt  that, 
in  reality,  agricultural  customs  represent  natural  facts  to  a  grpater  extent  than  science 
is  yet  competent  to  explain.  To  those  who  do  not,  like  Liebig,  consider  the  farmer  to 
be  "  destitute  of  all  understanding,"  the  prejudices  characteristic  even  of  the  rudest 
practice  will,  therefore,  appear  as  ihe  exponents  of  those  peculiarities  of  climate,  soil, 
and  other  circumstances,  which  lie  at  the  root  of  the  practice  adopted.  However  vague 
and  unintelligible  such  prejudices  and  empirical  rules  may  appear,  it  is  from  the  con- 
sideration of  them,  that  a  clue  may  be  obtained  to  the  scientific  elucidation  and 
improvement  of  agriculture.  The  science  which  is  to  be  of  value  in  agriculture,  and 
whose  value  will  be  recognised  by  farmers,  must  grow  out  of  the  practice  of  the  art, 
and  the  patient  examination  of  its  various  details,  and  not  be  a  mere  speculative 
grafting  upon  it.  The  accumulated  data  of  ordinary  experience  must  furnish  the  basis 
for  its  construction,  and  its  doctrines  must  rest  upon  evidence  of  reality,  not  upon  mere 
probability.  It  may  be  a  slow  growth,  but  it  must  be  a  sure  one. 

Meanwhile,  it  is  no  reproach  to  the  farmer  if  he  adheres  to  the  system  which  he 
knows  by  experience  to  have  brought  him  certain  results,  or  that  he  refuses  to  adopt 
another  system  until  he  has  sufficient  proof  of  its  being  more  advantageous  than  that 
with  which  he  is  familiar.  This  natural  conservative  tendency  has  been  strengthened 
by  the  failures  attending  the  premature  application  of  scientific  doctrines.  This  is 
really  the  reason  why  farmers  are  in  many  cases  averse  to  the  adoption  of  improve- 
ments suggested  by  science.  It  is  not  because  they  are  "  destitute  of  all  understanding," 
or  because  they  pretend  to  deny  the  existence  of  any  connection  between  scientific, 
doctrines  and  the  phenomena  concerned  in  agriculture,  but  because  it  is  still  question- 
able whether  those  doctrines  really  furnish  the  means  of  improvement.  For  this 
reason  they  prefer  to  be  guided  by  tradition  and  experience,  rather  than  by  untried  pre- 
cepts of  scientific  speculation.  If  there  be  an  established  and  invariable  connection  be- 
tween the  practice  of  rotation  with  cattle -feed  ing,  and  the  profitable  result  of  farming — 
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between  the  use  of  superphosphates  and  the  production  of  a  large  root- crop— between 
the  use  of  nitrogenous  manure  and  the  increase  of  corn-crops — those  practices  will 
continue  to  be  adopted,  and  they  will  constitute  the  scientific  practice  of  agriculture, 
quite  independent  of  the  questions  whether  superphosphate  or  ammonia  have  any 
special  value  as  materials  of  plant-food,  or  what  becomes  of  those  portions  of  them 
which  are  supplied  as  manure  and  are  not  obtained  in  the  crop.  These  are  abstract 
scientific  questions  of  high  interest  for  the  chemist,  and  of  possible  importance  to  the 
future  of  agriculture ;  but  they  do  not  concern  the  farmer,  whose  business  is  to  produce 
food  with  such  means  as  are  at  his  disposal.  It  would  be  a  very  illogical  conclusion 
that  the  facts  observed  as  to  the  influence  of  artificial  supplies  of  ammonia  and  super- 
phosphates upon  the  growth  of  corn-  and  root-crops  should  be  disregarded  because 
science  is  unable  to  explain  the  precise  functions  of  those  substances  in  vegetation ; 
and  it  is  equally  irrational  to  denounce,  as  a  folly  and  an  error,  the  application  of  those 
facts  so  far  as  present  knowledge  will  admit.  B.  H.  P. 

JVlARASlvXOlilTE.  Syn.  with  BLENDE.  (See  ZINC,  SULPHIDE  OF.) 
MARBXiE.  See  LIMESTONE  (p.  697). — Church  (Chem.  Soc.  J.  xvii.  379)  has 
lately  examined  the  colouring  matter  of  the  Blue  Forest  Marble,  and  has  shown  that 
the  colouring  material  of  the  dark  bands  which  occupy  the  central  portion  of  the  various- 
sized  slabs  into  which  the  stone  has  naturally  divided,  consists  of  iron  pyrites,  while 
the  paler  yellow,  brown,  or  buff  tint  of  the  outer  parts  of  the  slabs  is  due  to  ferric  oxide 
resulting  from  the  oxidation  of  the  pyrites.  It  appears  probable  that  the  colouring  of 
other  blue  and  grey  clays,  rocks,  and  soils  may  also  be  due  to  the  presence  of  iron 
pyrites ;  and  hence,  perhaps,  may  be  explained  the  injurious  influence  which  these  blue 
and  grey  matters  exert  on  vegetation. 

1VIARCASITE.     White  iron  pyrites.     (See  IBON,  SULPHIDES  OF,  p.  402.) 
ftXARCEXiXir.   A  name  applied  to  an  impure  variety  of  braunite  (manganic  oxide) ; 
also  used  as  a  synonym  of  rhodonite  (silicate  of  manganese). 

IVI  ARCYIiITE.  A  mineral  having  the  aspect  of  tenorite  cupric  oxide),  from  the 
southern  part  of  Bed  River,  in  the  neighbourhood  of  Mount  Witchita.  Hardness  =  3. 
Specific  gravity  =  4'0  to  4'L  In  the  flame  of  a  candle  it  melts,  and  acquires  a  blue  or 
green  colour.  On  charcoal  it  gives  off  vapours  of  chloride  of  copper,  and  ultimately 
leaves  pure  copper.  In  the  pulverised  state,  it  dissolves  completely  in  ammonia. 
Contains  54'3  per  cent,  copper,  36-2  chlorine  and  oxygen,  and  9'5  water.  (C.  U. 
Shepard,  Sill.  Am.  J.  [2]  xxi.  206.) 

1VIARECANTTE.     Syn.  with  PEARLSTOXE. 


1VIARGARIC  ACID.  C"H3402 


C"H330 


) 

JO.   (Heintz,  Pogg.  Ann.  cii.  272.)— 


This  term  was  formerly  applied  to  an  acid  intermediate  between  stearic  and  palmitic 
acids,  supposed  to  be  produced,  together  with  others,  by  the  saponification  of  solid 
natural  fats ;  but  it  is  now  restricted,  for  reasons  presently  to  be  mentioned,  to  an 
artificially  prepared  fatty  acid  of  the  series  CnH2n02,  resulting  from  a  definite  reaction. 
a.  Artificial  Margaric  acid. — This  acid  is  produced  by  the  action  of  potash  on  cyanide 
of  cetyl  (niargaronitrile) : 

Ci7HssN  +   2H20     =     C17H3402  +   NH3. 

Cyanide  of  cetyl  (oily,  see  i.  841)  is  continuously  boiled  with  alcoholic  potash,  till  am- 
monia is  no  longer  given  off,  and  the  residue  has  become  solid ;  this  residue  is  then 
decomposed  by  boiling  dilute  hydrochloric  acid ;  the  separated  fatty  acid  is  shaken  up 
with  aqueous  ammonia ;  and  the  turbid  solution  is  precipitated  by  chloride  of  barium. 
The  precipitate,  after  being  washed  with  water  and  with  alcohol,  and  repeatedly  boiled 
with  ether,  yields  to  this  solvent  an  oil,  which  solidifies  in  the  cold,  melts  below  40°, 
and  has  the  composition  of  a  mixture  of  cetylic  ether  and  cetylic  aldehyde.  The  un- 
dissolved  barium-salt  is  decomposed  by  agitation  with  hydrochloric  acid  and  ether;  and 
by  pipetting  off  the  ethereal  liquid,  and  distilling  off  the  ether,  crude  yellowish  margaric 
acid  is  obtained,  melting  at  56'6°,  and  solidifying  in  scales  and  fine  needles.  This 
acid  may  be  resolved,  by  several  crystallisations  from  alcohol,  repeated  partial  pre- 
cipitation from  the  solution  of  its  sodium-salt  by  acetate  of  magnesium,  and  subse- 
quent recrystallisation  of  the  portions  of  acid  again  separated  (somewhat  in  the  manner 
described  on  page  474)  into  margaric  acid,  and  an  acid  containing  a  larger  proportion 
of  carbon  (CI9H3802,  formed  from  cyanide  of  stethyl,  C19H37N,  contained  in  the  cyanide 
of  cetyl  employed),  which  occurs  chiefly  in  the  portions  first  precipitated  by  acetate  of 
magnesium.  (Heintz.) 

The  portions  last  precipitated  by  acetate  of  magnesium  yield  margaric  acid,  which, 
after  its  melting-point  has  been  raised  by  repeated  crystallisation  to  59'9°,  exhibits  the 
characteristics  of  a  pure  fatty  acid  mentioned  below,  and  cannot  in  any  way  be  resolved 
into  acids  differing  in  melting-point.  This  is  the  only  way  in  which  pure  margaric 


852  MARGARIC   ACID. 

acid  can  be  obtained.  The  acids  formerly  so  called,  obtained  by  the  saponification  of 
natural  futs,  were  mixtures  of  stearic  acid  with  palmitic  acid,  or  other  acids  of  lower 
melting-point. 

Margaric  acid  forms  white  crystals,  melting  at  59'9°,  and  solidifying  in  crystalline 
scales  on  cooling.  It  contains,  according  to  the  mean  of  Heintz's  analyses,  75'45  to  75'55 
per  cent,  carbon,  and  12-51  to  12'57  hydrogen;  the  formula  requiring  75'56  carbon, 
12-59  hydrogen,  and  11-85  oxygen. 

But  few  of  the  margarates  have  been  prepared.  The  barium-salt,  C34H6(iBa"04, 
obtained  by  precipitating  the  sodium-salt  with  nitrate  of  barium,  and  washing  with 
water,  is  a  white  amorphous  powder  yielding,  by  analysis,  60-39  per  cent.  C,  9'80  H, 
and  22-40  BaO  ;  the  formula  requiring  60-44  C,  9'78  H,  and  22-67  BaO. 

The  silver-salt,  C17H38Ag02,  obtained  in  like  manner  by  precipitation,  dries  up  to  a 
loose,  white,  amorphous  powder,  containing  53'67  per  cent.  C,  874  H,  and  28'85  Ag 
(calc.  54-11  C,  8-75  H,  28-65  Ag,  and  874  0). 

The  sodium-salt  is  prepared  by  adding  a  boiling  aqueous  solution  of  pure  sodic  car- 
bonate to  a  boiling  alcoholic  solution  of  margaric  acid,  evaporating  to  dryness  over  the 
water-bath,  exhausting  the  residue  with  boiling  alcohol,  and  filtering  hot.  The  filtrate, 
which  solidifies  to  a  jelly  on  cooling,  is  liquefied  by  heat  and  mixed  with  water  in  the 
proportion  of  one-eighth  of  the  volume  of  the  alcohol  employed,  whereby  a  mother- 
liquid  is  formed  which  takes  up  any  foreign  salts  present.  On  again  solidifying,  the 
salt  is  collected  on  linen  and  strongly  pressed. 

fl.  The  so-called  margaric  acid  obtained  by  saponification  of  natural  fats. — 
Chevreul  in  1820  distinguished  the  solid  acids  resulting  from  the  saponification  of 
fats,  as  margaric  acid  and  margarous,  afterwards  stearic  acid;  the  former 
melting  at  60°,  the  latter  at  75°,  and  solidifying  at  70°.  He  did  not  consider  the  dif- 
ference between  the  two  acids  to  be  fully  established,  but  suggested  that  margaric  acid 
might  be  a  mixture  of  stearic  acid  with  another  acid  more  fusible  and  richer  in  oxygen. 

The  fatty  acid  melting  at  60°  was,  however,  afterwards  examined  by  several  chemists 
(see  G-erhardt,  Traite,  ii.  835),  and  regarded  as  a  separate  acid,  having  the  composition 
Q17JJ34Q2.  an(j  this  view  of  its  nature  continued  to  prevail,  till  Heintz,  inaseries  of  re- 
searches published  in  1852  and  subsequent  years,  showed  that  it  was  not  a  distinct 
acid,  but  could  be  separated,  by  certain  processes,  into  stearic  acid  and  other  fatty  acids 
of  lower  melting-point.  The  leading  points  established  by  Heintz  in  this  series  of  re- 
searches (for  the  references  to  which  see  Gmeliris  Handbook,  xvi.  343,  344),  are  the 
following : 

1.  All  the  acids  obtained  in  the  saponification  of  fats  contain  an  even  number  of 
carbon-atoms  (C  =  12). 

2.  The  margaric  acid  of  most  chemists  is  separable  into  palmitic  and  stearic  acids. 

3.  Fatty  acids  may  be  mixtures,  and  not  definite  compounds,  even  though  neither 
their  composition  nor  their  melting- point  can  be  altered  by  recrystallisation. 

4.  Such  mixtures  may,  however,  be  separated  by  partial  precipitation  (p.  474). 

5.  They  differ  from  pure  acids  as  regards  their  melting-point  and  their  mode  of 
solidifying. 

Heintz  has,  moreover,  determined  with  accuracy  the  melting-point,  composition,  and 
many  other  properties  of  the  fatty  acids,  and  has  also  drawn  up  tables,  hereafter  to  be 
given,  of  mixtures  of  fatty  acids  of  known  composition  (see  MYRISTIC,  PALMITIC,  and 
STEARIC  ACIDS).  From  these,  and  the  investigations  of  other  chemists  subsequently 
published,  it  appears  that  the  nature  of  the  bodies  described  as  margaric  acid  is 
probably  as  follows : 

«.  Margaric  acid  of  Chevreul.— This,  according  to  Heintz,  is  to  be  regarded  as  a 
mixture  of  about  90  per  cent,  palmitic  acid  and  10  per  cent,  stearic  acid,  which  is 
probable  from  the  circumstance  that  it  crystallises  in  needles  on  cooling.  Of  similar 
nature  are  doubtless  the  margaric  acid  of  Varrentrapp  (Ann.  Ch.  Pharm.  xxxv. 
84),  obtained  from  human  fat ;  that  from  goose-fat  by  G-ottlieb  (ibid.  Ivii.  56) ;  from 
shea-butter  by  Thomson  and  Wood  (J.  pr.  Chem.  xlvii.  237),  and  many  others. 

b.  Margaric  acid  of  Bromeis. — The  acid  obtained  by  oxidation  of  stearic  acid  is 
undecomposed  stearic  acid,  which  owes  its  lower  melting-point  to  association  with 
volatile  acids  (see  STEARIC  ACID). — Respecting  the  margaric  acid  which  Bromeis 
(Ann.  Ch.  Pharm.  xxxv.  93)  obtained  from  impure  oleic  acid  by  the  action  of  nitric 
acid,  see  OLEIC  ACID. 

c.  Margaric  acid  of  Redtenbacher  and  Varrentrapp. — That  of  Kedtenbacher  is 
obtained  by  the  dry  distillation  of  stearic  acid,  when,  according  to  Heintz,  most  of  the 
stearic  acid  passes  over  unchanged.     That  of  Varrentrapp  (Ann.  Ch.  Pharm.  xxxv. 
65),  obtained  by  the  dry  distillation  of  beef-suet,  hog's-lard,  olive-oil,  or  crude  oleic 
acid,  doubtless  varies  in  composition  according  to  the  kind  of  fat  employed. 

d.  Anderson's  Margaric  acid  (Ann.  Ch.  Pharm.  Ixiii.  376)  is  obtained,  together 
with  sulphydric  acid,  odmyl,  and  other  products,  by  the  dry  distillation  of  almond-oil 
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with  sulphur.  It  contains,  on  the  average,  75-34  per  cent.  C,  12'58  H  ;  in  the  silver- 
salt,  28-62  per  cent,  silver;  in  the  ethylic  ether,  76'33  per  cent.  C,  1273  H,  and 
10.97  0.  It  appears  to  be  palmitic  acid  formed  by  the  decomposition  of  oleic  acid. 

'e.  Margaric  acid  of  Poleck,  Lewy,  and  others,  obtained  by  the  dry  distillation  or 
eaponification  of  wax,  is  doubtless  palmitic  acid,  more  or  less  pure. 

iyt-A.KGA.IllC  ETHERS.  No  compounds  of  the  alcohol-radicles  with  pure 
margaric  acid  (Heintz's),  have  yet  been  obtained.  The  compounds  to  which  the 
name  has  generally  been  applied  were  probably  mixtures  of  stearic  and  palmitic  ethers. 
A  similar  remark  applies  to  ChevreuTs  margarin. 

I&ARGARITE.  Perlglimmer,  Emeryllite,  Corundellite,  and  Clingmannite. —  A 
silicate  of  calcium  and  aluminium,  occurring  in  trimetric  hemihedral  crystals,  with  a 
monoclinic  aspect,  like  muscovite  ;  tabular  from  predominance  of  the  form  oP.  Angle 
coP:  ooP  =  11 9°  to  120°.  Lateral  planes  longitudinally  striated.  Cleavage  basal, 
eminent.  Usually  in  intersecting  or  aggregated  laminae,  sometimes  compact,  massive, 
with  a  somewhat  scaly  structure.  Hardness  =  3'5  to  4*5.  Specific  gravity  =  3'032 
to  2-99:  the  latter  for  margarite  (Hermann),  2'995  for  emeryllite  (Silliman,  jun.). 
Lustre  of  base  pearly,  laterally  vitreous.  Colour  greyish,  reddish,  or  yellowish.  Trans- 
lucent to  sub  translucent.  Laminae  rather  brittle. 

Analyses. — a.  From Sterzing,  in  the  Tyrol  (Smith  and  Brush,  Sill.  Am.  J.  ii.  xv. 
209).  b.  From  the  corundum  mines  of  Gumuchdagh,  in  Asia  Minor,  c  From  the 
island  of  Nicaria,  in  the  Grecian  Archipelago,  d.  From  Naxos.  e.  From  Katha- 
rinenburg,  in  the  Ural  (J.  L.  Smith,  ibid.  xi.  59  and  xv.  208).  /.  From  Village  Green, 
Chester  county,  Pennsylvania  (Craw,  ibid.  viii.  379).  g.  From  Buncombe  county, 
North  Carolina  (B.  Silliman,  ibid.  viii.  1).  h.  From  Unionville, Pennsylvania  (C  raw, 
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These  analyses  lead  to  the  formula  Ca0.2Al203.2Si02.H20  (the  calcium  being  partly 
replaced  by  potassium  and  sodium,  and  the  aluminium  by  ferricum). 

Corundtllite  is  margarite  from  Unionville,  Chester  county,  Pennsylvania.  Cling- 
mannite is  the  same  mineral  from  Buncombe  county,  North  Carolina. 

Diphanite  (ii.  430)  is  also  a  variety  of  margarite.  (Dana,  ii.  300.  Kammelsberg's 
Mineralchemie,  p.  843.) 

MAKGABO XI ITS.  A  variety  of  muscovite  or  biaxial  mica,  apparently  formed 
from  that  mineral  by  assumption  of  water,  and  loss  of  alkalis  and  ferric  oxide.  A 
specimen  from  Monroe,  Connecticut,  analysed  by  Smith  and  Brush  (Sill.  Am.  J.  [2] 
xvi.  46),  gave  by  analysis  46'50  per  cent,  silica,  33'91  alumina,  2*69  ferric  oxide,  0'90 
magnesia,  270  soda,  7'32  potash,  and  4'63  water,  with  0-82  fluorine  and  0'31  chlorine. 

MARG ARONE,  The  acetone  of  margaric  acid :  it  has  not  been  prepared  from 
the  pure  acid. 

MARXAX.ITE.     Syn.  with  HAUYNE  (p.  14). 

MARIOXTXTE.  A  hydrous  carbonate  of  zinc,  containing  73'26  per  cent.  ZnO, 
15-01  CO-,  and  11  -81  water,  found  in  Marion  county,  Arkansas  (Elderhorst,  Sill. 
Am.  J.  [2]  xxix.  383).  A  mineral  of  the  same  composition  occurs  at  Cumillas,  near 
Sautander,  in  Spain.  Its  composition  is  expressed  nearly  by  the  formula : 

8Zn0.3C02.6H20,  or  3ZnC03.5Zn0.6H2-0. 
(Petersen  and  Voit,  Jahresb.  1858,  p.  734.) 

MARINE  n&ETAX,.  An  alloy  introduced  by  Wetterstedt  in  1833,  for  the 
sheathing  of  ships.  It  consists  of  94'4  per  cent,  lead,  4'3  antimony,  and  1-3  mercury  ; 
has  a  specific  gravity  of  111,  is  very  malleable,  but  harder  than  lead.  It  is  said  not 
to  be  attacked  by  water  or  hydrochloric  acid,  and  to  be  twice  as  cheap  as  copper.  It 
does  not  appear,  however,  to  have  been  practically  used. 

MARXOTTE'S  LAW.  The  law  which  expresses  the  inverse  proportionality 
of  the  volume  of  a  gas,  to  the  pressure  to  which  it  is  subjected  at  a  given  temperature. 
(See  ii.  370,  819.) 

MARJORAM,  OXIi  OP.  The  volatile  oil  obtained  by  distilling  sweet  marjoram 
(Marjorana  horti  HSIS  or  Origanum  marjorana)  with  water  is  lighter  than  water,  and 
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contains  a  considerable  quantity  of  camphor  or  stearoptene.  When  freed  from  the 
latter  by  rectification,  it  boils  at  about  161°,  and  appears  to  have  the  composition  of 
oil  of  turpentine,  containing,  according  to  Kane  (Ann.  Ch.  Pharrn.  xxxii.  285),  867  to 
86'1  per  cent,  carbon,  ll'l  to  11 '4  hydrogen,  and  about  2  per  cent,  oxygen,  probably 
arising  from  a  small  quantity  of  the  camphor  not  completely  separated. 

The  camphor  of  marjoram  is  hard,  colourless,  inodorous,  heavier  than  water, 
melts  when  heated,  and  sublimes  without  residue.  It  is  soluble  in  boiling  water,  in 
ether,  nitric  acid,  and  sulphuric  acid,  the  last  colouring  it  red.  It  contains,  according 
to  Mulder  (Ann.  Ch.  Pharm.  xxxi.  69),  60'0  per  cent,  carbon,  and  107  hydrogen. 

MARX..    See  LIMESTONE  (p.  698). 

WIAR1VTATITE.  A  black  ferruginous  variety  of  blende,  found  at  Marmato,  near 
Popayan,  South  America.  (See  ZINC,  SULPHIDE  or.) 

ItfARMOXiXTE.     Syn.  with  SERPENTINE. 

MARRUBIIN.  (Kromayer,  Arch.  Pharm.  [2]  cviii.  257.)— The  bitter  prin- 
ciple  of  white  horehound  (Marrubium  vulgar  e).  To  prepare  it,  the  dried  herb  is  re- 
peatedly exhausted  with  hot  water ;  the  united  and  concentrated  extracts  are  treated 
with  recently-ignited  animal  charcoal ;  and  the  charcoal,  after  washing  with  water,  is 
well  boiled  with  alcohol,  whereby  a  bitter  solution  is  obtained,  which,  when  freed  from 
the  greater  part  of  the  alcohol  by  distillation,  and  then  left  to  evaporate,  deposits  crude 
marrubiin  as  a  brown  bitter  balsam.  For  purification,  it  is  dissolved  in  alcohol ;  the 
solution  is  mixed  with  water  till  it  begins  to  show  turbidity,  then  with  acetate  of  lead ; 
and  the  filtered  liquid,  after  being  freed  from  lead  by  sulphydric  acid,  is  left  to  evapo- 
rate. The  marrubiin  then  separates  in  light  brownish-yellow  oily  drops,  which,  when 
separated  from  the  mother-liquid,  solidify  in  crystalline  masses.  Only  a  part  of  the 
marrubiin,  however,  assumes  the  crystalline  form ;  the  rest,  which  in  other  respects, 
resembles  the  crystallised  substance,  solidifying  in  the  amorphous  state.  In  preparing 
marrubiin  also  from  fresh  horehound,  the  greater  part  of  the  product  is  obtained  in  the 
amorphous  state. 

Marrubiin  crystallises  from  ether  in  colourless  rhombic  plates,  or  thick  four-sided 
twin-crystals;  from  alcohol  in  needles.  It  is  nearly  insoluble  in  cold  water  (whence  the 
bitter  taste  of  horehound  becomes  perceptible  after  some  time  only) ;  somewhat  more 
soluble  in  hot  water.  Alcohol  and  ether  dissolve  it  readily,  forming  perfectly  neutral 
solutions.  Marrubiin  melts  at  160°,  and  solidifies  crystalline  on  cooling  ;  at  higher  tem- 
peratures, it  gives  off  white,  very  irritating  vapours.  When  heated  in  a  test-tube,  it 
distils  in  oily  drops,  giving  off  pungent  vapours  smelling  like  oil  of  mustard.  Strong 
sulphuric  acid  dissolves  it  with  brown-yellow  colour :  strong  hydrochloric  add  does  not 
act  upon  it  even  when  heated ;  strong  nitric  add  does  not  act  on  it  in  the  cold,  but 
dissolves  it  with  yellow  colour  when  heated.  It  is  not  perceptibly  altered  by  alkalis, 
or  by  metallic  salts,  and  produces  but  a  slight  reduction  in  ammoniacal  nitrate  of 
silver  ;  neither  is  it  precipitated  by  tannic  acid. 

MARSH-GAS.— Light  carburettcd  hydrogen,  Hydride  of  Methyl,  CH4. 

This  hydrocarbon  gas  is  very  abundant  in  nature.  The  bubbles  of  gas  which  are  so 
often  seen  on  the  surface  of  stagnant  water  consist  of  it,  mixed  with  nitrogen  and  car- 
bonic acid.  From  its  occurrence  in  this  way  in  marshy  districts  it  takes  its  name. 
Great  quantities  of  it  are  given  off  by  many  of  the  coal-beds,  so  that  it  often  accumu- 
lates in  coal  pits,  where  it  is  known  as  the  fire-damp  of  the  miners,  and  is  the  cause  of 
the  explosions  which  occur  in  those  places.  It  is,  moreover,  found  escaping  from  the 
earth  in  many  parts  of  Italy,  Persia,  China,  and  America. 

Besides  being  one  of  the  usual  products  of  the  decay  of  organic  substances,  and  also 
of  their  destructive  distillation,  especially  when  this  operation  is  performed  at  elevated 
temperatures,  and  in  general  of  the  imperfect  combustion  of  fuel,  it  constitutes  a  large 
proportion  of  common  illuminating  gas.  Bunsen's  analysis  of  Manchester  coal  gas  gives 
34-90  vols.  of  marsh-gas  in  every  100  vols.  of  the  gas. 

In  the  laboratory — if  we  except  this  production  of  it  by  the  imperfect  combustion  or 
destructive  distillation  of  organic  substances — it  is  comparatively  a  rare  product.  The 
prinicipal  other  reactions  which  are  known  to  yield  it  are  : — 

(1)  The  action  of  nascent  hydrogen  on  tetrachloride  of  carbon  (the  nascent  hydrogen 
being  generated  by  the  action  of  potassium-amalgam  on  water.)    (B  e  gn  a  u  1 1. ) 

CC14  +  H8  =  CH4  +  4HC1. 

(2)  The  action  of  zinc-methyl  on  water,  and  certain  analogous  actions  of  the  same 
kind.    (Fraukland.) 

(CH»)2Zn  +  2H-0  =  2CH3H  +  ZnHW 

From  this  reaction  it  derives  its  name,  hydride  of  methyl. 

(9)  The  action  of  sodium  on  iodido  of  methyl  in  presence  of  ether  (Wanklyn  and 
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Buckeisen),  which,  instead  of  yielding  pure  methyl,  gives  a  large  quantity  of  hydride 
of  methyl. 

(4)  The  action  of  sulphide  of  carbon  upon  sulphuretted  hydrogen  and  copper,  or  iron 
at  a  red  heat ;  also  the  action  of  sulphide  of  carbon  on  phosphoretted  hydrogen  and 
copper.  (Berthelot.) 

There  is  also  some  reason  for  believing  that  it  is  produced  by  the  direct  action  of 
hydrogen  on  carbonic  anhydride  at  a  red  heat,  since  when  marble  is  heated  in  a  current 
of  hydrogen,  more  water  is  generated  than  corresponds  to  the  simple  reduction  of  the 
carbonic  acid  to  carbonic  oxide.  ( W  a  n  k  1  y  n  and  Frank.) 

Preparation. — The  readiest  way  of  preparing  large  quantities  of  marsh-gas  in  a  state 
of  tolerable  purity  is  by  the  destructive  distillation  of  a  mixture  of  an  alkaline  acetate 
with  a  hydrated  alkali. 

It  is  recommended  to  employ  2  parts  of  crystallised  acetate  of  sodium,  2  parts  of  caustic 
potash,  and  3  parts  of  powdered  quicklime  (Dumas,  Ann.  Ch.  Phys.  [2]  Ixxiii.  92). 
The  object  of  using  the -quicklime  is  to  save  the  retort,  which  might  otherwise  be  per- 
forated by  the  caustic  potash.  In  conducting  the  operation,  a  little  caution  is  requisite  ; 
no  trace  of  gas  comes  off  until  the  temperature  is  very  high,  and  then  there  is  a  sudden 
rush  of  gas. 

The  reaction  between  the  alkali  and  the  acetate  is  tolerably  precise : 

C' 
+   HKO     = 

U, 

Acetate  of  sodium.  Carbonate  of        Marsh-gas, 

potassium  and 
sodium. 

With  the  exception  of  Bunsen's  destructive  distillation  of  cacodyl, 

2As(CH3)2    =    As2  +  2CH4  +  C2H4, 
Cacodyl.  Marsh-gas.    Ethylene. 

it  is  the  only  destructive  distillation  which  yields  marsh-gas  by  a  precise  reaction. 

Marsh-gas  prepared  as  just  described  from  the  acetate  is,  however,  liable  to  certain 
small  quantities  of  impurity.  It  is  easy  to  see  how  small  quantities  of  acetone- vapour 
are  almost  inevitable  :  for  destructive  distillation  of  an  acetate  alone  gives  acetone. 

If  marsh-gas  of  a  high  degree  of  purity  be  required,  it  may  be  obtained  by  decom- 
posing zinc-methyl  with  water. 

Of  all  known  compounds,  marsh-gas  is  the  richest  in  hydrogen,  containing  as  much 
as  25  per  cent.  Next  to  hydrogen  itself  it  is  the  lightest  gas  (specific  gravity  0*5576), 
and  is  thence  not  inappropriately  named  light  carburettcd  hydrogen.  In  general 
character  it  bears  a  great  resemblance  to  hydrogen.  It  is  incondensable,  colourless, 
without  taste  or  smell ;  neutral  to  test-paper,  and  very  neutral  altogether.  It  is  dis- 
tinguishable from  all  other  hydrocarbons  by  the  low  luminosity  of  its  flame.  In  water 
and  in  alcohol  it  is  very  sparingly  soluble.  100  vols.  of  water  at  0°  C.  dissolve  5 '449 
vols.  of  marsh-gas;  100  vols.  of  alcohol  at  0°  C.  dissolve  52-259  vols.  (Bunsen). 
The  sparing  solubility  of  marsh-gas  in  alcohol  affords  a  method  of  separating  it 
from  some  other  hydrocarbon  gases,  such  as  ethyl,  which  dissolve  in  alcohol  to  a  much 
greater  extent.  By  means  of  sulphuric  acid  or  bromine  (neither  of  which  attacks  it), 
the  olefines  may  be  removed  from  a  gaseous  mixture  containing  marsh-gas  and  defines. 
It  is  not  absorbed  by  potash,  and  indeed  there  is  no  reagent  which  absorbs  it.  From 
acetylene  it  is  easily  separated  by  means  of  an  ammoniacal  solution  of  cuprous  chloride. 
The  same  reagent,  or  the  hydrochloric  solution  of  cuprous  chloride,  might  be  employed 
to  remove  carbonic  oxide  (see  ANALYSIS  OF  GASES,  i.  283).  According  to  Dumas,  it  is  not 
attacked  by  chloride  of  sulphur,  nor 'by  pentachloride  of 'phosphorus,  nor  by  pentachloride 
of  antimony.  According  to  Kolbe,  a  hot  and  concentrated  mixture  of  sulphuric  and 
nitric  acids  does  not  affect  it.  In  the  dark,  dry  chlorine  is  without  action  upon  it.  A 
mixture  of  2  vols.  of  chlorine  with  1  vol.  of  marsh-gaa  is  not  at  first  visibly  affected  by 
sunlight,  but  after  a  while  it  explodes.  The  passage  of  an  electric  spark  also  determines 
an  explosion.  If  the  gaseous  mixture  be  diluted  with  carbonic  anhydride,  and  then 
exposed  to  sunlight,  a  quiet  chlorination  takes  place  ;  and  if  excess  of  chlorine  be  there, 
chloroform  and  tetrachloride  of  carbon  are  produced  (Dumas).  Equal  volumes  of 
dry  chlorine  and  marsh-gas  exposed  to  diffused  daylight,  give  a  chlorinated  product, 
having  the  formula  CHSC1.  It  appears  that  this  compound,  CJFCl,  if  not  identical 
with  chloride  of  methyl,  is  very  readily  converted  into  it :  for  Berthelot  has  succeeded 
in  obtaining  methyl-compounds  from  it  by  double  decomposition. 

If  moisture  be  present,  chlorine  converts  marsh-gas  into  hydrochloric  acid,  carboni<r 
acid,  and  carbonic  oxide. 

At  a  white  heat,  marsh-gas  is  resolved  into  carbon  and  hydrogen.  The  same  change 
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is  effected  by  the  transmission  of  electric  sparks,  but  the  decomposition  is  never 
complete. 

Carbon  being  a  tetratomic  element,  marsh-gas  is  the  normal  hydride  of  carbon,  and 
the  type  of  a  numerous  class  of  compounds  which  are  produced  by  replacement  of  more 
or  less  hydrogen  by  other  radicles.  Thus  chloride  of  methyl  is  monochlorinated 
marsh-gas  :  Methyl-alcohol  is  marsh-gas  wherein  hydrogen  has  been  replaced  by  per- 
oxide of  hydrogen  :  Formic  acid  is  marsh-gas  wherein  some  of  the  hydrogen  has  been 
replaced  by  oxygen  and  some  by  peroxide  of  hydrogen,  e.  g.  — 

fH 

&c- 


a 

Chloride  Methylic  Formic 

of  Methyl.  Alcohol.  Acid. 

When  carbon  makes  a  partial  saturation  of  itself,  as  polyatomic  elements  occasionally 
do,  and  as  carbon  of  all  polyatomic  elements  is  especially  liable  to  do,  there  result 
complex  carbon-groups  requiring  very  various  amounts  of  hydrogen  for  their  saturation. 
When  the  carbon  has  adhered  to  itself  with  the  least  possible  expenditure  of  saturating 
power,  and  when  the  complex  carbon-group  so  resulting  is  fully  saturated  with  hydro- 
gen, there  result  certain  hydrocarbons  which  form  a  very  well  characterised  family  — 
the  marsh-gas  family.  The  marsh-gases  —  homologues  of  marsh-gas  —  are  characterised 
by  their  great  neutrality,  and  present  a  uniformity  of  character  which  is  most  remark- 
able. J.  A.  W. 

MARSH'S   TEST   FOR   ARSEJ3TC.     See  ARSENIC  (i.  362). 

MARTrKTSXTE.  A  variety  of  common  salt  from  Stassfurth,  containing  10  pts. 
chloride  of  sodium  to  1  pt.  sulphate  of  magnesium.  (Karsten,  J.  pr.  Chem.  xxxvi. 
127.) 

MARTXTE.  The  octahedral  form  of  native  ferric  oxide,  found  on  the  Puy  de 
Dome;  at  Tramont;  in  Monroe  County,  New  York;  in  Peru;  and  in  Brazil.  The 
crystals  are  regular  octahedrons,  often  flattened,  and  having  the  octahedral  faces 
striated  parallel  to  the  edges.  Cleavage  indistinct.  Hardness  =  6.  Specific  gravity 
=  4-82,  Brazil;  4;65,  Puy  de  Dome  ;  3-80,  Peru  (Breithaupt);  5'33,  Monroe  (Hunt). 
Lustre  submetallic.  Colour  iron-black,  sometimes  with  a  bronze  tarnish.  Streak 
brown,  or  purplish-brown.  Fracture  conchoidal.  Not  magnetic. 

1VI  ART  YI,  AMINE.     Syn.  with  XENYLAMINE. 

MAR1TM-CAMPHOR.  A  camphor  or  stearoptene  existing  in  all  parts  of  cat- 
thyme  (  Teucrlum  Marurn).  It  is  extracted  by  distilling  the  dry  herb  with  water,  and 
repeatedly  cohobating  the  distillate  over  fresh  quantities  of  the  green  herb.  It  is  a 
white,  crystalline,  transparent,  brittle  mass,  consisting  of  thin  laminae,  heavier  than 
water,  having  an  unpleasant  odour  and  aromatic  taste.  (Bley,  N.  Trommsd.  xiv.  2 
and  87.) 

MASCAGNINE.  A  sulphate  of  ammonium,  (NH«)2S04.2H?0,  occurring  about 
volcanoes  ;  it  was  discovered  by  Mascagni  in  the  fissures  of  the  lava  at  Etna,  Vesuvius, 
and  the  Lipari  Isles.  It  sometimes  forms  trimetric  crystals  in  which  a:  b:  c  =  0*731: 
1  :  1-129.  Angle  ooP  :  »P  =  107°  40';  oP  :  Poo  =  122°  56'.  Cleavage,  perfect 
parallel  to  ooPoo  ;  imperfect  parallel  to  oP.  Usually  in  mealy  crusts  and  stalac- 
titic  forms.  Hardness  =  2'25.  Specific  gravity  =  T72  to  173.  Lustre  when  crys- 
tallised vitreous.  Colour  yellowish-grey  to  lemon-yellow.  Translucent.  Tastes  pun- 
gent and  bitter.  (Dana,  ii.  379.) 

MASOPXXr.  CI2HI802.  (G  e  n  th,  Ann.  Ch.  Pharm.  xlvi.  124.)—  A  resinous  substance 
obtained  from  a  material  used  in  Mexico  for  chewing.  This  latter  substance,  which  is 
said  to  be  derived  from  a  tree  called  Dschilte,  growing  abundantly  in  Mexico,  forms 
crude  porous  lumps  having  a  dull  aspect,  but  presenting  a  bright  surface  when  cut  ;  it 
softens  between  the  fingers,  has  little  or  no  taste  when  chewed,  but  a  distinct  odour 
like  that  of  rotten  cheese.  To  extract  the  masopin,  the  dried  juice  is  comminuted  and 
exhausted  by  boiling  with  water  ;  and  the  soft  ropy  residue  is  digested  with  absolute 
alcohol,  which  on  cooling  deposits  masopin  in  crystalline  flocks,  a  further  quantity 
separating  on  addition  of  water.  The  portion  of  the  juice  insoluble  in  alcohol  consists 
of  caoutchouc. 

Masopin  is  a  snow-whits,  light,  pulverulent  substance,  which  becomes  adhesive  when 
passed  between  the  fingers,  has  neither  smell  nor  taste,  is  insoluble  in  water,  but 
easily  soluble  in  alcohol  and  in  ether,  and  crystallises  from  the  ethereal  solution  in 
•white  silky  needles  or  frequently  in  tufts  of  small  prisms.  The  crystals  melt  at  155°, 
emitting  an  agreeable  odour,  and  the  melted  mass  solidifies  on  cooling  to  a  glassy, 
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brittle,  yellow  substance,  having  a  concho'idal  fracture,  and  melting  again  at  69°  or 
70°. 

Masopin  yields  by  distillation  a  brown  viscid  oily  mass,  having  an  acid  reaction. 
If  the  acid  be  removed  by  digestion  with  ammoniacal  water,  and  the  remainder  then 
rectified  over  slaked  lime,  a  light-yellow  mobile  oil  is  obtained,  having  an  agreeable 
odour  of  ginger,  and  containing  88'02  per  cent,  carbon,  and  1T49  hydrogen.  The  acid 
which  unites  with  the  ammonia  separates,  on  addition  of  hydrochloric  acid,  in  nacreous 
crystals  like  boracic  acid :  it  may  be  further  purified  by  precipitation  from  solution  in 
potash.  It  forms  a  dazzling-white  silver-salt,  which  burns  with  an  odour  of  cinnamon, 
and  contains  45'49  per  cent,  silver  oxide. 

Masopin  dissolves  gradually  in  nitric  acid,  and  the  solution  leaves  on  evaporation  a 
viscid  mass  like  melted  sugar,  which  is  soluble  in  water,  ammonia,  and  potash,  and 
when  combined  with  the  latter,  forms  dingy  yellow  precipitates  with  most  metallic  salts. 

MASSICOT.  Protoxide  of  lead  prepared  without  fusion.  See  LEAD,  OXIDES  OF 
<p.  549). 

MASSOY-CAMPHOR  AIff3>  Oil.  Massoy-bark,  obtained  from  New  Guinea, 
and  said  to  be  the  bark  of  Laurus  Burmanni,  or  of  Cinnamomum  Kiamis  (Nees),  con- 
tains a  camphor  or  stearoptene,  and  two  volatile  oils.  The  camphor  is  heavier  than 
water,soluble  in  alcohol,  ether,  and  acetic  acid,and  coloured  yellow  by  nitric  acid.  The  • 
heavier  of  the  two  oils  sinks  in  water,  becomes  pasty  at  10°,  has  a  pungent  taste,  and  is 
coloured  deep  red  by  nitric  acid.  The  lighter  oil  is  more  volatile,  has  a  stronger  odour 
like  that  of  sassafras,  is  lighter  than  water,  dissolves  easily  in  alcohol,  ether,  and  acetic 
acid,  and  is  coloured  cherry-red  by  nitric  acid.  The  two  oils  and  the  camphor  are 
obtained  from  the  bark  by  distillation  with  water.  (Bonastre,  J.  Pharm.  xv.  204.) 

MASTERWORT,  OH  OP.  (Wackenroder,  Br.  Arch,  xxxvii.  341.— Hirzel, 
J.  pr.  Chem.  xlvi.  202.)— The  root  of  masterwort  (Imperatoria  Ostruthium}  contains  a 
volatile  oil,  which  may  be  extracted  by  distilling  the  comminuted  root  with  water. 
Part  of  it  floats  on  the  watery  distillate  ;  the  rest  may  be  obtained  by  agitation  with 
ether  and  evaporation,  and  the  whole  purified  by  rectification  with  a  small  quantity  of 
water  and  dehydration  over  chloride  of  calcium.  The  yield  of  oil  is  from  078  to  078 
per  cent. 

This  oil  is  transparent  and  colourless  (Hirzel),  pale  yellow  (Wackenroder), 
mobile  (the  portion  which  distils  between  200°  and  220°  is  more  viscid).  It  boils 
between  170°  and  220° ;  has  an  aromatic  odour  (somewhat  empyreumatic,  between 
200°  and  220°  according  to  Hirzel);  penetrating  (Wackenroder);  its  taste  is 
strongly  heating  (Hirzel);  camphorous  like  that  of  poppy-oil  (Wackenroder). 
It  burns  with  a  bright  fuliginous  flame. 

The  portion  which  distils  between  170°  and  180°  contains,  according  to  Hirzel, 
85*57  per  cent,  carbon,  11-45  hydrogen,  and  2 -98  oxygen  ;  that  which  distils  between 
200°  and  220°  contains  81'43  carbon,  1T32  hydrogen,  and  7'25  oxygen.  The  oil  ap- 
pears to  be  a  mixture  of  several  hydrates  of  a  hydrocarbon  isomeric  with  oil  of  turpen- 
tine, corresponding  with  the  formula  4CioH16.H'O  and  3CIOH16.2H-0.  (Hirzel.) 

It  absorbs  chlorine,  with  rise  of  temperature  and  evolution  of  hydrochloric  acid  gas, 
being  thereby  converted  into  a  yellow  viscid  oil,  which  sinks  in  water,  has  a  peculiar 
odour,  and  a  biting  taste.  It  is  decomposed  in  like  manner  by  bromine,  with  evolution 
of  hydrobromic  acid.  By  distillation  with  phosphoric  anhydride  it  yields  a  transparent 
colourless  oil,  which  has  an  odour  of  rosemary  and  an  aromatic  taste,  and  is  isomeric 
with  oil  of  turpentine.  This  latter  oil  absorbs  hydrochloric  acid  gas,  assuming  a 
reddish-yellow  colour,  and  forming,  after  complete  saturation,  rectification  with  water, 
and  dehydration  with  chloride  of  calcium,  an  oil  which  has  an  agreeable  odour,  an 
aromatic  taste,  and  a  composition  (74'98  C,  10'86  H,  13'28  Cl)  agreeing  with  the 
formula  3C'°H16.HC1.  (Hirzel.) 

MASTIC.  A  resin  obtained  by  incisions  in  the  bark  of  the  stem  and  branches  of 
Pistacia  Lentiscus,  a  tree  growing  in  the  islands  of  the  Grecian  Archipelago,  especially 
in  Chios.  It  forms  small  round  transparent  grains,  having  a  faint  agreeable  odour, 
which  becomes  very  distinct  when  the  resin  is  thrown  on  red-hot  coals.  It  softens 
when  masticated,  and  is  said  to  strength  the  gums.  It  is  also  used  in  fumigations,  and 
in  the  composition  of  varnishes.  Specific  gravity  =  T074.  According  to  Schrotter, 
its  composition  is  C^H^O2. 

Aqueous  alcohol  dissolves  the  greater  part  of  the  resin,  leaving  masticin  un- 
dissolved.  The  more  soluble  portion,  which,  according  to  Johnston,  has  the  composi- 
tion CioH30Ol,  is  precipitated  from  its  solution  by  chlorine  as  a  viscid  mass.  When 
heated  for  some  time  to  145°  in  the  dry  state,  it  is  said  to  be  resolved  into  two  other 
resins,  one  containing  a  larger,  the  other  a  smaller  proportion  of  oxygen. 

MASTIC  CE1MEBJT.  A  building  cement  composed  of  finely-ground  oolitic 
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limestone  mixed  with  sand  and  litharge,  and  made  into  a  loosely  coherent  paste  with 
linseed-oil.     (See  CEMENTS,  i.  820.) 

MASTICIHT.  C40H3}02,  according  to  Johnston. — The  constituent  of  mastic  resin 
which  is  the  least  soluble  in  alcohol,  amounting  to  ^  —  £  of  the  whole.  It  is  white, 
soft  at  ordinary  temperatures,  but  by  prolonged  drying  and  fusion  becomes  trans- 
parent, yellowish,  and  friable,  and  is  said  to  be  then  more  soluble  in  alcohol. 

MATZCZXT.  A  bitter  substance  of  unknown  composition  obtained  from  the  leaves 
of  the  matico  (Piper  asperifolium),  a  plant  growing  in  Peru.  The  leaves,  which  have 
a  strongly  aromatic  and  slightly  astringent  taste,  are  noted  in  Peru  for  their  medicinal 
properties,  and  especially  for  their  styptic  power.  When  boiled  with  water,  they  yield 
a  somewhat  considerable  quantity  of  a  heavy  volatile  oil,  while  the  maticin  dissolves 
in  the  water,  together  with  several  other  substances,  from  which  it  may  be  partly  freed 
by  precipitation  with  acetate  of  lead.  The  maticin  then  remains  dissolved  in  the 
water,  and  may  be  obtained,  by  evaporation  to  a  syrup,  solution  in  alcohol,  and  evapo- 
ration of  the  alcoholic  solution,  as  a  yellow-brown  extractive  matter,  having  a  dis- 
agreeable odour  and  extremely  bitter  taste.  It  is  soluble  in  alcohol  and  in  water,  in- 
soluble in  ether.  The  aqueous  solution  is  not  precipitated  by  platinic  chloride,  but 
forms  a  yellow  precipitate  with  potash,  and  with  ammonia.  (Hodges,  Phil.  Mag.  [3] 
xxv.  204 ;  Mem.  Chem.  Soc.  i.  123.) 

IVXATZCO,  OIL  OP.  To  obtain  this  oil,  the  leaves  of  Piper  asperifolium  are  dis- 
tilled with  water,  and  the  oil  which  slowly  sinks  to  the  bottom  of  the  milky  distillate 
is  collected.  Pale  green,  thickish ;  has  a  strong  and  persistent  odour,  and  a  persistent 
camphorous  taste.  By  keeping,  it  becomes  thicker  and  ultimately  crystalline ;  by 
nitric  acid,  it  is  coloured  amber-yellow  and  resinised.  It  dissolves  in  oil  of  vitriol, 
forming  a  carmine-coloured  liquid  which  becomes  milky  on  addition  of  water.  It  dis- 
solves readily  in  alcohol  and  ether,  not  in  aqueous  potash  or  ammonia.  (Hodges, 
loc.  cit.} 

M  ATLOCKITE.  Oxychloride  of  lead,  Pb2Cl20,  found  at  Matlock  in  Derbyshire 
(p.  335). 

MATRICARZA  CHAMOMXZ.Z.A.  Wild  chamomile.—The  flowers  of  this 
plant  distilled  with  water,  yield  a  volatile  oil  of  a  dark  blue  colour,  and  nearly  opaque, 
with  a  strong  odour  of  chamomile,  and  an  aromatic  burning  taste.  It  is  fluid  at  12°, 
but  thickens  when  cooled  below  0°.  (Gmeliris  Handbook,  xiv.  365.) 

MATRZCARZA  PARTHEDTZ1TM.  Feverfew.  —This  plant,  while  in  the  flower- 
ing state,  yields  by  distillation  with  water  a  greenish  oil,  which  begins  to  pass  over 
between  165°  and  220°,  the  largest  portion,  however,  distilling  between  205°  and  220°. 
The  oil  consists  of  a  hydrocarbon  containing  about  86  per  cent,  carbon  and  1 1  hydrogen, 
a  camphor  having  the  same  composition  as  that  of  the  lauraceae,  but  possessing  Isevo- 
rotatory  power  (see  CAMPHOR,  i.  729),  and  an  oxygenated  oil  containing  more  oxygen 
than  camphor.  (Dessaignes  andChautard,  J.  Pharm.  xiii.  251.— Chautard, 
Compt.  rend,  xxxvii.  166.) 

iviAUlIiiTE.    Syn.  with  LABRADORITE  (p.  450). 

MA  VITAS  RESIN.  Calaba  or  Galba  of  the  Antilles  (Le  wy,  Ann.  Ch.  Phys.  [3] 
x.  380).  A  resin  extracted  by  incision  from  Calophyllum  Calaba,  Jacq.,  a  tree  growing 
on  the  plains  of  San  Martino  and  of  the  Oronoco.  It  possesses  the  usual  external  cha- 
racters of  resins,  but  when  purified  by  solution  in  alcohol,  it  crystallises  in  small  trans- 
parent prisms,  and  is  obtained  by  slow  crystallisation  in  very  beautiful  crystals  of  a 
fine  yellow  colour.  According  to  Provostaye,  they  are  monoclinic,  exhibiting  the  com- 
bination ooP .  ooPoo  .  [  ooPoo  ]  .  oP  .  +  P  .  Poo  .  [Poo  ].  Angle  oo  P  :  [  ooPoo  ]  =.  119°  ; 
ooP  :  oP  =  101°  7' ;  oP  :  [Poo  ]  =  143°  15' :  ooP  :  [Poo  ]  =  about  98°  45' :  ooPoo 
:  Poo  =  139°  35' ;  ooPoo  :  ooP  =  150°  30'.  Ratio  of  axes  a  :  b  :  c  =  1769  :  1  :  1-347. 
Angle  of  axes  b  and  c  =  78°  43'. 

Maynas  resin  has  the  characters  of  an  acid,  dissolving  readily,  even  at  common 
temperatures,  in  potash,  soda,  and  ammonia.  It  is  insoluble  in  water,  very  soluble  in 
alcohol ',  ether,  and  oils  both  fixed  and  volatile.  Specific  gravity  =  1/12.  It  melts  at 
about  105°  to  a  transparent  glass,  and  when  once  melted,  remains  liquid  for  a  long 
time,  not  solidifying  till  cooled  to  about  90°.  By  dry  distillation  it  yields  empyreu- 
matic  oils,  and'  leaves  a  carbonaceous  residue.  It  contains,  according  to  the  mean 
of  Lewy's  analyses.  67'52  per  cent,  carbon  and  7'30  hydrogen,  whence  Lewy  deduces 
the  formula  C14H1804  (calc.  67'2  C,  7'2  H,  and  25-6  0). 

The  resin  dissolves  in  cold  acetic  add,  also  in  sulphuric  acid,  forming  a  solution  of  a 
fine  red  colour,  from  which  it  is  precipitated  by  water  in  its  original  state.  It  is 
strongly  acted  upon  by  fuming  nitric  acid,  yielding  a  non-crystallisable  nitro-acid. 
With  ordinary  nitric  acid  it  forms  a  volatile  acid  exhibiting  the  characters  of  butyric 
acid ;  the  solution  yields,  by  concentration,  crystals  of  oxalic  acid,  as  well  as  a  liquid 
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acid,  the  nature  of  which  has  not  been  determined.  The  resin  heated  with  a  mixture 
of  acid  chromate  of  potassium  and  sulphuric  acid,  gives  off  carbonic  anhydride  and 
formic  acid.  Chlorine  and  bromine  act  upon  it,  but  without  yielding  definite  product? 

MEADOW   SAFFRON.     Gratiola  officinalis  (ii.  942). 
MEADOW-SWEET.     See  SPIRAEA. 

XVXECHIiOIC  ACID.  A  crystalline  acid  produced,  together  with  a  chlorinated 
resin,  by  the  action  of  chlorine  on  meconin.  It  contains  48*72  per  cent,  carbon,  4*07 
hydrogen,  no  chlorine  ;  crystallises  in  fine  prismatic  needles ;  is  soluble  in  potash, 
sparingly  soluble  in  cold,  easily  in  boiling  water. 

IVIECONAMIC  ACID.     See  MECONIC  ACID,  AMIDES  OF. 

P7TTO4) 
1VIECOWTC  ACID.  C7H407  =     g-lf  JO3.     Mohnsaure.    Opiums dure.— This  acid, 

which  is  one  of  the  constituents  of  opium,  was  discovered  by  Sertiirner  in  1805 
(Gilb.  Ann.  Iv.  72  ;  Ivii.  183  ;  Ixiv.  65),  but  the  more  exact  investigation  of  it  has  been 
made  chiefly  by  Kobiquet  (Ann.  Ch.  Phys.  v.  282;  li.  236;  liii.  425),  and  Liebig 
(Ann.  Ch.  Pharm.  vii.  37 ;  xxvi.  113,  147). 

The  best  method  of  preparing  it  is  that  of  Kobiquet,  modified  by  Gregory 
(Ann.  Ch.  Pharm.  xxiv.  43).  Opium  is  exhausted  with  water  at  38°  ;  the  extract  is 
neutralised  with  coarsely  pounded  marble,  evaporated  to  a  syrup,  and  mixed  with  a  con- 
centrated solution  of  chloride  of  calcium,  whereby  the  meconate  of  calcium  is  more  com- 
pletely separated  in  proportion  as  the  liquids  are  more  concentrated  ;  and  the  preci- 
pitate is  washed  with  water  and  pressed.  [The  mother-liquor  serves  for  the  preparation 
of  morphine.] — 1  pt.  of  the  precipitated  meconate  of  calcium  is  now  suspended  in  a 
mixture  of  3  pts.  commercial  hydrochloric  acid  and  20  pts.  boiling  water;  the  mixture 
is  kept  at  a  temperature  short  of  100°,  and  frequently  shaken,  till  the  whole  is  dissolved ; 
and  the  acid  meconate  of  calcium  which  separates  on  cooling  is  collected  on  linen,  washed 
with  a  small  quantity  of  water,  and  redissolved,  after  pressure,  in  a  mixture  of  3  pts.  of 
hydrochloric  acid  and  20  pts.  of  hot  water,  avoiding  ebullition.  The  liquid  then  yields,  on 
cooling,  crystals  of  meconic  acid  nearly  free  from  lime,  while  the  mother-liquor,  in  con- 
sequence of  the  excess  of  hydrochloric  acid,  contains  scarcely  any  meconic  acid.  The 
still  coloured  crystals,  after  being  washed  and  pressed,  are  dissolved  in  16  pts.  of  hot 
water  ;  the  liquid  is  strained  through  linen  ;  and  the  filtrate  is  mixed  with  two-thirds  of 
the  original  quantity  of  hydrochloric  acid  ;  on  cooling  it  yields  crystals  of  meconic  acid, 
free  from  lime,  but  still  coloured.  These  crystals  are  suspended  in  cold  water,  neutra- 
lised with  carbonate  of  potassium,  and  heated  to  100°  with  gradual  addition  of  water  in 
quantity  just  sufficient  to  dissolve  them ;  the  solution,  which  solidifies  on  cooling,  is  well 
pressed  (the  liquid  which  runs  off  yields  impure  meconic  acid  when  treated  with  excess 
of  hydrochloric  acid) ;  the  expressed  mass,  which  is  not  yet  quite  white,  is  redissolved 
in  the  smallest  possible  quantity  of  boiling  water ;  the  solid  mass  obtained  on  cooling 
is  again  pressed  ;  and  this  treatment  is  repeated  till  a  pure  white  product  is  obtained. 
Lastly,  this  pure  meconate  of  potassium  is  dissolved  in  16  to  20  pts.  of  hot  water;  the 
acid  meconate  of  potassium  which  separates  on  cooling  is  mixed  on  linen  with  a  small 
quantity  of  cold  water,  pressed,  and  redissolved  in  16  pts.  of  hot  water  ;  the  solution  is 
mixed  with  2  or  3  pts.  of  hydrochloric  acid ;  and  the  crystals  of  pure  meconie  acid 
which  form  on  cooling  are  washed  with  cold  water,  and  recrystallised  from  solution  in 
the  smallest  possible  quantity  of  boiling  water.  The  mother-liquor  expressed  from 
the  potassium-salt  still  yields  a  quantity  of  impure  meconic  acid  when  treated  with 
hydro-chloric  acid.  Paper-filters  [probably  on  account  of  the  iron  contained  in  them] 
cannot  be  used  in  any  part  of  the  process. 

How  (Ann.  Ch.  Pharm.  Ixxxiii.  350)  heats  the  crude  acid  free  from  lime  with 
twice  its  weight  of  water,  till  the  whole  dissolves  on  addition  of  ammonia.  The 
solution  on  cooling  solidifies  in  a  crystalline  mass,  which  may  be  freed  by  pressure  from 
the  black  mother-liquor,  and  recrystallised  two  or  three  times  from  the  smallest  possible 
quantity  of  boiling  water.  From  the  solution  in  hot  water,  the  meconic  acid  separates, 
on  addition  of  excess  of  hydrochloric  acid,  in  colourless  laminae,  which  are  washed  with 
cold  water,  and  once  recrystallised  from  boiling  water. 

The  aqueous  extract  of  opium  might  also  be  treated  in  the  first  instance  with  ammonia 
to  precipitate  the  morphine,  and  the  meconic  acid  afterwards  precipitated  by  chloride 
of  calcium  ;  but  ammonia  always  precipitates  a  certain  quantity  of  meconic  acid  from 
the  aqueous  solution  in  the  form  of  a  calcium-salt :  hence  the  process  is  attended  with 
loss. 

Meconic  acid  crystallises  in  micaceous  scales  <  r  small  rhombic  prisms,  containing 
3  jit.  water  (C7H407.3H*0),  which  it  gives  off  at  100°,  leaving  a  white,  opaque, 
effloresced  mass.  It  has  a  sour  taste,  and  reddens  litmus  strongly.  It  dissolves  readily 
in  water  and  alcohol,  less  easily  in  ether. 
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Meconic  acid  is  resolved,  under  various  circumstances,  into  carbonic  anhydride  and 
comenic  acid : 

C7H407     =     CO2  +   C6H40S, 

Meconic  Comenic 

acid.  acid. 

the  latter  frequently  undergoing  further  transformation  : — 1.  When  dry  meconic  acid 
is  heated  to  about  120°,  carbonic  anhydride  is  given  off  and  comenic  acid  remains 
behind  ;  at  higher  temperatures,  the  comenic  acid  is  further  resolved,  partly  into  car- 
bonic anhydride  and  pyromeconic  acid,  C5H408,  partly  into  water,  acetic  acid,  empy- 
reumatic  oil,  and  charcoal. — 2.  When  meconic  acid  is  boiled  with  water,  or  with 
hydrochloric  acid,  a  brown  colouring  matter  being  also  produced  in  the  former  case.— 
3.  By  the  action  of  chlorine  or  bromine,  in  presence  of  water,  the  products  being  carbonic 
anhydride  and  chloro-  or  bromo-comenic  acid. — 4.  By  boiling  with  excess  of  ammonia, 
the  comenic  acid  being  then  converted  into  comenamic  acid. — 5.  By  heating  with 
iodide  of  ethyl,  whereby  carbonic  anhydride  is  given  off,  and  ethyl-comenic  acid 
produced. 

Meconic  acid  is  easily  oxidised  by  nitric  acid,  yielding  a  large  quantity  of  oxalic 
acid. — By  boiling  with  strong  caustic  potash  also,  it  yields  oxalic  acid,  together  with 
carbonic  anhydride  and  a  brown  substance. — By  chloride  or  bromide  of  iodine,  it  is 
converted  into  iodomecone,  C3H4P02.  [?  impure  iodoform;  see  p.  312.] 

The  aqueous  solution  of  meconic  acid  is  coloured  deep  red  by  ferric  chloride,  the 
colour  not  being  destroyed  by  boiling,  or  by  the  action  of  dilute  acids. 

Meconates. — Meconic  acid  is  tribasic,  and  forms  three  series  of  salts : 

Acid. 

Normal  or 


monometallic.  dirnetallic.  trimetallic. 

C7H3M07  C7H2M207  C7HM30T. 

The  dimetallic  meconates  are  neutral  to  vegetable  colours. 

Me conates  of  Ammoniu m. — The  tri-ammonic  salt  is  unknown.  The  di-ammomc 
salt,  C7H2(NH4)207,  crystallises  in  slender  needles.  On  passing  chlorine  through  its 
solution,  the  mono-ammonic  salt,  C7H3(NH4)07.H20,  separates  in  granular  crystals, 
sparingly  soluble  in  cold  water. 

Meconates  of  Barium. — The  dibarytic  salt  is  sparingly  soluble  in  water. 
Chloride  of  barium  forms,  with  solutions  of  the  alkaline  meconates,  white  flakes  soluble 
in  acetic  acid.  Aqueous  meconic  acid  forms  with  baryta-water  a  bulky  yellow  pre- 
cipitate, probably  consisting  of  tribarytic  meconate. 

Meconates  of  Calcium. — The  monocalcic  salt,  C14H6Ca"014.2H20,  is  precipitated 
by  chloride  of  calcium  from  aqueous  meconic  acid,  and  from  the  solutions  of  acid,  and 
even  of  neutral  meconates. — The  dicalcic  salt,  C7H2Ca"07.H20,  is  obtained  as  a  yellow 
gelatinous  precipitate,  on  adding  chloride  of  calcium  to  the  solution  of  a  meconate 
saturated  with  ammonia. 

Meconates  of  Copper. — The  monocupric  salt  is  obtained  as  a  yellowish-green 
precipitate  on  adding  meconic  acid  to  a  solution  of  cupric  acetate.  By  dry  distillation 
it  yields  a  large  quantity  of  pyromeconic  acid.  Meconate  of  potassium  forms  an 
emerald-green  precipitate  with  cupric  acetate. 

Meconates  of  Iron. — a.  The  ferrous  salt  is  very  soluble,  colourless,  turns  red  on 
exposure  to  the  air,  and  more  quickly  when  mixed  with  nitric  acid. 

)3.  Ferric  salt.  Soluble  meconates  added  to  ferric  salts  produce,  for  the  most  part, 
a  deep  blood-red  liquid,  without  precipitation,  even  when  the  solutions  are  concentrated ; 
but  when  neutral  ferric  sulphate  is  treated  with  meconate  of  ammonium,  a  cinnabar- 
coloured  pulverulent  precipitate  is  formed  after  a  while,  which  is  sparingly  soluble  in 
cold  water  and  in  alcohol,  easily  in  boiling  water  and  in  dilute  acids.  On  mixing  its 
aqueous  solution  with  potash,  ferric  oxide  is  precipitated,  ammonia  is  given  off,  and  the 
red  colour  disappears  ;  if  hydrochloric  acid  be  then  added,  sufficient  to  saturate  the 
alkali,  the  red  colour  reappears,  but  is  again  destroyed  by  excess  of  acid.  The  red  pre- 
cipitate, if  previously  dried  in  the  air  at  ordinary  temperatures,  undergoes  no  alteration 
at  100°.  Stenhouse  found  in  five  samples  of  it,  dried  at  100°,  from  30'4  to  3T1  per 
cent,  carbon,  2-1  to  2*5  hydrogen,  3'4  to  3-5  nitrogen,  and  22-6  to  24*3  ferric  oxide. 
On  mixing  solutions  of  meconic  acid  and  ferric  chloride  in  anhydrous  ether,  red-brown 
flocks  very  soluble  in  cold  water  are  precipitated.  Stenhou.se  found  in  three  prepa- 
rations (at  100°)  from  25'3  to  25'9  per  cent,  carbon,  17  to  1'9  hydrogen,  and  30'3  to 
31  '2  ferric  oxide. 

Meconates  of  Lead.— The  neutralsalt,  C14H2Pb*014.2H20,  is  produced  byprecipi- 
tnting  neutral  acetate  of  lead  with  meconic  acid,  even  in  excess;  it  forms  white 
flocks,  insoluble  even  in  boiling  water. 
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Basic  salts,  containing  from  68'4  to  78'4  per  cent,  lead-oxide,  are  obtained  by  pre- 
cipitating basic  acetate  of  lead  with  alkaline  meconates. 

Magnesium- salts. — The  dimagnesic  salt  is  sparingly,  the  monomagnesic  salt 
easily  soluble  in  water ;  the  latter  crystallises  in  shining,  transparent,  flattened  needles, 
having  an  acid  and  bitter  taste. 

Meconates  of  Mercury. — Both  the  mercurous  and  mercuric  salt  are  pale  yellow 
flocculent  precipitates,  insoluble  in  water,  soluble  in  nitric  acid. 

Meconates  of  Potassium. — The  acid  salts  are  crystallisable,  the  neutral  salt 
uncrystallisable. 

Meconates  of  Silver. — Aqueous  meconicacid  forms  with  nitrate  of  silver  a  white 
precipitate  of  the  di-argentic  salt,  C'lPAg'^O',  which,  by  prolonged  boiling  with  water, 
is  converted  into  the  tri-argentic  salt,  C7HAg307.  The  latter  is  also  formed,  as  a 
yellow  precipitate,  on  mixing  a  solution  of  meconic  acid,  exactly  saturated  with  ammo- 
nia (the  di-ammonic  salt)  with  nitrate  of  silver. 

Meconates  of  Sodium. — The  monosodic  salt  forms  hard  grains,  but  slightly 
soluble  in  water. — The  disodic  salt,  obtained  by  digesting  meconate  of  barium  with 
aqueous  sulphate  of  sodium,  crystallises  in  slender  needles,  soluble  in  5  pts.  of  water, 
and  containing  a  large  quantity  of  water  of  crystallisation.  The  trisodic  salt  is  crys- 
tallisable, very  soluble  in  water,  and  efflorescent. 

Meconates  of  Tin. — The  stannous  salt  is  a  white  precipitate,  very  soluble  in 
excess  of  the  stannous  solution.  The  stannic  salt  is  also  a  white  precipitate,  sparingly 
soluble  in  acetic,  easily  in  nitric  acid. 

Meconate  of  Yttrium. — Sparingly  soluble  in  water;  yttrium-salts,  however,  give 
no  precipitate  with  meconic  acid. 

IVIECOi\riC  ACID,  A1VIIDES  OP.  By  acting  on  ethyl-meconic  acid  and  diethyl- 
meconic  acid  with  ammonia,  How  has  obtained  two  acids,  which  may  be  regarded  as 
mono-ammonic  meconate  minus  water,  viz. : 

Meconamic  acid       ....  C7H5N06     =     C7H3(NH4)07     -     H20 
Mecono-diamidic  acid       .        .         .  C7H6N205    =     C7H2(NH4)807  -    2H-0 

Neither  of  these  acids  has,  however,  been  obtained  in  the  crystalline  form,  and  their 
formulae  are  somewhat  doubtful.  To  the  former  How  assigned  the  somewhat  impro- 
bable formula  C42H88N70S6;  the  formula  above  given  was  proposed  by  Gerhard t. 
(Traite,  ii.  180.) 

IVIECOTJIC  ZITHERS.  Meconic  acid,  being  tribasic,  should  form  three  ethers 
containing  ethyl  or  other  alcohol-radicles.  Only  the  two  acid  ethyl-meconates  are, 
however,  at  present  known. 

ETHYL-MECONIC  ACID,  C7H3(C2H5)07,  is  obtained  by  passing  dry  hydrochloric 
acid  gas  through  a  solution  of  meconic  acid  in  absolute  alcohol,  till  the  liquid  emits 
fumes.  It  then,  if  left  at  rest,  deposits  the  ethylated  acid  in  needle-shaped  crystals, 
vhich  may  be  purified  by  recrystallisation  from  hot  water. 

The  acid  forms  small  needles  very  soluble  in  boiling  water,  soluble  in  ether  and  in 
alcohol  of  ordinary  strength,  less  soluble  in  absolute  alcohol.  The  crystals  are  anhy- 
drous, melt  at  158°,  and  sublime  in  brilliant  rhombs. 

Ethyl-meconic  acid  is  dibasic,  forming  two  series  of  very  stable  salts,  viz.  neutral 
salts,  C7HM2(C*H5)0T,  and  acid  salts,  C7H-M(C2H5)07.  They  crystallise  readily. 
(How,  Ann.  Ch.  Pharm.  Ixxxiii.  350.) 

DIETHYL-MECONIC  ACID,  C7H2(C2H5)207,  is  contained  in  the  mother-liquor  from 
which  ethjrl-meconic  acid  has  separated,  and  may  be  obtained  by  evaporating  this 
liquid  till  it  gives  off  acid  vapours.  The  residue  is  a  thick  oil  which  solidifies  on 
cooling,  and  may  be  purified  by  recrystallisation. 

It  forms  flattened  colourless  prisms,  melting  at  about  110° ;  it  melts  in  boiling  water 
before  dissolving,  and  dissolves  very  easily  in  alcohol.  Its  aqueous  solution  has  a 
strong  acid  reaction,  decomposes  carbonates,  and  rapidly  coagulates  albumin.  It 
colours  ferric  salts  red. 

The  acid  is  monobasic,  the  formula  of  its  salts  being  C7HM(C2H5)207.  The 
ammonium-salt  crystallises  in  yellow  needles,  and  is  very  soluble  in  cold  water.  It 
is  most  easily  prepared  by  passing  gaseous  ammonia  into  an  alcoholic  solution  of 
the  acid.  The  barium-salt  is  a  yellow  semi-gelatinous  precipitate,  insoluble  in  boiling 
water,  but  very  soluble  in  excess  of  chloride  of  barium.  The  strontium-  and  calcium- 
salts  resemble  the  barium-salt.  The  magnesium-salt  is  a  crystalline  precipitate.  The 
copper-salt  is  green  and  gelatinous.  The  lead-salt  is  a  yellowish-white  precipitate. 
The  silver-salt  is  yellow,  gelatinous,  insoluble  in  boiling  water.  (How,  loc.  cit.) 

IMEECOKIN.  Opianyl.  C'°HI004.  —  A  neutral  substance  existing  in  opium.  It  was 
first  observed  by  Dublanc  (Ann.  Ch.  Phys.  [2]  xlix.  17);  afterwards  prepared  in 
the  pure  state,  and  examined  by  Couerbe  (ibid.  xlix.  11 ;  1.  337;  lix.  148). 
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It  is  produced  from  narcotine,  together  with  teropiammone,  cotarnine,  opianic  acid, 
and  hemipinic  acid,  by  the  action  of  warm  dilute  nitric  acid  (Anderson,  Ed.  Phil. 
Trans,  xx.  347  ;  xxi.  204),  and  from  opianic  acid  by  the  action  of  caustic  alkalis,  or  of 
nascent  hydrogen,  evolved  either  by  the  action  of  sodium-amalgam  on  water,  or  of  zinc 
on  dilute  sulphuric  acid.  (Matthiessen  and  Foster,  Chem.  Soc.  J.  xvi.  349.) 

o.  Action  of  alkalis : 

2C10H'°05     =     CIOH1004  +   C10H'°08. 

Opianic  acid.  Meconin.        Hemipinic  acid. 

)8.  Action  of  nascent  hydrogen  : 

c.oH.o0s     +     H2  =  Cl°H1004   +   H20. 

Opianic  acid.  Meconin. 

Preparation,  a.  From  Opium. —  1.  Finely  cut  Smyrna  opium  is  exhausted  with 
cold  water;  the  filtrate  is  evaporated  to  8°  Bin.,  and  the  morphine  and  narcotine  are 
precipitated  by  dilute  ammonia.  The  filtrate  evaporated  to  a  syrup,  and  then  left  for 
several  weeks  in  a  cool  place,  deposits  brown  crystals,  which  must  be  pressed  and  then 
dried  at  a  gentle  heat  The  brown  crystalline  mass  contains  meconin,  meconates,  and 
other  substances.  It  is  exhausted  with  boiling  alcohol  of  36°,  and  the  extracts  are 
concentrated  to  one-third  by  distilling  off  the  alcohol ;  the  liquid  then  on  cooling 
deposits  crystals,  which  are  purified  by  recrystallisation  from  boiling  water,  with  addi- 
tion of  animal  charcoal,  then  from  hot  ether.  The  mother-liquor  from  which  the 
crystals  have  separated,  yields  an  additional  quantity  of  meconin  by  concentration. 
(Couerbe.) 

2.  The  aqueous  extract  of  opium  is  precipitated  by  chloride  of  calcium  ;  the  precipi- 
tated meconate  of  calcium  is  filtered ;  the  filtrate  evaporated  to  the  crystallising  point, 
and  separated  from  the  deposited  hydrochlorate  of  morphine;  and  the  dark  mother-liquor 
is  diluted  with  water,  filtered  from  the  flocks  which  separate,  and  treated  with  ammonia, 
which  precipitates  narcotine,  thebaine,  and  a  large  quantity  of  resin.  The  filtrate  is 
mixed  with  acetate  of  lead ;  the  excess  of  lead  is  removed  from  the  filtered  liquid  by 
dilute  sulphuric  acid ;  and  the  filtrate  is  neutralised  with  ammonia,  and  evaporated  to 
the  crystallising  point  at  a  moderate  heat,  whereupon  narceine  separates  out,  and  then 
sal-ammoniac  by  further  concentration.  The  mother-liquor  is  repeatedly  digested  with 
^  voL  ether  at  26°,  and  the  ether  is  distilled  off  from  the  extracts,  a  brown  syrup  then 
remaining.  On  treating  this  syrup  with  dilute  hydrochloric  acid,  papaverine  dissolves, 
and 'meconin  remains  in  the  form  of  a  dark  grey  crystalline  powder,  which,  to  free  it 
from  resin  and  purify  it  completely,  must  be  several  times  crystallised  from  boiling 
water,  with  addition  of  animal  charcoal.  (Anderson.) 

b.  From  Narcotine. — Narcotine  is  heated  in  the  water-bath  to  49°  with  2'8  pts.  of 
nitric  acid  of  specific  gravity  1*4,  and  8  pts.  water,  whereupon  it  melts  into  a  yellowish 
mass,    dissolves   slowly  without    evolution  of  gas,   if  constantly  stirred,   and  then 
gradually  deposits  crystalline  teropiammone.     The  liquid  is  filtered  through  asbestos  ; 
the  filtrate  saturated  with  potash-ley;    the  solution  again  filtered  from  precipitated 
cotarnine,  and  concentrated  to  a  small  bulk ;  crystallised  nitre  is  removed,  and  the 
mother-liquor  freed  from  carbonate  of  potassium  by  precipitation  with  alcohol ;  the 
alcohol  is  distilled  off;  and  the  cooled  residue  treated  with  hydrochloric  acid,  which  pre- 
cipitates opianic  acid,  hemipinic  acid,  and  meconin.     If  this  precipitate  be  dissolved  in 
a  large  quantity  of  boiling  water,  meconin  crystallises  out  on  cooling  (mixed  with  a 
little  opianic  acid,  if  the  quantity  of  water  added  was  insufficient),  and  may  be  purified 
by  recrystallisation  from  water  or  alcohol.     (Anderson.) 

c.  From  Opianic  acid. — 1.  By  the  action  of  strong  caustic  potash.     This  mode  of 
preparation  is  described  under  HEMIPINIC  ACID  (p.  142). — 2.  By  the  action  of  nascent 
hydrogen.     Sodium -amalgam  is  warmed  for  several  hours  in  an  aqueous  solution  of 
opianic  acid ;  and  the  meconin  is  precipitated  from  the  solution  by  hydrochloric  acid. 
The  formation  of  the  meconin  in  this  case  is  not  due  to  the  action  of  the  caustic  soda 
formed  from  the  sodium -amalgam :  for  it  takes  place  in  a  dilute  solution,  and  at  a 
temperature  very  much  below  that  at  which  opianic  acid  is  decomposed  under  the 
influence  of  alkali ;  the  quantity  of  meconin  formed  is  also  considerably  greater  than 
that  which  is  produced  under  the  latter  circumstances,  5  grms.  opianic  acid  decom- 
posed by  sodium-amalgam   having  yielded   3-65   grms.  of  pure   meconin,  whereas, 
according  to  the  first  of  the  *wo  equations  above  given,  it  should,  when  decomposed  by 
alkalis,  yield  only  2*3  grms.  meconin.   Moreover,  opianic  acid  is  similarly  converted  into 
meconin  by  the  action  of  zinc  and  dilute  sulphuric  acid.  (Matthiessen  and  Foster.) 

Properties. — Meconin  crystallises  in  hexagonal  prisms  with  dihedral  summits.  It 
is  perfectly  colourless  ;  has  no  smell ;  and  appears  tasteless  at  first,  but  exhibits  a  very 
acrid  taste  as  it  dissolves  in  the  mouth. 

It  melts  at  90°  (Couerbe) ;  between  98°  and  99°  (M.  and  F.)  to  a  colourless  liquid, 
which  retains  its  fluidity  till  cooled  to  75°.  At  a  higher  temperature,  it  boils  and  distils 
without  alteration,  solidifying  to  a  fatty  mass  on  cooling. 

A  hydrate  of  meconin  was  once  obtained  by  Anderson,  in  decomposing  meconin 
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with  nitric  acid  :  it  resembled  the  anhydrous  compound,  but  was  lighter,  and  did  not 
melt  below  96°. 

Meconin  dissolves  in  2657  pts.  of  cold,  and  18*5  pts.  of  boiling  water  ;  in  alcohol 
and  ether  it  is  still  more  soluble.  It  is  dissolved  by  the  fixed  alkalis,  but  is  nearly 
insoluble  in  ammonia.  When  heated  to  100°  with  aqueous  ammonia,  it  yields  a  solu- 
tion which  may  be  evaporated  over  sulphuric  acid  at  ordinary  temperatures,  but  from 
which  meconin  it  precipitated  on  addition  of  water  (Matthiessen  and  Foster).  —  Its 
aqueous  solution  precipitates  basic  acetate  of  lead,  but  not  the  neutral  acetate. 

Meconin  dissolves  without  alteration  in  dilute  sulphuric  acid,  forming  a  colourless 
solution  which  becomes  dark  green  when  evaporated  :  if  alcohol  be  then  added,  the 
liquid  acquires  a  rose  colour  ;  but  as  the  alcohol  evaporates,  the  green  tint  returns. 
The  green  solution  deposits  brown  flocks  when  mixed  with  water  (Couerbe).  With 
strong  sulphuric  acid,  meconin  forms  a  colourless  solution  which  becomes  purple  when 
heated,  and  brown  on  addition  of  water,  depositing  at  the  same  time  a  brown  precipi- 
tate, which  dissolves  with  rose  colour  in  alkalis.  Nitric  acid,  either  dilute  or  concen- 
trated, converts  meconin  into  nitromeconin,  with  evolution  of  red  vapours.  With 
peroxide  of  lead  and  dilute  sulphuric  acid,  it  gives  off  carbonic  anhydride,  and  forms  an 
amorphous  substance  which  remains  dissolved. 

With  chlorine,  meconin  forms  chloromeconin  (Anderson).  According  to  Couerbe, 
chlorine  acts  but  slightly  on  meconin  at  common  temperatures,  but  is  rapidly  absorbed 
by  melting  meconin,  forming  a  red  and  then  a  dark  brown  mass,  which  melts  at  a 
higher  temperature  than  meconin,  and  forms  on  cooling  a  crystalline  mass  containing 
mechloic  acid  (p.  859),  meconin-resin,  and  25'5  per  cent,  chlorine.  Meconin  is  not 
altered  by  iodine,  but  when  treated  with  chloride  of  iodine,  it  forms  iodomeconin.  With 
bromine-water,  it  forms  bromomeconin. 

Meconin  dissolves  without  alteration  in  cold  hydrochloric  acid  ;  but  when  heated 
with  three  times  its  weight  of  strong  hydrochloric  acid  to  100°  in  a  sealed  tube,  it  is 
decomposed,  with  formation  of  an  acid  containing  C9H804,  and  separation  of  chloride 
of  methyl,  which  quickly  volatilises  when  the  tube  is  opened  :  C10H1004  +  HC1  = 
Q9JPQ4  +  CH3C1  (Matthiesen  and  Foster,  unpublished  experiments}.  A  similar 
decomposition  is  produced  by  hydriodic  acid.  From  these  results  Matthiessen  and 
Foster  conclude  that  meconin  is  a  methylated  compound  ;  and  although  the  propor- 
tion of  methyl  contained  in  it  has  not  been  experimentally  determined,  they  infer, 
from  the  analogy  of  other  derivatives  of  narcotine  (a.  v.)  that  its  rational  formula  is 

CCSH4OV"  ? 

'        O3;  that  is  to  say,  that  it  is  the  dimethylated  derivative  of  a  compound, 


H2        i    3>  n°k  ^et  isolated,  which  may  be  called  normal  meconin. 
Substitution  Derivatives  of  Meconin. 

Bromomeconin.  CIOH9Br04.  —  When  bromine-  water  is  gradually  added  to  aqueous 
meconin,  crystals  of  bromomeconin  separate  out,  and  may  be  purified  by  recrystallisa- 
tion  from  boiling  alcohol.  It  forms  colourless  needles,  which  melt  at  167°,  and  behave 
in  other  respects  like  chloromeconin.  It  dissolves  sparingly  in  water,  more  readily  in 
alcohol  and  ether.  (Anderson,  Ann.  Ch.  Pharm.  xcviii.  48.) 

Chloromeconin.  C10H9C104.  When  chlorine-gas  is  passed  into  a  cold  saturated 
aqueous  solution  of  meconin,  an  abundant  crop  of  crystals  quickly  separates,  consisting 
of  chloromeconin,  which  may  be  purified  by  recrystallisation  from  alcohol.  It  is  like- 
wise produced  when  dry  chlorine-gas  is  passed  over  melted  meconin.  It  crystallises 
in  colourless  needles,  which  melt  at  175°,  and  sublime  undecomposed  at  higher  tem- 
peratures. It  dissolves  sparingly  in  cold,  somewhat  more  freely  in  boiling  water  ;  in 
alkalis  to  about  the  same  amount  as  in  water,  and  without  decomposition.  It  is  soluble 
in  alcohol  and  in  ether. 

It  dissolves  in  cold  sulphuric  acid,  assumes  a  greenish-blue  colour  when  heated 
therewith,  and  on  subsequent  addition  of  water,  deposits  brown  flocks  which  dissolve 
with  red  colour  in  alkalis.  It  dissolves  with  red  colour  in  nitric  add,  and  is  decom- 
posed when  heated  therewith.  (Anderson,  Ann.  Ch.  Pharm.  xcviii.  47.) 

Iodomeconin.  C'°H9I04.  —  When  chloride  of  iodine  is  added  to  aqueous  meconin, 
and  the  mixture  left  to  itself  for  several  days  in  a  warm  place,  long  crystals  form  in  it, 
contaminated  by  free  iodine.  They  are  purified  by  recrystallisation  from  boiling 
alcohol. 

Iodomeconin  forms  colourless  needles,  which  melt  at  112°  to  a  colourless  liquid. 
It  is  nearly  insoluble  in  water,  more  soluble  in  alcohol  and  ether.  It  melts  at  a 
temperature  above  100°  to  a  brown  liquid,  which  decomposes  at  a  stronger  heat  with 
volatilisation  of  iodine.  It  dissolves  in  sulphuric  acid,  forming  a  dark-coloured  liquid 
when  heated  ;  and  is  decomposed  by  nitric  acid,  with  separation  of  iodine.  (Ander- 
son, loc.  cit.) 

Nitromeconin.     C10IPXO°  =  C'°HB(NC  X)4.  —  Meconin  dissolves  abundantly  in 
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cold  concentrated  nitric  acid,  the  solution  giving  off  red  fumes  when  heated.  On 
diluting  with  water,  bulky  crystals  separate,  which  may  be  obtained  pure  by  washing 
and  recrystallisation  from  boiling  alcohol 

Nitromeconin  forms  white  needles  and  prisms,  melting  at  160°  to  a  transparent 
liquid,  which  solidifies  in  the  crystalline  form  on  cooling.  It  is  neutral,  dissolves 
sparingly  in  cold,  somewhat  more  freely  in  boiling  water  ;  it  is  insoluble  in  hydrochloric 
acid,  but  dissolves  in  cold  strong  nitric  acid,  separating  in  flocks  when  the  solution  is 
diluted.  In  cold  ammonia  and  potash,  it  is  not  more  soluble  than  in  water.  It  is  not 
precipitated  by  metallic  salts.  It  dissolves  in  boiling  alcohol  and  ether. 

Heated  in  small  quantities  on  platinum-foil,  it  volatilises  almost  without  decompo- 
sition, leaving  only  a  small  quantity  of  charcoal ;  but,  if  heated  in  a  test-tube,  it 
decomposes  suddenly,  and  leaves  a  large  quantity  of  porous  charcoal.  Boiled  with 
ammonia  or  potash,  it  forms,  without  decomposition,  a  yellow  solution  which  does  not 
deposit  anything  on  cooling  or  on  addition  of  acids. 

IVIECONTTnvi.  A  substance  occurring  in  the  intestinal  canal  of  the  foetus,  and 
voided  soon  after  birth :  it  consists,  in  fact,  of  the  bile  of  the  foetus,  which  is  gradually 
poured  into  the  intestines,  and  has  there  undergone  a  certain  amount  of  alteration. 
It  is  a  pitchy  substance,  of  a  dark  brown-yellow  colour,  and  the  consistence  of  honey. 
Its  odour  is  for  the  most  part  faint,  and  only  occasionally  unpleasant ;  taste  mawkish, 
and  slightly  sweet  It  stains  linen  permanently  yellow.  In  water  it  swells  up  to  a 
bulky  mass,  in  which  the  microscope  shows  epithelium-cells,  small  round  bodies, 
probably  consisting  of  decolorised  blood-corpuscles,  and  a  considerable  number  of 
rhombic  tablets  of  cholesterin.  According  to  Simon,  dried  meconium  contains  16  pts. 
cholesterin,  10'4  extractive  matter  and  bile-resin,  34  casein,  6  picromel,  4  biliverdin, 
26  cells,  mucus,  and  perhaps  albumin  (  =  96-4).  The  cholesterin  is  extracted  by  ether, 
the  extractive  matter  and  bile-resin  by  alcohol.  Aqueous  alcohol  takes  up  the  casein 
together  with  picromel ;  the  biliverdin  may  be  dissolved  out  by  alcohol  acidulated  with 
sulphuric  acid. 

According  to  John  Davy,  meconium  contains  727  pts.  of  water,  23-6  mucus  and 
epithelium-cells,  7'0  cholesterin  and  margarin,  and  3-0  olein  and  biliary  colouring 
matters. 

When  burnt,  it  leaves  an  ash  consisting  chiefly  of  ferric  oxide  and  magnesia,  with 
traces  of  calcic  phosphate  and  sodic  chloride.  According  to  Payen,  it  contains  common 
salt,  alkaline  carbonate  and  calcic  phosphate.  (Handw.  d.  Chem.  v.  143.) 

1YXEDICAGO  SATZVA.  Lucern. — The  composition  of  the  ash  of  this  plant,  as 
determined  by  Way  and  Ogston,  is  given  under  FODDER  (ii.  680). 

IYIEDICINIER,  OIL  OF.  This  oil,  obtained  by  expression  from  the  seeds  of 
Jatropha  Curcas,  is  white,  scentless,  has  a  density  of  0'9 1  at  19°,  and  solidifies  to  a 
buttery  mass  at  —  8°.  It  is  nearly  insoluble  in  alcohol,  has  a  sweet  taste,  and  alters  but 
very  little  on  exposure  to  the  air.  It  is  not  easily  saponified  by  potash,  but  soda 
easily  converts  it  into  a  hard  white  soap,  containing  oleic  and  isocetic  acids.  Nitric 
acid  converts  the  oil  into  suberic  acid :  pernitric  oxide  does  not  solidify  it  completely. 
When  heated  with  ammonia,  in  a  sealed  tube,  it  is  converted  into  isocetamide. 

IYIEDJIDITE.     Calcio-uranic  sulphate,  occurring  hear  Adrianople.     (See  SUJL- 

PHATES.) 

MEDtrLX.XC  ACID.  C21H4202.— A  fatty  acid  produced,  together  with  oleic  and^ 
palmitic  acids,  by  the  saponification  of  beef-marrow.  It  forms  10  per  cent,  of  the" 
acid  mixture  thus  obtained.  Melting  point  72-5°.  (Eylerts,  Arch.  Pharm.  [2]  civ.  129.) 

MEDtTXiEtXir.  A  name  applied  by  Braconnot  to  cellulose  obtained  from  the  pith 
or  medulla  of  certain  plants. 

MEERSCHAUM.  (Sea-foam :  from  its  apparent  lightness  and  whitish  colour.) 
A  hydrated  silicate  of  magnesium,  2Mg0.3Si02.2H'-!0,  or  Mg-'Si308.2H20,  occurring  in 
stratified  earthy  or  alluvial  deposits  on  the  plains  of  Eskihi-sher,  in  Asia  Minor ;  also 
in  Greece,  at  Hrubschitz  in  Moravia,  and  in  Morocco.  It  is  compact,  smooth  to  the 
touch,  and  of  fine  earthy  texture.  Hardness  =  2  to  2*5  ;  impressible  by  the  nail.  It  is 
opaque  and  white,  sometimes  with  a  greyish,  yellowish,  or  reddish  tinge.  When 
heated  in  a  tube,  it  gives  off  water,  blackens,  and  emits  a  burnt  smell.  Before  the 
blowpipe  on  charcoal  it  burns  white,  and  melts  on  the  thinnest  edges.  It  dissolves 
readily  in  borax  to  a  transparent  glass,  and  exhibits  a  lilac  colour  with  cobalt-solution. 
Hydrochloric  acid  dissolves  it,  with,  separation  of  silica. 

Analyses.— 1.  iebyLyc.hnell  (Kongl.Vetensk.Acad.  Forhandlingar,  1826,  p.  175); 
2.  By  Damour  (Ann.  Ch.  Phys.  [3]  vii.  316): 

SiO"         MgO        H'O      Fe"03    A1»Q3      CaO      K'O     Sand 

I.Asia  Minor     60'87     27'80     11-29      ^'09          =  100-05 

2.  Morocco      .     55'00     28'00     10-35     1-40     1'20     1-01     0'52     1'50  =     98'98 
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The  formula  above  given  requires  60'9  silica,  26'1  magnesia,  and  12'0  water.  In 
these  analyses,  the  mineral  was  first  dried  over  sulphuric  acid  to  expel  hygroscopic 
water  (of  which,  being  porous,  it  contains  a  considerable  quantity),  and  the  combined 
water  was  then  driven  off  by  heat.  The  mineral  is  often  mixed  with  more  or  less 
carbonate  of  magnesium,  by  the  decomposition  of  which  it  appears  to  have  been 
produced.  (J.  L.  Smith,  Sill.  Am.  J.  [2]  vii.  286.) 

IVTEILER.  The  German  name  for  the  heaps  or  stacks  of  timber  piled  up  for  burn- 
ing into  charcoal.  (See  CARBON,  i.  760.) 

IVEEXN.  A  body  obtained  by  Keinsch  from  Athamanta  Meum.  The  root,  after 
exhaustion  with  hot  water,  is  treated  with  alcohol  of  70  per  cent.  ;  the  alcohol  is 
removed  by  distillation,  and  subsequent  spontaneous  evaporation  ;  and  the  residue  is 
digested  with  ether,  which  extracts  the  mem.  On  evaporating  the  ether,  the  mein 
remains  as  a  thick,  yellow,  inodorous,  combustible  oil,  having  a  burning  taste,  and  not 
volatile  without  decomposition.  (Handworterbuch.) 

MEGABROATXTE.  A  variety  of  chlorobromide  of  silver  from  Chile,  crystallised 
in  cubes  and  octahedrons  containing  Ag9Br5Cl4,  or  4AgC1.5AgBr.  (See  SILVER.) 

MEIONXTE.  A  calcio-aluminic  silicate  from  Somma,  where  it  occurs  in  small 
dimetric  crystals,  in  geodes,  usually  in  limestone  blocks.  Eatio  of  the  principal  to  the 
secondary  axes  =  1  :  0'439.  Angle  P  :  P  in  the  terminal  edges  =  136°  11';  in  the 
lateral  edges  =  63°  40'  ;  these  angles  are  nearly  the  same  as  those  of  scapolite  (q.  v.}. 
Observed  combination  ocPoo  .  ooP  .  P  .  coP3  .  Poo  .  3P3  .  oP.  Sometimes  hemihedral 
in  the  planes  3P3,  the  alternate  ones  being  wanting.  Cleavage  parallel  to  ooPoo  and 
oo  P,  rather  perfect,  but  often  interrupted. 

Hardness  =  5*5  to  6.  Specific  gravity  =  2'5  to  274.  Lustre  vitreous.  Colourless  to 
white.  Transparent  to  translucent  ;  often  cracked  within.  Before  the  blowpipe  it 
melts  to  a  colourless  glass  ;  forms  also  a  clear  glass  with  soda.  According  to  v.  Kath, 
the  mineral  when  pure,  dissolves  completely  in  moderately  strong  hydrochloric  acid  ; 
but  on  heating  or  evaporating  the  solution,  the  silica  separates  in  the  pulverulent  form. 
According  to  L.  Gmelin  and  Kobell,  it  gelatinises  with  hydrochloric  acid. 

Analyses:  a.  L.  Gmelin  (Schw.  J.  xxv.  36;  xxxv.  345).  —  b.  Stromeyer  (Unter- 
suchungen,  p.  378).  —  c.  Wolff  (De  compositione  Eckebergitis,  Scapolithi  et  Mejonitis, 
Disseriatio,  Berolini,  1843).—  d.  Kath  (Pogg.  Ann.  Ixxxii.  288). 


SiOa           Al"0»       Fe2Q3       FeO          CaO           MgO  Na'O*  K'O  jJJjlJJ. 

a.  43-80       32-85       .      .       1'07       20'64       .      .  2-57  .      .  .      .  =  100-93 

b.  40-53       32-73       .      .       0'18       24-24       .      .  1-81  .      .  .      .  =     99-49 

c.  42-07       3171       ....       22-43       .      .  0'45  0'31  0'31  =     97'28 

d.  42-55       30'89       0'41       .      .       21'41       0'83  1'25  0'93  0'19  =    98*46 

*  With  some  lithia. 

These  analyses  lead  to  the  formula  3(2CaO.Si02)  +  2(2Al208.3Si02),  or  Ca6APSi9038, 
which,  substituting  al  =  i  Al,  may  be  reduced  to  an  orthosilicate,  R4Si04.  (Dana,  ii.  200. 
—  Bammelsberg'  s  Miner  alchemic,  p.  714.) 

TCEXiACQiarXTX*.  Native  cupric  oxide,  found  at  Copper  Harbour,  Kewenaw 
Point,  Lake  Superior  (ii.  68). 

ZVKEIiAXCT.  This  name  is  given  by  Bizioto  the  black  substance  which  is  deposited, 
together  with  the  carbonates  of  calcium  and  magnesium,  when  the  dried  residue  of  the 
so-called  ink  of  cuttle-fish  is  stirred  up  with  water.  It  is  contained  in  a  peculiar 
bladder  which  the  animals  eject  on  the  approach  of  their  enemies,  to  render  the  water 
opaque.  It  may  be  obtained  pure  by  boiling  the  above-mentioned  residue  with  water, 
then  with  alcohol,  lastly  with  hydrochloric  acid,  and  washing  with  water  containing 
a  little  carbonate  of  ammonium.  It  is  insoluble  in  water,  alcohol,  and  ether,  but 
remains  suspended  in  water  for  a  long  time.  It  dissolves  in  strong  nitric  and  sulphuric 
acids,  not  in  hydrochloric  or  acetic  acid.  Strong  caustic  potash  dissolves  it,  forming  a 
dark  brown  liquid,  which  is  precipitated  by  sulphuric  and  hydrochloric  acids.  It  is 
not  dissolved  by  alkaline  carbonates.  These  characters  are  very  similar  to  those  of 
the  black  pigment  of  the  eye.  (Handw.  d.  Chem.  v.  160.) 

MEZ.AX.ETTCA  XiEUCODEXffDROBT.  The  tree  which  yields  cajeput-oil 
(i.  710.) 

XVEEI.AXVX.  C6N"H9  or  C3N6H6?  (Liebig,  Ann.  Ch.  Pharm.  x.  10;  liii.  240.— 
Knapp,  ibid.  xxi.  242.  —  Volckel,  Pogg.  Ann.  Ixi.  367;  Ixiii.  90.—  Gerh.  i.  464.)— 
A  compound  obtained  as  a  residue  when  sulphocyanate  of  ammonium  is  heated.  This 
salt  decomposes  at  a  temperature  a  little  above  the  boiling-point  of  water,  first  giving 
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off  ammonia,  then  sulphide  of  carbon  in  considerable  quantity,  and  sulphide  of 
ammonium,  and  leaving  a  residue  which  Liebig  callsc  rude  melam.  On  boiling  this  pro- 
duct with  moderately  strong  potash-ley,  till  the  greater  part  is  dissolved,  and  leaving 
the  filtered  liquid  to  cool,  melam  is  deposited  in  the  form  of  a  white  granular  powder. 
Instead  of  sulphocyanate  of  ammonium,  Liebig  finds  it  preferable  to  heat  a  mixture  of 
equal  parts  sal-ammoniac  and  sulphocyanate  of  potassium,  stirring  constantly  till  no 
more  vapours  of  sulphocyanate  of  ammonium  are  evolved,  and  sal-ammoniac  begins  to 
sublime.  The  mass  is  then  exhausted  with  cold  water,  and  the  residue  is  dried  and 
gently  ignited. 

Volckel  prepares  melam  by  heating  sulphocyanate  of  ammonium  in  a  retort,  exhaust- 
ing the  residue  with  cold  water,  and  then  with  boiling  water.  The  first  decoctions 
deposit  a  bulky  matter;  the  last,  on  cooling,  yield  melam  in  the  form  of  a  white 
powder. 

Melam  is  a  white  granular  powder  insoluble  in  cold  water,  also  in  alcohol  and  in 
ether.  It  yields  by  analysis  the  following  numbers  : 

Liebig.  Volckel. 

Carbon 30-49     .         .     28'37 

Hydrogen 3-94     .        .      477 

Nitrogen 65-57     .        .     66-86 

100-00  100-00 

Liebig  deduces  from  his  own  analysis  the  formula  CWH9  (calc.  30-63  carbon  and  3-8 
hydrogen);  according  to  which, melam  maybe  regarded  as  hexcyanopentamide, 

rpfN5,  or  as  a  compound  of  2at.tricyanimide  with  3at.  ammonia  =  2Cy3N.3H3N. 

Gerhardt,  on  the  other  hand,  prefers  the  formula  C3N6H8,  which  agrees  better  with 
Volckel's  analysis  (calc.  28-57  carbon,  4*76  hydrogen,  and  66'67),  and  represents 

melam  asisomeric  or  polymeric  withmelamine  or  cyanuro-triamide,  jLfN3. 

By  prolonged  boiling  with  caustic  alkalis,  melam  is  converted  into  melamine,  which 
separates  on  evaporation  or  as  the  liquid  cools.  The  mother-liquor  contains  ammeline, 
which  may  be  precipitated  by  acids,  together  with  ammelide  ;  and  the  latter,  by  the 
continued  action  of  the  alkali,  is  ultimately  resolved  into  ammonia  and  cyanuric  acid. 
These  changes  may  be  represented  by  the  following  equations : 


(1,  a.)        .        .        C6N"H9  +   2H20     =     2C3N5H50     +  NH3 

Melam.  Ammeline. 

or  (1,  b.)        .        .        C*N6H.6  +     H20     =       C3N5HS0     +   NH8 

Melam.  Ammeline. 

(2.)    .        .        .       C3N5H50  +     H20     .       C3N4H402  +  NH8 

Ammeline.  Ammelide. 


(3.)    .        .        .       C3N4H40*  +     H20     =       C8N3H303  +  NH3 

Ammelide.  Cyanuric 

acid. 

If  Gerhardt's  formula  of  melam  be  admitted,  the  formation  of  melamine  is  a  case  of 
mere  polymeric  transformation :  according  to  Liebig's  formula,  on  the  other  hand,  the 
melamine  is  produced  by  assumption  of  ammonia  eliminated  in  the  formation  of  the 
other  products  above  mentioned : 

Cr>NnH9  +  NH8     =     2C3H6H6 

Melam.  Melamine.  -   .  >  /? 

Melam  is  resolved  by  heat  into  ammonia  and  mellone  or  hydromellone  (perhaps  thus: 
C^"!!9  =  2NH3  +  C6N9H3).  When  boiled  with  dilute  hydrochloric  or  sulphuric  acid, 
or  when  treated  with  nitric  acid,  it  yields  ammeline ;  with  concentrated  sulphuric  acid, 
the  same,  together  with  ammelide.  By  boiling  with  strong  nitric  acid,  it  is  converted  into 
cyanuric  acid  ;  and  by  fusion  with  hydrate  of  potassium,  it  forms  cyan  ate  of  potassium. 

According  to  Volckel,  melam  absorbs  hydrochloric  acid  gas,  forming  the  compound 
C3NflH".HCl. 

IVTELAIVIINE.     C^H6.— Syn.  with  CYANUBAMIDE  (ii.  287). 

IVTELAMPYRIN  or  IVIELAIVIPYRITE.      Syn.  with  DuLCITE  (ii.  348). 

MEL  AN  ASPHALT.     A  kind  of  bituminous  coal  found  in  Nova  Scotia. 

1WELA3JCHLOR.  A  blackish-green  phosphate  of  iron  from  Eabenstein,  contain- 
ing in  100  pts.  38-9  per  cent,  ferric  and  3'87  ferrous  oxide,  besides  manganous  oxide 
and  9  to  10  per  cent,  water.  (Fuchs,  J.  pr.  Chem.  xvii.  171.) 

MELANGLANCE.    Native  sulphide  of  silver.     (See  SILVER.) 
1VXELANHYDRITE.     A  mineral  found  in  the  greywacke  formed  from  decom- 
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posed  basalt  in  the  Schmelzerthal,  near  Honnef  on  the  Rhine.  It  is  deposited  in  the 
rock  in  amorphous  nodular  particles,  of  conchoi'dal  fracture;  opaque,  with  velvet-black, 
sometimes  brownish-black  colour,  and  blackish-brown  streak ;  small  lumps  adhere  to 
the  tongue ;  it  does  not  fall  to  pieces  in  water.  Specific  gravity  =  1-820.  Rammels- 
berg  found  in  it : 

SiO*  AlaO'          FeaO3          FeO  MnO          MgO  CaO  H'O 

41-63         18-72         2-36         7'83         2-51         5'23         1'67         3071  =  100-66; 

whence  the  formula  3M"0.2R203.6Si02.12H20,  showing  that  the  mineral  is  related  in 
composition  to  palagonite.  (Krantz,  Jahresb.  1859,  p.  795.) 

IVTELAWIC  ACID.  C10H805.  (Piria,  Ann.  Ch.  Phys.  [2]  Ixix.  281.)— A  black 
substance  produced,  together  with  acetate  of  potassium,  by  the  oxidation  of  salicylide 
of  potassium.  This  compound,  when  exposed  in  a  slightly  moist  state  to  the  air, 
becomes  covered  with  spots,  which  are  green  at  first,  but  ultimately  become  quite 
black.  This  change  does  not  take  place  in  an  atmosphere  free  from  oxygen ;  but  if  the 
experiment  be  made  under  a  bell-jar  filled  with  oxygen,  the  whole  of  that  gas  is 
gradually  absorbed,  and  no  other  gas  is  evolved. 

The  reaction  may  be  represented  by  the  following  equation  : 

2C7H5K02  +   O3  +   2H20     =     C'°H805   +   2C2H3K02. 

Salicylid*-  of  Melanic  Acetate  of 

potassium.  acid.  potassium. 

When  the  transformation  is  complete,  a  carbonaceous  mass  remains,  from  which 
water  extracts  acetate  of  potassium,  while  melanic  acid  remains  undissolved  in  the  form 
of  a  powder  resembling  lamp-black.  It  is  tasteless,  insoluble  in  water,  very  soluble 
in  alcohol,  ether,  and  alkaline  liquids,  and  precipitated  from  the  latter  by  acids.  It 
decomposes  alkaline  carbonates. 

Melanic  acid  gives  by  analysis  56-26  and  56-56  per  cent,  carbon,  and  4'01  hydrogen: 
the  formula  C10H805  requires  59'69  carbon,  3*84  hydrogen,  and  38  47  oxygen. 

A  black  substance  having  nearly  the  same  composition  is  obtained  by  the  action  of 
alkalis  on  quinone. 

Melanate  of  ammonium  is  obtained  by  digesting  melanic  acid  with  ammonia. 
Melanate  of  silver  is  a  black  precipitate  containing  27'27  per  cent,  carbon,  1*95 
hydrogen,  and  48'00  silver. 

MELAKTII.INE.     See  ANILINE,  DERIVATIVES  OF,  under  PHENYLAMINES. 

XKEXiANXir.     The  black  pigment  of  the  eye  (ii.  615). 

ZVTEXiAJMITEi.  A  black  calcio-ferric  garnet  (ii.  772),  found  chiefly  near  Albano 
and  Frascati,  in  the  neighbourhood  of  Rome. 

IVIELAHTOCARBIBIIDE.  C14H"N30. — A  substance  probably  formed  by  the 
decomposition  of  melanoximide  (q.  v.~). 

ZVEEXiATfOCHZN.  A  doubtful  product,  formed,  according  to  Brandes  and 
Leber(Arch.  Pharm.  xv.  259),  together  with  several  others,  by  the  action  of  ammonia 
and  chlorine  upon  quinine  (<?.#.). 

3VIEX.AUOCHROITE.  A  basic  chromate  of  lead,  PbCUPbCrO4,  found  at 
Beresof  in  the  Ural  (i.  934). 

IVXEIiARTOCrAIiIiIC  ACID.     Syn.  with  MKTAGALLIC  ACID. 

IVIEliANOIiITE.  A  mineral  having  the  aspect  of  chlorite,  from  Milk  Row 
Quarry,  near  Charlestown,  Massachusetts.  It  is  black  and  opaque,  with  a  striated 
surface,  and  somewhat  columnar  structure.  Streak  dark  olive-green.  Hardness  =  2. 
Specific  gravity  =  2*69.  According  to  H.  Wurtz,  it  contains  30-86  per  cent,  silica, 
3-92  alumina,  20-25  ferric  oxide,  21-97  ferrous  oxide,  1'62  soda,  and  8-94  water,  with 
1277  carbonate  of  calcium  =  100-33.  This  composition,  deducting  the  calcic  car- 
bonate, may  be  represented  by  the  formula  2(MO.Si02).R203.Si02  +  3H20 ;  but  the 
mineral  is  perhaps  not  of  constant  composition  (Dana,  ii.  288).  Rammelsberg 
(Mineralchemie,  p.  539)  observes  that  it  is  near  Hisingerite. 

ZVIELANOXZIVXXDE:.  C15H14N3OV— A  product  of  the  decomposition  of  cyano- 
melaniline.  (See  MELANILINB,  under  PHKNYLAMINES.) 

IVIEIiANTERITZ:.     Native  ferrous  sulphate.    "(See  SULPHATES.) 
MEZ.ANTUREN-ZC  ACID.     See  CYANURAMIC  ACIDS  (ii.  287). 
IVXEHiAPHlTRE.     The  name  given  by  Von  Buch  to  a  porphyritic  rock,  consisting 
of  a  black  or  blackish-grey  matrix  of  labrador  and  augite,  in  which  are  imbedded 
crystals  of  the  same  minerals,  and  sometimes,  as  accessory  constituents,  uniaxial  mica, 
hornblende,  and  iron  pyrites.     It  sometimes  has  the  structure  of  almond-stone,  with 
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spherical  and  almond-shaped  nodules  of  calcspar,  zeolites,  &c.  Melaphyre  occurs  in 
the  Alps,  especially  in  the  Fassa  valley,  and  near  Klausen,  in  the  Tyrol ;  also  in  the 
Lower  Ehine,  on  the  Fichtelgebirge  ;  at  Friedrischrode,  in  the  Thiiringer  Wald ;  and 
at  Holmestrand,  in  South  Norway. 

MEXiASSXC  ACID.  A  black  acid,  produced,  together  with  glucic  acid  (ii.  848), 
by  heating  glucose  with  caustic  alkalis.  When  glucose  is  melted  at  100°,  and  a  hot 
saturated  solution  of  baryta  is  added,  a  very  violent  action  takes  place,  giving  rise  in 
the  first  instance  to  the  formation  of  glucic  acid ;  but  if  the  mixture  be  exposed  for 
some  time  to  a  high  temperature,  it  becomes  continually  darker  in  colour,  in  conse- 
quence of  the  formation  of  melassic  acid.  On  dissolving  the  residue  in  water  and 
precipitating  by  hydrochloric  acid,  melassic  acid  is  deposited  in  black  flocks  insoluble 
in  water,  but  soluble  in  alcohol.  It  contains,  according  to  Peligot's  analysis,  61  '9 
to  61*0  per  cent,  carbon,  and  5' 3  to  5 '4  hydrogen.  The  formula  C12H'°05,  requiring 
61'9  carbon,  4'3  hydrogen,  and  33'8  oxygen,  agrees  with  these  results  so  far  as  the 
carbon  is  concerned ;  but  the  amount  of  hydrogen  found  by  experiment  is  too  large 
for  it. 

MEI.ENE.  C^H60.  Paraffin  of  Wax.  (Ettling,  Ann.  Ch.  Pharm.  ii.  252. — 
Lewy,  Ann.  Ch.  Phys.  [3]  v.  395.— Brodie,  Ann.  Ch.  Pharm.  Ixxi.  156.) — A  sub- 
stance homologous  with  ethylene,  &c.,  produced  by  the  dry  distillation  of  hydrate  ot 
myricyl  and  of  myricin.  It  may  be  prepared  by  subjecting  bees'-wax  to  dry  distillation, 
treating  the  product  with  potash,  to  saponify  the  fatty  acid  formed  at  the  same  time  ; 
decanting  the  soap  from  the  mixture  of  melene  and  oily  hydrocarbons  ;  and  distilling 
this  mixture,  which  then  gives  off,  first,  the  oily  hydrocarbons,  and,  lastly,  the  melene, 
when  the  heat  is  considerably  increased.  The  product  is  purified  by  pressure  and  re- 
crystallisation  from  boiling  ether.  It  is  generally  necessary,  however,  before  crystal- 
lising it,  to  rectify  it  over  caustic  potash,  in  order  to  remove  a  small  quantity  of  an 
oxygenated  substance  with  which  it  is  still  contaminated. 

Melene  crystallises  in  perfectly  white  nacreous  scales,  inodorous  and  tasteless,  of 
specific  gravity  0'89.  It  melts  at  62°  (Brodie),  at  33'5° (Ettling),  at  47'8°  (Lewy), 
and  solidifies  in  a  waxy  mass  on  cooling.  Boils  between  370°  and  380°.  Vapour- 
density,  by  three  experiments,  between  lO'O  and  ITS:  the  determinations  were,  how- 
ever, rendered  inaccurate  by  partial  decomposition.  It  is  insoluble  in  water  and  in 
cold  alcohol,  but  dissolves  in  boiling  alcohol,  and  easily  in  ether,  and  in  oils  both  fixed 
and  volatile. 

Melene  is  not  attacked  by  potash  or  soda,  even  at  the  boiling  heat.  Sulphuric  acid 
does  not  attack  it  at  ordinary  temperatures  ;  but  on  applying  heat,  part  of  the  melene 
is  carbonised,  while  the  rest  sublimes.  It  is  but  slightly  attacked  by  boiling  nitric  acid. 
Chlorine  attacks  it,  producing,  under  certain  circumstances,  a  body  containing  a  consi- 
derable amount  of  chlorine. 

Belated  to  melene  are  the  several  mineral  tallows,  distinguished  as  fichtelite,  hartite, 
hatchetin,  ixolyte,  kcenlite,  ozokerite,  scheererite,  $0. 

IVTELEIPJE,  SULPHIDE  OP.  This  name  was  applied  by  Volckel  to  a  sulphu- 
retted residue  obtained,  together  with  others  (called  respectively  sulphide  of  alphene, 
xanthene,  xuthenc,  &c.),  by  the  action  of  heat  on  persulphocyanic  acid.  These  residues 
are  yellow  or  brown  powders  varying  in  composition  according  to  the  degree  of  heat 
applied,  and  are  probably  mere  mixtures.  (See  Grmelin's  Handbook,  ix.  394.) 

1VTS1ETINT.  This  name  is  given  by  "W.  Stein  (J.  pr.  Chen*.  Ixxxv.  351)  to  the 
substance  produced,  together  with  glucose,  by  the  action  of  acids  on  rutin.  This  sub- 
stance, according  to  most  authorities,  is  identical  with  quercetin,  C2SHI6010 ;  but, 
according  to  Stein,  it  differs  from  quercetin,  and  has  the  composition  C20HI409.  It 
forms  yellow  crystals  which  act  on  polarised  light,  and  reduce  potassio-cupric  tartrate. 
(See  QUEBCETIN  and  KUTIN.) 

IVIEI.IN.     See  RUTIN. 

IVSEltlWOPHAWTE.  A  mineral  from  the  zircon-syenite  of  Norway,  nearly  related 
to  leucophane.  The  crystals  are  optically  uniaxial,  but  it  has  not  been  determined 
whether  they  are  dimetric  or  hexagonal.  It  also  occurs  massive,  with  a  scaly  and 
sometimes  foliated  structure';  cleavable  in  one  direction.  Hardness  =5.  Specific 
gravity  =3'0.  Lustre  vitreous.  Colour,  sulphur-,  citron-,  or  honey-yellow.  Not 
phosphorescent  Brittle.  It  contains,  according  to  an  approximate  analysis  by  Richter; 
44-8  per  cent,  silica,  2'2  glucina,  12  4  alumina,  1*4  manganic  oxide,  1-1  ferric  oxide, 
31-5  lime,  0-2  magnesia,  2'6  soda,  2'3  fluorine,  and  0-3  nickel-oxide,  zirconia,  eerie 
oxide,  and  yttria. 

IVTELEZITOSE.  C12H220".— A  kind  of  sugar  discovered  in  the  manna  of  Brian- 
?on  (p.  822)  by  Bonastre,  and  further  investigated  byBerthelot  (Ann.  Ch.  Pbys. 
[3]  Iv.  282).  The  extract  of  this  substance  prepared  with  boiling  alcohol  deposits 
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melizitose  after  being  evaporated  to  a  syrup,  and  left  to  stand  for  several  weeks  ;  the 
product  may  be  purified  by  recrystallisation  from  boiling  alcohol. 

Melezitose  forms  very  small,  short,  hard,  shining  crystals,  resembling  those  of  cane- 
sugar  under  the  microscope,  white  and  mealy  when  seen  in  mass  ;  it  effloresces  readily 
when  exposed  to  the  air,  and  gives  off  4  per  cent,  of  water  when  heated  ;  melts  below 
140°  without  further  alteration,  and  solidifies  to  a  glass  on  cooling.  It  is  about  as 
sweet  as  glucose.  Dextro-rotatory;  for  the  transition-tint,  [a]  =  94'1°  for  Cl-H"0". 

It  dissolves  readily  in  water,  and  is  precipitated  by  an  ammoniacal  solution  of  neutral 
acetate  of  lead.  It  is  nearly  insoluble  in  cold,  slightly  soluble  in  boiling  alcohol,  quite 
insoluble  in  ether.  Absolute  alcohol  precipitates  it  from  the  aqueous  solution. 

Melezitose  decomposes  at  about  200°.  It  is  carbonised  by  cold  strong  sulphuric  acid, 
quickly  turns  brown  with  boiling  hydrochloric  acid,  and  forms  oxalic  acid  with  nitric 
acid.  By  an  hour's  boiling  with  dilute  sulphuric  acid,  it  is  converted  into  glucose.  In 
contact  with  yeast,  it  passes  slowly,  or  sometimes  not  at  all,  into  vinous  fermentation. 
It  is  not  altered  at  100°  by  aqueous  alkalis,  and  scarcely  by  potassio-cupric  tar- 
trate. 

MELILOT-CAIVIPHOR.     See  Co-UMARIN  (ii.  93). 

IMELITJUIVE.    Syn.  with  CADMIUM. 

MELISSA,  OIL  OP.  A  volatile  oil  contained  in  balm  (Melissa  officinalis\ 
most  abundantly  at  the  flowering  time,  and  obtained  from  it  by  distillation  with  water. 
It  is  colourless  or  pale-yellow  ;  of  specific  gravity  0'85  to  0-82  ;  has  a  peculiar  odour; 
reddens  litmus  slightly.  According  to  Bizio  (Brugn.  Giorn.  xix.  360),  it  contains  a 
camphor  in  solution.  It  dissolves  in  5  to  6  pts.  of  alcohol  of  specific  gravity  0'856. 
It  dissolves  iodine,  with  great  rise  of  temperature  and  evolution  of  vapour,  and  becomes 
viscid.  With  nitric  acid,  it  turns  brown,  gives  off  a  large  quantity  of  gas  when 
heated,  and  becomes  resinous.  (Zeller,  Stud,  uber  dther.  Oele.,  Landau,  1850.) 


MEX.XSSXC  ACID.     C30H6008   =  O.—  (Brodie,   Ann.    Ch.   Pharm. 


Ixxi.  156.)  —  A  fatty  acid  obtained  by  treating  hydrate  of  myricyl  (melissic  alcohol) 
with  potash-lime.  It  bears  considerable  resemblance  to  cerotic  acid  (i.  836),  but  melts 
at  a  higher  temperature,  viz.  at  88°  or  89°.  According  to  Brodie's  analysis,  it  contains 
79-19  to  79-97  per  cent,  carbon,  and  13-00  to  13-63  hydrogen  (calc.  79  64  carbon,  13-27 
hydrogen,  and  7'09  oxygen).  The  silver  salt,  C30Hi9Ag02,  is  a  white  precipitate  con- 
taining 19-30  to  19-74  percent,  silver  (calc.  19'30). 

MEXiZSSZXr.  Syn.  with  MELISSIC  ALCOHOL,  or  HYDBATE  OP  MYRICYL.  (See 
MYRICYL. 

XVXEXiITOSE.  C12H220U.  —  A  kind  of  sugar  obtained  from  the  manna  which 
falls  in  opaque  drops  from  various  species  of  Eucalyptus  growing  in  Tasmania.  It  was 
first  recognised  as  a  distinct  substance  by  Johnston  (Mem.  Chem.  Soc.  i,159),more 
fully  examined  by  Berthelot  (Ann.  Ch.  Phys.  [3]  xlvi.  66.—  Chimie  organique, 
Par.  1860,  ii.  260).  It  is  extracted  from  the  manna  by  water,  and  crystallises  in 
extremely  thin  interlaced  needles,  having  a  slightly  saccharine  taste. 

The  crystals  of  melitose  are  hydrated,  containing  C1-H2*01I.3H20.  They  give  off 
2  at.  water  at  100°,  and  become  anhydrous  at  130°.  They  dissolve  in  9  pts.  of  cold 
water,  very  easily  in  boiling  water,  and  dissolve  also  in  boiling  alcohol  more  freely 
than  mannite.  The  alcoholic  solution  yields  small  but  well-  developed  crystals.  The 
aqueous  solution  turns  the  plane  of  pokrisation  to  the  right  :  for  the  transition-tint 
[a]  =  +102°. 

Melitose  heated  with  dilute  sulphuric  acid  is  resolved  into  a  fermentable  sugar 
(probably  dextro-glucose),  and  non-fermentable  eucalyn  (ii.  601)  : 

C1JH22On      +      H20      =      C6HI208      +      C«H1206 

Melitose.  Glucose.  Eucalyn. 

Melitose  ferments  in  contact  with  yeast,  but  it  is  resolved,  in  the  first  instance,  into 
glucose  and  eucalyn  :  consequently,  since  the  latter  is  unfermentable,  the  quantities  of 
alcohol  and  carbonic  anhydride  obtained  from  it  are  only  half  of  those  which  would 
be  yielded  by  an  equal  quantity  of  glucose.  It  does  not  reduce  an  alkaline  cupric 
solution,  and  is  not  altered  by  boiling  with  dilute  alkalis  or  with  baryta-water.  It  is 
oxidised  by  nitric  acid,  yielding  a  certain  quantity  of  mucic  acid,  together  with  a 
large  quantity  of  oxalic  acid. 

RIEI.I.A1VIIC   ACID.     Syn.  with  EUCHROIC  ACID  (ii.  601). 
1KEEX.Z.AN-.     Syn.  with  MELLONE. 

ACID.     Syn.  with  MELLITIC  ACID. 

Somervillite.    Zurlite.—A.  silicate  occurring  on 
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Vesuvius  and  at  Capo  di  Bove,  near  Kome,  in  dimetric  crystals,  in  which  the  prin- 
cipal is  to  the  secondary  axes  as  0-6432  :  1.  Observed  combination  oP  .  oo  P  . 

ooPoo  .  Poo  .  ooP2.  Angle  oP  :  Poo  =  147°  15';  Poo  :  Poo  (over  ooPoo  )  =  65°  30'; 
Poo  :  Poo  (over  terminal  edge)  =  134°  48'.  Cleavage  basal,  distinct.  Hardness 

=  5.  Specific  gravity  =  2'9  to  3'104.  The  crystals  are  brown  or  yellow,  with  vitreous 
lustre,  generally  translucent,  sometimes  opaque.  Fracture  conchoi'dal  to  uneven.  Be- 
fore the  blowpipe  it  fuses  with  difficulty  to  a  yellowish  or  black  glass.  Gives,  with 
fluxes,  the  reactions  of  iron  and  silica.  Gelatinises  with  acids. 

Analyses.—  a.  Humboldtilite,  from  Somma,  by  Kobell  (Schw.  J.  Ixiv.  293).—  b.  The 
same  by  D  amour  (Ann.  Ch.  Phys.  [3]  x.  59).  —  c,  d.  Mellilite,  from  Cape  di  Bove, 
by  D  a  m  o  u  r  (loc.  cit.  ). 

SiO»          Al'O3        Fe«O3         FeO          CaO         MgO        Na*O        K'O 

a.  43-96       11-20        .      .        2'32       31-96       6-10       4'28       0-38     =     100-20 

b.  40-60       10-88         4-43       .      .       31-81       4-54       4-43       0*36     =       98'05 

c.  39-27         6-42       10-17       .      .       32'47       6'44       1-95       1'46      =       98'18 

d.  38-34         8-61       10-02       .      .       32-05       671       2-12       1-51      =       99-36 
These  analyses  may  be  approximately  represented  by  the  formula  6(2CaO.Si02) 

+  2(A120*  ;  Fe208).3Si02,  which  is  that  of  an  orthosilicate,  the  calcium  being  partly 
replaced  by  magnesium,  sodium,  and  potassium. 

Massive  G-ehlenlte,  which  contains,  according  to  Kobell  (Kastn.  Arch.,  iv.  313), 
39-80  per  cent,  silica,  12-80  alumina,  2'57  ferric  oxide,  37'64  lime,  4'64  magnesia,  0'30 
potash,  and  2-00  water,  may  be  included  in  the  same  general  formula. 

S&mervillite,  occurring  on  Vesuvius  in  dull  yellow  crystals,  has  the  angles  of  this 
species.  (Descloizeaux.) 

TVIELLIIVIIBZ.     Syn.  with  MELLITIMIDE. 

ACID.      See  MELLITIC  AdD,  AMIDES  OF. 
or  Honey  stone.  —  Native  mellitate  of  aluminium  (p.  871). 

1YIELLITIMIDE.      See  MELLITIC  ACID,  AMIDES  OF. 


MEUITXC  ACXD.    C12H6012  =  08.  Mellicacid.  MelUthsdure.  Honig- 

steinsdure..  (Gm.  x.  1.  —  Gerh.  iii.  822.  —  Bayer,  Ann.  Ch.  Pharm.  Suppl.  vi.  1.)  — 
This  acid,  which  was  discovered  by  Klaproth  in  1799,  occurs  as  mellitate  of  aluminium, 
in  honeystone  or  mellite,  which  is  the  only  known  source  of  it.  There  is  a  statement 
by  Hun  ef  eld  (Schw.  J.,  xlix.  215),  that  it  may  be  produced  by  treating  amber  with 
hot  hydrochloric  acid  ;  but  it  has  not  been  confirmed. 

To  prepare  it,  powdered  honeystone  is  treated  with  solution  of  carbonate  of  ammo- 
nium, the  liquid  is  boiled  till  the  excess  of  the  ammonium-salt  is  expelled  ;  caustic 
ammonia  is  added  to  precipitate  any  alumina  that  may  have  been  dissolved  ;  the  liquid 
is  filtered  and  evaporated  till  neutral  mellitate  of  ammonium  crystallises  out  ;  and  this 
salt  is  purified  by  recrystallisation  from  water,  a  small  quantity  of  ammonia  being 
each  time  added,  to  reconvert  the  acid  salt  produced  by  evaporation  of  the  ammonia 
into  the  crystallisable  neutral  salt.  The  purified  ammoniacal  salt  is  finally  dissolved 
in  water  ;  the  solution  precipitated  with  acetate  of  lead  or  nitrate  of  silver  ;  the  washed 
precipitate  decomposed  by  sulphydric  acid  if  it  contains  lead,  or  by  hydrochloric  acid 
if  it  contains  silver;  and  the  liquid  filtered  and  evaporated,  whereby  the  excess  of 
hydrochloric  acid  is  expelled.  (Wohler,  Ann.  Ch.  Pharm.  xxxvii.  263.) 

The  lead-precipitate  contains  ammonia,  which  is  transferred  to  the  separated  acid. 
Either,  therefore,  the  acid  must  be  re-precipitated  with  acetate  of  lead  ;  the  precipitate, 
which  still  contains  a  small  quantity  of  ammonia,  washed  and  again  decomposed  with 
sulphydric  acid;  and  the  acid  thus  liberated  precipitated  a  third  time  with  hydrochloric 
acid,  in  order  to  obtain  a  precipitate  free  from  ammonia,  and  thence  to  separate  the  pure 
acid  by  sulphydric  acid  ;  —  or  the  ammonium-salt  must  be  boiled  with  excess  of  baryta- 
water  ;  the  resulting  barium-salt  decomposed  by  digestion  with  dilute  sulphuric  acid  ; 
the  liquid  filtered  and  evaporated  till  it  crystallises  ;  and  the  crystals  freed  from 
adhering  sulphuric  acid  by  recrystallisation.  (Erdmann  and  Marchand.) 

To  prepare  colourless  mellitic  acid  from  the  brown  acid  mother-liquor  obtained  in  the 
preparation  of  mellitate  of  ammonium,  the  colouring  matter  may  be  precipitated  by 
chloride  of  barium  ;  the  mellitate  of  barium  thrown  down  from  the  filtrate  by  am- 
monia, or  by  boiling  with  acetate  of  ammonium,  and  converted  into  mellitate  of  ammo- 
nium by  digestion  with  carbonate  of  ammonium  ;  —  or  the  brown  mother-liquor  may  be 
precipitated  by  a  strong  solution  of  sulphate  of  copper,  and  the  crystallised  mellitate 
of  copper  decomposed  by  sulphydrate  of  ammonium.  —  In  precipitating  the  purified 
ammonium-salt  by  nitrate  of  silver,  it  is  necessary  to  drop  the  former  into  an  ex- 
cess of  the  latter  ;  otherwise  the  precipitate  will  retain  ammonia.  (Schwarz.) 
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Mollitic  acid,  as  obtained  by  evaporation,  is  a  white  powder  exhibiting  scarcely 
any  appearance  of  crystalline  structure ;  as  crystallised  from  solution  in  cold  alco- 
hol by  spontaneous  evaporation,  it  forms  delicate,  silky  needles,  united  in  stellate 
groups.  It  dissolves  readily  in  water  and  in  alcohol.  It  is  fusible  by  heat,  tastes  strongly 
acid,  and  is  permanent  in  the  air.  (Wohler.) 

The  crystallised  acid  does  not  give  off  water  at  100°,  but  at  a  higher  temperature  it 
sublimes  partly  unaltered :  the  greater  portion  is  however  decomposed,  with  separation 
of  charcoal.  According  to  Erdmann  (J.  pr.  Chem.  Hi.  432),  the  sublimate  obtained 
by  heating  mellitic  acid  consists  of  pyromellitic  acid,  C10HS08,  which  melts  in  the 
neck  of  the  retort,  and  solidifies  in  a  radiated  crystalline  mass.  Mellitic  acid,  when 
heated  in  the  air,  burns  with  a  bright  sooty  flame,  leaving  a  large  quantity  of  char- 
coal, which  afterwards  burns  completely  away.  It  is  not  decomposed  by  boiling  nitric 
or  sulphuric  acid,  but  the  latter  dissolves  it. 

Mellitates. — Mellitic  acid,  formerly  regarded  as  a  dibasic  acid  (C4H204),  has  re- 
cently been  shown  by  Bay  er  to  be  sexbasic.  The  mellitates  are  decomposed  by  heat, 
yielding  a  large  quantity  of  charcoal,  and  a  small  quantity  of  products  containing 
hydrogen.  When  slowly  distilled  with  sulphuric  acid,  they  yield  pyromellitic  acid, 
together  with  carbonic  oxide,  carbonic  anhydride,  and,  towards  the  end,  sulphurous 
anhydride. 

The  mellitates  of  ammonium,  potassium,  and  sodium  dissolve  readily  in  water.  The 
zinc-  and  manganese-salts  dissolve  more  readily  in  cold  than  in  hot  water.  The  rest 
are  insoluble  or  sparingly  soluble  in  water. 

Mellitate  of  Aluminium,  A1203.C1209.18H20  =  C12(A12)T1012.18H20.  — This 
compound  occurs  native  as  mellite  or  hone-stone,  in  lignite,  at  Asten  in  Thuringia,  near 
Bilin  in  Bohemia,  and  near  Walchau  in  Moravia,  both  crystallised  and  in  massive 
nodules.  The  crystals  are  dimetric,  exhibiting  the  combination  P  .  ooP  .  oP  .  P,  &c., 
the  P-faces  usually  predominating.  Length  of  principal  axis  =  07453.  Angle  P  :  P 
(terminal)  =  118°  4';  P  :  ooP  (lateral)  =  93°  22';  P  :  ooP  =  120°  58'.  Cleavage  im- 
perfect, parallel  to  P.  Hardness  =  2  to  2'5.  Specific  gravity  1-55  to  1-642.  Lustre 
resinous,  inclining  to  vitreous.  Colour  honey-yellow,  sometimes  reddish  or  brownish ; 
rarely  white.  Streak  white.  Transparent  to  translucent,  and  with  strong  double 
refraction.  Fracture  concho'idal.  Sectile. 

The  crystals  contain  14'5  per  cent,  alumina  and  44' 1  per  cent,  water  of  crystalli- 
sation, which  is  driven  off  at  a  temperature  near  the  boiling-point  of  sulphuric  acid. 
Caustic  alkalis  decompose  them,  setting  the  alumina  free.  They  are  dissolved  by 
nitric  acid,  and  separate  from  the  solution  without  change  of  form  or  constitution. 

Native  honeystone  contains  a  small  quantity  of  a  yellow  resin,  to  which  it  owes  its 
colour,  and  probably  also  its  odour. 

Mellitate  of  potassium,  added  to  a  solution  of  alum,  forms  a  crystalline  precipitate 
containing  9'5  per  cent,  alumina,  and  48'0  per  cent,  water:  probably  an  acid  salt. 
(Wohler.) 

Mellitates  of  Ammonium.— The  neutral  salt,  C12(NH4)G012.9H20,  forms  large 
shining  transparent  crystals,  having  a  slight  acid  reaction.  They  exhibit  two  forms, 
probably  with  different  amounts  of  water,  both  belonging  to  the  trimetric  system,  but 
differing  considerably  in  the  angles. 

The  crystals  o  are  derived  from  an  octahedron  whose  axes  are  to  one  another  as 
A/  3-290  :  -v/  7'881  :  1.  Observed  combination  oP.  oo  P.  ooPoo  .  Poo  .  P  oo .  Angle 
oP:  Poo=151°8';oP:f'  oo  =  160°24';  ooP  :  ooP=144°16';  ooP  :  oof  oo  =122°  5'. 
The  faces  oof  oo  are  longitudinally  striated.  No  cleavage  parallel  to  oP. 

The  crystals  ft  are  derived  from  an  octahedron  whose  axes  are  to  one  another  as 
V  2-675  :  V  7'923  :  1.  Observed  combination  oP  .  P  .  ooP  .  oofoo .  Angle  oP  :  P 
=  144°  44';  P  :P  =  146°  17';  P  :  ooP  =  125°  16';  ooP  :  ooP  =  119°  41';  ooP  : 
ooPoo  =120°  9|'.  Cleavage  parallel  to  oP. 

The  crystals  give  off  24-1  per  cent,  water  (1  at.)  at  100°,  and  at  150°  decomposition 
takes  place,  with  evolution  of  large  quantities  of  ammonia  and  water,  and  formation  of 
paramide  and  euchroate  of  ammonium: 

C12(NH4)6012    =    CI2H3NS06  +  3NH3  +  6H20. 
Mellitate  of  Pararaide. 

ammonium. 

C12(NH4)«012    =    C12H2(NH4)2N208  +  2NH3  +  4H20. 
Mellitate  of  ammonium.    Euchroate  of  ammonium. 

The  flcirf  salt,  C12H4(NH4)20I2.4H20,  is  obtained  by  decomposing  ammonio-cupric 
mellitate  with  sulphydric  acid.  It  crystallises  in  trimetric  prisms,  having  their  lateral 
edges  truncated.  Observed  combination  oP  .  ooP  .  ooPoo  .  oofoo .  Angle  ooP  : 
ooP  =  122°. 

Mellitate  of  Barium,  C12(Ba")3012.3H20,  obtained  by  double  decomposition,  is  a 
white  gelatinous  precipitate,  which  after  a  while  crystallises  in  scales,  or,  if  the  solutions 
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from  which  it  was  formed  were  very  dilute,  in  needles.  Mellitic  acid  added  to  chloride 
of  barium  forms,  after  a  few  seconds,  a  precipitate  composed  of  needle-shaped 
crystals. 

Mellitate  of  Calcium  is  obtained  on  mixing  mellitate  of  ammonium  with  chloride 
of  calcium,  as  an  amorphous  precipitate,  which  soon  becomes  crystalline.  Mellitic 
acid  added  to  lime-water  throws  down  white  flocks  soluble  in  hydrochloric  acid. 

Mellitate  of  Cobalt,  C12(Co")8012.18H20,  crystallises  from  solution  in  boiling 
water  in  microscopic  prisms. 

Mellitates  of  Copper.— The  neutral  salt,  C12(Cu")3012.12H20,  is  produced  as  an 
amorphous  precipitate,  becoming  crystalline  after  a  while,  on  mixing  boiling  solutions 
of  mellitic  acid  and  cupric  acetate.  On  mixing  cold  solutions  of  mellitic  acid  and 
cupric  acetate,  there  is  deposited  an  acid  salt,  C12H2(Cu")2012.12H20,  which  also 
becomes  crystalline.  On  adding  a  solution  of  cupric  sulphate  to  a  salt  of  mellitate  of 
ammonium,  a  crystalline  precipitate  is  formed  consisting  of  ammonio-cupric  mellitate, 
C12(NH4)-'(Cu")2012.12H20. 

Mellitates  of  Iron. — The  ferric  salt  is  a  cream-coloured  precipitate,  soluble  in 
hydrochloric  acid. — Ferrous  salts.  Mellitate  of  ammonium  forms  with  ferrous  sulphate 
a  greenish-white  precipitate,  which  redissolves  when  the  liquid  is  warmed ;  but  on 
raising  the  temperature  to  the  boiling  point,  a  basic  salt,  3Fe"O.C12(Fe")30I2.9H20,  is 
precipitated  in  microscopic  cubo-octahedrons  of  a  lemon-yellow  colour ;  very  sparingly 
soluble  in  water,  easily  soluble  in  hydrochloric  acid ;  assuming  an  olive-green  colour 
when  dry;  and  giving  off  all  their  water  of  crystallisation  at  190°. 

Mellitate  of  Lead.  C'2(Pb")3012  (at  180°).— Bulky  white  precipitate,  soluble  in 
nitric,  acid;  obtained  by  adding  the  acid  or  the  ammonium-salt  to  acetate  or  nitrate 
of  lead. 

Mellitate  of  Magnesium.  C12(Mg")30)2.18H20.— Precipitated  on  adding  car- 
bonate of  magnesium  to  a  hot  aqueous  solution  of  mellitic  acid,  as  an  oil  which  solidifies 
to  a  crystalline  mass  on  cooling. 

Mellitate  of  Manganese.  C12(Mn")3012.18H20.— Obtained  in  like  manner. 
White  powder,  composed  of  microscopic  needles ;  more  soluble  in  cold  than  in  boiling 
water,  which  dissolves  only  g~<j  of  it. 

Mellitates  of  Mercury.— The  mercuric  salt,  C12(Hg")3012.6H20  (at  100°),  is 
obtained  as  a  white  granular  mass  by  triturating  mercuric  oxide  with  mellitic  acid 
and  a  small  quantity  of  water,  or  by  precipitating  an  alkaline  mellitate  with  mercuric 
nitrate. 

The  mercurous  salt,  C12(Hg2)30'2.6H20  (at  100°),  is  also  obtained  by  precipitation, 
as  a  white  granular  precipitate,  very  soluble  in  nitric  acid,  becoming  anhydrous  at  190°. 

Mellitate  of  Nickel,  C12(Ni")3012.24H20.— When  a  hot  solution  of  mellitic  acid 
is  saturated  with  carbonate  of  nickel,  a  green  semi-fluid  mass  separates,  which  hardens 
and  becomes  vitreous  in  contact  with  the  air.  This  salt  is  very  slightly  soluble  in 
water,  very  freely  in  dilute  hydrochloric  and  nitric  acids.  It  gives  off  half  its  water 
(4  at.)  at  100°,  and  the  rest  at  300°. 

Mellitates  of  Palladium. — Mellitic  acid  is  perfectly  neutralised  by  oxide  of 
palladium ;  but  the  liquid  does  not  yield  any  crystals,  even  when  concentrated  to  a 
syrup  ;-but  on  evaporation  to  dryness,  it  leaves  a  brown  amorphous  residue  of  palladious 
mellitate.  This  salt  dissolves  in  ammonia,  forming  a  colourless  liquid,  which,  on  eva- 
poration, deposits  colourless  rhombic  crystals,  often  macled  in  twos  and  threes,  and 
containing  12NH3.C12(Pd")3012.6H2O.  The  whole  of  the  water  is  given  off  at  100°, 
together  with  a  small  quantity  of  ammonia.  (Karmrodt,  Ann.  Ch.  Pharm.  Ixxxi.  164.) 

Mellitate  of  Palladium  and  Potassium  crystallises  from  the  mixture  of  the  two  salts 
evaporated  to  a  syrup,  in  nodular  groups  of  indistinct  prisms.  Mellitate  of  palladium 
and  sodium  crystallises  in  macled  triangular  pyramids  containing  34  per  cent,  palla- 
dium. (Karmrodt.) 

Mellitates  of  Potassium. — The  neutral  salt,  C12K6012.9H20,  forms  efflorescent 
trimetric  crystals,  isomorphous  with  the  neutral  ammonium-salt  a.  Observed  combi- 
nation oP  .  ooP  .  oof  oo  .Poo  .  Poo .  Angle  o>P  :  ooP  =  114°;  ooP  :  Poo  =  151°; 
oP  :  Poo  =  160° ;  ooP  :  ooPoo  =  123°  nearly. 

Acid  salt,  C12HSK3012.6H20. — A  hot  solution  of  1  at.  of  the  neutral  salt  and  1  at. 
mellitic  acid  yields  this  salt  on  cooling  in  large  transparent  right  rhomboidal  prisms, 
often  truncated  on  the  lateral  and  terminal  edges.  It  is  more  soluble  in  water  than 
the  neutral  salt. 

A  compound  of  acid  mellitate  and  nitrate  of  potassium,  4C12H3K3012.3NK03.9H20, 
is  formed  by  treating  the  preceding  salt  with  nitric  acid,  or  by  mixing  a  concentrated 
solution  of  neutral  potassic  mellitato  with  nitric  acid,  as  long  as  any  precipitate  is 
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formed,  and  heating  the  liquid  till  the  precipitate  disappears.  The  double  salt  then 
crystallises  in  six-sided  trimetric  prisms  with  dihedral  summits,  exhibiting  the  combi- 
nation ooP  .  ooPoo  .  £00  .  It  has  an  acid  taste,  and  is  but  slightly  soluble  in  water. 

Another  acid  melhtate  of  potassium  (perhaps  C12HSK30I2.C12K6012.18H20)  is  men- 
tioned by  Erdmann  and  Marchand  (J.  pr.  Chem.  xliii.  129)  as  having  been  ob- 
tained in  the  form  of  a  crystalline  powder  on  adding  mellitic  acid  to  a  concentrated 
solution  of  the  neutral  salt.  This  powder  redissolved  in  water  yielded  large  nacreous 
crystals  containing  20'63  per  cent,  carbon,  2*74  hydrogen,  and  30'49  potash. 

Mellitates  of  Silver. — The  argentic  salt,  C12Ag6012,  is  obtained  on  adding  mellitic 
acid  or  mellitate  of  ammonium  to  nitrate  or  acetate  of  silver,  as  a  white,  crystalline, 
shining,  scaly  powder,  which  the  microscope  shows  to  consist  of  transparent,  colourless, 
square  plates,  usually  having  their  angles  truncated.  When  heated,  it  deflagrates 
slightly,  but  without  exhibiting  any  electric  excitement,  as  the  oxalate  does  under 
similar  circumstances.  Heated  to  100°  in  a  stream  of  hydrogen,  it  blackens  and  gives 
off  water,  and  the  residue  dissolves  in  water,  forming  a  dark-brown,  strongly  acid 
liquid,  which  gradually  deposits  a  mirror  of  metallic  silver,  leaving  a  solution  of 
argentic  mellitate  in  mellitic  acid.  The  brown  or  black  residue  obtained  by  heating 
the  argentic  salt  evidently  contains  argentous  mellitate.  When  argentic  mellitate 
previously  heated  to  280°  is  heated  with  iodine,  iodide  of  silver  is  formed,  together 
with  a  white  crystalline  sublimate,  strongly  acid,  and  very  soluble  in  water. 

Potassio-argentic  Mellitate,  C12K3Ag3012,  is  deposited  from  a  mixture  of  the  com- 
ponent salts  containing  nitric  acid,  in  small,  transparent  rhombic  prisms,  in  which  the 
angle  »P  :  P=  121°  30';  ooP  :  ooPoo  =  119°  11'. 

These  crystals,  when  heated,  first  give  off  water  and  become  opaque,  then  swell  up 
with  a  kind  of  explosion,  and  leave  a  residue  of  silver  and  potassic  carbonate. 

Mellitate  of  Sodium,  C'2Na6012,  crystallises  with  two  different  proportions  of 
water.  A  hot  concentrated  solution  deposits  needles  containing  32'81  per  cent  (12  at.) 
water,  the  whole  of  which  is  given  off  at  180°.  A  solution  saturated  in  the  cold 
yields,  by  spontaneous  evaporation,  large  striated  triclinic  crystals  containing  38'88 
per  cent.  (18  at.)  water,  which  they  give  off  at  160°.  (Erdmann  and  Marchand.) 

Mellitate  of  Strontium. — White  precipitate,  soluble  in  hydrochloric  acid, 
obtained  by  adding  mellitic  acid  to  strontia- water. 

Eespecting  the  acids  derived  from  mellitic  acid,  see  SUPPLEMENT,  pp.  809-814. 

HKEZ.I.ITZC  ACI35,  AMIDES  OF.  (Wohler,  Ann.  Ch.  Pharm.  xxxvii. 
268. — K.  Schwarz,  ibid.  Ixvi.  52.) — Two  of  these  compounds  are  obtained  by  the 
dehydration  of  mellitate  of  ammonium,  viz.  mellitimide  or  paramide,  which  has 
the  composition  of  triammonic  mellitate  minus  2  at.  water : 

CI2H3(NH4)3012     -     6H20     =     C12H3N308 
Acid  mellitate  MeJlitimide. 

of  ammonium. 

and  euchroi'c  acid,  which  is  a  mellitamic  acid,  derived  from  diammonic  mellitate  of 
ammonium  by  abstraction  of  4  at.  water : 

C12H4(NH4)2012     -     4H20     =     CI2H4N208 

Diammonic  Euchroic  acid, 

mellitate. 

H"      )N, 
Mellitamide  (C1206)*.H12.N6  and  mellitamic  acid  (C1206H£J3  are  obtained, 

according  to  Limpricht  and  Scheibler,  by  the  action  of  ammonia  on  neutral  mellitate 
of  ethyl. 

Paramide  and  euchroi'c  acid  are  obtained  by  heating  neutral  mellitate  of  ammonium 
to  150°  160°  as  long  as  ammonia  continues  to  escape,  and  exhausting  the  residue  with 
water.  Paramide  then  remains  undissolved,  and  the  solution  contains  euchroate  of 
ammonium. 

Euchroic  acid  has  already  been  described  (ii.  601). 

Paramide  or  Mellitimide,  ^    TT3 '    [  N3,  is  a  white  amorphous  powder,  insoluble 


H3 

in  water  and  in  alcohol,  but  soluble  in  sulphuric  acid,  whence  it  is  precipitated  by  water. 
When  heated  with  water  to  200°  in  a  sealed  tube,  or  boiled  for  some  time  with  water, 
fixed  alkalis,  or  ammonia,  it  is  converted  into  acid  mellitate  of  ammonium.     By  the 
action  of  alkalis  restricted  to  a  shorter  time,  it  is  transformed  into  euchroi'c  acid : 
C"H3N30«  +  2H20    =     C'2H<N20«  +  NIP. 

Paramide.  Euchroic 

acid. 

An    ammoniacal   solution   of    paramide,   mixed   with   nitrate   of   silver,   forms   a 
gelatinous   precipitate,  whose  composition  (at   150°)  agrees  best  with  the  formula 

3*2 
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C*4H12Ags(NII8Ag)sN6  :  at  200°  it  gives  off  ammonia,  and  then  contains  a  quantity  of 
silver,  corresponding  nearly  with  the  formula  of  argento-paramide,  CI2Ag8N306. 

Paramic  acid.  —  This  name  is  given  by  Schwarz  to  a  white  crystalline  precipitate 
obtained  by  dropping  an  ammoniacal  solution  of  paramide  into  hydrochloric  acid.  It 
is  sparingly  soluble  in  boiling  water,  and  gives  with  zinc  the  reaction  of  euchroic  acid. 
Its  ammoniacal  solution  is  converted  by  boiling  into  mellitate  of  ammonium.  Schwarz 
found  in  it  (at  179°)  47'25  per  cent,  carbon,  2'16  hydrogen,  and  13*78  nitrogen  ;  a  result 
which  may  be  approximately  represented  by  the  formula  C12BAN307. 

XKEXiXiXTXC  ANHYDRIDE.  C1209.03.  —  This  is  probably  the  composition  of 
the  white  substance,  insoluble  in  water  and  in  alkalis,  produced  by  heating  chloride  of 
mellityl  with  mellitic  acid,  and  treating  the  product  with  water. 

MEXiXiXTIC  ETHERS.  Ethyl-mellitic  acid,  C12H3(C2H5)8012,  is  obtained  by 
boiling  mellitic  acid  for  a  considerable  time  with  alcohol  and  sulphuric  acid.  On 
saturating  with  baryta-  water,  leaving  the  liquid  to  stand  for  some  days  in  order  that  the 
excess  of  baryta  may  be  precipitated  as  carbonate,  then  filtering  to  separate  sulphate, 
mellitate,  and  carbonate  of  barium,  a  solution  of  ethyl-mellitate  of  barium  is  obtained, 
which,  when  evaporated  in  a  vacuum  over  sulphuric  acid,  leaves  the  salt  as  an  amorphous 
gummy  mass,  very  soluble  in  water,  and  rotating  on  the  surface  of  water  like  butyrate 
of  barium.  It  is  partly  decomposed  by  drying  at  100°.  Its  solution  does  not  pre- 
cipitate other  metallic  salts.  (Erdmann  and  Marchand,  J.  pr.  Chem.  xliii.  129.) 

Neutral  Mellitate  of  Ethyl,  CI2(C;2H5)6012,  is  obtained,  according  toLimpricht  and 
Scheibler  (Limpricht's  Lehrb.  d.  org.  Chemie,  p.  1095),  as  a  viscid  liquid,  by  the 
action  of  iodide  of  ethyl  on  mellitate  of  silver.  Kraut  (Jahresb.  1863,  p.  281)  by  the 
same  reaction,  obtained  the  neutral  mcllitates  of  methyl,  ethyl,  and  amyl,  the  two  former 
crystallised.  H.  Mil  Her  (KekulVs  Lehrb.  d.  org.  Chem.  p.  495)  obtained  the  ethers 
of  mellitic  acid  by  the  action  of  chloride  of  mellityl  on  the  corresponding  alcohols. 
The  methylic  ether  thus  obtained  was  crystallised  ;  the  ethylic  ether  liquid. 

According  to  Limpricht  and  Scheibler,  mellitate  of  ethyl  treated  with  aqueous 
ammonia  immediately  produces  a  crystalline  precipitate  of  mellitamide, 
(Cl-08)TlH12.N6,  and  the  solution,  when  evaporated,  yields  mellitamate  of  am- 

monium, (CI206)Tl3 


MEX.X.XTYX.,  CHLORIDE  OP.  (C1206)vl.Cl6.—  Obtained,  together  with  hydro- 
chloric acid  and  oxychloride  of  phosphorus,  by  heating  mellitic  acid  with  pentachloride 
of  phosphorus.  It  is  a  crystalline  non-volatile  solid,  which  with  water  forms  mellitic 
acid  ;  with  alcohols,  mellitic  ethers  ;  and  with  mellitic  acid,  mellitic  anhydride.  (H. 
Mu  Her,  loc.  cit.) 

IVIELLONE.  (Liebig,  Ann.  Ch.  Pharm.  x.  4;  xxx.  149;  1.  337;  Ivii.  93;  Iviii. 
227;  Ixi.  262.—  L.  Gmelin,  ibid.  xv.  252.  —Volckel,  Pogg.  Ann.  Iviii.  151; 
Ixi.  375.  —  Gerhardt,  Compt.  Chim.  1845,  p.  24,  and  1850,  p.  104;  Traite, 
i.  473.  —  Laurent  and  Gerhardt,  Ann.  Ch.  Phys.  [3]  xix.  85.)  —  A  substance 
produced  by  the  action  of  heat  on  various  cyanogen-compounds  ;  e.  g.,  pseudosulpho- 
cyanogen,  melamine,  melam,  ammeline,  ammelide,  and  chlorocyanamide.  Liebig 
represents  it  by  the  formula  C8N*  or  C6N8;  but  according  to  the  analyses  of  Volckel, 
and  of  Laurent  and  Gerhardt,  the  substance  thus  produced  contains  hydrogen 
(at  least  1-5  per  cent),  and  may  be  represented  by  the  formula  C8N9HS,  the  3  at.  H 
being  replaceable  by  metals.  Gerhardt  designated  this  hy  drated  compound  (Liebig's 
crude  mellone)  by  the  name  hydromellone  or  hydromellonic  acid,  reserving 
the  term  mellone  for  the  non-hydrogenous  compound,  which,  according  to  Liebig, 
is  produced  by  heating  mellonide  of  mercury. 

Mellone  or  hydromellone,  heated  with  potassium  or  with  iodide,  bromide,  or  sul- 
phocyanate  of  potassium,  yields  mellonide  of  potassium,  which  Liebig  originally 
regarded  as  a  compound  of  potassium  with  mellone,  C8N4K  or  C6N8K2  :  Laurent  and 
Gerhardt,  on  the  other  hand,  assigning  to  hydromellone  the  formula  C8N9H3,  supposed 
that  mellonide  of  potassium  is  produced  by  the  substitution  of  2  at.  K  for  H,  making 
the  compound  CWHK2.  Liebig,  by  later  experiments  (Ann.  Ch.  Pharm.  xcv.  257), 
has  come  to  the  conclusion  that  his  original  formula  of  mellonide  of  potassium  was 
incorrect,  and  that  the  true  formula  of  the  neutral  mellonide  is  C9N)8M3. 

Preparation  of  Hydromellone  or  Crude  'Mellone.  —  Liebig  prepared  this  compound 
chiefly  by  heating  dried  pseudosulphocyanogen  to  low  redness,  or  by  gently  heating  a 
mixture  of  sulphocyanate  of  potassium  and  dry  chloride  of  sodium  in  a  stream  of 
chlorine  gas,  and  dissolving  out  the  chlorides  of  potassium  and  sodium  from  the 
residue  by  water.  According  to  Henneberg,  it  is  best  to  heat  the  dry  pseudosulpho- 
cyanogen, first  in  an  open  porcelain  basin,  and  afterwards  in  a  covered  porcelain 
crucible  ;  because,  if  it  be  heated  in  a  retort,  the  sulphur  which  is  given  off  flows  back 
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again,  and  causes  the  mellone  to  cake  together.  Too  much  heat  must  also  be  avoided, 
as  the  mellone  then  bakes  together  in  hard  lumps.  The  product  thus  obtained  has  a 
light-yellow  colour  with  a  tinge  of  grey ;  a  grey  or  red-brown  product  may  be  regarded 
as  a  failure.  As  the  complete  expulsion  of  the  sulphur  from  the  preceding  compounds 
requires  strong  ignition,  and  a  large  portion  of  the  mellone  is  thereby  decomposed, 
Laurent  and  Gerhardt  prefer  preparing  it  by  heating  chlorocyanamide  till  it  ceases  to 
give  off  hydrochloric  acid  and  sal-ammoniac  ;  or  ammeline,  as  long  as  it  gives  off 
ammonia  and  water ;  or  ammelide,  as  long  as  ammonia,  cyanic,  and  cyanuric  acids  are 
evolved  from  it. 

The  product  obtained  by  either  of  these  processes  is  a  loose,  light-yellow,  strongly 
staining  powder,  destitute  of  taste  and  smell.  The  following  table  exhibits  its  com- 
position as  determined  by  calculation  and  by  analysis. 

Formulae  and  calculations,  according  to : 
Liebig.  Laurent  and  Gerhardt. 

.     36     .         .     39-13  C«     .         .       72     .         .     35-82 

.     56     .         .     60-87  N9    .         .     126     .         .     62-69 

H3    .         •    __3     .         .       1-49 

92 


C3 

N4 


100-00        C6N9H3 


201 


Analyses  by  Laurent  and  Gerhardt. 


35-73 

62-50 

177 

100-00 


35-8 

62-4 

1-8 

100-0 


3l'-63 


36!01 


1-42        1-75 


Analyses  by  Volckel. 

37:02     32-17     36-52      36-31 

61-92 

1-91       2-03        171        177 


36-4 

61-9 

17 

ioo^o" 


35-57 

62-85 

1-58 


100-00 


d. 

36-0 
62-2 

1-8 


m. 

32-49 
1-89 


35-07 
2-09 


100-00    100-00 


Liebig  based  his  formula  on  the  combustion  of  crude  mellone  obtained  from  pseudo- 
sulphocyanogen  with  oxide  of  copper,  which  yielded  3  voL  carbonic  anhydride  to  2  vol. 
nitrogen,  and  on  the  decomposition  of  mellone  by  simple  ignition,  whereby  he  obtained 
1  Tol.  nitrogen  gas  to  3  vol.  cyanogen.  Laurent  and  Gerhardt  ignited  their  mellone 
for  some  time  in  a  platinum  crucible  before  analysing  it :  a  was  prepared  from  pseudo- 
sulphocyanogen,  b  from  ammeline,  c  from  ammelide,  and  d  from  chlorocyanamide. 
The  crude  mellone,  e,f,  g,  analysed  by  Volckel,  was  obtained  by  variously  long  ignition 
of  pseudosulphocyanogen  prepared  with  nitric  acid ;  h,  with  sulphocyanate  of  potassium 
and  chlorine  gas  ;  i  and  k,  from  persulphocyanic  acid ;  I,  from  Volckel' spoliene  (i.e.  from 
the  residue  obtained  by  heating  sulphocyanate  of  ammonium) ;  m  and  n,  from  sulpho- 
cyanate of  mercury. 

It  follows  from  the  preceding  analyses,  that  crude  mellone,  if  the  decomposition  is 
stopped  at  a  certain  point,  has  a  composition  represented  by  the  formula  C6N9H3,  which 

(C3N3)'") 
is  that  of  dicyanuramide,  (C3N3)'"  [•  N3.     The  product  when  further  heated  still 

H8     J 

gives  off  ammonia  and  becomes  continually  richer  in  carbon.  "Whether  it  is  possible, 
by  continued  heating,  to  expel  the  whole  of  the  hydrogen  in  the  form  of  ammonia,  and 

thus  to  obtain  a  body  having  the  composition  oftricyanuramide  (C3N3)3N3  (which 
is  Liebig's  original  formula,  C3N4,  tripled,)  is  not  yet  distinctly  made  out;  but  it  is 
probable  that  such  is  the  case :  at  all  events,  the  following  formulae  show  that  melamine 
(cyanuramide)  may,  by  loss  of  ammonia,  be  successively  converted  into  melam,  dicyan- 
uramide, mellonide  of  hydrogen  (according  to  Liebig's  new  formula),  and  ultimately 
into  tri  cyanuramide : 

2C3N6H«    -  NH3     =     C6NnH9. 

Cyanuraraide.  Melam. 


C«N»H9  -2NH3 

Melam. 

=      C6N9HS. 
Dicyanuramide. 

3CWH3    -  NH3 

Dicyanur- 
amide. 

=  2C9N13H8. 

Mellonide  of 
hydrogen. 

C»N13H3  -  NH3 

Mellonide  of 
hydrogen. 

=     C9N12. 

Tricyanur- 
amide. 
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According  to  Liebig,  pure  mellone  or  tricyanuramide  may  also  be  obtained  by  hent- 
ing  mellonide  of  mercury  till  the  evolved  mixture  of  cyanogen  and  nitrogen  gases  is 
three-fourths  absorbed  by  potash. 

Decompositions. — 1.  Mellone  heated  in  a  closed  vessel  is  gradually  but  completely  re- 
solved into  a  mixture  of  1  vol.  nitrogen  gas  and  3  vol.  cyanogen  (Liebig): 

C3N4     =     3CN   +   N. 

According  to  Vole kel,  it  is  resolved  hereby  into  nitrogen,  cyanogen,  and  hydrocyanic 
acid: 

C6N9H3     =     3CNH   +    3CN   +   N3. 

When  mellone  obtained  from  ammelide  or  chlorocyan amide  is  ignited  in  a  tube,  it 
disappears  completely,  giving  off  vapours  which  smell  of  ammonia  and  hydrocyanic 
acid,  and  deposit  first  a  red,  then  a  yellow,  and  lastly  a  red-brown  sublimate.  The 
sublimate  gives  off  ammonia  when  treated  with  potash,  and  precipitates  nitrate  of  silver. 
The  gaseous  mixture  evolved  at  the  same  time  contains  a  gas  (ammonia)  which  is  ab- 
sorbed by  hydrochloric  acid,  another  (cyanogen)  which  is  absorbed  by  potash,  and  a 
non-absorbable  gas  (nitrogen),  the  relative  quantities  of  the  three  being  at  the  begin- 
ning of  the  experiment  =9  :  51  :  40,  and  at  the  end  =10  :  30  :  60.  (Laurent  and 
Gerhardt.) 

2.  Mellone  heated  in  dry  chlorine  gas  forms  a  white  volatile  substance  having  a 
powerful  odour,  and  attacking  the  eyes  very  strongly. — 3.  Mellone  dissolves  gradually 
in  boiling  nitric  acid,  continually  giving  off  a  gas  which  contains  very  little  or  no  nitric 
oxide,  and  is  resolved  into  ammonia  and  cyanylic  acid  (ii.  294),  which  crystallises  in 
long  needles : 

C3N4   +   3H'0     =     C3N3H303  +  NH3.    (Liebig.) 
Or, 

C6N9II3  +  6H20     =  2CSNSH303   +  3NH3.  (Laurent  and  Gerhardt.) 

4.  Mellone  dissolves  in  strong  sulphuric  acid,  with  evolution  of  ammonia;  water  added 
to  the  solution  throws  down  a  white  substance  different  from  mellone. 

5.  Crude  mellone  heated  with  potassium,  or  with  iodide,  bromide,  or  sulphocyanate 
of  potassium,  is  converted  into  mellonide  of  potassium. 

6.  With  a  cold  solution  of  caustic  potash,  it  forms  mellonide  of  potassium,  which  at 
the  boiling  heat  is  converted,  with  evolution  of  ammonia  and  formation  of  ammelide, 
into  cyamelurate  of  potassium  (ii.  187): 

2C9N.3K3  +   9H*0     =     3NH3  +   C6N9H903   +   2C6N7K30S.    (Liebig.) 

Mellonide  of  Ammelide.         Cyamelurate  of 

potassium.  potassium. 

1VTEL3.OTJHYDKIC  ACID.     See  the  next  article. 

MELL01TIDES.  C6N9M3,  according  to  Gerhardt ;  C9N13M3,  according  to  Liebig's 
latest  experiments  (Ann.  Ch.  Pharm.  xcv.  257).  Mellonide  of  potassium  is  obtained, 
as  already  observed,  by  the  action  of  potassium,  or  of  iodide,  bromide  or  sulphocyanate 
of  potassium,  on  crude  mellone.  This  and  the  corresponding  salts  of  sodium  and  am- 
monium are  soluble  in  water ;  the  other  mellonides  are  insoluble  or  sparingly  soluble, 
and  are  obtained  by  precipitation.  The  sodium-  and  ammonium-salts  are  obtained  by 
decomposing  mellonide  of  barium  with  carbonate  of  sodium  or  of  ammonium. 

Mellonide  of  Ammonium  crystallises  in  needles  like  the  potassium-salt:  it 
contains  water  of  crystallisation. 

Mellonide  of  Barium  is  obtained  by  treating  the  solution  of  the  potassium-salt 
with  chloride  of  barium,  as  a  white  precipitate  which  dissolves  in  a  large  quantity  of 
boiling  water.  The  saturated  solution  deposits  the  salt  in  transparent,  shortened 
needles  containing  20*87  per  cent,  water  of  crystallisation,  which  it  gives  off  at 
120°. 

Mellonide  of  Calcium,  obtained  in  like  manner,  is  more  soluble  in  boiling  water 
than  the  barium-salt.  The  crystals  contain  18-05  per  cent,  water,  which  they  give  off 
at  120°. 

The  following  are  obtained  as  precipitates:  mellonide  ofcadmium,-white;  chromium, 
bluish-white ;  cobalt,  peach-blossom-coloured ;  copper,  parrot-green ;  gold,  whitish- 
yellow. 

Mellonide  of  Hydrogen.  Mellonhydric  or  Hydromellonic  acid,  C9N13H3.—  By 
mixing  a  warm  solution  of  mercuric  chloride  with  mellonide  of  potassium,  a  fine-grained, 
dazzling  white  precipitate  of  mellonide  of  mercury  is  obtained,  which,  after  washing, 
dissolves  in  dilute  hydrocyanic  acid,  even  in  the  cold.  Sulphydric  acid  passed  through 
this  solution  throws  down  all  the  mercury  in  the  form  of  sulphide ;  and  after  driving  off 
the  hydrocyanic  acid  by  a  gentle  heat,  there  remains  an  aqueous  solution  of  hydromel- 
lonic  acid,  which  has  a  strong  acid  taste  and  reaction,  mixes  with  alcuhol  without 
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turbidity,  expels  carbonic  acid  from  carbonates  with  effervescence,  and  yields,  when 
neutralised  with  potash,  crystallised  mellonide  of  potassium,  exhibiting  all  the  properties 
of  the  original  salt  (Liebig).  L.  Grmelin  prepared  the  acid  by  decomposing  the  lead 
or  copper  salt  with  sulphydric  acid. 

When  a  solution  of  hydromellonic  acid  is  evaporated,  in  vacuo  or  in  the  air,  either 
at  ordinary  or  at  higher  temperatures,  it  deposits  white  films  or  flakes,  and  leaves  a 
somewhat  crystalline  residue,  which  redissolves  but  partially  in  cold  water.  The  acid  is 
not,  however,  completely  decomposed  under  these  circumstances ;  but  the  portion  soluble 
in  water  still  yields  a  certain  quantity  of  mellouide  of  potassium  when  saturated  with 
potash  and  mixed  with  alcohol.  (Liebig.) 

Mellonides  of  Iron. — The  ferric  salt  is  a  dark-yellow  precipitate;  the  ferrous 
salt,  a  white  precipitate  with  greenish  reflex. 

Mellonide  of  Lead  is  a  white  precipitate  which,  after  drying  in  the  air,  gives  off 
14-1  per  cent,  water  when  heated  in  a  bath  of  chloride  of  calcium.  The  air-dried  salt 
gives,  according  to  L.  Gmelin's  analysis,  42 '45  per  cent,  lead,  agreeing  nearly  with  the 
formula  C18N2sPb3.15H20,  which  requires  42-58  per  cent. 

Mellonide  of  Magnesium  is  deposited,  after  some  time,  in  small  interlaced 
needles,  from  a  mixture  of  mellonide  of  potassium  and  sulphate  of  magnesium. 

Mellonide  of  Manganese  is  a  white  precipitate. 

Mellonides  of  Mercury. — The  mercuric  salt  is  a  white  precipitate  deposited  on 
cooling  from  a  boiling  mixture  of  the  solutions  of  mellonide  of  potassium  and  mercuric 
chloride  :  if  the  solutions  are  mixed  cold,  the  precipitate  contains  potassium.  The  salt 
when  heated  first  gives  off  nitrogen,  cyanogen,  and  hydrocyanic  acid;  then  nitrogen  and 
cyanogen,  in  the  proportion  of  1  vol.  of  the  former  to  3  vol.  of  the  latter.  (Liebig.) 

The  mercurous  salt,  also  obtained  by  precipitation,  forms  thick  white  flocks. 

Mellonide  of  Platinum  is  a  brownish-yellow  precipitate. 

Mellonides  of  Potassium.— Three  of  these  salts  have  been  obtained,  viz  the 
neutral  salt,  C9N1SK8,  and  the  two  acid  salts,  C9NI3HK2  and  C9N'3H-K. 

a.  Neutral  mellonide  of  potassium  is  obtained  in  many  reactions  besides  those  above 
mentioned  (p  875),  viz.  by  the  action  of  amidated  compounds  of  cyanogen  on  potas- 
sium-salts ;  by  the  action  of  sulphocyanates  on  potassium-salts ;  and  by  the  decom- 
position of  sulphocyanate  of  potassium  under  particular  circumstances.  When,  for 
example,  crude  mellone  (or  calcined  melam,  &c.)  is  added  to  fused  sulphocyanate  of 
potassium,  mellonide  of  potassium  is  produced,  with  evolution  of  sulphide  of  carbon, 
not  only  from  the  mellone,  but  also  from  the  elements  of  the  sulphocyanate.  Again, 
when  sulphocyanate  of  copper  is  added  to  melting  sulphocyanate  of  potassium,  sulphide 
of  carbon  is  evolved,  and  mellonide  of  potassium  remains  mixed  with  metallic  sulphide. 
Mellonide  of  potassium  is  also  formed  by  heating  sulphur  with  ferrocyanide  of 
potassium  (e.  g.  when  the  mixture  used  for  preparing  sulphocyanate  of  potassium  is  too 
strongly  heated),  its  formation  being  due  to  the  mutual  action  of  the  sulphocyahates  of 
potassium  and  iron  formed  in  the  first  instance.  All  these  modes  of  formation  of 
mellonide  of  potassium  from  sulphocyanates  become  intelligible  on  observing  that  a 
sulphocyanate  contains  the  elements  of  sulphide  of  carbon,  a  metallic  sulphide,  and  a 
mellonide,  thus : 

13CNSM    =    C9N13M3  +  5M2S    +   4CS2. 
Sulphocy-  Mellonide. 

anate. 

Preparation  of  Mellonide  of  Potassium. — a.  From  the  Sulphocyanate.  The  prepara- 
tion is  considerably  facilitated  by  the  presence  of  a  metal  capable  of  taking  up  a 
portion  of  the  sulphur  which  is  set  free  as  sulphide  of  carbon.  The  following  pro- 
cesses are  recommended  by  Liebig  (Ann.  Ch.  Pharm.  xcv.  257) : 

1.  With  Antimonious  chloride  (butter  of  antimony). — 7  pts.  of  sulphocyanate  of 
potassium  are  fused  in  a  wide  and  deep  porcelain  crucible  till  the  whole  runs  quietly 
and  without  frothing,  and  3  pts.  of  recently-prepared  butter  of  antimony  then  added 
by  small  portions.  Strong  intumescence  then  takes  place,  accompanied  by  brisk 
evolution  of  sulphide  of  carbon,  which  breaks  out  in  flames,  and  must  be  extinguished 
by  covering  the  crucible  with  a  shallow  dish ;  and  a  red-brown,  porous  mass  is 
obtained,  which  must  be  pulverised  and  heated,  with  constant  stirring,  in  an  iron 
crucible,  till  part  of  the  resulting  sulphide  of  antimony  melts  in  the  softened  pulpv 
mass,  and  collects  at  the  bottom.  The  mass  is  then  immediately  dissolved  in  boiling 
water  ;  the  filtrate  boiled  with  hydrated  oxide  of  lead  as  long  as  the  oxide  turns  black, 
to  remove  sulphide  of  potassium  and  dissolved  sulphide  of  antimony ;  and  the  liquid 
again  filtered  and  left  to  cool,  whereupon  it  generally  solidifies  to  a  crystalline  magma 
of  snow-white  mellonide  of  potassium.  This  product  is  thrown  on  a  filter,  the  liquid 
fallowed  to  drain  off,  and  the  mass,  without  being  washed,  is  wrapped  up  with  the 
filter  in  unsized  paper,  and  placed  over-night  between  two  bricks,  which  are  gradually 
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loaded  with  weights.  The  mass,  when  dry,  is  again  dissolved  in  hot  water,  and 
the  same  process  repeated.  At  the  third  crystallisation,  the  hot  filtered  liquid  is  mixed 
with  a  small  quantity  of  alcohol,  till  a  faint  transient  turbidity  makes  its  appearance. 
The  crystalline  magma  which  settles  down  is  washed  with  alcohol  after  the  mother- 
liquor  has  drained  off,  till  a  drop  of  the  liquid  which  runs  off  no  longer  reddens 
sesquichloride  of  iron,  and  therefore  no  longer  contains  sulphocyanate  of  potassium. — 
2.  The  chloride  of  antimony  used  in  this  process  may,  with  equal  advantage,  be 
replaced  by  chloride  of  bismuth.  This  compound  is  prepared  by  passing  chlorine  gas 
over  commercial  bismuth,  heated  in  a  tube  of  hard  glass,  which  is  bent  half  an  inch  up- 
wards at  one  end,  then  again  downwards,  and  lies  horizontally  in  a  combustion  furnace  ; 
the  chloride  of  bismuth,  which  distils  over,  is  purified  from  the  chlorides  of  other 
metals  by  rectification  in  the  same  apparatus.  Before  being  used,  it  is  again  melted, 
pulverised  while  still  hot  after  solidification,  and  the  powder  added  to  the  fused 
sulphocyanide.  The  proportions  used  are  1  pt.  of  bismuth-chloride  to  2  pts.  sulpho- 
cyanate of  potassium ;  with  a  larger  proportion  of  the  former  the  mass  will  not  melt. 

b.  From  Melam. — 8  pts.  of  sulphocyanate  of  potassium  are  fused  with  4  pts.  of 
melam,  previously  slightly  ignited,  and  added  in  successive  small  portions.  The 
temperature  must  not  be  allowed  to  rise  too  high ;  if  the  gas-bubbles  which  rise  from 
the  melted  mass  do  not  burn  with  a  blue  flame  (sulphide  of  carbon),  but  with  a  red 
colour,  indicating  the  formation  of  cyanogen,  the  heat  must  be  moderated. 

Pure  mellonide  of  potassium  forms  soft,  white,  very  slender  interlaced  needles, 
having  a  silky  lustre,  and  scarcely  distinguishable  in  appearance  from  sulphate  of 
quinine. — 1  pt.  of  the  salt  dissolves  in  37 '4  pts.  of  water  at  ordinary  temperatures,  and 
in  a  much  smaller  quantity  of  hot  water :  it  is  insoluble  in  alcohol ;  crystallises  with 
difficulty,  even  from  a  solution  saturated  while  warm,  but  very  easily  on  addition  of 
alcohol.  Its  solubility  in  cold  water  is  greatly  diminished  by  the  presence  of  other 
salts.  A  warm  saturated  solution,  which  would  stand  for  days  after  cooling  without 
crystallising,  instantly  deposits  crystals  on  addition  of  a  few  drops  of  solution  of 
sulphocyanate  of  potassium. — The  aqueous  solution  tastes  as  bitter  as  sulphate  of 
quinine.  In  doses  of  a  drachm,  the  salt  exhibits  no  decided  action  on  man  or  other 
animals,  none  at  least  which  would  distinguish  it  from  other  bitter  substances.  The 
crystals  heated  to  200°  give  off  18-06  per  cent.  (5  at.)  water. 

The  composition  of  the  anhydrous  and  crystallised  salts,  as  determined  by  Liebig,  is 
given  in  the  following  table : — 

Anhydrous.  Liebig.  Crystallised.  Liebig. 


C8.        .        .     108-0  26-50..  26-12 

N1S         .        .     182-0  44-65.  .44-38 

K8.        .        .     117-6  28-85 .  .  2872 

IbT-6  100-00      99-22 


C9N13K3        .     407-6     81-91 

5H20    .  90-0     18-09 .  .  18-06 

C9NISK3.5H20    497-6  100-00 


The  dried  salt  burnt  in  a  stream  of  oxygen  yielded  only  0'06  per  cent,  water :  now,  if 
It  contained  1  at.  hydrogen  to  2  at.  potassium,  according  to  G-erhardt's  formula, 
C8NPHK2,  it  should  have  yielded  2*19  per  cent,  water ;  it  may  therefore  be  concluded 
that  the  salt  does  not  contain  hydrogen. 

Neutral  mellonide  of  potassium,  boiled  with  hydrochloric  acid,  yields  sal-ammoniac, 
chloride  of  potassium,  and  cyanuric  acid.  Boiled  with  nitric  acid,  it  yields  cyanylic 
acid.  By  continued  boiling  with  potash,  it  gives  off  ammonia,  and  yields,  first  am- 
melide  and  cyameluric  acid,  then  melanuric  acid,  and  finally  cyanuric  acid  (p.  876). 

j8.  Soluble  Add  salt.  C9N1SHK2.3H20.— Obtained  by  mixing  a  warm  saturated 
.solution  of  the  neutral  salt  with  an  equal  volume  of  strong  acetic  acid.  It  crystallises 
from  this  mixture  in  oblique  rhombic  laminae,  which  effloresce  in  a  warm  atmosphere. 
When  boiled  with  water,  it  is  resolved  into  the  neutral  salt  a,  and  the  insoluble 
acid  salt  b.  The  crystals,  after  drying  in  the  air,  give  off  13-03  per  cent,  water  (3  at. 
=  12-73  per  cent).  The  salt,  dried  at  150°,  gave  by  analysis  28'75  per  cent, 
carbon,  0-43  hydrogen,  and  2M3  potassium;  the  formula  C"NI8HK2  requiring  29'23 
carbon,  49-28  nitrogen,  0-27  hydrogen,  and  21-22  potassium.  (Liebig.) 

7.  Insoluble  Add  salt.  C9N18H2K. — This  salt  separates  in  the  form  of  a  white,  chalky 
precipitate,  on  pouring  a  moderately  dilute  solution  of  neutral  mellonide  of  potassium 
into  warm  dilute  hydrochloric  acid.  It  is  insoluble  in  cold  and  sparingly  soluble  in  boiling 
water ;  the  solution  has  a  strong  acid  reaction ;  easily  soluble  in  a  solution  of  acetate 
of  potassium.  It  gave  by  analysis  31-97  per  cent,  carbon,  076  hydrogen,  and  11'93, 
potassium;  the  formula  requiring  32'61  per  cent,  carbon,  54-99  nitrogen,  0'60  hydrogen, 
and  11-84  potassium. 

Mellonide  of  Silver,  C'N^Ag8,  is  obtained  as  a  white  precipitate  by  mixing  a 
boiling  solution  of  neutral  mellonide  of  potassium  with  nitrate  of  silver.  It  contains, 
according  to  the  mean  of  Liebig's  analyses,  17'48  per  cent.  carbon,29'54  nitrogen, 
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and  52-48  silver (  =  99 -50),  the  formula  requiring  17'59  carbon,  29'64nitrogen,  and  5277 
silver  (  =  100). 

Laurent  and  Gerhardt  found  in  this  salt  17'01  to  17'8  per  cent,  carbon,  52*2  silver, 
and  0'4  to  0'5  hydrogen  ;  whence  they  deduced  the  formula  C6N9HAg2,  requiring 
17'3  C,  52-0  Ag,  and  0'2  H.  Liebig,  however,  by  burning  the  salt  in  a  stream  of 
oxygen,  obtained,  in  two  experiments  only  0'4  and  0-3  per  cent,  water ;  whereas,  according 
to  the  latter  formula,  the  quantity  of  water  should  be  2'17  per  cent,  or  about  six 
times  as  great  as  that  actually  obtained.  Hence  it  may  be  inferred  that  the  salt  does 
not  contain  hydrogen. 

Mcllonide  of  Sodium,  obtained  by  decomposing  the  barium-salt  with  carbonate 
of  sodium,  crystallises  in  white  silky  needles,  moderately  soluble  in  water,  insoluble 
in  alcohol. 

Mellonide  of  Strontium  is  more  soluble  in  water  than  mellonide  of  barium; 
its  solution,  saturated  at  the  boiling  heat,  solidifies,  on  cooling,  to  a  magma  composed 
of  needles. 

Mellonide  of  Zinc  is  a  white  precipitate. 

XtXEXiONEMETXHT.  An  emetic  principle  contained,  according  to  Torosiewicz,  in 
the  root  of  the  melon  (Cucumis  Melo}.  See  CUCUMIS  (ii.  172). 

XtlEIiOPSXTE.      A  yellowish-   or  greenish-white  lithomarge  from  Neudeck  in 
Bohemia.     Hardness  =  2  to  3.     Specific  gravity  =  2'5  to  2*6.     (Breithaupt.) 
Titaniferous  iron.     (See  TITANATES). 

*•  NAPHTHA™,  D^n™  „. 

MENDIPITE.  An  oxychloride  of  lead,  PbsCl202,  found  on  the  Mendip  Hills  in 
Somersetshire  (p.  556). 

IVIENEGHXNXTE.  A  sulphide  of  lead  and  antimony,  4PbS.Sb2Ss,  occurring, 
with  Boulangerite  and  Jamesonite,  at  Bottino  in  Tuscany,  generally  in  compact  fibrous 
forms,  but  sometimes  in  distinct  trimetric  crystals,  exhibiting  the  faces  ooPoo  and 
ooP  ;  cleavable  parallel  to  copoo  and  oP  (Q.  Sella,  Jahresb.  1862,  p.  712).  Hardness 
=  2'5.  Very  lustrous.  Contains,  according  to  Bechi's  analysis  (Sill.  Am.  J.  [2]  xiv. 
60),  17*52  per  cent,  sulphur,  19-28  antimony,  59'21  lead,  3'54  copper,  and  0'34  iron 
(  =  99-89). 

XVIENGXTE.  A  mineral  containing  zirconia,  ferric  oxide,  and  titanic  acid,  occur- 
ring in  granite-veins  in  the  Ilmen  Mountains.  It  forms  short  trimetric  prisms,  often 
terminated  by  four-sided  pyramids,  a  :  b  :  c  =  0'8285  :  1  :  0-8669.  Angle  ooP  :  <xP 
=  100°  28' :  oP  :  Poo  =  133°  42'.  No  distinct  cleavage.  Hardness  =  5  to  5'5.  Specific 
gravity  =  5'48.  The  crystals  are  iron-black,  with  submetallic  lustre,  subvitreous  on 
the  fractured  surface.  Streak  chestnut-brown.  Fracture  uneven.  Infusible  before 
the  blowpipe,  but  becomes  magnetic.  Greenish-yellow  clear  glass  with  phosphorus- 
salt  in  the  outer  flame ;  yellowish-red  in  the  inner,  deepened  by  adding  tin.  Manga- 
nese reaction  with  carbonate  of  sodium. 

This  mineral  is  called  ilmenite  by  Brooke  ;  and  the  name  mengite  is  applied  by 
that  mineralogist  tomonazite. 

TCENXXiXTE.  A  brown  opaque  variety  of  opal,  occurring  in  compact  reniform 
masses,  occasionally  slaty. 

1VIETJISPER1VTIC  ACID.  A  doubtful  acid,  said  by  Boullay  to  exist  in  the 
seeds  of  Menispermum  Cocculus,  and  to  be  obtained  by  evaporation  of  the  alcoholic 
mother-liquor  from  which  picrotoxine  has  crystallised  out.  It  is  described  as  crystal- 
line, tasteless,  sparingly  soluble  in  water,  capable  of  reddening  litmus,  and  forming 
crystallisable  salts  with  alkalis.  Neither  Casaseca  nor  Pelletier  was  able  to  obtain 
this  acid  in  the  manner  described  by  Boullay. 

TCEirXSPERMXXrE.  An  alkaloid  discovered  by  Pelletier  and  Couerbe 
(Ann.  Ch.  Phys.  [2]  liv.  178)  in  the  seeds  of  Menispermum  Cocculus,  in  which  it  is 
accompanied  by  paramenispermine  and  picrotoxine. 

To  extract  the  menispermine,  the  alcoholic  extract  of  the  seeds  is  first  treated  with 
cold  water,  then  exhausted  with  hot  acidulated  water ;  the  brown  solution  is  pre- 
cipitated by  an  alkali ;  and  the  precipitate  is  exhausted  with  very  weak  acetic  acid, 
which  leaves  a  brown-black  mass  undissolved.  Or  the  seeds  may  be  made  up  into  a 
heap,  and  exhausted  with  alcohol  of  specific  gravity  0'833 ;  the  alcohol  distilled  off; 
the  residue  boiled  with  water ;  and  the  liquid  filtered  at  the  boiling  heat ;  it  then,  on 
cooling,  deposits  crystals  of  picrotoxine,  especially  if  a  small  quantity  of  acid  has 
been  added.  The  part  insoluble  in  boiling  water  is  then  treated  with  acidulated  water, 
and  precipitated  by  an  alkali ;  a  granular  precipitate  is  thereby  formed,  from  which 
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alcohol  extracts  a  peculiar  yellow  substance ;  and  the  residue  is  finally  dissolved  in 
ether,  which  deposits  menispermine  in  the  crystalline  form.  The  ether  leaves 
undissolved  a  viscous  substance,  which  may  be  dissolved  in  absolute  alcohol ;  and  the 
solution,  evaporated  at  45°,  ultimately  yields  crystals  ofparamenispermine. 

Menispermine  crystallises  in  prisms  terminated  by  pyramidal  faces.  It  is  white, 
melts  at  120°,  and  decomposes  at  a  higher  temperature.  It  does  not  appear  to  be 
poisonous.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether,  which  deposit  it 
in  the  crystalline  state.  It  contains  (mean  of  four  analyses)  71 '80  per  cent,  carbon, 
8-01  hydrogen,  8'57  nitrogen,  and  10'53  oxygen;  whence  Pelletier  and  Couerbe  deduce 
the  formula  C"H"NO'. 

Menispermine  dissolves  easily  in  dilute  acids.  Hot  strong  nitric  acid  converts  it 
into  oxalic  acid,  and  a  yellow  resinous  substance. 

Sulphate  of  menispermine  crystallises  in  prismatic  needles,  containing  15  per  cent, 
water  and  6'87  per  cent,  sulphuric  anhydride.  It  melts  at  165°,  and  at  a  higher 
temperature  reddens  slightly  and  gives  off  sulphydric  acid. 

Paramenispermine  has  the  same  composition  as  menispermine.  It  melts  at  250°, 
And  volatilises  in  white  vapours,  which  condense  like  snow  on  cold  bodies.  It  is  in- 
soluble in  water,  sparingly  soluble  in  ether,  easily  soluble  in  boiling  alcohol.  It 
dissolves  also  in  dilute  acids,  but  without  neutralising  them  or  forming  definite  salts. 
IMCENTHEKTE.  C'°H18.  (Walter,  Ann.  Ch.  Pharm.  xxxii.  288.— Oppenheim, 
Chem.  Soc.  J.  xv.  29.) — A  hydrocarbon  produced  by  the  action  of  phosphoric  anhy- 
dride (Walter),  or  chloride  of  zinc  (Oppenheim),  on  menthol  or  peppermint  camphor, 
C10H200.  It  is  also  found  among  the  products  of  the  decomposition  of  chloride  of 
menthyl  by  ethylate  of  sodium  (Oppenheim).  To  prepare  it,  menthol  is  melted 
in  a  tubulated  retort,  and  phosphoric  anhydride  is  added  by  small  portions  till  it 
is  in  slight  excess.  The  mass  is  then  distilled,  and  the  product  is  rectified  by  distil- 
lation over  fresh  portions  of  phosphoric  anhydride. 

Menthene  is  a  transparent,  very  mobile  liquid,  having  an  agreeable  odour  and 
cooling  taste.  Boiling-point  163°.  Specific  gravity  =  0'851  at  21°.  Vapour-density, 
obs.  =  4'93  to  4-95  ;  calc.  =  4'78.  It  is  insoluble  in  water ;  forms  a  turbid  mixture 
with  a  small  quantity  of  alcohol  or  ether,  a-clear  mixture  with  a  larger  quantity ;  dis- 
solves with  moderate  facility  in  wood-spirit,  very  easily  in  oil  of  turpentine. 

Menthene  is  scarcely,  if  at  all,  attacked  by  potassium ;  cold  sulphuric  add  has  no 
action  upon  it ;  nitric  acid  ultimately  converts  it  into  an  oily  acid,  soluble  in  water 
and  in  alcohol ;  with  chlorine  and  bromine  it  forms  substitution-products. 

Bromomenthene.  C10H17Br. — Bromine  acts  very  violently  on  menthene,  disengaging 
torrents  of  hydrobromic  acid,  and  forming  a  number  of  very  unstable  substitution- 
products.  By  adding  2  at.  bromine  drop  by  drop  to  1  at.  menthene,  monobromomenthene 
appears  to  be  formed,  the  product  treated  with  potash  yielding  the  hydrocarbon 
CIOH19  (Oppenheim): 

C'°Hl7Br  +   KHO     =     KBr  +  H20   +   C10H16. 

Pentachloromenthene,  C'°H18C15,  is  produced  by  the  action  of  chlorine  on  menthene. 
Dry  chlorine  attacks  menthene  with  great  violence,  hydrochloric  acid  being  evolved, 
the  liquid  assuming  first  a  green,  then  a  yellow  colour,  and  being  ultimately  converted 
into  pentachloromenthene,  which  is  a  yellow  syrupy  liquid  heavier  than  water.  It 
dissolves  at  ordinary  temperatures  in  alcohol  and  wood-spirit,  more  easily  in  ether  and 
oil  of  turpentine.  Strong  sulphuric  acid  colours  it  deep  red. 

MENTHOL.     CIOH200  =    C'j|p9jo.     Menthylic  alcohol.    Hydrate  of  Menthyl. 

Camphor  or  Stcaroptcne  of  Peppermint-oil.  (L.  Gmelin,  Handbuch,  Aufl.  3,  ii.  408. — 
Dumas,  Ann.  Ch.  Pharm.  vi.  252. — Blanchet  and  Sell,  ibid.  vi.  293. — Walter, 
ibid,  xxxii. ^288.— Kane,  Phil.  Mag.  xvi.  418. — Laurent,  Kev.  scient.  xiv.  341. — 
Oppenheim, Chem. Soc.  J.xv.24).—  The  essential  oil  of  peppermint,  when  kept  for  a 
long  time,  or  cooled  to  very  low  temperatures,  deposits  this  substance  in  crystals. 
American  peppermint-oil  yields  this  deposit  at  temperatures  near  0°.  This  camphor 
is  now  imported  in  large  quantities  from  Japan,  in  small,  white,  fragrant,  prismatic 
crystals,  resembling  sulphate  of  magnesium,  which  salt  is  in  fact  used  for  adulterating 
the  Japanese  camphor,  sometimes  to  the  amount  of  10  to  20  per  cent. 

The  camphor  from  American  oil  of  peppermint  melts  at  36-5°  (Gmelin)  ;  at  25° 
(Dumas);  27°  (Blanchet  and  Sell);  34°  (Walter);  the  Japanese  camphor  melts 
at  36°,  and  volatilises  without  decomposition  at  210°  (Oppenheim).  Vapour-den- 
eity,  obs.  =  5'62;  calc.  =  5'41.  It  is  laevo-rotatory.  [a]  =  —  59'6°  [?  for  the  tran- 
sition tint.] 

It  is  but  slightly  soluble  in  water,  but  imparts  to  that  liquid  a  strong  smell  and  taste. 
It  is  very  soluble  in  alcohol,  ether,  sutphide  of  carbon,  and  oils,  both  fixed  and  volatile ; 
insoluble  in  aqueous  alkalis.  From  an  alcoholic  soda-solution,  it  crystallises  in  long 
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needles.  It  is  dissolved  by  a  current  of  sulphurous  anhydride,  or  hydrochloric  acid  gas, 
but  the  acid  passes  off  on  evaporation,  leaving  the  menthol  unaltered.  Concentrated 
acids,  especially  nitric,  sulphuric,  hydrochloric,  formic,  acetic,  and  butyric  acids,  dissolve 
it  freely  ;  and  from  these  solutions  it  is  precipitated  by  water  and  by  alkalis,  as  an  oil, 
which  soon  solidifies,  and  then  exhibits  the  original  properties  of  the  camphor. 

Heated  with  strong  hydrochloric  to  100°  for  a  considerable  time,  it  is  transformed 
into  chloride  of  menthyl,  C10Hi9Cl.  The  same  compound  is  formed  by  the  action 
of  pcntachloride  of  phosphorus  : 

C'°H-90   +  PCI5     =     PCPO   +  HC1.C'°H19C1. 

"With  iodide  and  bromide  of  phosphorus,  it  yields  iodide  and  bromide  of  menthyl  ; 
hydriodic  acid  also  acts  upon  it  at  200°,  forming  iodide  of  menthyl. 

Heated  with  concentrated  acetic  acid  in  a  scaled  tube,  it  is  converted  into  acetate 

("MOJT19  ) 

of  menthyl,  p,jj30[0.    With  butyric  acid  it  forms,  in  like  manner,  buty  rate  of 

C'°H1 
menthyl, 


These  reactions  show  that  peppermint-camphor  is  an  alcohol  containing  the  radicle 
C10H19  (menthyl)  ;  it  is  homologous  with  allylic  alcohol,  C3HS0,  and  isologous  with 
campholic  alcohol  or  camphol,  C'°H180  (i.e.  differs  from  the  latter  by  2  at.  H)  :  hence 
the  names  m  enthylic  or  mentholic  alcohol,  and  menthol  applied  to  it. 

Sodium  acts  very  energetically  on  menthol,  with  evolution  of  hydrogen  and  for- 
mation of  a  substitution-product,  which  is  a  white,  vitreous,  transparent  mass,  becoming 
brown  on  exposure  to  the  air,  insoluble  in  water,  but  soluble  in  absolute  alcohol  and 
iodide  of  ethyl.  The  latter  body  acts  on  the  sodium  compound;  but  the  action  is  com- 
plicated, and  does  not  appear  to  give  rise  to  the  formation  of  a  compound  ether,  as  with 
most  sodium-alcohols. 

Menthol  is  dehydrated  by  phosphoric  anhydride  or  chloride  of  zinc,  yielding 
menthene. 


C10H19.     The  radicle  of  menthylic  alcohol,  &c. 

f^lOTT19  ) 

Acetate  of  Menthyl,  /^TTSQ  [  0,  prepared  by  heating  menthol  with  strong  acetic  acid 

to  120°  in  a  sealed  tube  for  ten  or  twelve  hours,  then  washing  with  carbonate  of  sodium, 
and  drying  over  chloride  of  calcium,  is  a  light  oil  which  boils  without  decomposition 
between  222°  and  224°.  It  is  highly  refractive,  and  Isevo-rotatory  ;  [a]  =  —  114°.  It  is 
not  decomposed  by  water,  or  bv  cold  solutions  of  the  alkalis,  or  by  baryta,  but  when 
heated  to  120°,  with  an  alcoholic  solution  of  soda,  it  is  completely  resolved  into  sodic 
acetate  and  menthol.  (Oppenheim,  Chem.  Soc.  J.  xv.  26.) 

C'°H19/ 
Butyrate  of  Menthyl,  rur-pQfO,  *s   prepared  by  heating  menthol  with  butyric 

acid,  in  a  sealed  tube,  to  200°  for  thirty  hours  ;  then  distilling  and  collecting  the 
portion  which  passes  over  between  230°  and  240°.  Kotatory  power  [o]  =  88-8° 
nearly. 

Chloride  of  Menthyl,  C10H19C1.  Obtained  by  treating  menthol  with  pentachloride  of 
phosphorus  (Walter),  or  with  concentrated  hydrochloric  acid  for  a  week,  at  100°,  or 
for  twenty-four  hours  at  120°  (Oppenheim).  It  is  a  very  pale  yellow  liquid,  lighter 
than  water,  heavier  than  alcohol,  and  having  an  odour  like  that  of  mace  ;  boils  at 
about  204°,  decomposing  and  turning  brown  at  the  same  time.  It  is  slightly  soluble 
in  water,  more  soluble  in  alcohol.  It  is  rapidly  decomposed  by  potassium,  but  strong 
alcoholic  potash  has  no  action  upon  it,  even  at  the  boiling  heat.  (Walter.) 

Bromide  and  Iodide  of  Menthyl  are  obtained  by  the  action  of  bromide  and  iodide  of 
phosphorus  on  menthol  ;  the  latter  also  by  the  action  of  strong  hydriodic  acid.  Both 
compounds  are  decomposed  by  distillation.  (Oppenheim.) 

IVTENTYAM'THIN'.  C22H360U.  —  A  bitter  substance  discovered  byBrandes  in 
buckbean  (Menyanthes  trifoliata},  and  further  examined  by  Kromayer  (Zeitschr. 
Anal.  Chem.  i.  15  ;  Jahresb.  1861,  747).  It  may  be  prepared  by  a  process  similar  to 
that  described  for  the  extraction  of  marrubii'n  (p.  854).  It  is  thus  obtained  as  a  nearly 
colourless  resinous  mass,  which,  after  drying  over  sulphuric  acid,  is  amorphous,  friable, 
permanent  in  the  air,  neutral,  and  has  an  intense  and  purely  bitter  taste.  It  begins 
to  soften  between  60°  and  65°,  becomes  quite  fluid  at  115°,  and  solidifies  on  cooling 
to  a  hard  yellowish  transparent  mass.  At  higher  temperatures  it  gives  off  first 
aromatic,  then  pungent  vapours,  smelling  like  oil  of  mustard.  It  dissolves  sparingly 
in  cold  water,  easily  in  hot  water  and  in  alcohol,  but  is  insoluble  in  ether  ;  alkalis 
dissolve  it  apparently  without  alteration.  It  dissolves  with  various  shades  of  colour 
in  strong  sidphurous,  nitric,  and  hydrochloric  acids.  The  aqueous  solution  is  not 
precipitated  by  metallic  salts,  but  form  with  gallotannic  add  a  precipitate  having  the 
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composition  C'°H5202S  =  C22HS8011.2C9H806.  Menyanthin  is  isomeric  with  pini- 
picrin,  which  it  also  resembles  in  many  of  its  properties.  (Kromayer.) 

The  name  menyanthin  has  also  been  applied  to  a  neutral  amylaceous  substance 
contained  in  buckbean ;  probably  identical  with  inulin  (p.  277). 

iVlENYANTHOIi.  An  oily  body,  obtained  by  distilling  menyanthin  with  '  lute 
sulphuric  acid.  The  residue  in  the  retort  contains  fermentable  sugar.  It  is  heavy, 
colourless,  smells  like  bitter  almond  oil;  has  a  faint  acid  reaction,  and  reduces  an 
ammoniacal  silver  solution.  (Kromayer.) 

IVISRC  APTANS.    Sulphydrates  of  the  alcohol-radicles,  e.g.,  sulphydrate  of  ethyl 

/"12TT5  f 

2  [ S-    (See  the  several  Alcohol-radicles,  e.g.,  ETHYL,  ii.  547.) 

IVIERC  APTIDES.  Compounds  formed  by  the  substitution  of  metals  for  hydrogen 
in  the  mercaptans. 

MERCURAlttlNES  AND  1VEERCURAIVI1WO18TUMS.  See  MEKCUBY-HASKS, 
AMMONIACAL. 

1VIERCURI  AZ.IS.  The  ash  of  Mercurialis  perennis  (the  herb  together  with  the 
fruit)  has  been  analysed  by  N.  Keitler  (Jahresb.  1860,  p.  543).  The  air-dried 
plants  yielded  84*4  per  cent,  dry  residue  at  100°.  The  ash  amounted  to  11*5  per  cent, 
of  the  air-dried  plant,  and  13-09  per  cent,  of  the  plant  dried  at  100°.  It  contained 
27-14  per  cent.  CO2,  918  Cl,  0-98  SO8,  0'84  SiO2,  274  P205,  0'27  Fe208,  31-57  CaO, 
5-59  MgO,  14-35  K20,  6-84  Na20,  with  a  trace  of  copper  (loss  0-50). 

XVIERCURZC   AlVIYLIDE,   ETHIDE,  &.C.      See  MERCURY-RADICLES,  ORGANIC. 

TCERCURXTTS.  This  term  was  applied  by  the  alchemists  to  all  volatile  substances : 
thus  quicksilver  was  called  Mercurius  communis ;  alcohol,  Mercurius  vegetabilis.  At 
present  it  is  applied  only  to  quicksilver. 

Mercurius  dulcis.     Syn.  with  calomel  (p.  893). 

Mercurius  cinereus  BlacJci'i,  blackish-grey  mercurial  precipitate,  is  a  mixture 
of  mercurous  carbonate  with  Mercurius  solubilis  Hahnemanni,  obtained  by  precipitating 
mercurous  nitrate  with  carbonate  of  ammonium. 

Mercurius  cinereus  Moscati,  the  Mercurius  solubilis  of  the  Swedes,  consists 
of  black  mercurous  oxide,  obtained  by  decomposing  calomel  with  caustic  potash  or 
soda. 

Mercurius  cinereus  Saunderi.  An  almost  obsolete  pharmaceutical  prepara- 
tion consisting  of  chloride  of  mercurosammonium  (Hg2H2N)Cl,  obtained  by  decom- 
posing calomel  with  ammonia.  (See  MERCURY-BASES,  AMMONIACAL.) 

Mercurius  phosphatus  Fuchsii.  An  obsolete  preparation  obtained  by  pre- 
cipitating a  solution  of  mercury  in  nitric  acid  with  phosphate  of  sodium. 

Mercurius  prcecipitatus  alb  us.  Hydrargyrum  amido-bichloratum,  Hydrar- 
gyrum amido-muriaticum,  Hydrargyrum  pr&cipitatum  album,  Mercurius  cosmeticus,  Calx 
hydrargyri  alba,  Lac  mercuriale. —  White  precipitate.  Of  this  mercurial  preparation 
there  are  two  varieties,  distinguished  as  fusible  and  infusible.  The  former  con- 
sists of  chloride  of  mereurammonium,  Hg"H6N2Cl2,  obtained  by  precipitating  ammonio- 
mercuric  chloride  with  potash,  or  by  dropping  a  solution  of  mercuric  chloride  into  a 
solution  of  sal-ammoniac  mixed  with  ammonia,  as  long  as  the  precipitate  first  formed 
is  redissolved ;  the  latter,  of  chloride  of  dimer cur  ammonium  Hg"H2NCl,  obtained  by 
adding  ammonia  to  mercuric  chloride. 

Mercurius  prcscipitatus  ruber.  Oxydum  hydrargyricum.  Mercuric  oxide 
obtained  either  by  oxidising  mercury  in  contact  with  the  air  at  the  boiling  heat,  or  by 
heating  it  with  nitric  acid.  The  product  obtained  by  the  first  of  these  methods  is  also 
called  Mercurius  pr<ecipitatus  per  se  (see  p.  907). 

Mercurius  solubilis  Hahnemanni.  Hydrargyrum  oxydulatum  nigrum. 
Nitrus  ammonicus  cum  oxydo  hydrargyrico.  Basic  nitrate  of  mercurosammonia.  See 
MEBCUBY-BASES,  AMMONIACAL. 

Mercurius  violaceus.  A  form  of  mercuric  sulphide,  obtained  by  triturating 
together  6  pts.  melted  flowers  of  sulphur,  6  pts.  mercury,  and  4  pts.  sal-ammoniac,  pulver- 
ising the  cooled  mass,  subliming  it  in  a  flask,  removing  the  upper  white  deposit,  consist- 
ing of  sal-ammoniac,  and  resubliming  the  lower,  heavier  sublimate  three  times.  The 
upper  part  of  the  sublimate,  thus  obtained,  is  usually  light  and  yellow ;  the  lower  heavy 
and  violet.  The  latter,  after  it  has  been  finely  pounded  and  alcohol  burnt  upon  it, 
constitutes  Mercurius  violaceus. 

Mercurius  vitas.    Powder  of  Algaroth  (oxychloride  of  antimony,  i.  327). 

Mercurius  vivus.     Metallic  mercury. 
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lttEHCURO-TETRETHYI,-AlVIircON-XUlVT.  Hg"(C8H19N)2.  A  base,  the 
iodide  en  which  is  obtained,  According  to  Sonnenschein,  together  with  several  other 
compounds,  by  the  action  of  iodide  of  ethyl  on  white  precipitate  (ii.  535). 

»  SRCITRY.  Synonymes :  Quicksilver,  Hydrargyrum,  Argentum  vivum,  Mercurius 
vivu  .  Symbol  Hg ;  Atomic  Weight  =  200. 

This  metal  has  been  known  from  the  earliest  times ;  cinnabar  was  used  as  a  pigment 
by  the  ancients ;  corrosive  sublimate  was  known  to  the  Arabians,  and  calomel  to  the 
alchemists. 

1  Mercury  is  often  found  native,  in  globules  disseminated  through  its  ores;  it  occurs 
also  combined  with  silver  and  with  gold,  in  the  form  of  amalgams ;  also  as  iodide  and 
chloride,  and  very  rarely  as  selenide;  but  the  most  abundant  ore  is  the  sulphide,  or 
cinnabar,  from  which  nearly  all  the  mercury  of  commerce  is  obtained.  Its  most  im- 
portant mines  are  those  of  Idria  in  Illyria,  and  of  Almaden  in  Spain.  At  Almaden 
it  is  found  in  veins,  often  nearly  fifty  feet  thick,  traversing  micaceous  schists  of  the 
older  transition  period ;  in  Illyria  it  is  disseminated  in  beds  of  grit,  bituminous  schist, 
or  compact  limestone  of  more  recent  date.  It  occurs  also  in  the  Bavarian  Palatinate, 
at  Horzowitz  in  Bohemia,  at  Schemnitz  in  Hungary,  and  a  few  other  localities  in 
Europe;  on  the  Ural  and  Altai  mountains  ;  in  China  abundantly,  and  in  Japan;  at 
San  Onofre,  in  Mexico;  abundantly  at  Huanca  Velica,  in  Southern  Peru;  in  the 
province  of  Coquimbo,  Chile ;  and  forms  extensive  mines  at  New  Almaden  in 
California. 

Preparation. — By  distilling  mercurial  ores  with  lime,  smithy-scales,  or  simply  in  contact 
with  the  air,  so  as  to  remove  the  sulphur  by  formation  of  sulphide  of  calcium,  sulphide 
of  iron,  or  sulphurous  anhydride ;  partly  also  to  remove  chlorine.  In  the  Bavarian  Pala- 
tinate, a  mixture  of  ore  and  lime  is  heated  to  redness  in  long  east-iron  bottles,  placed 
in  nearly  horizontal  rows,  one  above  the  other  in  a  long  furnace,  and  provided  with 
receivers.  At  Horzowitz,  in  Bohemia,  a  mixture  of  ore  and  smithy-scales  is  placed 
in  iron  dishes,  which  are  attached  one  above  the  other  by  the  centres  of  their  bases  to 
a  vertical  iron  axis,  and  covered  over  with  an  iron  receiver,  closed  at  top,  and  dipping 
into  water  at  bottom.  The  upper  part  of  the  receiver  is  surrounded  by  the  furnace, 
and  imparts  its  heat  to  the  dishes,  from  which  the  mercury  rises  in  vapour,  and  collects 
in  the  water  contained  in  the  trough.  This  process  is  called  Destillatio  per  descenswn. 
At  Idria,  in  Illyria,  the  quicksilver-ore,  coarsely  broken  up,  is  laid  upon  a  perforated 
stone  arch,  in  a  turret-shaped  furnace,  and  after  the  apertures  by  which  it  is  introduced 
have  been  stopped,  heated  to  redness  by  flames  made  to  play  against  the  under  surface 
of  the  arch.  The  sulphur  is  burnt  by  the  air,  which  is  admitted  through  channels 
constructed  for  the  purpose;  and  the  mixture  of  mercurial  vapour,  sulphurous  acid, 
and  smoke  from  the  furnace,  is  made  to  pass  through  a  horizontal  channel  constructed 
in  the  upper  part  of  the  furnace,  then  up  and  down  through  seven  condensing  chambers, 
and  finally  through  a  turret-shaped  forge  into  the  air.  In  the  course  of  this  long 
transit,  the  mercury  condenses  in  the  chambers,  the  floor  of  which,  being  inclined  to 
one  side,  enables  it  to  run  out ;  it  is  then  collected,  and  strained  through  coarse  cloth. 
A  similar  process  is  followed  at  Almaden,  in  Spain,  excepting  that  the  vapours,  instead 
of  passing  through  condensing  chambers,  are  made  to  traverse  a  series  of  tubes  made 
up  of  cylinders,  called  Aludels  (i.  149),  open  at  both  ends,  and  fitting  one  into  the 
other.  These  are  laid  upon  a  surface,  called  the  Aludel-bath,  first  descending  a  little, 
and  then  ascending,  and  finally  open  into  the  chimney.  [For  details  and  figures  of  all. 
these  forms  of  apparatus,  and  of  an  improved  process  suggested  by  Dr.  Ure  for 
performing  the  distillation  in  iron  retorts,  see  lire's  Dictionary  of  Arts,  &c.,  iii.  58]. 
Mercury  is  sent  into  the  market,  sometimes  in  leathern  bags,  sometimes  in  wrought- 
iron  bottles,  which  are  afterwards  used  in  chemical  laboratories  for  the  preparation  of 
potassium. 

Purification  from  foreign  metals. — 1.  The  mercury  is  distilled  either  alone,  or, 
better,  under  a  thick  layer  of  iron  filings,  in  glass,  earthen,  or  other  retorts.  A  portion 
of  the  foreign  metals  is  very  apt  to  pass  over  with  the  mercury,  either  in  the  form  of 
vapour  or  by  spirting  during  the  ebullition.  The  latter  of  these  accidents  is  prevented 
by  the  coating  of  iron-filings.  2.  By  distilling  the  mercury  with  one-tenth  of  its 
weight  of  cinnabar,  the  sulphur  of  which  retains  the  foreign  metals.  (Darfurt.) 

3.  By  boiling  the  impure  mercury  for  some  hours  with  ^  of  its  weight  of  mercurous 
nitrate  dissolved  in  water,  or  with  a  small  quantity  of  very  dilute  nitric  acid,  or  by 
digesting  it  with  either  of  these  liquids  in  the  cold,  the  mercury  being  placed  in  a 
shallow  dish,  so  as  to  expose  a  large  surface,  and  frequently  agitated;  or  by  agitating 
the  mercury  for  some  days  with  sulphuric  acid — which  must  be  stronger,  as  the  mer- 
cury is  more  impure — till  the  acid  no  longer  becomes  turbid,  or  takes  up  any  foreign 
substance  (Branchi,  Repert.  Pharm.  vi.  77). — 4.  Ulex  (Ann.  Ch.  Pharm.  Ix.  210) 
agitates  two  pounds  of  mercury  with  half  an  ounce  of  solution  of  ferric  chloride, 
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having  a  specific  gravity  of  T48.  The  mercury  is  thereby  reduced  to  a  state  of  very 
fine  division,  and  the  action  on  the  foreign  metals  is  accelerated  by  the  formation  of 
chloride  of  mercury,  which  collects  between  the  drops.  It  is  sufficient  to  agitate 
the  mercury  with  the  iron  solution  for  ten  minutes,  and  then  wash  it  with  water.  The 
mercury,  after  drying,  is  easily  reunited  by  the  application  of  a  gentle  heat. — 5.  A  small 
quantity  of  mercury  may  be  speedily  purified  by  placing  it  in  a  bottle  with  a  little  finely 
powdered  loaf-sugar,  the  mercury  not  occupying  more  than  one-fourth  of  the  capacity 
of  the  bottle ;  the  bottle  is  then  closed  and  briskly  agitated  for  a  few  minutes,  after 
which  the  stopper  is  withdrawn,  and  fresh  air  blown  into  the  bottle  with  a  pair  of 
bellows,  and  the  agitation  is  repeated;  this  is  done  three  or  four  times,  and  the 
mercury  is  then  poured  into  a  cone  of  smooth  writing  paper,  having  a  pin-hole  at  its 
apex.  The  metal  then  runs  through,  leaving  the  pounded  sugar  mixed  with  the 
oxides  of  the  foreign  metals,  and  a  considerable  quantity  of  finely  divided  mercury. 

Pure  mercury  should  leave  no  residue  when  dissolved  in  nitric  acid,  evaporated  and 
ignited ;  or  when  fused  with  sulphur  and  sublimed  in  a  glass  flask.  When  made  to 
run  down  a  gently-inclined  surface,  it  should  retain  its  round  form,  and  not  drag  a 
tail ;  and  when  agitated  in  a  bottle  with  dry  air,  it  should  not  yield  any  black  powder. 

Properties. — Mercury  freezes,  according  to  Hutchins,  at  —  39 '44°,  undergoing  con- 
siderable contraction,  and  forming  a  tin-white,  ductile  mass,  crystallised  in  octahedrons 
and  needles,  capable  of  being  cut  with  a  knife,  and  exhibiting  a  granular  fracture.  At 
ordinary  temperatures,  it  forms  a  very  coherent  but  very  mobile  liquid,  which  adheres 
but  slightly  to  glass,  and  has  a  density  of  13-5592  (Karsten),  13-5886  at  4°,  and 
13-535  at  26°  (Kupffer),  13'568  (Cavendish  andBrisson),  13-575  (Fahrenheit), 
13-613  at  10°  (Biddle),  13-595  at  4°  (Kopp),  13-596  (Eegnault).  For  its  specific 
heat  see  HEAT  (p.  30);  rate  of  expansion  (pp.  54-57)  ;  latent  heat  of  fusion  (p.  77). 

Mercury  remains  unaltered  when  agitated  for  any  length  of  time  with  oxygen  gas, 
common  air,  hydrogen,  nitrogen,  nitrous  oxide,  nitric  oxide,  carbonic  acid  gas,  or 
alcohol ;  but  any  foreign  metals  that  may  be  mixed  with  it  become  oxidised  by 
agitation  in  air  or  oxygen  gas,  producing  a  grey  pulverulent  mixture  of  the  oxides  of 
the  foreign  metals  and  finely  divided  metallic  mercury.  On  the  other  hand,  by  agita- 
tion with  water,  ether,  or  oil  of  turpentine,  or  by  trituration  with  sulphur,  sulphide 
of  antimony,  sugar,  grease,  &c.,  even  in  vacuo,  mercury  is  converted  into  a  grey  powder, 
Mthiops  per  se,  consisting  of  small  globules  of  the  metal,  which  are  separated  by  in- 
terposition of  foreign  matter,  but  run  together  again  on  its  removal :  this  is  called 
the  Extinction  or  Deadening  of  Mercury.  In  well  prepared  grey  mercurial  ointment, 
the  mercury  forms  nearly  uniform  globules,  having  a  diameter  between  ^  and  y^  of 
a  line,  and  not  distinguishable  by  the  naked  eye  (Ehrenberg,  Pogg.  xxiv.  40).  The 
deadening  of  mercury  was  formerly  attributed  to  oxidation.  According  to  B ar en- 
sprung  (J.  pr.  Chem.  1.  21),  some,  at  least,  of  the  mercury  in  grey  mercurial  ointment 
is  in  the  state  of  black  oxide  (the  quantity  being  greater,  the  older  the  ointment),  and 
this  oxide,  after  the  fat  has  been  extracted  by  ether,  may  be  dissolved  out  by  water 
slightly  acidulated  with  sulphuric  acid. 

Mercury  boils,  according  to  Crichton,  at  346°;  according  to  Dal  ton,  at 
349°;  according  to  Heinrich,  at  356°;  according  to  Dulong  and  Petit,  at  360°, 
and  is  thereby  converted  into  a  colourless  vapour.  Vapour  rises,  however,  from 
mercury,  even  between  +  15'5°  and  27°  (but^  not  at  —  6'7°),  both  in  vacuo  and 
in  spaces  filled  with  air,  as  shown  by  the  silvering  of  gold-leaf,  kept  for  two  months 
in  a  vessel  over  mercury  (Faraday,  7°).  According  to  Karsten  (Pogg.  Ann. 
IxxL  245),  mercury  at  temperatures  below  0°,  gives  off  sufficient  vapour  to  bring 
out  the  image  on  a  Daguerreotype  plate  held  over  it.  Brame  (Instit.  1849,  403)  finds 
that  sulphur  in  the  very  finely  divided  utricular  condition  (utricules  de  soufre)  in 
which  it  is  first  precipitated  from  the  state  of  Vapour,  is  a  much  more  delicate  test  for 
the  presence  of  mercurial  vapour  than  gold-leaf.  By  means  of  this  test,  he  finds  that 
at  12°  the  vapour  of  mercury  rises  to  a  height  of  more  than  a  metre — that  even  at  8°, 
it  appears  to  have  no  limited  atmosphere — that  it  rises,  at  ordinary  temperatures,  from 
amalgams  and  mercurial  ointment — that  in  presence  of  air  and  sulphur-vapour,  it 
diffuses,  according  to  the  same  law  as  other  gases — but  that  in  presence  of  air  and 
iodine-vapour,  and  of  the  vapour  of  iodide  of  mercury  thereby  produced,  the  law  of 
diffusion  appears  to  be  different.  (For  the  tension  of  mercury-vapour  at  different 
temperatures,  see  HEAT,  p.  94.) 

The  density  of  mercury-vapour,  referred  to  air  as  unity,  is  67  (Bineau,  Compt. 
rend.  xlix.  799).  The  theoretical  density  is  100  referred  to  hydrogen,  or  6-933 
referred  to  air,  as  unity,  the  molecule  of  the  vapour  containing  2  at.  Hg  (  =100)  or 
1  at.  Hhg  (  =  200). 

According  to  Wiggers  (Pogg.  Ann.  440),  mercury  is  slightly  soluble  in  boiling 
water.  When  twenty  ounces  of  water  are  poured  upon  two  ounces  of  mercury,  and 
boiled  down  to  ten  ounces,  the  decanted  liquid  shows  no  particular  reaction  with 
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sulphydric  acid  or  stannous  chloride  ;  but  on  mixing  it  with  ten  drops  of  nitric  acid, 
and  evaporating,  the  residue  exhibits  a  slight  brown  tint  when  treated  with  sulphydric 
acid.  Anthon  also  (J.  pr.  Chem.  xv.  153)  found  that  water  boiled  with  mercury  for 
fifteen  hours,  and  then  decanted,  was  capable  of  silvering  gold-leaf;  and  after  evapo- 
ration with  nitric  acid,  gave  the  characteristic  reactions  with  sulphydric  acid  and 
stannous  chloride.  Paton  and  Favrot  (J.  Chim.  med.  xiv.  306),  in  repeating  the 
experiment  of  Wiggers  with  distilled  water  and  with  river-water,  did  not  discover 
mercury  in  the  water  after  evaporation  with  nitric  acid:  Girardin  also  (J.  Chim.  med. 
ix.  283)  found  no  mercury  in  water  which  had  been  boiled  with  that  metal ;  he  did 
not,  however,  mix  it  with  nitric  acid  before  evaporation.  When  water  is  poured  upon 
mercury,  boiled  down  to  one-half,  decanted,  then  left  to  stand  for  several  days,  again 
decanted,  and  thrown  upon  a  thick  paper  filter,  small  quantities  of  mercury,  sufficient 
to  silver  gold-leaf,  remain  on  the  filter ;  but  the  filtrate,  when  mixed  with  nitric  acid 
and  evaporated,  shows  no  trace  of  mercury.  Perhaps  the  quantity  used  in  the  ex- 
periment was  too  small ;  but,  at  all  events,  the  experiment  shows  that  the  mere 
decantation  adopted  by  Wiggers  is  not  sufficient  to  separate  the  water  from  the 
mercury  mechanically  mixed  with  it ;  to  decide  the  question  completely,  experiments 
should  be  made  with  large  quantities  of  water.  (L.  Gmelin,  Handbook,  vi.  4.) 

Hydrochloric  acid,  even  when  hot  and  concentrated,  has  no  action  upon  mercury. 
Nitric  acid  slowly  dissolves  it  in  the  cold ;  and,  if  the  acid  is  in  excess,  converts  it  into 
neutral  mercurous  nitrate.  When  nitric  acid  is  boiled  with  excess  of  mercury,  the 
metal  is  converted  into  basic  mercurous  nitrate,  which  crystallises  on  cooling.  If,  on 
the  other  hand,  the  nitric  acid  is  in  excess,  the  whole  of  the  mercury  is  converted  into 
mercuric  nitrate ;  mercury  heated  with  excess  of  nitromuriatic  acid,  yields  mercuric 
chloride  and  nitrate.  Mercury  is  scarcely  attacked  by  dilute  sulphuric  acid,  but  when 
heated  with  the  concentrated  acid,  it  is  converted  into  solid  mercuric  sulphate,  with 
evolution  of  sulphurous  anhydride.  If  the  sulphuric  acid  is  small  in  quantity,  and  the 
heat  is  not  raised  quite  to  the  boiling  point,  mercurous  sulphate  is  obtained.  Chlorine 
gas  passed  over  gently  heated  mercury,  converts  it  into  mercuric  chloride. 

Mercury  forms  two  series  of  compounds,  viz.  the'm  ere  uric  compounds,  into  which 
1  atom  of  mercury  enters  as  a  bivalent  radicle,  and  the  mercurous  compounds,  in 
which  2  atoms  of  mercury  are  linked  together  so  as  to  form  a  bivalent  radicle  (Hg  —  Hg/' ; 
thus: 

Mercuric  chloride  .  .  Hg"Cl2      =        200  +  2  .  35'5  =    271 

Mercuric  oxide      .  .  .  Hg"0         =        200  +         16  =216 

Mercurous  chloride  .  .  (Hg2)"Cl2  =  2  .  200  +  2  .  35  5  =    471 

Mercurous  oxide  .  .  .  (Hg2)"0     =  2  .  200  +         16  =416 

There  are  also  several  compounds  in  which  mercury  forms  part  of  a  base  or  radicle 
belonging  to  the  types  ammonia  and  ammonium,  e.g.  bromide  of  mercurammonium 

rrf  [N2Br2;  chloride  of  tetramercurarnmonium,  (flg")4N2Cl2.  Trimercuramine, 
(Hg")3N2,  is  known  in  the  free  state. 

IVESRCURY,  AXiliGYS  or  ABXAZiGAMS  OP.  Mercury  is  capable  of  uniting 
with  most  other  metals,  forming  compounds  called  amalgams,  some  of  which  are 
liquid,  while  others  are  solid.  The  solid  amalgams  appear  to  be  for  the  most  part  of 
definite  chemical  constitution ;  while  the  liquid  amalgams  may  be  regarded  in  many 
instances  as  solutions  of  definite  compounds  in  excess  of  mercury,  inasmuch  as  when  they 
are  pressed  between  chamois  leather,  mercury  containing  but  a  small  quantity  of  the  other 
metal  passes  through,  while  a  solid  amalgam,  frequently  of  definite  atomic  constitution, 
remains  behind.  Even  in-  the  solid  amalgams,  however,  the  affinity  by  which  the  two 
metals  are  held  together  is  but  feeble;  for  Joule  has  shown  that  many  of  those  which 
contain  equal  numbers  of  atoms  of  their  component  metals  may  be  partly  decomposed 
by  subjecting  them  to  very  strong  pressure,  part  of  the  mercury  being  then  forced  out, 
and  an  amalgam  containing  a  larger  portion  of  the  other  metals  remaining  behind.  In 
most,  instances  also  the  formation  of  amalgams  is  attended  with  little  or  no  contraction 
of  volume ;  in  the  case  of  silver  and  copper,  however,  the  contraction  is  considerable— 
and  with  tin.  lead,  and  a  few  others,  it  is  perceptible.  The  union  of  mercury  with 
potassium  and  sodium  is  attended  with  considerable  evolution  of  heat 

The  methods  of  combining  mercury  with  other  metals  are : 

1.  Bringing  the  mercury  into  direct  contact  with  the  other  metal,  either  in  the  solid 
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state  or  finely  divided,  the  action  sometimes  taking  place  at  ordinary  temperatures, 
sometimes  requiring  the  assistance  of  heat. 

2.  The  introduction  of  metallic  mercury  into  the  solution  of  a  salt  of  the  other  metal, 
part  of  the  mercury  then  passing  into  the  solution  and  precipitating  the  other  metal, 
which  then  unites  with  the  rest  of  the  mercury.     In  some  cases  the  precipitation  may 
be  more  easily  effected  by  means  of  an  amalgam  of  a  highly  electro-positive  metal, 
sodium  for  example.     A  sodium-salt  is  then  formed,  and  the  other  metal  is  precipitated 
on  the  mercury  and  unites  with  it. 

3.  The  introduction  of  various  metals  into  solutions  of  mercury-salts,  copper  for 
example.     In  the  case  of  silver,  gold,  or  platinum,  which  do  not  directly  precipitate 
mercury  from   its   solutions,  the  action  must  be  assisted   by  immersing  a  piece   of 
zinc  or  iron  into  the  solution,  and  bringing  it  in  contact  with  the  other  metal,  so  as  to 
form  a  voltaic  circuit :  thus  a  drop  of  solution  of  mercuric  chloride  laid  on  a  piece  of 
gold  will  not  amalgamate  it ;  but  if  an  iron  wire  or  a  key  be  placed  in  contact  with 
the  wetted  surface  of  the  gold,  a  white  spot  of  amalgam  is  immediately  formed  at  the 
point  of  contact. 

4.  By  placing  the  metal  to  be  amalgamated  in  contact  with  mercury  and  with  a 
dilute  acid,  a  voltaic  circuit  being  also  formed  in  this  case.     Thus  when  a  zinc  plate 
is  wetted  with  dilute  sulphuric  acid,  and  mercury  poured  upon  it,  the  zinc  is  immedi- 
ately amalgamated. 

Several  amalgams  are  used  in  the  arts.  Tin  amalgam  is  used  for  'silvering'  mirrors  ; 
amalgams  of  gold  and  silver  in  the  processes  of  gilding  and  silvering  by  heat ;  cadmium- 
amalgams,  copper-amalgams,  and  an  amalgam  of  tin,  gold,  and  silver,  are  used  for 
stopping  teeth ;  an  amalgam  of  zinc  and  tin,  sometimes  with  addition  of  bismuth,  is 
used  for  coating  the  rubbers  of  electrical  machines. 

Aluminium-amalgam? — Klauer  (Ann.  Ch.  Pharm.  x.  391)  found  that  potas- 
sium-amalgam laid  on  a  lump  of  alum,  decomposed  it,  the  mercury  taking  up  a  con- 
siderable quantity  of  aluminium.  Bottger  (J.  pr.  Chem.  i.  305)  was  not  able  to 
obtain  an  amalgam  of  aluminium  in  this  manner ;  and  according  to  Devi  lie,  metallic 
aluminium  is  not  susceptible  of  amalgamation. 

According  to  Cailletet  (Compt.  rend.  xliv.  1250),  aluminium  (also  iron  and 
platinum)  may  be  superficially  amalgamated  by  contact  with  ammonium,  or  sodium- 
amalgam  and  water ;  also  when  it  is  immersed  in  acidulated  water  in  contact  with 
metallic  mercury  forming  the  negative  pole  of  a  voltaic  battery. 

Ammonium-amalgam.     See  i.  188. 

Antimony-  amalgam  is  said  to  be  formed  by  triturating  3  pts.  of  heated  mercury 
in  contact  with  1  part  of  fused  antimony ;  or  by  triturating  2  pts.  of  antimony  in  a 
mortar  with  a  small  quantity  of  hydrochloric  acid,  and  gradually  dropping  in  1  pt.  of 
mercury.  It  is  soft,  and  is  decomposed  by  contact  with  air  or  water,  the  antimony 
separating  hi  the  form  of  a  black  powder. 

Arsenic-amalgam. — Bergmann  states  that  a  compound  containing  5  pts.  mer- 
cury to  1  pt.  arsenic  is  produced  by  heating  and  triturating  the  two  metals  together. 

Barium-amalgam  may  be  prepared  by  the  galvanic  method,  or  better,  perhaps,  by 
decomposing  a  saturated  solution  of  chloride  of  barium  with  sodium-amalgam.  It  is 
a  soft  pasty  mass,  in  which  a  few  sandy  grains  may  be  felt.  It  is  rapidly  decomposed 
by  water,  and  must  therefore  be  kept  under  rock-oil 

Bismuth- amalgam. — Mercury  amalgamates  bismuth  even  at  ordinary  tempera- 
tures ;  but  the  amalgam  is  more  quickly  formed  by  pouring  2  pts.  of  hot  mercury  into 
1  pt.  of  melted  bismuth.  The  amalgam,  which  is  soft  at  first,  gradually  becomes 
crystallo-granular.  Sodium-amalgam  in  contact  with  moist  neutral  nitrate  of  bismuth, 
or  immersed  in  a  solution  of  that  salt,  forms  a  compact  amalgam,  with  evolution  of 
hydrogen,  and  separation  of  black  pulverulent  bismuth  (Bottger).  A  small  quantity 
of  bismuth  takes  away  but  little  of  the  fluidity  of  mercury,  and  is  therefore  used  for 
adulterating  that  metal;  according  to  Lucas,  however  (N.  Trommsd.  i.  195),  mercury 
adulterated  with  only  j^  pt.  of  bismuth  forms  a  black  powder  when  agitated  in  the 
air.  1  pt.  of  bismuth  dissolved  even  in  1,200,000  pts.  of  mercury  may  be  detected  by 
the  addition  of  potassium-amalgam  and  water,  the  bismuth  being  then  raised  by  the 
galvanic  action  in  the  form  of  a  black  powder,  and  attaching  itself  to  the  sides  of  the 
vessel.  (Serullas,  Ann.  Ch.  Phys.  [3]  xxxiv.  192.) 

Cadmium-amalgam. — Mercury  combines  readily  with  cadmium,  even  at  ordinary 
temperatures,  forming  a  silver-white  granular  amalgam,  consisting  of  octahedral  crystals; 
hard,  brittle,  heavier  than  mercury,  and  melting  at  75°.  When  the  mercury  is  com- 
pletely saturated  with  cadmium,  the  amalgam  contains  78'26  pts.  mercury  to  2174, 
pts.  cadmium,  agreeing  with  the  formula  Hg*Cd  (Strom eyer).  Sodium- amalgam 
introduced  into  a  solution  of  cadmium  is  converted  into  cadmium-amalgam.  (Bottger.) 
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Calcium -amalgam. — Produced  by  the  action  of  a  powerful  voltaic  battery  on 
hydrate  of  calcium  in  contact  with  mercury ;  also,  according  to  Klauer,  by  the  action  of 
sodium -amalgam  on  calcium-salts. 

Cobalt-amalgam  is  not  easily  prepared  by  the  action  of  sodium-amalgam  on 
cobalt-solutions,  inasmuch  as  a  considerable  quantity  of  cobalt-oxide  is  thereby  pre- 
cipitated. Damour  immerses  an  amalgam  of  5  pts.  mercury,  and  1  pt.  zinc  in  an  acid 
solution  of  cobalt- chloride  supersaturated  with  ammonia;  pours  the  liquid  off  after  a 
few  days,  and  decomposes  it  with  fresh  portions  of  zinc-amalgam  as  long  as  any  gas 
is  thereby  evolved ;  and  lastly,  removes  the  excess  of  zinc  by  dilute  sulphuric  acid. 
The  cobalt -amalgam  thus  obtained  is  silver- white,  soft  and  dull;  is  attracted  by  the 
magnet  even  when  it  contains  zinc  (?),  and  becomes  covered  with  black,  pulverulent 
oxidised  cobalt  when  exposed  to  the  air. 

Copper -amalgam  may  be  formed:  1.  By  immersing  a  piece  of  copper-foil  in  a 
solution  of  nitrate  of  mercury. — 2.  By  triturating  mercury  with  common  salt  and 
verdigris.— 3.  By  triturating  2  pts.  of  mercury,  2£  of  verdigris,  and  1  of  common  salt 
with  a  small  quantity  of  heated  vinegar,  which  must  be  renewed  as  it  evaporates,  and 
purifying  the  amalgam  by  washing. — 4.  By  mixing  1  pt.  of  finely-divided  copper — ob- 
tained by  reducing  the  oxide  with  hydrogen,  or  by  precipitation  from  the  sulphate  by  zinc 
or  iron — with  a  few  drops  of  mercurous  nitrate,  and  then  triturating  with  3  pts.  of  mercury, 
a  light  red  amalgam  is  formed  (Berzelius). — 5.  Mercury  placed  in  contact  with  the 
negative  pole  of  a  voltaic  battery,  and  covered  with  solution  of  cupric  sulphate  into  which 
the  positive  wire  dips,  becomes  perfectly  saturated  with  copper  (Grove,-  Phil.  Mag.  [3] 
xv.  83).  According  to  Joule  (Chem.  Gaz.  1850,  p.  339),  the  amalgam  thus  obtained  has 
the  composition  CuHg ;  and  the  same  definite  compound  is  obtained  by  dissolving 
copper  in  mercury,  and  removing  the  excess  of  the  latter  by  strong  pressure  (Chem. 
Gaz.  1850,  p.  339).  When,  however,  the  pressure  is  very  strong,  or  is  continued  for  a 
long  time,  the  resulting  amalgam  contains  more  than  1  at.  Cu  to  1  at.  Hg  (Joule, 
Chem.  Soc.  J.  xvi.  382). — 6.  Copper  amalgam  may  also  be  formed  by  treating  a  solu- 
tion of  cupric  sulphate  with  sodium-amalgam  (Klauer),  or  zinc-amalgam  (Damour). 
Sodium-amalgam  immersed  in  a  mixture  of  cuprie  sulphate  and  sal-ammoniac  forms  a 
reddish  or  golden-yellow  amalgam  of  copper  and  ammonium,  which  soon  decomposes. 
— 7.  A  copper-amalgam  used  by  the  Parisian  dentists  for  stopping  teeth  is  prepared  by 
triturating  mercurous  sulphate  (obtained  by  heating  together  10  grms.  of  mercury  and 
10  grms.  of  strong  sulphuric  acid)  and  finely-divided  copper  (obtained  by  precipitating  a 
solution  of  23 '5  grms.  cupric  sulphate  in  10  or  12  times  its  weight  of  water,  with  metallic 
iron).  The  materials  are  triturated  together  under  hot  water  for  20  or  30  minutes ;  the 
water  then  poured  off,  and  the  trituration  repeated  with  fresh  quantities  of  water  as  long 
as  the  water  exhibits  any  blue  colour.  The  amalgam  is  then  dried,  again  triturated,  then 
well  kneaded,  and  formed  into  small  cakes,  which  become  quite  hard  in  36  to  48  hours. 
The  amalgam  thus  produced  contains  3  pts.  copper  to  7  pts.  mercury.  An  easier  mode  of 
preparing  it  is  to  moisten  the  precipitated  copper  with  solution  of  mercurous  nitrate, 
then  pour  hot  water  upon  it,  and  incorporate  the  required  quantity  of  mercury  by  tri- 
turation ;  the  mass,  which  is  brittle  at  first,  gradually  softens  under  the  pressure  of  the 
pestle. 

This  amalgam,  which  becomes  quite  hard  by  keeping,  is  distinguished  by  the  pro- 
perty of  softening  and  acquiring  the  consistence  and  elasticity  of  clay  by  continued 
pounding  or  kneading,  and  recovering  its  hard  crystalline  character  when  left  to  itself 
for  a  few  hours ;  it  may  then  be  pulverised,  exhibits  a  granulo-crystalline  fracture, 
and  is  hard  enough  to  engrave  upon  tin.  When  heated  it  swells  up,  and  small 
globules  of  mercury  show  themselves  on  its  surface,  sinking  into  the  mass  again 
on  cooling.  On  triturating  the  warmed  lumps  in  a  mortar,  the  amalgam  is  again 
obtained  in  the  form  of  a  highly  plastic  almost  unctuous  mass.  Its  density  is  the  same 
in  the  soft  as  in  the  hard  state,  so  that  it  does  not  expand  or  contract  in  hardening,  and 
therefore  fills  cavities  air-tight  when  hard,  into  which  it  has  been  pressed  in  the  soft 
state.  It  is  on  account  of  this  property  that  the  amalgam  is  used  for  stopping  teeth ; 
but  the  copper  which  it  contains  renders  it  decidedly  objectionable  for  that  purpose. 
It  may,  however,  be  advantageously  used  for  sealing  bottles,  glass  tubes,  &c.,  in  cases 
where  other  plastic  substances,  cork,  &c.,  cannot  be  used. 

Iridium- amalgam  is  obtained  as  a  semi-fluid  mass  by  decomposing  a  concen- 
trated solution  of  sodio-iridic  chloride  with  sodium-amalgam. 

Gold-amalgam. — See  GOLD,  ALLOYS  OF  (ii.  927). 

Iron-amalgam. — Mercury  and  iron  do  not  unite  readily.  A  viscid  amalgam  is, 
however,  obtained  by  immersing  sodium-amalgam  containing  1  per  cent,  sodium  in  a 
clear  saturated  solution  of  ferrous  sulphate.  In  small  globules  it  is  attracted  by  the 
magnet,  and  when  slowly  heated  on  a  watch-glass,  exhibits  the  vivid  sparkling  of 
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burning  iron  (Bottger).  According  to  Aikin,  iron-amalgam  is  formed  by  the  action 
of  zinc-amalgam  on  ferrous  chloride ;  but  according  to  Damour  it  cannot  be  produced 
in  this  way.  Joule  (Chem.  Gaz.  1859,  p.  339 ;  Chem.  Soc.  J.  xvi.  378)  has  obtained 
amalgams  of  iron  by  the  electrolysis  of  a  solution  of  ferrous  sulphate,  the  negative 
pole  being  formed  of  mercury.  The  following  table  exhibits  the  composition  and 
physical  character  of  the  compounds  thus  produced. 


Composition. 

Specific 

No. 

Mercury. 

Iron. 

gravity. 

Remarks. 

1. 

100 

0-143 

. 

Perfectly  fluid. 

2. 

n 

1-39 

.     . 

Fluid. 

3. 

n 

2-97 

. 

Semi-fluid. 

4. 

n 

11-8 

12-19 

Soft. 

5. 

n 

18-3 

,     . 

Solid:  colour,  greyish-  white. 

6. 

47'5 

a 

Solid  :  good  metallic  lustre. 

7. 

M 

127-6 

10-11 

Solid:  frable. 

8. 

„ 

14-74 

.     . 

<  The  superfluous  mercury  pressed  out  from 
\     the  semi-fluid  amalgam  by  hand. 

9. 

79 

\  Compressed  rapidly,  and  with  a  force  of 

H 

*         * 

\     fifty  tons  on  the  square  inch. 

10. 

» 

103-2 

•     • 

Ditto. 

Lead-amalgam. — See  LEAD,  ALLOYS  OF  (p.  534). 

Magnesium-amalgam. — Magnesium  combines  with  mercury  only  when  heated, 
and  forms  a  solid  amalgam,  even  with  large  quantities  of  the  latter  (Bussy). — 
2.  The  amalgam  may  also  be  obtained  by  electrolysis. — 3.  By  covering  potassium  or 
sodium-amalgam  with  solution  of  sulphate  of  magnesium  (K 1  au  er,  Ann.  Ch.  Pharm.  x. 
89). — The  amalgam  thus  obtained  oxidises  slowly  in  pure  water,  quickly  in  acidulated 
water.  (H.Davy.) 

Manganese-amalgam  is  obtained  by  the  action  of  sodium-amalgam  on  a  strong 
solution  of  manganous  chloride.  It  is  viscid,  with  rough  blackish  surface,  and  when 
heated  in  contact  with  the  air,  gives  off  mercury,  tarnishes,  is  converted  into  a  stiff 
paste,  and  finally  leaves  brown  manganoso-manganic  oxide. 

Nickel-amalgam  is  obtained  like  cobalt- amalgam.  It  is  solid;  is  attracted  by 
the  magnet ;  decomposes  when  exposed  to  the  air,  the  nickel  gradually  oxidising  till 
nothing  but  mercury  is  left ;  may  be  mixed  with  a  larger  quantity  of  mercury ;  gives 
up  its  nickel  to  hydrochloric  and  dilute  sulphuric  acid. 

Osmium- amalgam  is  formed,  according  to  Tennant,  by  decomposing  aqueous 
osmic  acid  with  metallic  mercury ;  it  is  more  or  less  fluid,  according  to  the  proportion 
of  mercury  contained  in  it. 

Palladium- amalgam  is  formed  by  agitating  the  solution  of  a  palladium  -salt  with 
excess  of  mercury.  The  amalgam  containing  Pd2Hg  is  a  grey  powder,  which,  according 
to  Berzelius,  does  not  give  off  its  mercury  below  a  white  heat. 

Platinum-  ama  Ig  a  m. — Platinum  in  the  compact  state  does  not  take  up  mercury,  but 
spongy  platinum  unites  with  it  when  the  two  are  triturated  together,  in  a  warm  mortar, 
or  in  contact  with  a  small  quantity  of  acetic  acid.  The  amalgam  of  platinum  is  easily 
formed  by  immersing  sodium-amalgam  containing  1  per  cent,  sodium  in  a  concentrated 
solution  of  platinic  chloride ;  sodium- amalgam  also  converts  chloroplatinate  of  am- 
monium into  platinum-amalgam,  with  evolution  of  ammonia  and  hydrogen.  The 
amalgam  is  silvery,  and  does  not  give  off  mercury  below  a  bright  red  heat. 

Joule  (Chem.  Soc.  J.  xvi.  384),  by  electric  deposition  of  platinum  on  mercury,  has 
obtained  amalgams  exhibiting  the  following  composition  and  characters : 


Mercury. 

Platinum. 

Specific  gravity. 

Characters. 

100 
n 
»> 

15-48 
21-6 
34-76 

14-29 
14-69 

Metallic  lustre  where  rubbed. 
Solid.     Dark  grey. 
Dark  grey  ;  no  metallic  lustre. 

An  amalgam  of  12  platinum  to  100  mercury  has  a  bright  metallic  lustre,  and  is  soft 
and  greasy  to  the  touch.  Pressed  with  a  force  on  2  tons  to  the  square  inch,  it  leaves 
a  hard  button  of  dark  grey  amalgam  containing  43'2  pts.  platinum  to  100  mercury. 
Joule  infers  from  these  results  that  the  solid  amalgam  of  platinum  containing  the 
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largest  quantity  of  mercury  has  the  composition  PtHg2.  A  thick  pasty  amalgam  of 
platinum  may  be  obtained  by  exposing  mercury  for  some  time  to  the  action  of  platinic 
chloride. 

Potassium- amalgam. — 1.  The  two  metals  unite  even  at  ordinary  temperatures, 
the  combination  being  attended  wifJi  great  evolution  of  heat  (H.  Davy).  2.  When 
mercury  is  placed  in  a  cup  connected  with  the  negative  pole  of  a  voltaic  battery  of  at 
least  20  pairs,  and  covered  with  a  strong  solution  of  potash  in  which  a  piece  of 
hydrate  of  potassium  is  immersed,  and  into  which  the  positive  wire  dips,  the  mercury 
takes  up  potassium  (Berzelius).  1  pt.  of  potassium  forms  with  30  pts.  of  mercury 
an  amalgam  which,  after  cooling,  is  tolerably  hard  and  brittle ;  with  70  pts.  mercury 
it  likewise  forms  an  amalgam  which  is  solid  at  ordinary  temperatures,  but  with  more 
than  70  pts.  it  forms  a  liquid  amalgam  (H.  Davy).  According  to  Gay-Lussac  and 
Thenard,  the  amalgam  is  solid  and  crystalline  when  it  contains  from  70  to  96  pts.  of 
mercury  to  1  pt.  of  potassium,  but  liquid  when  the  proportion  of  mercury  amounts  to 
140.  According  to  Bottger  (J.  pr.  Chem.  i.  303),  the  amalgam  is  perfectly  solid 
when  it  contains  100  pts.  of  mercury  to  1  pt.  of  potassium;  with  140  mercury,  it  is 
very  hard  ;  with  180  mercury,  friable  and  partly  crystallised;  with  200  mercury,  viscid. 
The  amalgam  crystallises  in  cubes  (Berzelius  and  Pontin).  The  solid  amalgam 
fuses  when  slightly  heated.  It  gives  off  its  mercury  below  a  red  heat  (H.  Davy). 
When  exposed  to  the  air  or  immersed  in  water,  it  is  resolved  into  mercury  and  aqueous 
potash,  hydrogen  gas  being  slowly  evolved ;  a  similar  change  is  produced  by  aqueous 
acids.  In  contact  with  moist  ammoniacal  salts,  it  is  resolved  into  a  potassium-salt  and 
ammoniacal  amalgam.  It  easily  gives  up  its  mercury  to  iron  and  platinum.  (H. 
Davy.) 

Silver-amalgam. — A  native  compound  of  mercury  and  of  silver,  called  'amalgam ' 
by  mineralogists,  and  having  the  composition  Ag2Hg2  or  Ag2Hg^,  is  found  crystallised 
in  octahedrons,  rhombic  dodecahedrons,  and  other  forms  of  the  regular  system,  with 
dodecanedral  cleavage  in  traces;  also  massive.  Hardness  =  3  to  3*5.  Specific  gravity 
—  10-5  to  14.  Colour  and  streak  silver-white  ;  opaque;  fracture  conchoidal ;  brittle, 
and  gives  a  grating  sound  when  cut  with  a  knife.  Klaproth  found  in  amalgam  from 
Moschellandsbe-rg  in  the  Palatinate,  36  per  cent,  silver  and  64  mercury,  agreeing 
with  the  formula  Ag2Hg2.  Heyer,  on  the  other  hand,  found  in  amalgam  from  the 
same  locality,  only  25  per  cent,  silver,  agreeing  with  Ag'Hg3 ;  and  a  specimen  from 
Allemont  in  Dauphine,  analysed  by  Cordier,  exhibited  nearly  the  same  composition, 
"iz.  27'5  per  cent,  silver.  Amalgam  also  occurs  at  Eosenau  in  Hungary,  Sala  in 
Sweden,  Almaden  in  Spain,  and  in  Chile.  A  native  silver-amalgam  called  Arquerite, 
occurring  in  crystals  at  Arqueros,  Chile,  contains,  according  to  Domeyko,  13'5  per  cent, 
silver,  and  86-5  mercury,  giving  the  formula  Ag'^Hg6. 

Mercury  is  taken  up  by  silver  slowly  at  ordinary  temperatures,  but  quickly  when  the 
metal,  in  the  form  of  a  thin  lamina,  or  in  powder,  is  introduced  at  a  red  heat  into  heated 
mercury.  Metallic  mercury  immersed  in  a  solution  of  silver-nitrate,  precipitates  the 
silver  in  the  form  of  a  crystalline  amalgam,  called  a  silver  tree,  or  Arbor  Diana.  The 
silver-solution  should  be  somewhat  acid,  and  not  too  much  concentrated.  A  soft 
silver-amalgam  is  formed  by  the  action  of  sodium-amalgam  on  a  strong  solution  of 
silver-nitrate. 

Artificial  silver-amalgam  varies  in  character,  according  to  its  composition  and  the 
circumstances  of  its  formation,  being  sometimes  a  soft,  or  crystalline,  or  granular  mass ; 
sometimes  consisting  of  ramifications  of  prismatic  crystals  placed  end  to  end.  Joule 
finds  that  the  amalgam  most  readily  formed  by  the  action  of  mercury  on  nitrate  of 
silver  has,  on  the  average,  the  composition  Ag2Hg.  When  the  action  is  assisted  by 
making  the  mercury  the  negative  pole  of  a  voltaic  battery,  amalgams  richer  in  silver 
are  obtained.  The  mean  composition  of  the  amalgam,  after  being  subjected  to  a 
pressure  of  72  tons  on  the  square  inch,  was  4371  silver  to  100  mercury.'  The  com- 
bination of  mercury  and  silver  is  attended  with  a  considerable  contraction  of  volume. 

Sodium-amalgam. — Sodium  combines  rapidly  with  mercury  at  ordinary  tempera- 
tures, the  combination  being  attended  with  a  hissing  noise  and  vivid  combustion 
(G-ay-Lussac  and  The'nard,  Recherchcs,  i.  246).  A  piece  of  sodium  forcibly  thrown 
upon  mercury,  is  thrown  out  of  the  vessel  with  explosion,  in  consequence  of  the  great 
heat  produced  (Serullas,  Ann.  Ch.  Phys.  [2]  xl.  328).  To  form  the  amalgam,  the 
two  metals  should  be  triturated  together  in  a  dry  mortar  fitted  with  a  cover,  and  the 
mixture  immersed  in  rock-oil  as  soon  as  the  combustion  is  over  (Bottger).  The 
amalgam  has  the  colour  of  mercury.  When  it  contains  30  pts.  of  mercury  to  1  pt.  of 
sodium,  it  is  tolerably  hard  under  the  file,  which  wears  it  away  in  the  form  of  powder ; 
it  exhibits  a  crystalline,  laminar  fracture.  When  it  contains  40  pts.  of  mercury,  it  is 
still  solid,  but  softer  than  with  30  pts.  (Lainpadius).  An  amalgam  containing  60 
pts.  of  mercury  to  1  pt.  of  sodium  forms  a  stiff  paste  at  21°  (Bottger).  64  pts.  of 
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mercury  and  1  of  sodium  form  a  compound  which  exhibits  a  confused  crystalline 
structure  (Gay-Lussac  and  Thenard).  80  pts.  mercury  to  1  sodium:  pasty  at 
21°  (Bottger).  86  mercury  to  1  sodium:  a  mass  containing  numerous  small 
granular  crystals  (Gay-Lussac  and  Thenard).  100  mercury  to  one  sodium: 
viscid,  and  consisting  of  a  solid  and  a  liquid  portion  (Bottger).  128  mercury  to 
1  sodium:  liquid  (Gay-Lussac  and  Thenard).  Sodium-amalgam  exhibits  the 
same  reactions  as  potassium-amalgam.  It  likewise  amalgamates  iron  and  platinum 
(H.  Davy).  It  decomposes  the  salts  of  barium  and  strontium,  and  many  heavy 
metallic  salts,  when  a  small  quantity  of  water  is  present,  the  product  being  a  compound 
of  mercury  with  the  heavy  metal  (Bottger,  J.  pr.  Chem.  iii.  283).  It  is  now  much 
used  as  a  reducing  or  hydrogenating  agent  for  effecting  the  substitution  of  hydrogen 
for  chlorine,  bromine,  &c.,  in  organic  compounds. 

Amalgam  of  Potassium  and  Sodium. — 5  pts.  potassium  and  |  pt.  sodium  melted 
together  by  heating  them  under  rock-oiL  form  an  alloy  which  is  fluid  like  mercury  at 
9°,  but  when  brought  in  contact  with  100  pts.  of  mercury,  unites  therewith  into  a 
very  solid  mass.  (Bottger.) 

Strontium- amalgam. — Prepared  like  that  of  barium,  which  it  resembles,  but 
decomposes  more  quickly  under  a  mixture  of  the  solutions  of  chloride  of  strontium  and 
chloride  of  calcium,  as  well  as  under  water.  When  exposed  to  the  air  for  eight  or  ten 
hours,  it  is  converted  into  carbonate  of  strontium,  with  separation  of  mercury. 

Tellurium-amalgam. — Mercury  and  tellurium  are  said  to  unite  directly,  form- 
ing a  tin-coloured  amalgam. 

Thallium- amalgam. — The  two  metals  unite  readily,  forming  a  crystalline 
amalgam.  (Crookes.) 

Tin -amalgam. — Mercury  and  tin  unite  quickly,  even  at  ordinary  temperatures, 
still  more  quickly  on  pouring  mercury  into  melted  tin.  A  piece  of  tin,  the  lower  end 
of  which  is  immersed  for  four  weeks  in  mercury,  is  penetrated  through  and  through 
by  the  mercury,  and  exhibits  cracks ;  its  lower  end  becomes  attenuated  by  solution  of 
the  metal,  and  the  immersed  part  is  found  to  be  covered  with  six-sided  tables,  some 
of  which  float  about  in  the  mercury.  If  a  square  bar  of  tin,  whether  cast  in  a  square 
form,  or  hammered  or  filed  square  from  a  round  bar,  be  kept  for  a  few  days  under 
mercury,  it  splits  in  directions  proceeding  from  the  lateral  edges  to  the  opposite 
diagonals,  thereby  dividing  itself  into  four  triangular  prisms,  easily  separated  by  a 
knife ;  at  the  same  time,  a  four- sided  pyramid  is  formed  at  each  end  of  the  square  bar. 
If  the  piece  of  tin  has  any  other  form,  cracks  are  produced  in  other  directions 
(Daniell,  J.  of  Roy.  Inst.  i.  1).  Sodium-amalgam  immersed  in  a  concentrated  solu- 
tion of  stannous  chloride,  yields  a  viscid  amalgam  of  tin.  (Bottger.) 

Tin-amalgam  has  a  tin -white  colour;  and  if  the  mercury  is  not  in  too  great  excess, 
is  brittle,  granular,  and  according  to  Daubenton,  crystallises  in  cubes. 

Sn2Hg  and  SnHg  do  not  fuse  till  heated  above  100°.     (Eegnault.) 

Sn'Hg  has  at  26°  a  specific  gravity  of  8-8218;  Sn2Hg,  9-3185;  SnHg,  10-3447; 
SnHg2,  11 '38 16.  1  vol.  of  tin  with  1  vol.  of  mercury  forms  an  alloy  whose  specific 
gravity  at  27°  is  10-4729  ;  1  vol.  tin  with  2  vol.  mercury,  11-4646 ;  and  1  vol.  tin  with 
3  vol.  mercury,  12-0257.  In  most  cases,  therefore,  condensation  takes  place  ;  in  the 
single  instance  of  1  vol.  tin  to  2  vol.  mercury,  however,  this  condensation  is  scarcely 
perceptible.  (Kupffer,  Ann.  Ch.  Phys.  [2]  xl.  293.) 

The  compound  obtained  by  fusing  4  pts.  of  tin  with  1  pt.  of  mercury,  yields,  if  pul- 
verised after  cooling,  a  kind  of  mosaic  silver,  which,  when  rubbed  on  the  polishing- 
stone,  acquires  the  metallic  lustre.  The  silvering  of  mirrors  is  likewise  an  amalgam 
of  tin. 

Joule  obtained  beautiful  crystalline  amalgams  by  making  mercury  negative  in  a 
solution  of  stannous  chloride.  The  amalgam  containing  100  mercury  to  51  pts.  tin, 
had  a  specific1  gravity  of  10*518  ;  that  containing  100  mercury  to  44-1  tin,  a  specific 
gravity  of  10-94 :  hence  the  combination  is  attended  with  contraction  of  volumes. 
The  amalgam  of  tin  is  decomposed  by  pressure,  the  mercury  left  after  long-continued 
high  pressure  having  a  volume  little  more  than  one-eighth  of  the  entire  mass. 

An  amalgam  of  tin  and  bismuth  is  obtained  by  melting  together  2  pts.  of  tin,  2  pts. 
of  bismuth,  and  1  pt.  of  mercury. 

An  amalgam  of  2  pts.  tin  and  1  pt.  cadmium  is  used  for  stopping  teeth.  The  two 
metals  are  melted  in  an  iron  ladle,  slightly  warmed ;  mercury  is  added ;  the  whole 
is  poured  into  an  iron  mortar,  and  rubbed  with  a  wooden  pestle,  till  it  acquires  a  soft 
buttery  consistence ;  and  the  excess  of  mercury  is  squeezed  out  through  leather.  The 
residue  is  almost  granular,  but  becomes  soft  and  plastic  ^wh en  kneaded  by  the  hand. 

An  amalgam  of  tin  and  lead  may  be  formed  by  introducing  an  alloy  of  the  two 
metals  into  mercury. 

Amalgams  containing  tin,  lead  and  bismuth  are  described  under  LEAD  (p.  537).    An 
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amalgam  of  8  pts.  bismuth,  5  lead,  3  tin,  and  7  or  8  mercury  is  recommended  by 
Brame  for  coating  the  rubbers  of  electrical  machines. 

An  amalgam  of  tin,  silver  and  gold  is  also  used  as  a  cement  for  the  teeth.  It  is 
prepared  by  melting  together  1  pt.  gold  and  3  pts.  silver,  adding  2  pts.  tin  to  the 
melted  mass,  pulverising  the  resulting  alloy,  and  kneading  it  together  with  an  equal 
weight  of  mercury. 

Zinc-amalgam. — When  zinc-filings  are  triturated  with  mercury,  at  ordinary 
temperatures,  combination  takes  place  slowly ;  at  a  higher  temperature,  still  somewhat 
under  the  boiling  point  of  mercury,  the  metals  combine  easily,  and  still  more  readily 
when  mercury  is  mixed  with  melted  zinc.  A  bar  of  zinc,  immersed  to  half  its  length 
in  mercury  for  ten  days,  becomes  pointed  at  bottom,  and  covered,  especially  on  the 
upper  part  of  the  immersed  end,  with  six-sided  tables  of  the  amalgam  (Daniell). 
When  zinc  is  placed  in  contact  with  mercury  and  a  dilute  acid,  a  galvanic  action  is  set 
up  (ii.  420),  and  the  zinc  becomes  covered  with  mercury,  which  then  penetrates  into 
the  interior,  and  converts  the  whole  of  the  metal  into  an  amalgam.  As  soon  as  the 
zinc  is  completely  covered  with  mercury,  the  evolution  of  hydrogen  ceases  ;  but  it 
begins  again  on  bringing  the  amalgam  in  contact  with  iron,  copper,  or  platinum,  to 
which  metals  the  mercury  is  then  transferred  (Dobereiner).  Sodium-amalgam 
immersed  in  a  concentrated  solution  of  sulphate  of  zinc,  forms  a  viscid  amalgam  of 
zinc.  (Bottger.) 

The  amalgam  is  usually  prepared  by  cooling  melted  zinc  to  as  low  a  temperature  as 
it  will  bear  without  solidifying,  and  then  pouring  in  the  mercury  in  a  fine  stream, 
keeping  the  liquid  constantly  stirred.  If  this  precaution  be  neglected,  part  of  the 
mercury  is  converted  into  vapour,  sometimes  throwing  the  melted  metal  about. 

8  pts.  zinc  to  1  pt.  mercury :  very  brittle. 

1  pt.  zinc  and  4  or  5  pts.  mercury  form  an  amalgam  sometimes  used  for  coating  the 
rubbers  of  electric  machines  ;  it  is  brittle  and  pulverulent. 

1  pt.  zinc  to  6  pts.  mercury :  tin-white,  granular,  brittle ;  melts  at  the  boiling  point 
of  olive-oil,  but  does  not  give  off  mercury  till  raised  to  a  higher  temperature.  At  a 
dull  red  heat,  it  decrepitates  strongly ;  at  a  stronger  red  heat,  it  burns  with  great 
brilliancy.  It  is  permanent  in  dry  air.  Cold  dilute  nitric  acid  decomposes  it  readily, 
and  leaves  the  mercury  unaltered  till  all  the  zinc  is  dissolved.  Dilute  sulphuric  and 
hydrochloric  acid  act  on  it  but  slowly.  Ammonia  and  sal-ammoniac  also  dissolve  out 
the  zinc  very  slowly,  and  form  water.  Zinc-amalgam  immersed  in  the  solution  of  a 
neutral  salt  of  chromium,  uranium,  manganese,  or  iron,  merely  throws  down  the  oxide ; 
but  from  neutral  solutions  of  cobalt,  nickel,  and  copper,  it  precipitates  the  metal, 
which  then  combines  with  the  mercury.  (Dam  our,  Ann.  Min.  [3]  xv.  41;  also 
J.  pr.  Chem.  xvii.  345.) 

From  an  amalgam  richer  in  mercury,  six-sided  laminae  containing  2  pts.  zinc  and  5 
mercury,  separate  out  on  cooling.  The  portion  which  remains  liquid  is  a  solution  of 
zinc  in  excess  of  mercury.  1  pt.  of  zinc  dissolved  in  8,000  pts.  of  mercury  may  be 
detected  by  the  black  powder  which  forms  on  the  surface  when  the  mercury  is  agitated 
in  contact  with  the  air. 

Zinc-amalgam  immersed  in  caustic  potash  liberates  pure  hydrogen.  When  zinc- 
amalgam  is  immersed  in  aqueous  ferrous  chloride,  and  a  crystal  of  a  nitrate  is  .placed 
upon  it,  a  black  spot  is  gradually  formed  on  the  surface  of  the  amalgam,  consisting 
of  reduced  iron,  which  is  immediately  taken  up  by  the  mercury.  The  presence  of 
a  nitrate  is  essential  to  the  production  of  this  effect ;  chlorates  and  other  salts  do  not 
produce  it.  (Kunge,  Pogg.  Ann.  ix.  479.) 

Joule,  by  the  electrolytic  method,  has  obtained  amalgams  of  zinc  having  the  following 
composition  and  properties : 


Mercury. 

Zinc. 

Specific  gravity. 

100 
n 

39-4 
122-8 
134-9 

11-34 
8-935 
8-349 

White  and  crystalline. 
Prepared  from  hot  sulphate  of  zinc. 

The  specific  gravity  of  the  first  of  these  amalgams  indicates  a  certain  contraction  of 
volume.  Pressure  appears  to  decompose  it,  mercury  being  expelled  till  the  amalgam 
consists  of  about  1  at.  Hg  to  3  at.  Zn. 

Amalgams  of  tin  and  zinc  are  used  for  coating  the  rubbers  of  electrical  machines. 
Kienmayer  recommends  as  the  best  proportion  ;  1  pt.  zinc,  1  pt.  tin,  and  2  pts.  mercury, 
Singer  recommends  2  pts.  zinc,  1  pt.  tin,  and  3£  to  6  pts.  mercury. 

!UBY,  ANTIMONIDE  OF.    See  page  886. 
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MERCURY,  ARSEWIDE  OP.     See  page  886. 

MERCURY,  BROMIDES  OP.     Mercury  forms  two  bromides,  distinguisned 

as  mercurous  and  mercuric. 

a.  Mercurous  Bromide.  (Hg2)"Br2. — This  compound  is  formed:  1.  By 
subliming  an  intimate  mixture  of  1  at.  mercury  and  1  at.  mercuric  bromide  (Lowig). — 
2.  By  precipitating  mercurous  nitrate  with  aqueous  bromide  of  potassium  (Balard). 
When  prepared  by  the  first  process,  it  forms  a  fibrous  mass  (Lowig);  long  needles 
which  are  yellow  while  hot,  but  become  whitish  on  cooling  (0.  Henry,  J.  Phann. 
xv.  56).  By  (2):  white  powder  (Balard);  yellowish-white  flakes  (0.  Henry). 
Specific  gravity  7'307  (Karsten).  It  is  tasteless  and  inodorous;  fusible,  and  vola- 
tilises undecomposed  at  a  low  red  heat. 

When  heated  with  phosphorus,  it  is  resolved  into  bromide  of  phosphorus  and  phos- 
phide of  mercury  (Lowig).  Treated  with  cold  aqueous  ammonia,  and  then  washed 
with  water  containing  ammonia,  it  leaves  a  grey  powder,  which  contains  globules  of 
mercury,  arid  when  heated,  gives  off  ammonia,  and  yields  a  sublimate  of  mercury, 
mercurous  bromide,  and  mercuric  bromide  (Kainmelsberg).  With  caustic  potash,  it 
yields  mercurous  oxide  and  bromide  of  potassium.  When  boiled  with  aqueous  bromide 
or  chloride  of  ammonium,  it  yields  a  solution  of  mercuric  bromide,  with  a  residue  of 
metallic  mercury  (Lowig).  It  is  not  perceptibly  soluble  in  cold  carbonate,  chloride, 
or  succinate  of  ammonium,  while  the  same  liquids,  when  hot,  dissolve  it  with  tolerable 
facility,  leaving,  however,  a  grey-pulverulent  residue  [metallic  mercury] ;  it  is  not 
perceptibly  soluble  in  sulphate  or  nitrate  of  ammonium,  even  at  the  boiling  heat. 
(Wittstein.) 

)8.  Mercuric  Bromide,  Hg"Br9. — 1.  Mercury  unites  with  bromine  at  ordinary 
temperatures,  forming  this  compound,  the  combination  being  attended  with  evo- 
lution of  heat,  but  not  of  light  (E  a  lard). — 2.  The  same  compound  is  formed  by 
agitating  mercury  with  water,  adding  bromine  as  long  as  its  colour  is  destroyed,  then 
boiling,  filtering,  and  leaving  the  solution  to  crystallise. — 3.  By  dissolving  mercuric 
oxide  in  hot  aqueous  hydrobromic  acid,  and  leaving  the  solution  to  crystallise. — 4.  By 
subliming  mercuric  sulphate  with  bromide  of  potassium  (L6  wig).  The  sublimate 
contains  also  mercurous  bromide  (0.  Henry). — 5.  By  mixing  aqueous  mercuric 
nitrate  with  bromide  of  potassium,  evaporating  as  long  as  bromide  of  mercury 
crystallises  out,  and  purifying  the  product  by  solution  in  alcohol.  The  mother-liquid 
evaporated  to  dryness  leaves  a  residue,  from  which  boiling  alcohol  still  •  extracts  a 
small  quantity  of  the  compound.  (Lowig.) 

Mercuric  bromide  crystallises  from  the  aqueous  solution  in  soft,  silvery  laminse ;  from 
the  alcoholic  solution  in  white  needles  (Lowig.)  According  to  Handl  (Jahresb. 
1859,  p.  226),  the  crystals  are  rhombic  prisms,  ooP  .  oP,  cleavable  parallel  to  oP, 
and  having  the  angles  ooP  :  ooP  =  68°  24'  and  111°  26'.  They  are  isomorphous 
with  sublimed  mercuric  chloride.  The  product  obtained  by  (5)  has,  after  drying  at  a 
strong  heat,  a  specific  gravity  of  5-9202  (Karsten).  Mercuric  bromide  melts  and 
sublimes  when  heated.  It  dissolves  in  94  pts.  water  at  9°  (Lassaigne)  and  in 
4  pts.  of  boiling  water,  the  greater  part  separating  as  the  liquids  cool.  The  aqueous 
solution  reddens  litmus.  It  dissolves  very  easily  in  alcohol,  still  more  in  ether. 

With  phosphorus  it  forms  bromide  of  phosphorus.  Heated  with  antimony  or 
arsenic,  it  gives  up  its  bromine.  Its  aqueous  solution  exposed  to  sun-light,  or  placed 
in  contact  with  mercury  or  copper,  or  mixed  with  cuprous  bromide  dissolved  in  hydro- 
bromic acid,  deposits  mercurous  bromide.  With  a  small  quantity  of  sulphydric  acid 
it  yields  a  white,  and  with  ^  a  larger  quantity  a  black  precipitate  (H.  Eose). 
With  ammonia  it  forms  a  white,  with  fixed  alkalis  a  yellow  precipitate  (Lowig). 
Hypochlorite  of  sodium  added  to  the  solution  throws  down  mercuric  oxychloride 
(Kammelsberg),  and  hypochlorous  acid  converts  mercuric  bromide  into  mercuric 
chloride  and  bromate,  the  action  being  attended  with  evolution  of  chlorine  and  bromine 
(Balard).  Heated  with  nitric  or  sulphuric  acid,  it  gives  off  vapour  of  bromine 
(Balard);  but  according  to  H.  Rose  (Analyt.  Chem.)  it  is  not  decomposed  by 
sulphuric  acid. 

Double  Salts  of  Mercuric  Bromide. — Mercuric  bromide  unites  with  the 
more  basic  metallic  bromides,  forming  easily  soluble  double  salts  (called  by  Bonsdorff, 
bromohydrargy'rates).  losing  thereby  its  power  of  reddening  litmus.  Those  con- 
taining the  bromides  of  the  alkali-metals  are  crystallisable. 

Ammonium-salt. — Mercuric  bromide  dissolves  abundantly  in  aqueous  bromide  of 
ammonium.  Alkaline  carbonates  added  to  the  solution  throw  down  bromide  of  dimer- 
curammonium.  (Lowig.) 

The  barium-salt  crystallises  in  highly  lustrous  prisms,  which  deliquesce  in  moist 
air.  (Bonsdorff.) 

Calcium-salt. — A  solution  of  bromide  of  calcium  saturated  with  mercuric  bromide 
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yields  by  spontaneous  evaporations,  at  first  tetrahedrons  and  octahedrons,  which  1 
a  strong  lustre,  are  permanent  in  the  air,  and  are  decomposed  by  a  small  quantity  of 
water,  but  dissolve  completely  when  heated  and  crystallise  out  again  on  cooling.     If 
the  evaporation  be  carried  further,  prisms  or  needles  are  obtained,  which  deliquesce 
even  in  dry  air.     (Bonsdorff.) 

The  iron-salt  [?  ferric  or  ferrous]  forms  yellowish  very  deliquescent  prisms. 
(Bonsdorff.) 

Magnesium-salts. — A  solution  of  mercuric  bromide  and  bromide  of  magnesium 
yields,  by  evaporation  over  oil  of  vitriol,  first  broad  thin  laminae,  permanent  in  the  air 
and  probably  containing  MgHg2Br6?,  then  very  deliquescent  crystals  containing 
MgHgBr2.  (Bonsdorff.) 

The  manganese- salt  crystallises  in  light  red  very  hygroscopic  prisms. 

Potassium-salts.— A  solution  of  the  salt  KHg"Br3  or  KBr.Hg"Br2  is  obtained  by 
saturating  a  cold  moderately  concentrated  solution  of  bromide  of  potassium  with 
mercuric  bromide,  in  anhydrous  yellow  octahedrons  (Lowig),  in  flat  rhombic  prisms 
permanent  in  the  air  and  containing  1  at.  water.  The  crystals  melt  when  heated, 
and  yield  a  sublimate  of  mercuric  bromide  (Lowig).  A  solution  of  equal  parts  of  this 
salt  and  bromide  of  potassium  yields  the  salt  K4HgBr6  (?)  in  prisms  which  are 
permanent  in  the  air.  (Bonsdorff.) 

The  sodium-salt  crystallises  partly  in  needles,  partly  in  rhombic  prisms,  and  deli- 
quesces in  moist  air. 

Strontium-salts. — a.  SrHgBr4  or  SrBr2.HgBr2  forms  crystals  soluble  in  water  in  all 
proportions.— /8.  SrHg2Br6  or  SrBr2.2HgBr'J.  A  solution  of  1  at.  bromide  of  strontium 
in  twice  its  weight  of  water,  takes  up  at  50°,  3  at.  mercuric  bromide,  and  the  solution 
on  cooling  deposits  1  at.  mercuric  bromide  and  then  yields  small  crystals  of  the  salt  )8. 
(Lowig.) 

The  zinc-salt  crystallises  in  prisms  and  tables  deliquescent  in  moist  air. 
(Bonsdorff.) 

MERCURY,  CHLORIDES  OF.  Mercury  forms  two  chlorides,  analogous  to 
the  bromides. 

IVXercurous  Chloride.  (Hg2)"Cl2. — Hemichloride,  Bichloride,  Subchloride,  Proto- 
chloride,  Submuriate  of  mercury ;  Calomel ;  salzsaures  Quecksilberoxydul,  versilsster 
Sublimat,  versusstes  Quecksillier,  Kalomel ;  Chloretum  hydrargyri,  Hydrargyrum  mu- 
riaticum  mite,  Mercurius  dulcis,  s.  kalomdanicus,  s.  loticus,  Draco  mitigatus,  Aquila 
mitigata,  s.  alba,  s.  coelestis,  s.  Mercurii,  Panacea  mercurialis,  s.  ccelestis,  B.  Mercurii; 
Protochlorure  de  mercure. 

This  compound  is  found  native,  as  horn-quicksilver,  in  dimetric  crystals  exhibiting  the 
combination  P  .  ooPco  ,  like  figure  227  (ii.  135),  also  with  ooP  ,  Poo  and  oP.  Length 
of  principal  axis  =  1744;  P1:  P  in  the  terminal  edges  =  98°  7';  in  the  lateral 
edges  =  135°  56'.  It  occurs  also  in  crystalline  coats  and  granular.  Hardness  =  1  to 

2.  Specific  gravity  =  6'482.     It  has  a  dirty  white  colour  and  adamantine  lustre, 
yellow  when  scratched  ;  translucent  in  thin  splinters.     Sectile.    Fracture  conchoi'dal. 
It  is  found,  with  cinnabar,  at  Moschellandsberg  in  the  Palatinate,  also  at  the  quick- 
silver mines  of  Idria  and  Almaden,  and  at  Horzowitz  in  Bohemia. 

Mercurous  chloride  is  produced:  1.  By  the  direct  combination  of  mercury  and 
chlorine,  slowly  at  ordinary  temperatures,  more  quickly  at  the  boiling  heat  of  mercury, 
the  combination  being  then  attended  with  a  yellowish  red  flame,  and  mercuric  chloride 
being  likewise  formed. — 2.  By  heating  mercuric  chloride  with  metallic  mercury. 

3.  By  the  action  of  sulphurous  acid  and  other  reducing  agents  on  mercuric  chloride. 

4.  By  agitating  mercury  with  a  solution  of  ferric  chloride,  the  action  being  accelerated 
by  the  presence  of  free  hydrochloric  acid. — 5.  By  the  action  of  hydrochloric  acid  on 
mercurous  oxide,  or  by  precipitating  a  mercurous  salt  with  a  soluble  chloride. 

Preparation. — Mercurous  chloride  in  the  pulverulent  form,  called  calomel,  is  ex- 
tensively used  in  medicine.  It  may  be  prepared  either  in  the  dry  or  in  the  wet  way. 

a.  In  the  dry  way. — 1.  By  triturating  4  pts.  (1  at.)  of  mercuric  chloride  with  3  pts. 
(1  at.)  of  mercury,  the  mixture  being  moistened  with  water  or  alcohol,  and  the  tritu- 
ration  continued  till  the  mercury  has  lost  its  fluidity — then  gradually  heating  the 
mixture  in  a  glass  flask  or  retort  till  it  sublimes.  A  large  portion  of  the  mercuric  chloride 
is  converted  into  calomel  during  the  trituration.  _  Trautwein  heats  the  deadened  mix- 
ture, gently  at  first,  for  a  few  hours,  and  pulverises  it  once  more  before  sublimation. 
2.  By  subliming  an  intimate  mixture  of  equal  parts  of  mercurous  sulphate  and  common 
salt: 

Hg2SO*  +  2NaCl  =  Na2SO«  +  Hg'Cl2. 

Planch  e  (Ann.  Chim.  Ixvi.  168)  triturates  8  pts.  of  mercury,  18  pts.  of  dry  monobasic 
mercuric  sulphate,  and  6  pts.  of  water,  till  the  fluidity  of  the  metal  is  destroyed,  and 
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heats  the  resulting  mercurous  sulphate  with  an  equal  weight  of  common  salt,  till  a 
sublimate  is  obtained. — 3.  By  deadening  2  at.  mercury  with  2  at.  common  salt  and  1 
at.  peroxide  of  manganese,  and  heating  the  mixture  to  sublimation  with  2  at.  sulphuric 
acid: 

Hg2  +  2NaCl  +  MnO2  +  2H2SO<  =  Hg'Cl2  +  Na2SO«  +  MnSO«  +  2H'0. 
4.  By  triturating  mercury  with  common  salt,  ferric  sulphate,  and  a  small  quantity  of 
water,  till  the  metal  has  lost  its  fluidity,  and  subjecting  the  mixture  to  sublimation. 
(Schaff  hautl),  Ann.  Ch.  Pharm.  xliii.  25.)  The  basic  ferric  sulphate,  often  occurring 
as  a  waste  product,  may  be  made  available  for  this  process ;  a  small  quantity  of  ferric 
chloride  may  sublime  together  with  the  calomel  (S  chaff  hautl).  The  reaction  is 
probably: 

Fe»(S04)9  +  6NaCl  +  Hg2  =  3(Na2S04)  +  2FeCl2  +  Hg2Cl». 

The  calomel  set  free  in  the  form  of  vapour  by  either  of  these  processes  (1 — 4),  is 
either  allowed  to  collect  in  the  form  of  a  dense,  fibrous  sublimate,  and  the  product 
carefully  pulverised ;  or  the  calomel  vapour  is  cooled  under  such  circumstances  that  it 
solidifies  in  the  form  of  a  soft  powder  instead  of  a  solid  cake.  This  object  is  attained, 
according  to  Jewel  and  0.  Henry  (J.  Pharm.  viii.  545),  by  causing  the  calomel  vapour 
to  pass  into  a  chamber  into  which  vapour  of  water  is  injected  on  the  other  side. 
According  to  the  process  now  adopted  in  this  country,  on  the  other  hand,  the  calomel, 
or  the  ingredients  from  which  it  is  prepared,  is  heated  in  a  cast-iron  cylinder  2£  feet 
long  and  1  foot  wide,  one  end  of  which  is  provided  with  an  opening  serving  to  introduce 
and  remove  the  materials,  and  closed  during  the  operation,  while  the  other  end  ter- 
minates in  a  contracted  neck  which  opens  into  the  upper  part  of  a  brick  chamber, 
4  feet  long  and  broad,  and  6  feet  high.  In  this  chamber  the  calomel  condenses  in 
the  form  of  a  soft  powder.  As  the  iron  of  the  tube  decomposes  a  portion  of  the 
calomel,  a  small  quantity  of  mercuric  chloride  is  added  to  the  mixture  (Calvert, 
J.  Pharm.  [3]  iii.  121).  Soubeiran  (J.  Pharm.  xxix.  502)  adopts  the  same  process, 
excepting  that  he  heats  the  materials  in  an  earthen  retort,  and  uses  a  large  earthen 
vessel  as  a  condensing  chamber.  The  pulverulent  calomel  obtained  by  either  of  these 
processes  is  washed  with  a  large  quantity  of  warm  water,  or  a  small  quantity  of 
warm  alcohol,  to  free  it  from  the  corrosive  sublimate  with  which  it  is  usually  con- 
taminated. 

6.  In  the  wet  way. — 1.  By  precipitating  a  warm  dilute  solution  of  mercurous  nitrate 
with  excess  of  common  salt  or  sal-ammoniac,  and  washing  the  precipitate  thoroughly 
with  cold  water.  The  calomel  obtained  by  this  process,  first  proposed  by  Scheele, 
is  in  the  form  of  a  remarkably  fine  powder,  and  has  consequently  somewhat  more 
active  medicinal  properties  than  the  ordinary  preparation.  Its  more  energetic  action 
may  perhaps  be  partly  due  to  an  admixture  of  basic  mercurous  nitrate,  or  mercuric 
oxide,  which,  according  to  Buchner,  Mialhe,  and  others,  are  sometimes  found  in  it. 
This  admixture,  however,  does  not  occur  if  the  solution  of  mercurous  nitrate  be  largely 
dilated,  and,  if  necessary,  filtered,  before  being  mixed  with  the  soluble  chloride,  and 
if  the  common  salt  or  sal-ammoniac  be  added  in  excess,  and  the  liquid  heated  for 
some  time  in  contact  with  the  precipitate.  To  the  same  end,  Sefstrom,  Geiger, 
and  Trautwein  (Kepert.  Pharm.  xi.  72;  xii.  155)  recommend  that  a  little  nitric 
acid  be  added  to  the  mercurous  solution  before  mixing;  and  Chenevix  advises  the 
addition  of  hydrochloric  acid  to  the  solution  of  common  salt.  In  that  case,  however, 
the  liquid  must  not  be  heated  so  much,  as,  otherwise,  part  of  the  calomel  will  be  re- 
dissolved  in  the  form  of  mercuric  chloride.  According  to  D  u m  a  s,  the  calomel  obtained 
by  the  use  of  common  salt  always  contains  more  or  less  of  that  substance,  and  cannot 
be  freed  from  it  by  washing ;  the  presence  of  the  salt  renders  the  calomel  thus  prepared 
more  soluble  than  that  obtained  by  sublimation;  but  Mialhe  (J.  Pharm.  xxii. 
586)  found  only  traces  of  common  salt,  and  no  difference  in  the  solubility. — 2.  Sul- 
phurous acid  gas,  evolved  by  heating  sulphuric  acid  with  charcoal,  is  passed  into  a 
solution  of  mercuric  chloride  saturated  at  50°.  The  reaction  is  as  follows  : 

2HgCl2  +  SO2  +  2H20  =  Hg2Cl2  +  2HC1  +  IFSO«. 

The  filtered  liquid  still  contains  a  certain  quantity  of  undecomposed  mercuric  chloride, 
and,  therefore,  still  gives  a  precipitate  of  calomel  when  heated  with  sulphurous  acid 
to  the  boiling  point  (Wo hie r,  Ann.  Ch.  Pharm.  xc.  124).  According  to  Sartorius 
(ibid.  xcvi.  325),  the  decomposition  is  almost  complete  in  the  first  instance,  provided 
the  solution  is  sufficiently  dilute  (1  pt.  mercuric  chloride  to  80  water)  and  the  liquid 
eaturated  with  sulphurous  acid  is  heated  for  some  time  to  70°  or  80°.  Calculation 
requires  a  product  of  84  per  cent. ;  experiment  gave  84*6  per  cent. 

Impurities  and  Adulterations. — 1.  Mercuric  chloride:  Cold  water  or  alcohol  agitated 
with  the  powder  for  some  time  and  then  filtered,  turns  brown  on  the  addition  of 
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sulphydric  acid,  &c.  2.  Basic  mercurous  or  mercuric  nitrates'.  Red  fumes  evolved 
on  beating  the  substance  in  a  flask  or  tube  till  it  sublimes.  3.  Metallic  mercury :  Grey 
colour  ;  globules  of  mercury  discernible  under  the  microscope.  4.  Pounded  heavy  spar 
and  similar  impurities  remain N  behind  on  sublimation.  5.  Gum  and  other  organic 
substances:  Empyreumatic  odour  on  the  application  of  heat;  solubility  in  water  or 
alcohol,  &c. 

Properties. — Sublimed  calomel  crystallises  in  dimetric  forms  like  the  native  mineral, 
but  the  prisms  are  generally  united  in  fibrous  masses.  Specific  gravity  of  the  artificial 
product,  6'9920  (Karsten);  7'140  (P.  Boullay).  Vapour-density,  according  to 

Mitscherlich's  observation,  8'35 ;  bycalc.  for  HgCl,  8'25  (=  2QQ  *  35'5   x  0'0693). 

It  is  dirty  white,  translucent,  and  has  a  very  high  refractive  and  dispersive  power ;  it 
acquires  a  transient  yellow  colour  when  heated  in  the  state  of  powder.  Precipitated 
calomel  is  a  white,  heavy  powder,  with  a  tinge  of  lemon-yellow.  Calomel  volatilises 
below  a  red  heat,  without  previous  fusion.  According  to  Faraday,  it  does  not  volatilise 
at  ordinary  temperatures.  It  is  tasteless  and  inodorous,  and  may  be  regarded  as  quite 
insoluble  in  water ;  for,  according  to  Pfaff,  a  perceptible  precipitate  is  produced  in 
a  solution  of  mercurous  nitrate  by  hydrochloric  acid  diluted  with  250,000  pts.  of  water. 
Decompositions. — 1.  Calomel  becomes  dark  grey  on  exposure  to  light. — 2.  Heated 
in  a  current  of  phosphorus-vapour,  it  yields  phosphite  of  mercury  and  trichloride  of 
phosphorus  (H.  Davy).  3.  When  heated  with  a  small  quantity  of  sulphur,  it  yields 
cinnabar  and  mercuric  chloride ;  with  a  larger  quantity  of  sulphur,  the  products  are 
cinnabar  and  chloride  of  sulphur : 


Hg2CP  4-  S   =  HgCl2  + 
and  Hg'CP  +  S*  =  2HgS     +  S'-'Cl2 

4.  When  immersed  in  cold  aqueous  sulphurous  acid,  it  turns  grey,  and  in  the  same 
liquid  at  the  boiling  heat  it  becomes  greyish-black,  from  loss  of  chlorine.  In  this 
greyish-black  powder,  no  metallic  -mercury  can  be  discovered  with  the  lens ;  but  when 
heated,  it  is  resolved  into  calomel  and  metallic  mercury  ;  it  is  probably,  therefore,  a 
subchloride  (A.  Vogel). — 5.  Calomel  gives  up  its  chlorine  to  many  metals,  both  in  the 
dry  and  in  the  wet  way.  On  boiling  it  with  copper  and  water,  a  green  solution  is 
quickly  formed,  and  the  copper  becomes  covered  with  a  black  film,  from  which  hydro- 
chloric acid  extracts  cupric  oxide,  leaving  a  residue  of  metallic  mercury  (A.  Vogel, 
J.  pr.  Chem.  viii.  107). — 6.  By  aqueous  stannous  chloride,  it  is  reduced  to  the  metallic 
state,  after  some  time  at  ordinary  temperatures,  but  quickly  on  boiling  (A.  Vogel, 
Kastn.  Arch,  xxiii.  78). — 7.  With  trisulphide  (mineral  kermes)  or  pentasulphide  of  an- 
timony, it  is  gradually  converted  into  black  sulphide  of  mercury  and  trichloride  of 
antimony. — 8.  Calomel  triturated  with  iodine  and  water,  yields  mercuric  chloride, 
which  dissolves,  and  mercuric  iodide,  of  which  the  water  takes  up  a  small  portion. 
(Planche  and  Souberain,  J.  Pharm.  xii.  651.) 

Hg2CP  +  I2  =  HgCl2  +  Hgl2. 

9.  Calomel  digested  in  aqueous  solutions  of  the  iodides  of  the  alkali-metals,  magnesium 
zinc,  or  iron,  yields  dark  green  mercurous  iodide,  and  an  aqueous  metallic  chloride. 
The  mercurous  iodide  thus  produced  remains  unchanged  for  a  long  time  in  the  dark ; 
but  when  exposed  to  light  it  first  becomes  yellow,  and  then  red  from  loss  of  mercury — 
fuses  into  a  black-brown  liquid — gives  off  mercury  and  mercuric  iodide — and  leaves 
a  white  residue  of  metallic  chloride,  together  with  the  excess  of  metallic  iodide 
employed  (Laboure,  J.  Pharm.  iv.  329).  10.  Hot  nitric  acid  dissolves  calomel,  with 
evolution  of  nitric  oxide  gas,  forming  a  solution  of  mercuric  chloride  and  mercuric 
nitrate : 

3Hg'CP  +  4HN03  =  3HgCP  +  3HgN08  +  2H20  +  NO. 

Cold  sulphuric  acid  neither  dissolves  nor  decomposes  calomel,  even  after  a  long  time  ; 
but  hot  sulphuric  acid  dissolves  it  (the  liquid  solidifying  to  a  white  saline  mass  on 
cooling),  giving  off  sulphurous  anhydride,  yielding  a  sublimate  of  mercuric  chloride,  and 
leaving  a  residue  of  mercuric  chloride  mixed  with  mercuric  sulphate.  (A.  Vogel.) 

Hg2CP  +  2H2S04  =  HgCP  +  HgSO4  +  SO*  +  2H20. 

11.  Calomel  immersed  in  aqueous  hydrocyanic  acid  yields  metallic  mercury  and  a 
liquid  which  contains  cyanide  of  mercury  and  hydrochloric  acid  (Scheele,  Opusc.  ii. 
195).  Part  of  the  calomel,  however,  remains  undecomposed,  or,  at  least,  undissolved, 
even  when  an  excess  of  hydrocyanic  acid  is  present ;  the  undissolved  portion  is  not 
metallic  mercury,  but  a  black  powder  which,  when  heated,  gives  off  calomel  vapour, 
together  with  a  small  quantity  of  permanent  gas,  and  leaves  a  carbonaceous  powder 
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(Soubeiran,  J.  Pharm.  xv.  523).  The  decomposition  by  hydrocyanic  acid  must  there- 
fore be  more  complicated  than  that  which  would  be  expressed  by  the  equation : 

Hg'Cl*  +  2HCy    =    Hg  +  HgCy2  +  2HC1, 

and  deserves  further  examination  ;  to  the  medical  practitioner,  it  is  important  to  know 
that  the  mild  substance  calomel  is  converted  by  hydrocyanic  acid  into  a  compound 
which  acts  so  violently  as  cyanide  of  mercury. — 12.  Calomel  heated  with  dry  fixed 
alkalis,  yields  mercury,  oxygen  gas,  and  a  Chloride  of  the  alkali-metal : 

Hg2CP  +  2KHO  =  2KC1  +  Hg2    +  H20  +  0. 

By  aqueous  fixed,  alkalis  it  is  converted  into  black  mercurous  oxide,  a  chloride  of  the 
alkali-metal  remaining  in  solution.  Calomel  likewise  blackens  when  immersed  in  aqueous 
ammonia,  not,  however,  by  conversion  into  mercurous  oxide,  but  into  chloride  of  mer- 
eurosammonium  (NH8Hhg)Cl.  The  supernatant  ammoniacal  liquid  contains  a  small 
quantity  of  mercury  in  solution.  Carbonate  of  ammonium  colours  calomel  grey  and 
quickly  dissolves  it,  with  the  exception  of  a  small  grey  residue  of  metallic  mercury. 
Carbonate  of  magnesium  exerts  no  action  in  the  cold,  even  in  the  presence  of  water ; 
but  at  the  boiling  heat,  carbonic  anhydride  is  evolved,  mercury  separated,  and  a  solution 
formed,  containing  mercuric  oxide  in  combination  with  magnesia  (Buchner,  Eepert. 
Pharm.  iii.  31 ;  iv.  289).  According  to  A.  Vogel,  Jun.  (Kepert.  Pharm.  [3]  i.  34), 
calomel  heated  with  water  and  carbonate  of  calcium  (or  magnesium)  is  converted  into 
mercurous  (and  mercuric  ?)  oxide  and  metallic  mercury,  carbonic  anhydride  being 
evolved  and  chloride  of  calcium  formed.  The  carbonates  of  barium  and  strontium 
act  in  a  similar  manner,  but  not  so  strongly.  When  calomel  is  boiled  with  pounded 
gypsum,  chloride  of  calcium  and  mercuric  sulphate  are  formed;  a  similar  effect  is 
produced  by  boiling  with  sulphate  of  sodium. — 13.  By  aqueous  vapour  and  boiling 
water,  calomel  is  partly  converted  into  metallic  mercury,  or  into  a  grey  compound  of 
calomel  with  excess  of  mercury  and  soluble  mercuric  chloride. — 14.  Boiling  hydro- 
chloric acid  quickly  converts  calomel  into  mercuric  chloride  and  metallic  mercury. 
On  the  other  hand,  when  water  containing  hydrochloric  acid  is  boiled  in  an  open 
vessel  with  calomel,  the  calomel  is  completely  converted  into  mercuric  chloride,  without 
separation  of  mercury. 

Chloride  of  potassium,  chloride  of  sodium,  and  especially  chloride  of  ammonium, 
convert  calomel  into  mercuric  chloride,  and  unite  with  the  latter  forming  double  salts. 
Hence  calomel  should  never  be  prescribed  for  internal  use  in  conjunction  with  either 
of  these  alkaline  chlorides,  especially  sal-ammoniac.  [For  further  details  relating  to 
this  and  other  reactions  of  calomel,  see  Gmelin's  Handbook,  vi.  48-53.] 

Compounds  of  Mercurous  Chloride. — a.  With  Ammonia.  100  pts.  of  dry 
calomel  absorb  7'38  pts.  ammonia-gas,  forming  the  compound  N2H6(Hg2)"Cl2.  The  com- 
pound is  black,  but  gives  off  ammonia  on  exposure  to  the  air,  and  leaves  white 
mercurous  chloride  (H.  Eose).  See  MERCURY-BASES,  AMMONIACAL. 

0.  With  Chloride  of  Sulphur.  Hg2Cl2.SCl2.— Produced  by  intimately  triturating 
27  pts.  mercuric  chloride  and  6  pts.  washed  and  dried  flowers  of  sulphur,  and  gently 
heating  the  mixture  in  a  porcelain  dish  covered  with  a  glass  funnel :  it  then  effloresces 
in  slender  crystals.  These  must  be  taken  out  after  cooling  and  the  operation  repeated 
as  long  as  any  efflorescence  is  produced.  The  compound  may  also  be  prepared  by 
mixing  calomel  and  dichloride  of  sulphur  to  a  stiff  paste  in  a  retort,  and  gently  heating 
the  mixture  after  it  has  stood  for  twenty-four  hours.  The  excess  of  sulphur-chloride 
then  distils  over  first ;  afterwards  the  mass  gradually  melts  and  acquires  a  red  colour ; 
and  finally  the  salt  sublimes  in  right  rectangular  prisms  with  rhombic  aeumina- 
tion :  they  are  yellowish  white  when  cold,  and  are  instantly  decomposed  by  water. 
(Capitaine,  J.  Pharm.  xxv.  525  and  566.) 

7.  With  Platinous  oxide. — This  compound  is  produced  in  the  form  of  a  brown 
powder  on  mixing  mercurous  nitrate  with  platinic  chloride.  On  heating  it,  mercurous 
chloride  sublimes,  and  platinous  oxide  remains  behind. 

5.  With  Stannous  Chloride.  Hg2CP.8nCl2.— Prepared  by  intimately  mixing  1  pt.  of 
finely  pulverised  tin-amalgam  (3  pts.  tin  to  1  pt.  mercury)  with  24  pts.  calomel, 
filling  a  retort  to  about  one-fourth  with  the  mixture,  and  exposing  it  to  a  heat  gradually 
rising  to  250°.  The  mass  when  cold  is  pulverised  and  heated  in  a  flask  to  300°, 
whereupon  the  double  chloride  sublimes  in  very  small  white  arborescent  crystals,  and 
metallic  mercury  remains.  The  crystals  are  decomposed  by  water.  (Capitaine,  J. 
Pharm.  xxv.  549.) 

e.  With  Sulphuric  anhydride. — Calomel  absorbs  the  vapour  of  sulphuric  anhydride, 
forming  a  white  translucent  mass.  (H.  Kose,  Pogg.  Ann.  xliv.  325.) 

XVTercuric  Chloride.  Hg"Cl2. — Protochloride,  Bichloride,  Muriate  of  Mercury, 
Corrosive  Sublimate  ;  aetzender  Quecksilber-sublmat,  Aetzsublimat,  Sublimat ;  Deuto- 
chlorure  de  Mercure,  Sublime  corrosif;  Mercurius  sublimatus  corrosivus,  Hydrargyrum 
corrosivum  album. 
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This  compound  is  produced: — 1.  By  burning  mercury  in  excess  of  chlorine  gas. — 
2.  By  dissolving  mercury  in  aqua  regia  containing  excess  of  hydrochloric  acid,  evapo- 
rating, dissolving  the  residue  in  boiling  water,  and  leaving  the  salt  to  crystallise  by 
cooling. — 3.  By  dissolving  mercuric  oxide  in  hydrochloric  acid,  and  in  general  by 
double  decomposition  of  mercuric  oxide  or  a  mercuric  salt  with  metallic  chlorides. 

It  is  prepared  on  the  large  scale  by  decomposing  mercuric  sulphate  with  chloride 
of  sodium.  An  intimate  mixture  of  equal  parts  of  common  salt  and  mercuric  sulphate 
(prepared  by  boiling  4  pts.  mercury  with  5  pts.  strong  sulphuric  acid,  till  the  mixture 
is  reduced  to  a  dry  saline  mass)  is  exposed  to  a  gradually  increasing  heat,  in  a  glass 
flask  having  a  long  wide  neck,  or  better  in  a  narrow-necked  retort ;  mercuric  chloride 
then  sublimes  on  the  cold  part  of  the  vessel,  while  sulphate  of  sodium  remains  behind. 
On  account  of  the  extremely  poisonous  nature  of  the  vapours,  the  process  must  be 
performed  under  a  chimney  having  a  good  draught.  The  mercuric  sulphate  frequently 
contains  a  small  quantity  of  mercurous  sulphate,  which  is  converted  by  the  chloride  of 
sodium  into  calomel :  to  prevent  this  contamination,  a  small  quantity  of  peroxide  of 
manganese  is  added  to  the  mixture  ;  or  10  pts.  mercury,  3  common  salt,  3  peroxide  of 
manganese,  11  sulphuric  acid  and  3  water,  are  triturated  together,  and  the  mixture  is 
then  heated  as  above : 

Hg  +  2NaCl  +  MnO2  +  2H2S04  =  HgCl2  +  Na2S04  +  MnSO4  +  2H'0. 

Another  very  good  method  is  to  mix  a,  boiling  concentrated  solution  of  mercurous 
nitrate  with  concentrated  hydrochloric  acid  as  long  as  a  precipitate  is  formed,  and  boil 
the  latter  with  a  quantity  of  hydrochloric  acid  equal  to  that  which  was  used  for  the 
precipitation.  The  reaction  is  : 

Hg2(N03)2  +  4HC1  =  2HgCl8  +  2H20  +  2N02. 

The  solution  on  cooling  deposits  the  mercuric  chloride  in  beautiful  crystals. 

Mercuric  chloride  crystallises  in  two  forms,  both  belonging  to  the  trimetric  system. 
The  crystals  which  separate  from  the  alcoholfc  solution  exhibit  the  combination 

oo  P  .  £o>  .  oP  .  P.  Katio  of  axes  a  :  b  :  c  =  0*7254  :  1  :  1-0686.  Angle  ooP :  ooP 
in  the  macrodiagonal  principal  section  =  71°  55';-  foo  :  foo  in  the  basal  principal 
section  =  93°  48'. — For  the  crystals  obtained  by  sublimation,  a  ':  b  :  c  =  0'9347  :  1 : 
0-3396.  Angle  <xP  :  ooP,  in  the  macrodiagonal  principal  section  =.  86°  8';  co?2 

ooP2  =  50°  6' ;  £00  :  £00  in  the  basal  principal  section  =  37°  30' ;  2P"  <»  :  2P"  o>  in 
the  same  '68°  22'.  The  crystals  exhibit  these  faces  together  with  ooPoo .  They 
are  white,  and  exhibit  various  degrees  of  translucency  up  to  complete  transparency. 
Specific  gravity  =  5-4032  (Karsten);  5'420  (Boullay).  Vapour-density  9-8 

(Mi tscherlich):  by  calculation,  9-48  (  =  20°  *    2  '  35'5  x  0-0693). 

Mercuric  chloride  melts  at  265°,  boils  at  295°,  and  volatilises  somewhat  more  easily 
than  calomel,  even  at  ordinary  temperatures.  It  has  a  disagreeable  metallic  taste 
and  is  a  very  powerful  acrid  poison.  It  dissolves  in  water,  alcohol  and  ether. 
According  to  Poggiale,  100  pts.  water  at  different  temperatures  dissolve  the  following 
quantities  of  mercuric  chloride. 


Tempe-  Quantity  of  salt 

rature.  disscv 


y  ot  s; 

)ved. 

0°  5-73 

10  6-57 

20  7-39 

30  8-43 

40  9-62 

50  11-34 


Tempe-  Quantity  of  salt 

rature.  dissolved. 


60° 
70 
80 
90 
100 


13-86 
17-29 
24-32 
37-05 
58-96 


In  alcohol  the  salt  is  much  more  soluble,  requiring  only  2|  pts.  at  ordinary  tempera- 
tures, and  1|  pts.  at  the  boiling  point  of  alcohol ;  and  it  is  almost  equally  soluble  in 
ether.  Hence  when  an  aqueous  solution  of  mercuric  chloride  is  shaken  up  with  ether, 
the  ether  extracts  the  greater  part  of  it.  Mercuric  chloride  volatilises  in  somewhat 
considerable  quantity  with  the  vapours,  when  its  alcoholic  or  ethereal  solution  is 
boiled. 

Mercuric  chloride  dissolves  in  considerable  quantity  in  boiling  concentrated  hydro- 
chloric acid,  and  the  solution  solidifies  on  cooling  to  a  crystalline  mass  having  a 
mother-of-pearl  lustre,  which,  however,  becomes  fluid  again  at  the  heat  of  the  hand. 
This  mass  consists,  according  to  Boullay,  of  an  acid  mercuric  or  hydromercuric  chloride 
2HgCl2.HCl.  When  exposed  to  the  air,  It  effloresces,  gives  off  the  excess  of  acid,  and 
leaves  the  neutral  chloride.  Mercuric  chloride  likewise  dissolves  with  great  facility  in 
nitric  acid,  and  crystallises  from  the  solution  by  cooling  or  evaporation.  Sulphuric 
acid  has  no  action  upon  it. 
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Many  metals,  viz,  arsenic,  antimony,  bismuth,  zinc,  tin,  lead,  iron,  nickel,  and  copper, 
decompose  mercuric  chloride  in  the  dry  way,  withdrawing  the  half  or  the  whole  of  its 
chlorine,  and  separating  calomel  or  metallic  mercury,  which  latter  forms  an  amalgam 
with  the  excess  of  the  other  metal.  Arsenic  forms  trichloride  of  arsenic  and  a  brown 
sublimate.  An  intimate  mixture  of  3  pts.  antimony  and  1  pt.  corrosive  sublimate, 
well  pressed  into  a  glass,  becomes  hot  and  liquid  in  the  course  of  half  an  hour,  and  on 
the  application  of  heat,  yields  trichloride  of  antimony  and  metallic  mercury.  Tin 
heated  with  mercuric  chloride  yields  a  distillate  of  stannic  chloride,  and  a  grey  resi- 
due containing  calomel  and  stannous  chloride.  Many  metals  also  reduce  mercury 
from  the  aqueous  or  alcoholic  solution  of  the  chloride.  Most  metals  throw  down 
calomel  together  with  the  mercury  ;  but  zinc,  cadmium,  and  iron  precipitate  nothing 
but  mercury,  zinc  being  thereby  converted  into  a  semi-fluid  amalgam,  and  cadmium 
forming  an  amalgam  which  crystallises  in  beautiful  needles.  For  the  other  reactions 
of  mercuric  chloride  in  solution,  see  p.  900. 

Compounds  of  Mercuric  Chloride,  a.  With  Ammonia. — When  mercuric 
chloride  is  gently  heated  in  a  stream  of  ammoniacal  gas,  the  latter  is  absorbed,  and  the 
compound  fuses  by  the  heat  evolved  in  the  combination.  The  product  was  found  by  Rose 
to  contain  HgCP.NH3.  This  compound  boils  at  590°,  and  may  be  distilled  without 
loss  of  ammonia;  it  is  decomposed  by  water. — (See  MERCURY -BASES,  AMMONIA.CAL.) 

)8.  With  other  chlorides. — Mercuric  chloride  unites  with  many  other  metallic  chlorides, 
forming  crystalli sable  double  salts.  They  are  prepared,  for  the  most  part,  by  mixing 
the  aqueous  solutions  of  the  two  salts  in  the  required  proportions,  and  crystallising  by 
spontaneous  evaporation. 

Ammonium-salts. — One  of  these  double  salts  has  long  been  known  as  sal  alembroth. 
It  crystallises  in  flattened  rhombic  prisms,  2NH4Cl.HgCl2.H20,  and  is  isomorphous 
with  the  corresponding  potassium-salt.  When  exposed  to  dry  air,  it  gives  off  its  water 
without  change  of  form.  Kane  has  also  obtained  JSH4Cl.HgCl2,  and  the  same  with 
i  at.  water,  2(NH4Cl.HgCl2).H20,  the  first  in  a  rhomboi'dal  form,  and  the  second 
in  long  silky  needles. — According  to  J.  Holmes  (Chem.  News,  v.  351)  a  solution  of 
26  pts.  mercuric  chloride  and  1  pt.  sal-ammoniac  in  hydrochloric  acid  deposits  crystals 
of  the  salt  2NH4C1.9HgCl2 ;  and  on  mixing  this  solution  with  a  very  large  excess  of 
hydrochloric  acid,  or  by  dissolving  in  that  acid  a  mixture  of  3  pts.  mercuric  chloride 
and  1  pt.  sal-ammoniac,  the  salt  2NH4C1.3HgCl2.4lPO  is  obtained. 

The  chlorides  of  barium  and  strontium  form  well-crystallised  compounds  with  mercuric 
chloride,  viz.  BaCl2.HgCl2.4H20,  and  SrCl2.2HgCK2IPO.  Chloride  of  calcium  com- 
bines in  two  proportions  with  mercuric  chloride.  When  the  latter  is  dissolved  to  satura- 
tion in  chloride  of  calcium,  tetrahedral  crystals  separate  from  the  solution,  which  are 
tolerably  persistent  in  the  air,  and  contain  CaCl2.5HgCl2.8H2O.  After  the  deposition 
of  these  crystals,  the  liquid  yields,  when  evaporated  by  a  gentle  heat,  a  second  crop 
of  large  prismatic  crystals,  CaCl2.2HgCl2.6H20,  which  are  very  deliquescent. 

The  chlorides  of  cobalt  and  copper  also  form  crystallisable  double  salts  ;  chloride  of 
lead  does  not  appear  to  form  a  double  salt  with  mercuric  chloride. 

The  iron-salt,  FeCl2.HgCl2.4H-'0,  and  the  manganese-salt,  MnCl2.HgCl2.4H2O, 
are  isomorphous  and  crystallise  in  rhombic  prisms.  An  excess  of  mercuric  chloride 
dissolves  in  the  latter  salt,  and  crystallises  on  cooling  in  large  rhombic  crystals. 

Chloride  of  magnesium  forms  two  double  salts,  with  mercuric  chloride,  viz. 
MgCl2.3HgCi2.H20,  and  MgCl2.HgCl2.6H20,  both  deliquescent.  Chlorid,e  of  nickel 
gives  two  compounds,  one  of  which  crystallises  in  tetrahedrons,  like  the  calcium- 
salt. 

Potassium-salts. — When  an  aqueous  solution  of  potassium-chloride  is  saturated  at 
30°  with  pulverised  mercuric  chloride,  the  liquid  decanted,  a  quantity  of  potassium- 
chloride  added  equal  to  that  already  present,  and  the  solution  left  to  evaporate,  the 
salt  2KCl.HgCl2.H20  is  deposited  in  large  rhombic  prisms.  If  the  solution  saturated 
at  30°  be  left  to  evaporate  without  further  addition  of  chloride  of  potassium,  another 
salt  KCl.HgCl2.H20  is  obtained  in  delicate  asbestos-like  crystals  ;  and  lastly,  a  solu- 
tion of  potassium-chloride  heated  to  60°  and  saturated  with  mercuric  chloride,  solidifies 
on  cooling  to  a  mass  of  slender  needles  having  the  composition  KC1.2HgCP.2H20. 
The  sodium-salt  NaCl.HgCl2.2H20  crystallises  in  six-sided  prisms. 
The  zinc-salt  has  not  been  analysed.  An  aqueous  solution  of  zinc-chloride  contain- 
ing excess  of  mercuric  chloride  deposits  the  latter,  on  evaporation,  in  large  beautiful 
crystals,  after  which  a  double  salt  slowly  separates  in  very  deliquescent  plates  and 
needles.  (Bonsdorff.) 

Mercuric  Chloride  with  Acid  Chromate  of  Ammonium. — A  solution  of  equal  parts  of 
these  two  salts  yields,  by  concentration  and  cooling,  large,  shining,  rose-coloured,  six- 
sided  prisms,  of  the  salt  HgCl2.[(NH4)2Cr04.CrOs].H20  (Richmond  and  Abel, 
Chem.  Soc.  Qu.  J.  iii.  202).  The  salt  was  discovered  by  Darby  (Mem.  Chem.  Soc.  i. 
24),  who  however  assigned  to  it  a  different  formula.  According  to  Zepharovich 
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(Wien.  Akad.  Ber.  xxxix.  17)  the  crystals  are  monocljnic  and  exhibit  the  faces  oP  . 
ooPoo  .  +  iPoo  .  -iPoo.  [Poo]  .  [IPoo]  .  ooP  .  [ooP2]  .  +  P  .  +  1P.  Eatio  of  axes 
a  :  b  :  c  =  0'5(>87  :  6-6462  :  1.  Angle  of  b  and  c  =  84°  3';  ooP  :  ooP  in  the  clino- 
diagonal  principal  section  =  76°  42';  oP  :  »P  =  98°  41';  oP  :  [Poo  =  117°  6';  oP  : 
[IP  oo  ]  =  135°  38'.  Cleavage  parallel  to  oP  and  -|Poo  . 

The  mother-liquor,  from  which  this  salt  has  separated,  yields  by  further  evaporation 
beautiful  red  needles  of  the  salt,  HgCl2.3[(NH4)2Cr04.Cr03].  (Kichmond  and 
Abel.) 

Mercuric  chloride  also  forms  double  salts  with  the  neutral  and  acid  chromates 
of  potassium,  viz.  2HgCl2.K2Cr01  and  HgCl2.K2Cr04.Cr03].  See  CHKOMATES  (i. 
938). 


Mercuric  Chloride  with  Basic  Cupric  Acetate.      '       „        I  Os.2Hg"Cl2.     This  com- 

pound is  produced,  according  to  Wohler,  on  mixing  the  solutions  of  mercuric  chloride 
and  neutral  cupric  acetate,  saturated  at  ordinary  temperatures,  and  leaving  the  mixture 
to  itself  for  some  time  :  it  then  separates  in  radiate  hemispheric  groups  of  crystals 
having  a  very  fine  deep  blue  colour.  It  is  nearly  insoluble  in  cold  water,  and  is  de- 
composed by  boiling  water. 

Mercuric  chloride  also  unites  with  sulphide  of  ethyl,  forming  the  compound 
(C*H*)«S.HgCla,  already  described  (ii.  545)  ;  and  with  sulphide  of  methyl,  forming  a 
similar  compound. 

MERCURY,   CYANIDE   OP.     See  CYANIDES  (ii.  253). 

MERCURY,  DETECTION1  AND  ESTIMATION  OF.  1.  Reactions  in 
the  dry  way.  —  Most  mercury  compounds  are  decomposed  by  heat,  and  give  off  me- 
tallic mercury  ;  but  mercurous  chloride  and  bromide  and  mercuric  chloride  and  iodide 
sublime  undecomposed.  All  mercury-compounds,  when  thoroughly  dried,  intimately 
mixed  with  dry  carbonate  of  sodium,  and  heated  before  the  blowpipe  in  a  tube  closed 
at  one  end,  are  decomposed  and  give  off  metallic  mercury,  which  condenses  in  the  cold 
part  of  the  tube.  Those  mercury-compounds  which  are  volatile  without  decomposition, 
the  chlorides  for  example,  may  escape  decomposition  by  carbonate  of  sodium.  In  this 
case  the  mixture  must  be  slightly  moistened  with  water,  the  water  expelled  by  gentle 
heating  over  the  lamp,  and  removed  with  blotting  paper,  the  tube  being  held  horizon- 
tally to  prevent  the  water  from  running  down  to  the  heated  part.  When  the  moisture 
is  all  expelled,  the  blowpipe  flame  is  applied  as  before.  This  is  an  easy  and  certain 
method  of  detecting  mercury.  When  the  quantity  of  mercury  present  is  very  small, 
the  sublimate  which  forms  on  the  cold  part  of  the  tube  may  look,  to  the  unassisted  eye, 
like  arsenic  or  antimony  ;  but  examination  with  a  lens  will  show  that  it  consists  of 
minute  liquid  globules. 

2.  Eeactionsin  Solution. 

a.  Of  Mercurous  salts.  Normal  or  neutral  mercurous  salts  are  white;  the  basic 
salts  are  frequently  yellow.  Most  of  them  are  soluble  in  water,  redden  litmus,  have  a 
metallic  taste,  and  do  not  act  very  violently  on  the  animal  body.  All  soluble  mercur- 
ous salts  are  partially  decomposed  by  water,  a  basic  salt  being  precipitated  and  an  acid 
salt  left  in  solution  ;  free  acid  redissolves  the  basic  salt. 

Sulphi/dric  acid  and  sulphide  of  ammonium  form  with  mercurous  salts  a  black  pre- 
cipitate of  mercurous  sulphide  Hg2S,  insoluble  in  sulphide  of  ammonium  and  in  nitric 
acid,  soluble  in  nitro-muriatic  acid  and  in  sulphide  of  potassium. 

Hydrochloric  acid  and  soluble  chlorides  form,  even  in  very  dilute  solutions,  a  white 
precipitate  of  mercurous  chloride,  which  is  insoluble  in  dilute  acids,  and  is  blackened  by 
potash  or  ammonia.  Boiling  nitric  acid  dissolves  it  ;  boiling  hydrochloric  acid  decom- 
poses it  into  mercuric  chloride  which  dissolves,  and  metallic  mercury,  which  remains 
as  a  grey  powder. 

Iodide  of  potassium  forms  a  greenish  -yellow  precipitate  of  mercurous  iodide  (always, 
however,  mixed  with  mercuric  iodide)  soluble  in  excess. 

Cyanide  of  potassium  separates  metallic  mercury,  the  mercurous  cyanide  Hg2Cy2, 
formed  in  the  first  instance,  being  resolved  into  mercuric  cyanide,  HgCy2,  and  mer- 
cury. 

Ferrocyanide  of  potassium  forms  a  white;  ferricyanide  of  potassium,  a  reddish-brown 
precipitate. 

Phosphate  of  sodium  and  oxalic  acid  form  white  precipitates;  chromate  of  potas- 
sium, a  red  ;  gallic  acid,  a  brownish-yellow  precipitate. 

Mercurous  salts  are  reduced  by  metallic  copper  and  zinc,  by  stannous  chloride,  fer- 
rous sulphate,  sulphurous  acid,  and  phosphorous  acid,  metallic  mercury  being  separated 
as  a  grey  powder. 

All  mercurous  salts  are  converted  into  mercuric  salts  by  boiling  with  nitric  acid. 
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ft.  Of  Mercuric  salts.  Normal  mercuric  salts  (containing  2  at.  of  an  acid  radicle 
to  1  at.  Hg)  are  colourless  ;  the  basic  salts  are  frequently  yellow.  They  are  violent 
acrid  poisons,  and  have  a  disagreeable  metallic  taste.  The  normal  salts  redden  litmus. 
Most  of  them  are  soluble  in  water.  They  are  partially  decomposed  by  water,  with  se- 
paration of  a  basic  salt  requiring  free  acid  to  dissolve  it.  The  chloride,  however,  dis- 
solves in  water  without  decomposition ;  hence  a  solution  of  mercuric  chloride  differs  in 
some  of  its  reactions  from  that  of  the  nitrate  and  of  other  salts  which  are  partially  de- 
composed by  water.  From  their  aqueous  solutions,  the  mercury  is,  for  the  most  part, 
precipitated  in  the  metallic  state  by  the  same  substances  as  from  mercurous  salts ;  but 
the  complete  reduction  of  the  mercury  is  often  preceded  by  the  formation  of  a  mercu- 
rous salt :  such  for  example  is  the  action  of  phosphorous  acid,  sulphurous  acid,  stannous 
chloride,  metallic  copper,  &c.  Formic  acid  reduces  mercuric  to  mercurous  chloride,  and 
no  excess  of  the  reagent  carries  the  reduction  further,  unless  the  solution  be  heated 
nearly  to  boiling.  Gold  does  not  by  itself  reduce  mercury  from  its  salts ;  but  if  a  drop 
of  a  mercuric  solution  be  laid  on  a  piece  of  gold,  and  a  bar  of  zinc,  tin,  or  iron  be 
brought  in  contact  with  the  moistened  surface,  an  electrolytic  action  is  set  up,  and  the 
gold  becomes  amalgamated  at  the  point  of  contact. 

Sulphydric  acid  and  alkaline  sulphides,  added  in  excess  to  mercuric  salts,  throw 
down  a  black  precipitate  of  mercuric  sulphide,  soluble  in  strong  nitric  acid.  If,  how- 
ever, the  quantity  of  the  reagent  added  is  not  sufficient  for  complete  decomposition,  a 
white  precipitate  is  formed,  consisting  of  a  compound  of  mercuric  sulphide  with  the 
original  salt,  and  often  coloured  yellow  or  brown  by  excess  of  the  sulphide ;  this  reac- 
tion is  quite  peculiar  to  mercuric  salts. 

Hydrochloric  acid  forms  no  precipitate  in  solutions  of  mercuric  salts. 

Ammonia  and  carbonate  of  ammonium  form  white  precipitates,  generally  consisting 
of  a  mercurammonium  salt.  The  fixed  alkalis  throw  down  a  yellow  precipitate  of 
mercuric  oxide  (not  hydrated),  insoluble  in  excess.  If,  however,  the  solution  contains  a 
large  quantity  of  free  acid,  no  precipitate  is  formed,  or  only  a  slight  one  after  a 
considerable  time. 

Carbonate  of  potassium  or  sodium  throws  down  red-brown  mercuric  carbonate ; 
but  if  any  ammoniacal  salt  is  present  in  the  solution,  the  fixed  alkalis  and  their 
carbonates  throw  down  the  white  precipitate  above  mentioned.  Acid  carbonate  of 
potassium  or  sodium  also  gives  a  brown-red  precipitate  with  mercuric  nitrate  or  sulphate ; 
but  with  the  chloride,  it  forms  a  white  precipitate  which  afterwards  turns  red.  The 
carbonates  of  barium,  strontium,  and  calcium  precipitate  mercuric  oxide  from  the 
solutions  of  the  sulphate  and  nitrate,  but  not  from  the  chloride. 

Phosphate  of  sodium  throws  down  white  mercuric  phosphate  from  the  sulphate  and 
nitrate,  but  not  from  the  chloride.  Chromate  of  potassium  forms  a  yellowish-red 
precipitate. 

Cyanide  of  potassium  gives  with  mercuric  nitrate  a  white  precipitate  soluble  in 
excess :  it  does  not  precipitate  the  chloride. 

Ferrocyanide  of  potassium  forms,  in  solutions  not  too  dilute,  a  white  precipitate 
which  gradually  turns  blue,  prussian  blue  being  formed,  while  the  filtrate  contains 
cyanide  of  mercury.  Ferricyanide  of  potassium  gives  a  white  precipitate  with  the 
nitrate,  no  precipitate  with  the  chloride. 

Tincture  of  galls  forms  an  orange-yellow  precipitate  with  all  mercuric  solutions  except 
the  chloride. 

Iodide  of  potassium  produces  a  scarlet  precipitate  of  mercuric  iodide,  soluble  in 
excess  either  of  the  mercuric  salt  or  of  iodide  of  potassium. 

3.  Quantitative  Estimation. 

Mercury  is  generally  estimated  in  the  metallic  state;  sometimes,  however,  as 
mercuric  sulphide  HgS,  or  as  mercurous  chloride  Hg2Cl2.  To  separate  it  from 
its  compounds  in  the  metallic  state,  it  may  be  distilled  with  quicklime  in  a  tube 
of  hard  glass  sealed  at  one  end.  Into  this  tube  is  introduced,  first  a  layer  of  carbo- 
nate of  calcium,  about  an  inch  long ;  then  the  mixture  of  the  substance  with  quicklime  ; 
lastly  a  layer  of  quicklime  about  two  inches  long,  and  a  plug  of  asbestos  to  keep  the  lime 
in  its  place.  The  open  end  of  the  tube  is  next  drawn  out  into  a  narrow  neck,  and  bent  at 
an  obtuse  angle.  The  tube  is  laid  in  a  combustion -furnace,  the  same  as  that  which  is 
used  for  organic  analysis,  the  neck  being  turned  downwards  and  made  to  pass  into  a 
narrow-mouthed  bottle  containing  water,  so  as  to  terminate  just  above  the  surface  of 
the  water.  The  tube  is  then  gradually  heated  by  laying  pieces  of  red-hot  charcoal 
round  it,  beginning  at  the  part  near  the  neck  containing  the  pure  quicklime.  This 
portion  having  been  brought  to  a  full  red  heat,  the  heat  is  carefully  extended  towards 
the  middle  part,  to  decompose  the  compound  and  volatilise  the  mercury :  any  portion 
of  the  compound  that  may  volatilise  undecomposed  will  be  decomposed  in  passing  over 
the  red-hot  lime  at  the  end.  Lastly,  the  back  part  of  the  tube  containing  the  carbon- 
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ate  is  heated,  so  as  to  evolve  carbonic  anhydride  and  sweep  out  all  the  mercury 
vapour  contained  in  the  tube.  The  quantity  of  carbonic  anhydride  thus  evolved  may 
be  increased  by  mixing  the  carbonate  of  calcium  with  acid  carbonate  of  sodium.  The 
mercury  condenses  under  the  water  in  the  bottle,  which  must  be  kept  cold.  The  water 
is  poured  off  as  completely  as  possible ;  the  mercury  transferred  to  a  weighed  porcelain 
crucible ;  the  greater  part  of  the  water  which  still  adheres  to  it  removed  by  means  of 
blotting-paper ;  the  drying  completed  over  sulphuric  acid ;  and  the  mercury  finally 
weighed. 

Mercury  may  also  be  precipitated  from  its  solutions  in  the  metallic  state  by  stannous 
chloride  or  by  phosphorous  acid  at  temperatures  above  60°  ;  the  solution  then  decanted ; 
the  mercury  washed  with  water,  and  dried  in  the  manner  just  described. 

If  the  mercury  is  mixed  with  a  considerable  quantity  of  organic  matter,  as  in  cases 
of  mercurial  poisoning,  the  organic  matter  may  be  destroyed  by  treatment  with  nitro- 
muriatic  acid  in  a  distillatory  apparatus  (i.  365),  and  the  liquid  subjected  to  the  action 
of  a  voltaic  current,  the  negative  pole  being  composed  of  a  plate  of  platinum  or  gold. 
The  mercury  then  collects  on  this  plate,  and  may  be  estimated  by  weighing  the  plate 
before  and  after  the  experiment. 

The  precipitation  of  mercury  in  the  form  of  mercurous  chloride  is  best  effected  by 
means  of  hydrochloric  acid  and  formate  of  potassium  or  sodium.  If  the  mercury  is 
contained  in  an  alloy,  the  alloy  must  be  dissolved  in  nitromuriatic  acid ;  if  it  is  con- 
tained in  solution  in  the  form  of  mercuric  nitrate,  hydrochloric  acid  must  be  added,  the 
solution,  in  either  case,  nearly  neutralised  with  potash,  the  formate  then  added,  and 
the  whole  exposed  for  some  days  to  a  temperature  between  60°  and  80°  (at  the  boiling 
heat  the  mercury  .would  be  reduced  to  the  metallic  state).  The  mercurous  chloride  then 
precipitates,  and  must  be  collected  on  a  weighed  filter,  washed,  dried  at  a  gentle  heat, 
and  weighed. 

According  to  the  latest  experiments  of  H.  Rose  (Pogg.  Ann.  ex.  529),  the  best  of 
all  methods  of  estimating  mercury  is  to  precipitate  it  as  calomel  from  the  solution  of 
mercuric  chloride  by  phosphorous  acid,  either  at  ordinary  temperatures  or  at  a  very 
gentle  heat ;  if  the  temperature  rises  above  60°  metallic  mercury  is  precipitated. 

Mercury  is  also  frequently  precipitated  from  its  solutions,  as  a  sulphide,  by  sul- 
phydric  acid.  In  that  case,  if  the  precipitate  consists  of  the  pure  protosulphide,  HgS, 
as  when  it  is  thrown  down  from  a  solution  of  corrosive  sublimate,  the  precipitate  may 
be  simply  collected  on  a  weighed  filter,  washed,  dried  over  the  water-bath,  weighed, 
and  the  quantity  of  mercury  thence  determined.  But  if,  as  is  generally  the  case,  the 
precipitate  also  contains  free  sulphur,  as  when  it  is  thrown  down  from  a  solution  con- 
taining a  ferric  salt  or  a  considerable  excess  of  nitric  acid ;  or  if  it  be  precipitated  in 
conjunction  with  the  sulphides  of  other  metals,  then  the  mercury  must  be  separated 
from  it  by  distillation  with  lime,  as  above  described.  Or  again,  the  mixture  of 
sulphides  may  be  converted  into  chlorides  by  gentle  heating  in  a  stream  of  chlorine 
gas,  the  volatile  chloride  of  mercury  passed  into  water,  and  the  mercury  precipitated 
from  the  solution  by  stannous  chloride. 

The  quantity  of  mercurous  salt  present  in  a  solution  may  also  be  determined 
by  precipitation  with  hydrochloric  acid.  The  solution  must,  however,  be  very  dilute, 
and  be  kept  cool ;  it  must  also  contain  but  a  very  small  quantity  of  free  nitric  acid,  aa 
a  larger  quantity  would  convert  the  mercurous  into  mercuric  chloride.  To  determine 
the  proportions  of  mercurous  and  mercuric  salt,  when  they  exist  together  in  solution, 
the  mercurous  salt  is  first  precipitated  with  hydrochloric  acid,  and  the  remaining 
mercury  by  stannous  chloride  or  sulphydric  acid. 

Volumetric  methods.  C.  W.  Hemp  el  (Ann.  Ch.  Pharm.  ex.  176)  estimates  mercury 
in  the  form  of  mercurous  chloride,  by  means  of  a  standard  solution  of  iodine  in  iodide 
of  potassium,  which  dissolves  it  in  the  form  of  potassio-mercuric  iodide : 

•Hg'Cl'  +  6KI  +  I2  =  2(2KLHgP)  +  2KC1. 

The  quantity  of  iodine  used  is  estimated  by  a  graduated  solution  of  hyposulphite  of 
sodium  (i.  265),  and  the  quantity  of  mercury  is  thence  calculated. 

Another  method  given  by  Hemp  el  (Ann.  Ch.  Pharm.  cvii.  98)  consists  in  agitating 
the  mercurous  chloride  with  dilute  sulphuric  acid  and  permanganate  of  potassium  till 
it  is  dissolved,  and  estimating  the  quantity  of  permanganate  used  for  the  purpose  by 
means  of  a  standard  solution  of  oxalic  acid. 

When  the  mercury  is  in  solution  as  a  mercuric  salt,  it  is  precipitated  as  calomel  by 
ferrous  sulphate,  or  by  any  of  the  other  methods  above  given. 

4.  Separation  of  Mercury  from  other  Metals. 

Mercury  may  be  separated  from  all  other  metals,  except  arsenic  and  antimony,  by 
its  superior  volatility.  "When  it  exists  in  the  form  of  an  amalgam,  the  compound  is 
simply  heated,  and  the  quantity  of  mercury  determined  by  the  loss  of  weight.  If  it 
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exists  as  an  oxide,  chloride,  &c.,  combined  with  compounds  of  other  metals,  it  may  be 
separated  by  distillation  with  quicklime,  as  above  described.  Its  separation  from  the 
alkali  and  earth-metals,  and  from  uranium,  manganese,  nickel, cobalt, iron 
zinc,  and  chromium,  may  also  be  effected  by  precipitation  with  sulphydric  acid.  From 
bismuth  and  cadmium  it  may  be  separated  by  reduction  with  stannous  chloride  ; 
from  copper,  by  mixing  the  solution  with  excess  of  cyanide  of  potassium,  and  passing 
sulphydric  acid  through  the  liquid,  whereby  the  mercury  is  precipitated  as  sulphide, 
while  the  copper  remains  dissolved;  from  lead,  by  precipitating  that  metal  with 
sulphuric  acid,  with  addition  of  alcohol  (H.  Rose),  the  sulphuric  acid  being  added  in 
excess,  as  otherwise  a  basic  sulphate  of  mercury  may  be  precipitated  at  the  same  time. 
From  arsenic,  tin  and  antimony,  mercury  is  separated  by  the  solubility  of  the  sul- 
phides of  those  metals  in  sulphide  of  ammonium. 

Field  (Chem.  Soc.  J.  xii.  32)  separates  mercury  from  antimony,  by  digesting  the 
precipitated  sulphides  with  moderately  strong  hydrochloric  acid,  which  dissolves  the 
sulphide  of  antimony  and  leaves  the  sulphide  of  mercury. 

From  silver,  mercury,  if  in  the  form  of  a  mercuric  salt,  is  easily  separated  by 
hydrochloric  acid,  which  precipitates  the  silver  alone  as  chloride.  If  the  mercury  is  in 
the  form  of  a  mercurous  salt,  the  two  metals  are  precipitated  together  as  chlorides,  and 
the  separation  is  then  easily  effected  by  ammonia,  which  dissolves  the  chloride  of 
silver,  and  blackens  the  mercurous  chloride;  or  they  maybe  separated  by  nitromuriatic 
acid,  in  the  cold,  which  dissolves  the  chloride  of  mercury,  leaving  the  chloride  of  silver 
undissolved. 

When  mercury,  silver,  and  lead  occur  together  in  a  solution,  it  is  best  to  bring  all 
the  mercury  to  the  state  of  mercuric  salt  by  boiling  with  nitric  acid :  the  silver  may 
then  be  precipitated  by  hydrochloric,  and  the  lead  by  sulphuric  acid.  Or  the  separation 
may  be  effected  by  cyanide  of  potassium,  the  solution  being  first  nearly  neutralised  by 
an  alkaline  carbonate,  and  cyanide  of  potassium  added  in  excess.  The  addition  of 
nitric  acid  throws  down  the  whole  of  the  silver  as  cyanide,  leaving  the  mercury  in 
solution  as  cyanide,  and  the  lead  as  nitrate,  from  which  the  lead  may  be  precipitated 
by  an  alkaline  carbonate. 

For  the  analysis  of  a  mixture  of  mercuric  oxide,  cinnabar,  and  red  lead, 
Wohler  recommends  the  following  process :  The  mixture  is  digested  with  nitric  acid, 
which  dissolves  the  mercury  as  mercuric  oxide,  and  resolves  the  red  lead  into  protoxide, 
which  dissolves,  and  dioxide,  which  remains  undissolved  (p.  553),  the  cinnabar  being 
also  left  undissolved.  The  lead  is  precipitated  from  the  solution  by  dilute  sulphuric 
acid,  and  then  the  mercury  by  sulphydric  acid  or  stannous  chloride.  The  residue  is 
then  treated  on  the  filter  with  a  mixture  of  warm  nitric  and  oxalic  acids,  which  dis- 
solves out  the  dioxide  of  lead,  and  the  residual  cinnabar  is  washed,  dried,  and  weighed. 

The  separation  of  mercury  from  gold  in  solution,  may  be  effected  by  precipitating 
the  gold  in  the  metallic  state  by  warming  the  solution  with  oxalic  acid  (ii.  928),  and 
afterwards  adding  hydrochloric  acid  to  redissolve  the  oxalate  of  mercury,  precipitated 
at  the  same  time.  If  the  hydrochloric  acid  were  added  at  an  earlier  stage  of  the 
process,  it  would  greatly  retard  the  precipitation  of  the  gold.  The  mercury  must  of 
course  be  in  the  mercuric  state. 

5.  Atomic  weight  of  Mercury. 

The  atomic  weight  of  this  metal  was  for  many  years  estimated,  according  to  the  ex- 
periments of  Sefstrom,  made  in  1812  (Schw.  J.  xxii.  328),  at  101-26  for  Hg,',  or 
202-52  for  Hg".  Turner,  however,  in  1835  (Ann.  Ch.  Pharm.  xiii.  14),  by  the 
analysis  of  mercuric  oxide  and  chloride,  obtained  lower  numbers,  viz.  from  200  to 
200*3,  and  his  results  have  been  confirmed  by  the  experiments  of  Erdmann  and 
Marchand  in  1844  (ibid.  lii.  216).  These  chemists  decomposed  carefully  prepared 
and  dried  mercuric  oxide  by  ignition  in  a  stream  of  dry  carbonic  anhydride ;  absorbed 
the  liberated  oxygen  (part  of  which  would  otherwise  recombine  with  the  mercury)  by 
ignited  charcoal  and  copper;  and  collected  the  mercury  which  distilled  over,  the 
escaping  gases  being  finally  freed  from  mercury  by  passing  through  a  tube  containing 
gold-leaf.  In  five  experiments,  in  each  of  which  from  44  to  118  grms.  mercuric 
oxide,  Hg"0,  were  decomposed,  they  found  from  92-594  to  92-604  per  cent,  mer- 
cury; mean  92*597  per  cent.  Hence  the  value  of  Hg  is  between  200-05  and  200-33 ; 
mean  200-14.  It  is  usual  to  take  as  the  true  atomic  weight  of  mercury,  Hg'  =  100, 
orHg"  =  200. 

The  vapour-density  of  mercuric  chloride,  which,  according  to  the  observations  of 
Mitscherlich,  is  9'8,  gives  a  condensation  to  1  vol.  for  the  formula  HgCl,  and  of 
2  vols.  for  HgCl2  (p.  897).  This  result  affords  an  argument  in  favour  of  the  larger 
atomic  weight  and  the  diatomicity  of  mercury  in  the  mercuric  compounds,  and  we  shall 
presently  see  that  this  view  is  further  corroborated  by  the  constitution  of  the  organic 
compounds  of  mercury. 
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MERCURY,  ETHIDE  OF.     See  MEROTRY-RADICLES,  ORGANIC. 
MERCURY,  FLUORIDES  OP.    Mercury  forms  two  fluorides,  corresponding  in 
composition  with  the  chlorides. 

IVIercurous  Fluoride.  (Hg2)"F2.  Berzelius  obtained  this  compound  as  a  sub- 
limate, mixed  with  mercurous  chloride,  by  heating  the  latter  with  fluoride  of  sodium. 
It  has  been  further  examined  by  Finkener  (Pogg.  Ann.  ex.  142),  who  obtains  it  by 
adding  recently  precipitated  calomel  to  a  solution  of  silver-fluoride  (prepared  by  digest- 
ing silver-carbonate  with  hydrofluoric  acid);  the  whole  of  the  silver  is  then  gradually 
precipitated,  and  the  liquid  evaporated  over  the  water-bath,  yields  small  yellow 
crystals  of  mercurous  fluoride.  An  easier  mode  of  preparation  is  to  add  recently 
precipitated  mercurous  carbonate  to  hydrofluoric  acid,  which  dissolves  it  completely 
at  first,  with  evolution  of  carbonic  anhydride,  but  on  addition  of  a  larger  quantity 
deposits  mercurous  fluoride  as  a  heavy,  light  yellow,  crystalline  powder.  From  a  solu- 
tion in  excess  of  hydrofluoric  acid  it  is  deposited  in  indistinct  (apparently  cubic)  crystals. 
Mercurous  fluoride  is  partly  dissolved  by  water,  partly  decomposed  into  mercurous 
oxide  and  hydrofluoric  acid.  It  is  blackened  even  by  moist  air,  especially  if  exposed 
to  light.  It  is  also  decomposed  when  heated  above  260°  in  dry  air,  mercury  subliming, 
and  the  glass  vessel  becoming  corroded.  From  the  solution  of  the  compound  in 
.  hydrofluoric  acid, potash  throws  down  mercurous  oxide;  ammonia,  a  black  precipitate 
containing  metallic  mercury  and  quickly  turning  grey,  while  the  filtered  liquid 
contains  mercuric  oxide  and  soon  deposits  a  white  mass  containing  mercury,  ammonia, 
and  fluorine.  Dry  mercurous  fluoride  is  decomposed  in  like  manner,  by  the  prolonged 
action  of  aqueous  ammonia,  into  metallic  mercury  and  a  mercuric  compound.  It  slowly 
absorbs  ammonia  gas,  turning  black  and  being  converted  into  fluoride  of  mercuros- 
ammonium  N2H6(Hg2)".F2. 

Mercurous  Silicofluonde,  Si2(Hg2)"F6.2H20,  is  deposited  from  the  solution  of  mer- 
curous carbonate  in  hydrofluosilicic  acid,  in  transparent,  colourless,  prismatic  crystals. 
(Finkener.) 

Mercuric  Fluoride.  Hg'T2.  Mercuric  oxide  added  to  hydrofluoric  acid  is  con- 
verted into  an  orange-yellow  powder,  consisting  of  an  oxyfluoride,  and  by  repeatedly 
treating  this  compound  with  hydrofluoric  acid,  mercuric  fluoride  is  deposited  as  a 
white  crystalline  mass  containing  HgF2.2H20.  The  same  product  is  obtained  by 
adding  dry  mercuric  oxide  to  a  large  excess  of  aqueous  hydrofluoric  acid  (containing 
about  50  per  cent.  HF)  (Finkener,  Pogg.  Ann.  ex.  628).  According  to  Fremy 
(Ann.  Ch.  Phys.  [3]  xlvii.  5),  mercuric  fluoride  is  obtained  in  long  colourless  hydrated 
needles  (frequently,  however,  contaminated  with  hydromercuric  fluoride  or  mercuric 
oxyfluoride)  by  slowly  evaporating  a  solution  of  mercuric  oxide  in  excess  of  hydro- 
fluoric acid.  Finkener,  however,  did  not  obtain  crystals  in  this  manner. 

Hydrated  mercuric  fluoride  decomposes  at  50°,  giving  off  hydrofluoric  acid  together 
with  water,  and  leaving  the  oxyfluoride.  It  is  permanent  in  dry  air  at  ordinary 
temperatures,  but  is  decomposed  by  water,  yielding  mercuric  oxyfluoride  and  a 
solution  of  hydrofluoric  acid  containing  a  small  quantity  of  mercuric  oxide.  A 
solution  of  mercuric  fluoride  in  hydrofluoric  acid  mixed  with  a  slight  excess  of 
ammonia,  deposits,  after  some  time  in  the  cold,  and  immediately  when  heated,  a  white 
gelatinous  precipitate,  which,  when  washed  and  dried  over  sulphuric  acid,  consists  of 
ammonio-mercuric  oxyfluoride  2NH3.Hg2F20.  (Finkener.) 

Mercuric  Silicofluoride  and  Silico-oxyfluoride. — A  solution  of  mercuric  oxide  in 
hydrofluosilicic  acid  yields  by  evaporation  small  pale  yellow  needles,  which  were 
regarded  by  Berzelius  as  mercuric  silicofluoride  ;  but  according  to  Finkener  they 
consist  of  a  silico-oxyfluoride  Hg"SilTF8.Hg"0.3H20.  This  compound  is  resolved  by 
water,  even  at  ordinary  temperatures,  into  a  soluble  acid  salt  and  an  insoluble  yellow 
pulverulent  basic  salt. 

A  solution  of  mercuric  oxide  in  hydrofluosilicic  acid,  concentrated  so  far  that  oxy- 
silicofluoride  begins  to  separate,  and  then  left  to  itself  at  a  temperature  below  15°, 
yields  colourless  rhombohedral  crystals  grouped  like  steps,  probably  consisting  of 
hydrated  mercuric  silicofluoride  Hg"SiivF6.6H20.  They  are  very  unstable 
and  deliquesce  when  slightly  heated,  but  effloresce  over  sulphuric  acid.  (Finkener.) 
A  double  salt  of  mercuric  fluoride  with  fluoride  of  ammonium  is  produced,  according 
to  Berzelius,  by  treating  mercuric  fluoride  with  aqueous  ammonia. 

MERCURY,  IODIDES  OP.  Mercury  unites  with  iodine  in  three  or  four 
proportions,  forming  a  mercurous  and  mercuric  iodide  analogous  to  the  chlorides, 
also  a  mercuroso-mercuric  iodide,  and  perhaps  a  periodide.  The  two  elements 
unite  directly,  the  combination,  when  large  quantities  are  employed,  being  attended 
with  considerable  rise  of  temperature. 

Mercurous   Iodide.      (Hg2)"!2. — This   compound   is   produced  by  triturating 
200  pts.  mercury  with  127  pts.  iodine  or  454  pts.  mercuric  iodide,  with  addition  of  a 
VOL.  III.  3  M 
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little  alcohol,  and  removing  any  mercuric  iodide  that  may  be  formed  in  the  first  instance, 
or  remain  unacted  upon  in  "the  second,  by  solution  in  alcohol,  which  leaves  the 
mercurous  iodide  undissolved.  It  may  also  be  obtained  by  precipitating  a  mercurous 
salt  with  iodide  of  potassium.  The  acetate  is  best  adapted  to  the  purpose,  yielding  at 
once  pure  mercurous  iodide.  When  the  nitrate  is  used,  the  precipitate  is  frequently 
contaminated  with  mercuric  iodide,  either  formed  directly  from  mercuric  nitrate  in  the 
solution,  or  by  the  oxidising  action  of  free  nitric  acid  in  the  solution  on  the  precipitated 
mercurous  iodide. 

Mercurous  iodide  is  a  greenish-yellow  powder  of  specific  gravity  7 '65  to  7 "75.  It  is 
very  sparingly  soluble  in  water,  quite  insoluble  in  alcohol ;  ammonia  dissolves  it  par- 
tially, leaving  a  grey  residue.  Mercurous  iodide  is  very  unstable,  being  easily 
resolved,  under  various  circumstances,  into  metallic  mercury  and  mercuric  or  mercuroso- 
mercuric  iodide.  "When  heated,  it  yields  a  sublimate  of  metallic  mercury  and  mercuroso- 
mercuric  iodide.  When  treated  with  hydriodic  acid  or  with  solutions  of  iodide  of  potassium 
or  other  metallic  iodides,  it  is  resolved  into  mercury  and  mercuric  iodide,  which  unites 
with  the  other  iodide,  forming  a  soluble  salt.  In  the  moist  state  it  is  decomposed  and 
blackened  by  exposure  to  light. 

Mercurous  iodide  is  used  in  medicine,  and  in  preparing  it  for  that  purpose  the 
greatest  care  must  be  taken  to  insure  its  perfect  freedom  from  mercuric  iodide,  which 
is  a  violent  poison.  To  test  its  freedom  from  this  admixture,  W.  Squire  (Jahresb.  1862, 
p.  217)  heats  it  with  aniline,  whereupon,  if  it  contains  mercuric  iodide,  the  well-known 
magenta  colour  is  produced,  whereas  if  the  mercurous  iodide  is  quite  pure,  no  colora- 
tion takes  place. 

IWercuroso-mercuric  Iodide.  Eg4!6  -  (Hg2)"F.2Hg T.—  Prepared  by  precipi- 
tating mercurous  nitrate  with  icdide  of  potassium,  the  precipitate  not  being  collected 
till  it  has  acquired  a  yellow  colour.  According  to  Boullay,  it  is  best  to  mix  the  solu- 
tion of  potassium- iodide  with  £  at.  iodine,  in  which  case  mercuroso-mercuric  iodide  is 
precipitated  at  once.  The  compound  may  also  be  obtained  by  triturating  mercuric 
iodide  with  one-third  as  much  mercury  as  it  already  contains  (3HgI2  +  Hg  = 
Hg'F). 

Mercuroso-mercuric  iodide  is  a  yellow  powder  which  when  heated  turns  red,  melts, 
and  may  be  sublimed  without  alteration.  The  sublimed  crystals  have  a  dark  carmine- 
red  colour  while  hot,  but  become  yellow  on  cooling  (I  n  g  1  i  s,  Colin).  The  compound  is 
insoluble  in  water  and  in  alcohol,  the  latter  not  extracting  any  mercuric  iodide  from  it. 
It  remains  unaltered  when  kept  in  the  dark ;  but  becomes  dark  coloured  on  exposure 
to  light.  Hydriodic  acid  and  solutions  of  iodides  first  resolve  it  into  mercurous  and 
mercuric  iodide,  the  latter  uniting  with  the  soluble  iodide,  and  afterwards  decompose 
the  mercurous  iodide  itself,  as  above  described,  with  separation  of  metallic  mercury. 
(Boullay.) 

Mercuric  Iodide.  Hg"I2. — This  compound  may  be  produced  by  triturating  1 
at.  mercury  with  2  at.  iodine  (200  pts.  mercury  to  254  iodine),  moistened  with  alcohol ; 
according  to  Mohr,  however,  the  combination  of  the  two  elements  in  this  way  is  never 
complete,  the  product  always  containing  a  certain  portion  of  free  iodine  which  escapes 
during  the  drying  over  the  water-bath,  also  some  mercurous  iodide  which  is  resolved 
by  sublimation  into  mercuric  iodide  and  metallic  mercury.  Dublanc  pours  1  kilo- 
gramme of  alcohol  on  100  grammes  of  mercury,  and  adds  124  grms.  iodine  in  successive 
portions  of  10  grms.  each,  stirring  after  each  addition  till  the  alcohol  has  become 
colourless.  After  the  last  4  grms.  of  iodine  have  been  added,  the  liquid  becomes 
permanently  coloured,  in  consequence  of  the  complete  conversion  of  the  mercury  into 
mercuric  iodide ;  the  product  is  washed  with  alcohol.  Mercuric  iodide  is,  however, 
best  prepared  by  precipitating  mercuric  chloride  with  iodide  of  potassium,  or  iodide  of 
iron :  o.  8  pts.  mercuric  chloride  and  10  pts.  iodide  of  potassium  are  dissolved  in 
separate  portions  of  water,  the  solutions  mixed,  and  the  resulting  precipitate  collected 
and  carefully  washed.  £.  2  at.  iodine  immersed  in  water  are  converted  into  ferrous 
iodide  by  addition  of  iron-turnings ;  the  resulting  solution  is  immediately  mixed  with 
a  solution  of  1  at.  mercuric  chloride  (HgCP),  and  the  precipitated  mercuric  iodide  is 
quickly  separated  from  the  liquid,  to  prevent  it  from  being  contaminated  with  the 
basic  ferric  chloride  which  is  gradually  deposited  from  the  solution. 

Mercuric  iodide  thus  obtained  is  a  powder  of  a  splendid  scarlet  colour,  very  slightly 
soluble  in  water,  more  soluble  in  alcohol,  especially  when  hot,  somewhat  soluble  also  in 
ether.  It  dissolves  easily  in  aqueous  iodide  of  potassium,  and  crystallises  from  the 
solution  in  beautiful  red  quadratic  octahedrons,  also  in  the  combinations  P  .  oP, 
ooPoo  .  oP  .  P,  and  ooPoo  .  oP.  Length  of  principal  axis  =>  T997-  Angle  P  :  P 
in  the  terminal  edges  =  96°  24';  in  the  lateral  edges  141°  0'.  Cleavage  perfect 
parallel  to  oP.  Specific  gravity  =  6-2009  (Karsten)  ;  6'320  (Boullay);  5*91 
(Schiff). — The  red  iodide  turns  yellow  when  gently  heated,  melts  at  a  higher  tem- 
perature, and  sublimes  in  bright  yellow  rhombic  prisms  exhibiting  the  combination 
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o>P  .  oP,  and  having  the  angle  ooP  :  o>P  =  66°  (Kopp's  Krystallographie,  pp.  160, 
257).  Mercuric  iodide  is  therefore  dimorphous,  and  exhibits  a  red  colour  in  one  of  its 
forms,  a  yellow  colour  in  the  other.  The  red  modification  is  much  more  stable  than 
the  yellow ;  in  fact  the  yellow  crystals,  even  when  left  to  themselves  at  ordinary  tempera- 
tures, gradually  recover  their  original  colour  and  crystalline  structure,  being  converted 
into  an  aggregate  of  the  red  crystals ;  the  same  change  takes  place  instantly  when  the 
yellow  crystals  are  pressed,  rubbed,  or  scratched.  The  yellow  iodide  retains  its 
colour  longest  when  it  has  been  prepared  by  subjecting  the  pulverised  red  iodide  to  a 
moderate  heat.  The  yellow  crystals  obtained  by  sublimation  often  turn  red  on  cooling, 
in  consequence  of  the  friction  or  agitation  resulting  from  the  contraction  of  the  glass 
vessel,  or  of  the  crystals  themselves  (Mitscherlich).  Mercuric  iodide  precipitated 
from  the  solution  of  the  chloride  by  iodide  of  potassium,  is  likewise  yellow  at  the  first 
instant  of  precipitation,  but  quickly  turns  red,  even  while  immersed  in  the  liquid.  In 
this  case  the  course  of  the  alteration  may  be  easily  watched  under  the  microscope — 
yellow  rhombic  laminae  being  observed  in  the  first  instance,  which  continually 
diminish  in  bulk,  becoming  truncated  on  their  edges  and  angles,  and  ultimately  dis- 
appearing, while  red  quadratic  octahedrons  appear  in  their  place  (War in gt on).  The 
solutions  of  mercuric  iodide  in  alcohol  ether,  aqueous  iodide  of  potassium,  &c.,  are 
colourless,  and  may  therefore  be  supposed  to  contain  the  yellow  modification ;  if,  how- 
ever, the  iodide  separates  slowly  from  them  in  crystals,  these  crystals  are  red ;  but  if 
the  separation  takes  place  rapidly,  as  for  example  when  the  alcoholic  solution  is 
poured  into  water,  the  iodide  is  yellow  at  the  first  instant  of  separation,  but  very  soon 
turns  red.  According  to  Keynoso  (Compt.  rend,  xxxix.  696),  an  alcoholic  solution 
of  the  iodide  which  has  been  kept  for  some  time  gives  immediately  a  red  precipitate 
with  water.  Schiff  (Ann.  Ch.  Pharm.  cxi.  371),  on  the  other  hand,  found  that  an 
alcoholic  solution  which  had  been  kept  for  fifteen  months,  still  gave  a  yellow  precipi- 
tate with  water;  and  the  yellow  crystals  which  formed  in  it  likewise  remained 
unaltered  in  colour.  Schiff  also  finds  that  the  alcoholic  solution,  when  mixed  with 
water,  first  becomes  quite  milky,  and  after  a  few  hours  deposits  shining  yellow 
rhombic  plates  with  angles  of  114°  30'  and  65°  30',  and  exhibiting  beautiful  coloured 
spectra  under  the  polarising  microscope. 

Potassium  triturated  with  mercuric  iodide,  abstracts  the  iodine  with  incandescence. 
A  similar  action  is  exerted  by  many  of  the  heavy  metals  on  trituration,  either  alone  or 
with  water,  the  resulting  iodide  sometimes  uniting  with  the  iodide  of  mercury  to  form 
a  double  salt ;  zinc  and  tin  form  amalgams  with  the  liberated  mercury.  [For  the 
behaviour  of  the  individual  metals,  see  Gmelin's  Handbook,  vi.  38.]  When  mercuric 
iodide  is  boiled  with  aqueous  potash,  mercuric  oxide  separates,  and  a  yellow  solution  is 
formed  containing  a  potassio-mercuric  iodide,  2KI.3HgI2 : 

4HgP  +  2KHO'    -    HgO  +  2KI.3HgI2  +  H20, 

which,  on  cooling,  first  deposits  mercuric  oxide,  and  then  greenish-yellow  needles  of 
KI.Hgl2.  Alcoholic  potash  acts  in  like  manner  and  more  easily.  Soda,  baryta,  and 
strontia,  likewise  act  in  a  similar  manner,  producing  double  iodides  ;  lime,  carbonate  of 
potassium,  and  carbonate  of  sodium  do  not  decompose  mercuric  iodide  when  boiled  with 
it  in  water ;  but  if  alcohol  be  substituted  for  the  water,  decomposition  takes  place,  the 
alcohol  appearing  to  favour  the  action  by  its  solvent  power.  Mercuric  iodide  dissolves 
in  aqueous  hypochlorite  of  calcium  when  the  solution  is  heated  ;  and  as  it  begins  to 
boil,  deposits  periodate  of  calcium  in  the  form  of  a  white  jelly,  while  mercuric  chloride 
remains  dissolved  (Kamm  els  berg).  When  chlorine  gas  is  passed  into  water  in 
which  mercuric  iodide  is  suspended,  a  bright  yellow  solution  is  formed,  containing 
mercuric  chloride  and  trichloride  of  iodine.  (Filhol.) 

Double  salts  of  Mercuric  Iodide. — Mercuric  iodide  unites  with  the  more 
positive  metallic  iodides,  forming  a  series  of  double  salts,  Bonsdorffs  iodohydrar- 
gy rates,  which  have  been  particularly  studied  by  Boullay  (Ann.  Ch.  Phys.  [2]  xxxiv. 
345).  They  are  obtained,  for  the  most  part,  by  dissolving  mercuric  iodide  in  the 
solution  of  the  positive  iodide,  and  evaporating  the  solution.  Mercuric  iodide  likewise 
forms  double  salts  with  metallic  chlorides. 

Ammonia-mercuric  Iodide,  (NH4)2HgI4.3H20,  or  2NH4I.HgI2.3H20,  separates  in 
yellow  needles  from  a  hot  solution  of  mercuric  iodide  in  iodide  of  ammonium,  after 
pure  mercuric  iodide  has  been  previously  deposited.  When  heated,  it  melts  and 
sublimes,  partly  unaltered,  partly  decomposed.  Water  separates  mercuric  iodide  from 
it.  (Boullay.) 

Baryto-mercuric  Iodide. — A  solution  of  mercuric  iodide  in  aqueous  iodide  of  barium, 
after  being  freed  from  excess  of  mercuric  iodide  by  cooling  and  dilution,  deposits 
yellow  crystals,  soluble  in  water,  which,  according  to  Boullay,  have  probably  the 
composition  Ba"Hg"I4.  A  hot  saturated  solution  of  mercuric  iodide  in  iodide  of  barium 
deposits,  on  cooling,  a  portion  of  the  mercuric  iodide,  and  the  mother-liquid  yields  by 
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evaporation,  crystals  apparently  consisting  of  BaHg2I6  =  BaP.2HgP.  The  crystals 
decompose  when  dried  at  a  high  temperature,  or  when  dissolved  in  a  large  quantity  of 
water,  mercuric  iodide  separating.  (Boullay.) 

Cadmio-mercuric  Iodide  is  obtained  by  triturating  cadmium -filings  with  moist 
mercuric  iodide,  and  exhausting  with  water.  Crystallises  in  small,  yellowish-white 
very  soluble  laminae.  (Berthemot.) 

Calcio-mercuric  Iodide.  Cal2.2HgP  ? — Obtained  like  the  corresponding  barium-salt, 
and  decomposed  in  a  similar  manner  by  water. 

Ferroso-mercuric  Iodide. — The  saturated  solution  of  mercuric  iodide  in  ferrous  iodide 
yields,  by  evaporation  over  sulphuric  acid,  yellow-brown  prisms,  which  quickly  oxidise 
in  contact  with  the  air  (v.  Bonsdorf  f).  A  hot  saturated  solution  of  the  two  salts 
yields,  after  deposition  of  a  portion  of  the  mercuric  iodide,  brownish-yellow,  very 
deliquescent  needles,  which  are  decomposed  by  water,  and  dissolved  by  strong  acetic 
acid  and  by  alcohol.  (Berthemot.) 

Magnesia- mercuric  Iodide. — A  hot  saturated  solution  of  mercuric  iodide  in  iodide  of 
magnesium,  deposits  mercuric  iodide  on  cooling ;  and  the  remaining  liquid  yields 
greenish-yellow,  needle-shaped  crystals,  which  probably  consist  of  MgP.2HgP,  and 
are  resolved  by  water  into  mercuric  iodide,  and  a  solution  apparently  containing 
MgP.HgP.  (Boullay.) 

Potassio-mercuric  Iodide. — A  concentrated  solution  of  iodide  of  potassium  takes  up, 
at  the  boiling  heat.  3  at.  HgP  to  2  at.  KI ;  and  of  the  3  at.  mercuric  iodide,  1  at.  is 
deposited  on  cooling,  while  the  mother-liquor  deposits  the  compound  2(KLHgP).3H20 
in  long  yellow  prisms.  The  crystals,  when  heated,  first  give  off  water,  and  then  melt 
to  a  red  liquid,  from  which  mercuric  iodide  separates.  They  are  soluble  in  alcohol 
and  in  ether,  but  water  decomposes  them,  separating  about  half  the  mercuric  iodide, 
and  the  liquid  then  yields  by  evaporation  a  saline  mass,  which  may  be  regarded  as 
2KI.HgI2  (Boullay).  Dilute  acids  decompose  the  crystals,  separating  the  mercuric 
iodide.  Potassio-mercuric  iodide  is  likewise  easily  produced  by  boiling  a  solution  of 
potassium-iodide  with  mercuric  oxide. 

Sodw-mercuric  Iodide. — Iodide  of  sodium  reacts  with  mercuric  iodide  in  a  similar 
manner  to  iodide  of  potassium.  The  solution,  after  depositing  1  at.  mercuric  iodide, 
yields  by  evaporation,  a  yellow,  non-crystallising  mass,  which  turns  red  when  rubbed 
or  scratched,  from  separation  of  mercuric  iodide. 

Strontio-mercuric  Iodide,  prepared  like  the  corresponding  barium-compound,  forms 
yellowish  needles. 

Zinco-mercuric  Iodide,  prepared  by  Bonsdorff,  crystallises  in  yellow,  very  deliques- 
cent, rhombic  prisms. 

Periodide  of  Mercury,  Hgl4  ?  is  obtained,  according  to  Hunt,  by  precipitating 
aqueous  mercuric  chloride  with  a  solution  of  potassium-iodide  previously  saturated 
with  iodine.  It  forms  a  purple-red  powder,  which  is  resolved  into  mercuric  iodide 
and  free  iodine  by  heating  or  by  exposure  to  the  air.  Gmeliu  regards  it  as  a  mixture 
of  mercuric  iodide  with  io  t:ne. 

MERCURY,  IODOCHLORIDE  OP.— Hg3PCl4.— This  compound  is  produced 
on  dissolving  mercuric  iodide  in  a  hot  solution  of  corrosive  sublimate,  and  separates 
on  cooling  in  white,  jagged,  fern-like  laminae  (Liebig).  According  to  Boullay,  a  hot 
saturated  solution  of  mercuric  iodide  in  corrosive  sublimate  yields  on  cooling  a  yellow 
powder,  Hg"ICl;  a  less  saturated  solution  yields,  after  the  yellow  powder,  pale- 
yellow  crystals,  which,  as  well  as  the  powder,  soon  turn  red,  from  separation  of  mercuric 
iodide. 

MERCURY,  IODOSULPHIDE  OP.     See  MEECUET,  SULPHIODIDE  OF  (p.  915). 

MERCURY,  MERCAPTXDE  OP.  Syn.  with  Sulphethylate  of  mercury.  See 
ETHYL,  SULPHYDRATE  OF  (ii.  548). 


MERCURY,  METHXDE  OF.     See  MERCURY-RADICLES,  ORGANIC  (p.  921). 

MERCURY.  NITRIDE  OP.    Hg3N2.     See  TRIMERCURAMINE,  under  MERCURY- 
BASES,  AMMONIACAL  (p.  917). 

:URY,  OXIDES  OP.    Mercury  unites  with  oxygen  in  two  proportions, 


forming  the  mercurous  and  mercuric  oxides,   analogous  in  composition  to  the 
chlorides. 

Mercurons  Oxide.  Hg20.  Black  oxide  of  mercury  (also  called  dioxide  and 
svfioxide  of  mercury).  It  is  produced  by  treating  mercurous  chloride,  or  the  solu- 
tion of  a  mercurous  salt,  with  excess  of  caustic  alkali.  To  preserve  it  from  decom- 
position, it  must  be  washed  and  dried  in  the  dark.  Donovan  suspends  finely- 
dinded  calomel  in  water,  treats  it  at  once  with  excess  of  potash,  and  then  washes  and 
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dries  the  product.  The  raercurous  oxide  thus  obtained  yields  but  few  globules  of 
mercury  on  trituration  ;  but  if  too  little  potash  be  added  in  the  first  instance,  there  is 
formed,  according  to  Donovan,  a  mercurous  oxychloride  ;  and  on  further  addition  of 
potash,  a  mixture  of  mercurous  oxide,  mercuric  oxide  and  metallic  mercury.  According 
to  Gruibourt  (Ann.  Ch.  Phys.  [2]  i.  422],  it  is  impossible  to  obtain  this  oxide  pure, 
because,  during  washing,  even  in  the  dark,  it  is  partly  resolved  into  a  mixture  of 
mercuric  oxide  and  metallic  mercury.  The  product  formed  by  triturating  mercuric 
oxide  with  mercury  is  merely  a  mixture. 

Mercurous  oxide  is  a  brown-black  powder,  destitute  of  taste  and  smell.  The  specific 
gravity  of  that  obtained  from  calomel  by  the  action  of  caustic  potash  is  8'9503 
(Karsten),  10-69  (Herapath).  It  is  very  unstable,  being  resolved,  even  on  exposure 
to  diffused  daylight,  or  by  slight  trituration  in  a  mortar,  into  mercuric  oxide  and 
metallic  mercury.  At  a  red  heat,  it  is  resolved  into  mercury  and  oxygen-gas. 
With  aqueous  phosphorous  acid,  it  yields  mercury  and  phosphoric  acid.  By 
potassium  and  sodium,  at  about  the  melting  points  of  those  metals,  it  is  decomposed, 
with  vivid  ignition  and  slight  detonation,  yielding  metallic  mercury  and  an  alkali. 
It  detonates  when  struck  with  phosphorus.  It  is  slowly  decomposed  by  phosphoretted 
hydrogen  gas  (Graham).  When  boiled  with  aqueous  iodide  of  potassium,  it  yields, 
metallic  mercury  and  potassio-mercuric  iodide  ;  if  the  mercurous  oxide  is  in  excess 
mercurous  iodide  is  formed  at  the  same  time  (Berthemot,  J.  Pharm.  xiv.  189).  A 
concentrated  solution  of  sal-ammoniac  decomposes  it  in  a  similar  manner,  ammonia 
being  evolved,  and  mercury  being  separated,  together  with  mercuric  chloride  (Pagen- 
stecher,  Eepert.  Pharm.  xxvii.  27;  L.  Thompson,  Phil.  Mag.  [3]  x.  179).  Car- 
bonate of  ammonium  likewise  decomposes  mercurous  oxide  into  mercuric  oxide  and 
metallic  mercury. 

Mercurous  salts.  —  Mercurous  oxide  dissolves  in  acids,  forming  the  mercurous 
salts,  which  may  also  be  produced  by  dissolving  mercury,  under  particular  conditions, 
in  certain  oxidising  acids,  such  as  nitric  or  sulphuric  acid  ;  also  in  some  cases  by  pre- 
cipitation. 

The  normal  mercurous  salts  have  the  composition  (Hg2)"A2,  (Hg2)"A",  (Hg2)s(A'")a 

&c.,  the  symbol  A(n)  denoting  an  w-atomic  acid  or  chlorous  radicle,  such  as  NO3,  SO4, 
&c.,  e.g., 

Mercurous  nitrate         =         (Hg2)"(N03)2 

Mercurous  sulphate       =         (Hg2)"(S04)". 

These  salts  may  also  be  regarded  as  compounds  of  mercurous  oxide  with  anhydrides, 
or  acid  oxides,  e.g.  the  nitrate,  as  Hg2O.N205. 

There  are  also  basic  mercurous  salts,  which  may  be  regarded  either  as  compounds  of 
the  normal  salts  with  mercurous  oxide,  or  as  oxy-salts,  analogous  to  the  oxychlorides 
&c.  ;  or  again  as  formed  on  the  type  of  two  or  more  molecules  of  water,  in  which  more 
than  half  the  hydrogen  is  replaced  by  mercury,  e.g., 

2Hg2O.N20*     =       Hg2O.Hg'(NO')2      =      (Kg2)']^")2  =   ((Hg2)2j0'- 


SHg'O.N'O'     =     2Hg2O.Hg'(NO')2      =      (Hg2)3 

For  the  properties  and  reactions  of  mercurous  salts  see  p.  899. 

Mercuric  Oxide.  HgO.  Red  oxide  of  mercury  (also  called  bioxide  and  deutoxide 
of  mercury).  This  oxide  was  known  to  the  Arabians  in  the  eighth  century.  Geber 
and  afterwards  Raimond  Lullius  showed  how  to  prepare  it  by  igniting  mercury-nitrate; 
and  Boyle,  towards  the  end  of  the  seventeenth  century,  discovered  that  it  may  be 
prepared  by  heating  mercury  in  contact  with  the  air. 

Preparation.  —  1.  By  keeping  mercury  for  a  month  or  longer  at  a  boiling  heat  in  a 
flask  filled  with  air,  and  having  a  long  loosely-fitting  tube  adapted  to  its  mouth  :  the 
oxide  thus  obtained  is  called  in  pharmacy,  Mercurius  pr&cipitatus  per  se.  —  2.  By  ex- 
posing mercuric  or  mercurous  nitrate  to  a  high  and  gradually  increasing  temperature 
in  a  crucible,  or,  better,  in  a  glass  vessel  surrounded  with  sand,  as  long  as  nitrous 
acid  is  evolved.  To  save  nitric  acid,  the  nitrate,  moistened  with  water,  may  be 
previously  triturated  with  an  equal  weight  of  mercury,  till  the  latter  is  completely 
deadened  :  this  preparation  is  called  Mercurius  prcecipitatus  ruber.  Care  must  be 
taken  not  to  raise  the  temperature  too  high.  The  oxide  prepared  by  this  process  on 
the  small  scale  is  a  dull  powder  ;  in  commerce,  it  occurs  in  shining  crystalline  grains. 
According  to  Gay-Lussac,  the  small  unpulverised  crystals  of  mercurous  nitrate  yield  the 
second  form  of  the  oxide,  but  the  pulverised  salt  yields  the  first  form.  The  more  perfect 
crystallisation  of  the  oxide  prepared  on  the  large  scale  is  undoubtedly  due  to  the 
slower  rate  at  which  the  heat  increases.  —  3.  By  precipitating  a  dissolved  mercuric 
salt  with  excess  of  potash,  and  washing  the  precipitate. 
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Impurities  and  Adulterations. — 1.  Basic  mercuric  nitrate,  when  the  salt  has  not  been 
Bufficiently  heated.  The  oxide  containing  this  salt  gives  off  nitrous  vapours  when  gently 
heated  in  a  retort.  It  may  be  purified  in  this  manner,  or  by  boiling  with  potash-ley,  or 
by  washing  with  water. — 2.  Nitre.  May  be  completely  removed  by  boiling-water. 
—3.  Minium.  Eemains  in  the  form  of  fused  protoxide  of  lead,  \vhen  the  mercuric 
oxide  is  strongly  heated  in  a  glass  tube,  or  in  the  form  of  peroxide  of  lead, 
when  the  mercuric  oxide  is  dissolved  in  nitric  acid. — 4.  Brick  dust.  Remains 
behind,  when  the  oxide  is  ignited  or  dissolved  in  nitric  acid. — 5.  Cinnabar.  Eemains, 
when  the  oxide  is  dissolved  in  hydrochloric  acid. 

Properties. — Pure  mercuric  oxide  is  generally  crystallo-granular  and  scaly,  shining 
and  of  a  bright  brick-red  colour ;  by  pulverisation  it  acquires  an  orange-yellow  colour, 
lighter  as  the  powder  is  finer.  When  prepared  on  the  small  scale,  it  is  a  dull,  floccu- 
lent,  earthy  mass  or  powder,  of  a  brownish  brick- red  colour.  When  obtained  by 
precipitating  a  mercuric  salt  with  an  alkali,  it  forms  a  light  orange-yellow  powder. 
Specific  gravity:  11-000  (Pol.  Boullay),  11-074  (Herapath),  11-1909  (Karsten), 
11-29  at  4°  in  vacuo  (Eoyer  and  Dumas),  11-136  (Playfair  and  Joule). — When 
heated,  it  becomes  vermillion-red,  and  afterwards  violet  black,  but  recovers  its  original 
colour  on  cooling.  It  has  a  repulsive  metallic  taste,  and  is  a  violent  acrid  poison. 

The  precipitated  yellow  oxide  is  more  readily  decomposed  by  heat  and  by  chlorine 
than  the  red  oxide  obtained  by  the  first  or  second  method.  The  difference  is  attributed 
byPelouze  (Compt.  rend.  xvi.  50)  to  the  difference  of  aggregation  of  the  two  varieties, 
the  precipitated  oxide  being  amorphous  and  the  calcined  oxide  crystalline;  but  Gay- 
Lussac  (ibid.  xvi.  309)  has  shown  that  the  difference  is  mainly  due  to  the  more  finely 
divided  state  of  the  precipitated  oxide;  chlorine  acts  less  readily  on  the  calcined  oxide, 
because  the  smaller  surface  presented  by  the  latter  quickly  becomes  covered  with 
mercuric  chloride,  which  impedes  the  further  action  of  the  chlorine ;  but  if  the  two 
varieties  of  the  oxide  are  subjected  to  the  action  of  chlorine  under  water,  which  dis- 
solves the  mercuric  chloride  as  fast  as  it  is  formed,  no  difference  in  the  rate  of  action 
on  the  two  can  be  perceived.  The  yellow  as  well  as  the  red  oxide  is  anhydrous. 

Mercuric  oxide  is  not  quite  insoluble  in  water;  according  to  Wallace  (Chem.  Gaz. 
1858,  p.  345)  1  pt.  of  it  dissolves  in  200,000  pts.  of  cold  water  after  longstanding,  and 
in  125,000  pts.  after  boiling  and  cooling  of  the  liquid.  The  solution  has  a  strong 
metallic  taste ;  turns  violet  juice  green ;  becomes  covered  on  exposure  to  the  air  with 
shining  films  of  metallic  mercury ;  is  turned  brown  by  sulphydric  acid,  and  milky  by 
ammonia.  (Guibourt,  Donovan.) 

Decompositions. — Mercuric  oxide  gradually  turns  black  when  exposed  to  sunshine, 
being  superficially  decomposed  into  oxygen  and  metallic  mercury,  according  to 
Guibourt,  or,  according  to  Donovan,  into  oxygen  and  mercurous  oxide.  At  a  red  heat, 
it  volatilises  completely,  being  resolved  into  oxygen  gas  and  vapour  of  mercury.  Part 
of  the  mercurial  vapour  again  takes  up  oxygen,  and  the  oxide  thus  formed  collects  on 
the  surface  of  the  mercury  which  passes  over,  and  diminishes  its  fluidity.  With 
phosphorus,  mercuric  oxide  detonates  under  the  hammer.  Boiled  with  phosphorus 
and  water,  it  yields  phosphide  of  mercury  and  aqueous  phosphoric  acid  (P ell e tier) ; 
at  ordinary  temperatures,  the  same  mixture  yields  fluid  mercury  and  phosphoric 
oxide,  no  phosphoric  or  phosphorous  acid  dissolving  in  the  water  (Braamcamp  and 
Siqueira).  A  phosphate  is  likewise  formed  at  the  same  time  (Gmelin).  Aqueous 
phosphorous  acid  forms  mercury  and  aqueous  phosphoric  acid  (Braamcamp  and 
Siqueira).  Mercuric  oxide  mixed  with  sulphur,  and  heated  in  a  retort,  produces  a 
tremendous  explosion  (Proust).  Concentrated  sulphurous  acid  boiled  with  this 
oxide,  immediately  converts  it  into  fluid  mercury,  with  formation  of  sulphuric  acid. 
At  ordinary  temperatures,  smaller  quantities  of  sulphurous  acid  produce  a  rise  of 
temperature  amounting  to  7'5°,  and  form  a  white  powder,  consisting  of  mercurous 
sulphate,  part  of  which  dissolves  in  the  liquid.  An  excess  of  sulphurous  acid  turns 
this  powder  grey,  and  reduces  it  very  slowly,  but  completely,  to  metallic  mercury.  So 
long  as  this  change  remains  incomplete,  the  liquid  still  retains  mercury,  but  is  not 
rendered  turbid  by  addition  of  common  salt ;  nevertheless,  it  gives  a  precipitate  with 
sulphide  of  ammonium,  and  after  long  standing,  or  immediately  on  boiling,  deposits 
metallic  mercury  in  the  form  of  a  grey  powder ;  the  precipitation  of  the  mercury  is 
complete,  provided  the  quantity  of  sulphurous  acid  is  not  too  small  (A.  Vogel). 
Potassium  or  sodium  heated  to  the  melting  point,  decomposes  mercuric  oxide  with 
vivid  combustion  and  slight  detonation,  yielding  metallic  mercury  and  alkali.  (Gay- 
Lussac  and  Thenard.)  Zinc  and  tin  filings,  and  pulverised  antimony  heated  with 
mercuric  oxide,  likewise  occasion  fiery  decomposition.  Solution  of  stannous  chloride 
poured  upon  mercuric  oxide  reduces  it  to  the  metallic  state,  and  is  itself  converted  into 
stannic  chloride,  part  of  which  is  precipitated  in  the  form  of  a  basic  salt,  the  action  being 
attended  with  a  rise  of  temperature  amounting  to  60°  (A.  Vogel).  Hydrated  ferrous 
oxide  converts  mercuric  into  mercurous  oxide ;  so  likewise  do  ferrous,  salts  (Duflos, 
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Schw.  J.  Lxv.  115).  Heated  solution  of  sugar  reduces  mercuric  to  mercurous  oxide 
(A.  Vogel).  Chlorine  gas  decomposes  mercuric  oxide  at  a  red  heat,  the  products 
being  oxygen  gas  and  mercuric  chloride ;  at  lower  temperatures,  hypochlorous  acid 
and  mercuric  chloride  are  formed.  The  latter  sometimes  combines  with  the  excess  of 
oxide,  forming  mercuric  oxychloride. 

Combinations. — 1.  With  Ammonia. — Thenard's  fulminating  mercury,  see  MEB- 

CUEY-BASES,  AMMONIACAL,  p.  918. 

2.  With  Lime. — This  compound  is  obtained,  according  to  Berthollet,  by  boiling 
mercuric  oxide  with  lime  and  water,  separating  the  solution  from  the  undissolved  por- 
tion, and  evaporating  the  liquid  to  the  crystallising  point   It  then  separates  in  yellow 
transparent  crystals. 

3.  Mercuric  Salts. — These  salts  are  formed  by  dissolving  mercuric  oxide  in  acids7 
also  by  the  action  of  oxidising  acids  aided  by  heat  on  metallic  mercury ;  also  with 
evolution  of  ammonia,  on  boiling  various  ammonium-salts  with  mercuric  oxide.     The 
normal  salts  may  be  represented  by  the  formula  HgnAn,  or  (Hg")n(AM)2,  the  symbol  A" 
denoting  an  w-atomic  acid  or  chlorous  radicle,  e.g. : 


Mercuric  nitrate Hg"(N03)2  =  ^    ^,[02 

Mercuric  sulphate         ....    Hg"(S04)" 

Mercuric  phosphate      ....    Hg'3(P"64)2 

EV 

The  basic  salts  may  be  represented  by  formulae  similar  to  those  of  the  basic  mer- 
curous salts,  e.g. : 

2Hg"O.N205     =       Hg"O.Hg"(N03)2     =     B 
3Hg"O.N205     «=     2Hg"O.Hg"(N03)2     =     H 

3Hg"O.S03       =     2Hg"O.Hg"(S04)"     =     B 

Normal  mercuric  salts  are,  for  the  most  part,  colourless ;  the  basic  salts  yellow : 
they  have  a  nauseous  metallic  taste,  and  are  violent  acrid  poisons.  They  are  decom- 
posed by  water,  especially  at  the  boiling  heat,  with  separation,  generally  of  a  basic  salt, 
but  sometimes  of  mercuric  oxide,  as  from  the  nitrate,  the  solution  retaining  sometimes 
an  acid  mercuric  salt,  sometimes  a  free  acid.  Hence  H.  Rose  (Pogg.  Ann.  cvii.  298), 
regards  mercuric  oxide  as  the  weakest  of  all  basic  oxides,  no  other  oxide  being  preci- 
pitated from  the  solutions  of  its  salts  by  water.  In  the  solution  of  mercuric  chloride, 
water  forms  no  precipitate,  either  of  oxide  or  basic  salt,  the  oxide  being  precipitated 
from  this  solution  only  by  strong  bases,  since  mercury,  like  the  other  noble  metals,  has  a 
stronger  affinity  for  chlorine  than  for  oxygen.  Conversely,  mercuric  oxide  precipitates 
strong  bases  from  the  solutions  of  their  chlorides,  but  not  of  their  oxygen-salts.  Those 
oxides  which,  when  added  to  a  solution  of  mercuric  chloride,  do  not  form  a  precipitate 
either  of  oxide  or  oxychloride,  are  thrown  down  by  mercuric  oxide  from  their  solutions 
in  hydrochloric  acid ;  whereas  those  which  precipitate  mercuric  oxide  from  the  solution  of 
the  chloride,  are  not  thrown  down  by  that  oxide  from  the  solutions  of  their  own  chlorides. 
Thus  the  alkaline  earths  are  not  precipitated  from  their  solutions  in  hydrochloric  acid 
by  mercuric  oxide.  From  solution  of  manganous  chloride,  the  manganese  is  completely 
precipitated  after  some  time,  as  manganous  oxide  (manganous  sulphate,  on  the  other 
hand,  is  not  decomposed).  From  solution  of  chloride  of  lead',  mercuric  oxide  throws 
down  oxide  of  lead ;  from  chloride  of  zinc,  the  red-brown  oxychloride  (sulphate  and 
acetate  of  zinc  are  not  decomposed  by  it).  From  the  chlorides  of  nickel  and  cobalt  it 
precipitates  the  protoxides  of  those  metals,  the  former  completely,  the  latter  for  the 
most  part  (the  sulphates  are  not  decomposed).  From  ferrous  chloride,  ferrous  oxide 
is  precipitated,  the^  mercuric  oxide  immediately  turning  black,  but  becoming  red  again 
after  a  while ;  the  liquid  contains  mercuric  chloride,  if  the  quantity  of  mercuric  oxide 
present  is  not  sufficient  to  form  an  oxychloride ;  and  the  insoluble  residue  consists 
of  mercurous  chloride  and  a  ferric  oxychloride,  produced  by  the  reaction,  2Hg"0  + 
2Fe"Cl2  =  (Hg2)"Cl2  +  (Fe2)vi02Cl2.  From/emc-  chloride,  mercuric  oxide  in  excess 
throws  down  all  the  iron  as  ferric  oxide,  forming  an  insoluble  mercuric  oxychloridp 
(ammonio -ferric  sulphate  is  not  altered  by  it).  From  cupric  chloride  it  throws 
clown  all  the  copper  as  cupric  oxide ;  cupric  sulphate  is  decomposed  by  it  after  a  long 
time  only,  the  mercuric  oxide  being  converted  at  the  same  time  into  a  solid  lump  of 
basic  mercuric  sulphate  and  basic  cupric  sulphate.  (H.  Rose.) 
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MERCURY,  OXYBROMIDE  Ol*.  Basic  mercuric  bromide.  fl|4Br208  or 
3Hg"O.Hg"Br2.— This  compound  is  obtained,  according  to  Lowig,  by  boiling  mercuric 
oxide  and  bromide  together  in  water,  or  by  boiling  a  solution  of  the  bromide  with  a 
quantity  of  potash  not  sufficient  to  precipitate  it  completely.  As  thus  prepared,  it  is 
a  yellow  crystalline  powder,  and  crystallises  from  its  aqueous  solution  in  yellow 
needles.  Rammelsberg  obtained  it,  as  a  dark-brown  powder,  by  precipitating  mercurie 
bromide  with  carbonate  of  sodium. — Mercuric  oxybromide  is  insoluble  in  cold,  some- 
what soluble  in  hot  wafer,  easily  soluble  in  absolute  alcohol  (Lowig),  insoluble  in 
aqueous  alcohol  (Kammelsberg).  It  is  resolved  at  a  gentle  heat  into  oxygen  gas,  a 
sublimate  of  mercury,  mercurous  and  mercuric  bromide,  and  a  residue  of  mercuric 
oxide  (Lowig).  By  boiling  potash,  it  is  converted,  according  to  Lowig,  into  pure 
mercuric  oxide;  whereas,  according  to  Kammelsberg,  it  remains  unaltered.  Nitric  acid 
dissolves  mercuric  oxide  from  it,  and  leaves  the  bromide.  (Rammelsberg.) 

MERCURY,  OXYCHXiORIDE  OF.  Mercuric  chloride  and  oxide  unite  in 
several  proportions,  and  the  compounds  may  be  obtained  in  various  ways :  as  by  the 
action  of  mercuric  oxide  on  a  solution  of  the  chloride  ;  by  incomplete  precipitation  of 
the  latter  solution  with  caustic  alkalis  or  alkaline  carbonates;  and  finally,  by  the  action 
of  chlorine  on  mercuric  oxide.  According  to  Millon,  1  at.  mercuric  chloride  unites  with 
2,  3,  or  4  at.  mercuric  oxide;  but  it  is  difficult  to  avoid  obtaining  mixtures  of  these 
several  compounds.  The  usual  mode  of  preparing  them  is  to  mix  a  solution  of  mercu- 
ric chloride  saturated  at  15°,  with  a  solution  of  perfectly  pure  monopotassic  carbonate 
(KHCO3)  saturated  at  the  same  temperature.  A  precipitate  of  pure  oxychloride  is  then 
at  once  obtained;  whereas  if  a  neutral  alkaline  carbonate  be  used,  the  oxide  is  precipi- 
tated :  „ 

o.  Hg*Cl202  =  Hg"Cl2.2Hg"0,  is  obtained  by  mixing  1  pt.  of  the  solution  of 
monopotassic  carbonate  with  6  to  10  pts.  of  the  solution  of  mercuric  chloride,  stirring 
and  immediately  collecting  the  precipitate  in  a  filter.  It  is  a  brick-red  non-crystalline 
powder  containing  yellow  mercuric  oxide,  which  may  be  separated  from  it  by  potash. 
When  1  pt.  of  the  solution  of  the  acid  potassium-salt  is  mixed  with  3  or  4  pts.  of  the 
mercuric  solution,  the  liquid  being  well  stirred  and  then  left  to  itself,  a  bright  yellow- 
precipitate  is  first  formed,  which  gradually  turns  red,  especially  on  agitation,  afterwards 
acquires  a  tinge  of  purple-red,  and  ultimately  of  violet.  It  has  exactly  the  same  com- 
position as  the  preceding.  When  1  pt.  of  the  potassic  solution  is  mixed  with  3  pts.  of 
the  mercuric  solution,  and  the  liquid  is  briskly  stirred  with  a  glass  rod,  black  streaks 
begin  to  form  on  the  side  of  the  vessel ;  and  if  the  contents  are  poured  out,  and  a  fresh 
mixture  prepared,  and  briskly  stirred,  a  dark  precipitate  is  formed,  the  colour  of  which 
gradually  passes  into  shining  black.  It  has  the  same  composition  as  the  preceding ; 
but  when  treated  with  potash,  it  yields  red  mercuric  oxide. 

£.  Hg4Cl2Os  =  HgCl2.3Hg"0.  Obtained  on  mixing  the  solutions  in  equal  volumes, 
and  leaving  the  mixture  at  rest.  The  liquid  then  becomes  filled  after  a  while  with 
shining,  golden-yellow,  crystalline  scales,  from  which  potash  separates  yellow  mercuric 
oxide. 

7.  Hg^Cl204  =  HgCl2.4Hg"p. — When  4  to  6  pts.  of  the  potassic  solution  are 
mixed  with  1  pt.  of  the  mercuric  solution,  no  precipitate  is  formed  at  first ;  but,  after  a 
while,  carbonic  anhydride  is  given  off,  and  a  brown  crystalline  crust,  having  the  com- 
position above  given,  forms  on  the  surface  of  the  liquid.  The  same  compound  is 
gradually  deposited  from  all  the  liquids  filtered  from  the  preceding  oxychlorides,  and 
is  likewise  obtained  by  imperfect  precipitation  of  a  warm  solution  of  mercuric  chloride. 
Potash  separates  the  red  oxide  from  it.  All  the  other  oxychlorides  are  converted  into 
this  compound  when  treated  with  boiling  water,  the  liquid  then  depositing,  on  cooling, 
shining  crystalline  scales,  also  consisting  of  the  same  compound,  but  containing  the 
yellow  modification  of  the  oxide.  The  same  compound  is  obtained,  according  to 
Thaulow,  when  chlorine  gas  is  passed  into  water  in  which  mercuric  oxide  is  sus- 
pended ;  the  analysis  of  the  compound  thus  produced  does  not,  however,  quite  agree 
with  the  formula  of  the  tetrabasic  chloride.  (Handwbrterbuch  der  Chemie,  vi.  772.) 

When  a  solution  of  mercuric  chloride  is  boiled  with  mercuric  oxide,  or  triturated 
with  it,  and  then  left  to  itself  for  a  considerable  time,  several  oxychlorides  appear  to 
be  formed.  A  solution  of  mercuric  chloride  boiled  with  the  oxide  deposits,  on  cooling, 
a  mixture  of  the  several  oxychlorides ;  and  on  decanting  the  liquid,  as  soon  as  it  has 
cooled  to  60°,  it  yields  small  rhombic  crystals  of  the  compound  Hg8Cl40  or 
2HgCl2.HgO,  which  may  be  freed  from  admixed  mercuric  chloride  by  absolute 
alcohol.  (Roue  her.) 

According  toRoucher's  latest  experiments  (Ann.  China.  Phys.  [3]  xxvii.  353; 
Jahresb.  1849,  p.  283),  the  composition  of  the  oxychloride  formed  by  the  action  of 
mercuric  chloride  on  mercuric  oxide,  is  different,  according  as  the  red  or  the  yellow 
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modification  of  the  oxide  is  used  in  its  preparation,  and  likewise  varies  with  the  tem- 
perature and  the  nature  of  the  solvent.  At  high  temperatures,  whether  the  red  or 
yellow  variety  of  the  oxide  be  employed,  and  whether  the  chloride  be  used  in  the  state 
of  aqueous  or  of  alcoholic  solution,  the  products  formed  are  invariably  the  same,  viz.  a 
black  .insoluble  compound,  HgCF.2HgO,  containing  the  red  oxide,  and  a  white, 
somewhat  soluble  substance,  consisting  of  2HgCF.HgO.  At  ordinary  temperatures, 
the  yellow  oxide  always  produces  the  yellow  compound  HgCl-.3HgO.  The  red 
oxide,  digested  in  the  cold  with  excess  of  corrosive  sublimate,  dissolved  either  in  water 
or  in  alcohol,  forms  black  HgCl2.2HgO ;  but  when  the  oxide  is  in  excess,  and  the 
chloride  is  used  in  the  state  of  aqueous  solution  and  frequently  renewed,  a  more 
energetic  action  takes  place,  and  the  compound  formed  is  HgCl-.6HgO.H20 ;  by 
operating  in  a  similar  manner,  but  using  a  somewhat  larger  quantity  of  the  chloride 
solution  at  first,  the  anhydrous  compound  HgCP.GHgO  is  produced.  Finally,  the 
nature  of  the  product  is  influenced  by  trituration  :  for,  by  triturating  the  red  oxide  in 
the  cold  with  solution  of  corrosive  sublimate  renewed  at  short  intervals,  the  product 
HgCP.4HgO  is  obtained. 

All  the  mercuric  oxychlorides  yield,  when  heated,  a  sublimate  of  mercuric  chloride, 
or  are  further  decomposed  into  oxygen,  mercurous  and  mercuric  chlorides,  and  a  residue 
of  mercuric  oxide. 

MERCURY,  OXYCYAWIDE  OP.     See  CYANIDES  (ii.  255). 
MERCURY,  OXYFXiUORIDE  OF.     See  p.  903. 

MERCURY,  OXYGEN-SALTS  OF.  For  the  general  characters  of  theso 
salts,  see  pp.  899,  900 ;  and  for  the  special  descriptions,  see  the  several  Acids. 

MERCURY,  OXY-XODXDE  OF.  Basic  mercuric  iodide.  Hg4I2Os  = 
HgF.SHgO.—  This  compound  is  obtained  by  melting  the  oxide  and  iodide  together 
in  the  required  proportions,  or  by  heating  the  iodide  with  dilute  potash-ley.  It  is  a 
yellowish-brown  powder,  mostly  mixed  with  excess  of  oxide.  [For  its  reactions  with 
ammonia,  see  MERCURY -BASES,  AMMONIACAL,  p.  919.] 

MERCURY,  PHOSPHIDE  OF.  This  compound  is  formed:— 1.  By  heating 
finely-divided  mercury  with  1|  pt.  phosphorus  (Pelletier)  ;  2.  By  digesting  2  pts.  of 
mercuric  oxide  with  1|  phosphorus  and  1  water,  mercuric  phosphate  being  formed  at 
the  same  time  (Pelletier) ;  3.  By  decomposing  heated  calomel  with  vapour  of  phos- 
phorus (H.  Davy) ;  4.  By  boiling  aqueous  mercuric  chloride  with  phosphorus 
(Bo u Hay) ;  6.  In  the  decomposition  of  aqueous  mercurous  nitrate  by  phosphoretted 
hydrogen  gas  (Thomson);  6.  When  phosphoretted  hydrogen  gas  is  passed  over  dry, 
slightly-heated  mercuric  chloride,  whereupon  the  phosphide  of  mercury  sublimes. 
(H.  Kose.) 

Phosphide  of  mercury  (1  and  2)  is  black ;  may  be  cut  with  a  knife ;  gives  off,  when 
distilled,  first  the  phosphorus,  and  afterwards  the  mercury ;  and,  when  exposed  to  the 
air,  gradually  loses  its  phosphorus  by  oxidation.  That  prepared  by  method  (3)  is 
brown  (H.  Davy),  brown-red  (Berzelius);  according  to  Davy,  it  remains  solid  at 
the  boiling  point  of  mercury,  and  may  be  preserved  unaltered.  That  prepared  by  (5) 
has  the  form  of  dark-brown  flakes.  The  preparation  (6)  is  an  orange-yellow  subli- 
mate, which,  when  somewhat  suddenly  heated,  is  resolved  into  phosphorus  and  mercury. 
(H.  Kose,  Pogg.  Ann.  xxiv.  335.) 

MERCURY,  PHOSPHOCHI.ORIDES  OF.  —  a.  Hg6P2Cl6.3H20  =  Hg3?2. 
3Hg"Cl2.3H20. — Formed  by  passing  phosphoretted  hydrogen-gas  through  an  aqueous 
or  alcoholic  solution  of  mercuric  chloride.  It  is  a  yellow  powder,  which,  when 
heated  in  a  retort,  yields  a  large  quantity  of  hydrochloric  acid-gas,  77 '59  per  cent, 
metallic  mercury,  and  a  residue  of  phosphoric  acid.  By  boiling  with  water,  it  yields 
metallic  mercury  and  a  solution  of  hydrochloric  and  phosphorous  acids  free  from  mer- 
cury. Caustic  potash  decomposes  it  in  a  siriiilar  manner.  Heated  with  dilute  nitric 
acid,  it  eliminates  nitric  oxide,  and  is  converted  into  8677  per  cent,  of  calomel. 
(H.  Kose,  Pogg.  Ann.  xl.  75.) 

0.  Hg»P2Cl16  =  3HgCl2.2PCl5.— Obtained  by  direct  combination  of  pentachloride 
of  phosphorus  with  mercuric  chloride.  It  forms  easily-fusible  needles,  which  volatilise 
at  about  200°,  and  decompose  when  suddenly  heated.  (Baudrimont,  Compt.  rend. 
Iv.  361.) 

MERCURY,  SEIiENXDE  OF.  Mercuric  Selenide,  Hg"Se,  may  be  produced 
artificially  by  direct  union  of  its  elements  at  a  high  temperature.  As  thus  prepared,  it 
forms  a  tin-white  mass,  which,  when  strongly  heated,  sublimes  without  previous  fusion 
in  grey  metallic-shining  laminae.  It  obstinately  resists  the  action  of  the  greater  num- 
ber of  solvents,  but  is  dissolved  by  nitromuriatic  acid,  as  mercuric  selenite.  Nitric 
add  produces  the  same  oxidation,  but  only  after  long-continued  boiling. 
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Selenides  of  mercury  occur  at  Zorge  and  at  Tilkerode  in  the  Harz,  and  near 
ClausthaL    Their  composition  is  exhibited  in  the  following  table : 


Tilkerode.          Zorge.  ClausthaL 

Schulz.  Marx.  Kerl 


Mercury    .    .     74-02            74-5            75-11  74-82 

Selenium    .     .     23-61             25'5             24*39  24-90 

Sulphur     .    .      0-70          

98-33  100-0  99-50  9972 

The  Tilkerode  mineral  contains  also  a  trace  of  copper.  When  it  is  heated  before  the 
blowpipe,  the  greater  part  volatilises,  leaving  11-85  percent,  of  foreign  matter,  including 
10"85  per  cent,  ferric  oxide).  The  preceding  analysis  applies  to  the  volatile  portion. 
If  the  loss  be  reckoned  as  selenium,  the  mineral  has  very  nearly  the  composition 
Hg"Se.  The  analyses  of  the  minerals  from  Zorge  and  Clausthal  lead  nearly  to  the 

formula  Hg'Se5,  which  is  that  of  a  mercuroso-mercuric  selenide  containing  Hg2Se. 
4Hg"Se.  It  is  possible  however  that  these  minerals  may  really  consist  also  of  mer- 
curic selenide  Hg"Se  (Kammelsb erg's  Mineralchemie,  pp.  35,  1010). 

The  native  selenides  of  mercury  are  massive  minerals,  with  compact  granular  texture 
and  no  cleavage.  Hardness  =  2-5.  Specific  gravity  =  7*1  to  7'37  (of  the  Clausthal 
ore).  Lustre  metallic.  Streak  shining.  Colour  steel  to  blackish  lead-grey. 

Selenide  of  Mercury  and  Lead  forms  the  mineral  Lehrbachite,  occurring  at  Tilkerode 
(pp.  558,  570). 

Selenide  of  Mercury,  Lead,  and  Copper. — Minerals  having  this  composition  occur 
at  Tilkerode  and  at  Zorge  in  the  Harz ;  they  are  intimate  mixtures,  in  which  a  white  or 
grey  mineral  crystallised  in  small  cubes,  and  a  violet  mineral,  may  be  distinguished. 
Two  specimens  analysed  in  Kammelsb  erg's  laboratory  gave 

Se.  Pb.  Cu.  Hg. 

a.  (Specific  gravity  574) ....     38'53         25'36         22-13         13-12     =     99-14 

b.  (        „  „       4-86)  ....     34-19         43'05         17  49  3'61     =     98'34 

JVIERCURY,  SEIiENTO-SUIiPHXDi:  OF.  Onofrite. — A  mineral  occurring 
with  other  ores  of  mercury  near  San  Onofre  in  Mexico.  It  contains  according  to 
H.  Eose's  analysis  (Pogg.  Ann.  xlvi.  315),  6'49  per  cent,  selenium,  10-30  sulphur,  and 
81-33  mercury;  whence  it  appears  to  be  a  compound,  or  perhaps  an  isomorphous  mixture, 
of  1  at.  HgSe  and  4  at.  HgS.  In  its  physical  characters  it  resembles  mercuric 
selenide. 

Del  Rio  (Pogg.  Ann.  xiv.  182)  mentioned  a  grey  mineral  from  Calabras  in  Mexico 
containing  49  per  cent,  selenium,  1'5  sulphur,  24  zinc,  and  19  mercury;  also  a  red 
mineral  likewise  containing  selenium,  mercury,  and  zinc.  Subsequently  (ibid,  xxxix. 
526),  he  described  the  latter  as  a  mixture  of  selenio-sulphide  of  mercury,  selenide  of 
cadmium,  selenide  of  iron,  and  free  selenium. 

URY,  SUXiPHZBES  OP.     Mercury  forms  two  sulphides,  analogous  to 


the  oxides. 

IVIercurous  Sulphide.  Hg2S. — This  is  the  black  precipitate  formed  by  sul- 
phydric  acid  or  sulphide  of  ammonium  in  solutions  of  mercurous  salts.  It  may  be 
prepared  bypassing  sulphydric  acid  gas  through  a  solution  of  mercurous  acetate ;  if  the 
nitrate  is  used,  the  liberated  nitric  acid  exerts  an  oxidising  action  on  the  precipitate. 
The  best  mode  of  preparation,  according  to  Berzelius,  is  to  drop  a  dilute  solution  of 
mercurous  nitrate  into  a  dilute  solution  of  sulphydrate  of  ammonium  or  potassium ;  or 
a  solution  of  either  of  these  sulphydrates  may  be  poured  upon  calomel  recently  preci- 
pitated and  still  moist. 

Mercurous  sulphide  in  the  dry  state  is  a  deep-black  powder;  it  is  resolved  at  a 
gentle  heat  into  mercuric  sulphide  and  metallic  mercury,  which  remains  mixed  with 
the  sufphide  in  the  form  of  small  globules.  At  a  strong  heat,  it  yields  a  sublimate, 
first  of  metallic  mercury,  afterwards  of  cinnabar. 

Mercuric  Sulphide.  Hg"S.  This  compound  exists  both  amorphous  and  cry- 
stall  sed;  in  the  former  state  it  is  black;  in  the  latter,  it  has  a  fine  red  colour  and 
constitutes  the  well-known  pigment  called  cinnabar  or  vermillion. 

a.  Amorphous  Mercuric  Sulphide. — When  mercury  and  sulphur  are  triturated 
together  for  a  long  time  in  the  proportion  100  mercury  to  16  sulphur,  they  unite  and 
form  black  mercuric  sulphide;  the  product  thus  obtained  is  called  in  pharmacy, 
Aethiops  mineralis. — The  same  compound  is  formed  by  heating  6  pts.  mercury  with  1 
pt.  sulphur ;  but  the  product  thus  obtained  is  of  rather  uncertain  composition,  owing  to 
the  volatilisation  of  a  portion  of  the  sulphur ;  moreover  it  contains  a  considerable  quan- 
tity of  cinnabar,  which  remains  undissolved  on  boiling  with  potash,  whereas  good 
Aethiops  is  wholly  or  almost  wholly  soluble  in  that  liquid. — The  amorphous  sulphide 
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is  tllso  produced  by  precipitating  the  solution  of  a  mercuric  salt  with  excess  of  snlphy« 
dric  acid  or  a  soluble  sulphide ;  by  agitating  mercury  with  pentasulphide  of  ammonium 
or  potassium ;  and  by  exposing  cinnabar  to  a  very  gentle  heat  in  a  close  vessel. 

Amorphous  mercuric  sulphide  is  a  velvet-black  powder  or  a  greyish-black  mass 
When  heated  somewhat  strongly  in  a  close  vessel,  it  yields  a  sublimate  of  cinnabar ; 
but  on  heating  it  in  contact  with  the  air,  the  sulphur  burns  and  the  mercury  volatilises ; 
when  ignited  with  caustic  alkalis  or  alkaline  carbonates,  it  gives  off  all  its  mercury  and 
leaves  a  residue  of  alkaline  sulphide  (liver  of  sulphur).  It  withstands  the  action  of 
most  solvents,  but  is  decomposed,  with  separation  of  sulphur,  by  very  strong  nitric  acid  ; 
dilute  nitric  acid  has  scarcely  any  action  upon  it ;  nitromuriatic  acid  dissolves  it  with 
tolerable  facility.  It  is  likewise  soluble  in  aqueous  sulphide  of  potassium,  and  the 
solution  solidifies  on  evaporation  to  a  mass  of  slender  colourless  needles  consisting  of 
potassio-mercuric  sulphide,  K2Hg"S2.5H20,  which  is  decomposed  by  water,  with 
separation  of  black  mercuric  sulphide. 

)8.  Crystallised  mercuric  sulphide.  Cinnabar,  Vermillion.  Cinnabar  occurs 
native,  being  in  fact  the  most  important  ore  of  mercury :  its  principal  localities  have 
been  already  enumerated  (p.  883).  By  far  the  greater  part  of  the  vermillion  occurring 
in  commerce  is  however  prepared  by  sublimation  of  the  amorphous  sulphide. 

Formation  and  preparation. — 1.  In  the  dry  way. — Mercury,  mercuric  oxide,  or 
trimercuric  sulphate,  sublimed  with  sulphur,  yields  cinnabar.  When  5  or  6  parts  of 
mercury  are  added  to  1  part  of  melting  sulphur,  and  the  mixture  is  heated,  with  constant 
stirring,  till  the  sulphur  becomes  thick,  combination  takes  place  suddenly,  attended 
with  evolution  of  light  and  heat,  and  with  violent  crackling  and  projection  of  the  mass. 
The  resulting  compound  exhibits  a  blackish-red  colour,  and  frequently  a  distinct  red 
streak ;  it  may  be  regarded  as  cinnabar  partly  mixed  with  black  sulphide  of  mercury, 
and  partly  with  uncombined  mercury  and  sulphur  in  a  state  of  minute  division.  Now, 
when  this  crude  product,  after  being  pounded,  is  mixed  with  a  small  quantity  of  sulphur, 
and  a  glass  flask  half  filled  with  it  is  loosely  closed  with  a  charcoal  stopper,  sunk  to 
two-thirds  of  its  depth  in  sand,  and  exposed  for  some  hours  to  a  red  heat  in  a  slow- 
drawing  wind-furnace,  a  sublimate  of  pure  cinnabar  is  obtained.  The  excess  of  sulphur, 
being  more  volatile  than  the  cinnabar,  escapes ;  foreign  metals  remain  in  the  form  of 
sulphides  at  the  bottom  of  the  flask.  If  the  upper  part  of  the  flask  becomes  too  hot, 
a  portion  of  the  cinnabar  may  be  lost  by  volatilisation. 

Old  method  of  preparation  in  Amsterdam. — 170  pounds  of  mercury  are  gradually 
added  to  50  pounds  of  melted  sulphur  contained  in  a  cast-iron  pot,  the  materials  being 
stirred  up  with  an  iron  spatula,  but  not  so  rapidly  as  to  give  rise  to  active  combustion 
— the  mixture  is  poured  out  upon  an  iron  plate,  and  broken  into  pieces  after  cooling — 
and  the  fragments  are  put  into  hand-jars  capable  of  holding  l£  pounds  of  water.  The 
subliming  vessels  are  earthern  cylinders  4  feet  high,  glazed  within,  and  closed  at  the 
bottom  ;  they  are  sunk  to  two-thirds  of  their  depth  in  a  furnace  in  which  their  lower 
part  is  heated  to  redness.  A  few  hand-jars  full  of  the  mixture  are  thrown  into  each  of 
these  subliming  vessels,  and  the  contents  left  to  crackle  and  burn  till  the  greater  part 
of  the  excess  of  sulphur  volatilises,  and  the  flame  diminishes.  The  smooth,  level 
opening  is  then  covered  with  a  thick,  smooth  plate  of  cast-iron  ;  the  plate  removed  as 
soon  as  a  sufficient  quantity  of  cinnabar  has  collected  upon  it ;  the  cinnabar  which  has 
collected  on  the  upper  part  of  the  vessel  is  pushed  down  again  ;  a  fresh  plate  put  on, 
&c.  &c.  The  contents  of  the  cylinder  are  stirred  up  from  time  to  time,  and  fresh 
material  is  introduced.  The  cinnabar,  after  being  detached  from  the  plates,  is  ground 
as  finely  as  possible  with  rain-water. 

Method  of  preparation  in  Idria. — A  number  of  casks,  each  containing  8  pounds  of 
ground  sulphur  and  42  pounds  of  mercury,  are  made  to  turn  upon  their  axes  for  two 
or  three  hours,  till  the  contents  are  converted,  with  slight  evolution  of  heat,  into  a 
brown  powder.  100  pounds  of  this  powder  are  then  introduced  into  an  upright  cast- 
iron  cylinder,  previously  heated  in  a  furnace ;  the  cylinder  is  covered  with  an  iron  capital, 
kept  down  by  weights  till  the  crackling  of  the  mass  is  over;  and  the  iron  capital  is  then 
replaced  by  one  of  stone-ware,  having  its  beak  connected  with  a  tube  and  receiver,  and 
the  fire  is  increased.  The  best  cinnabar  collects  in  the  capital,  which  is  afterwards 
broken  in  pieces ;  that  which  condenses  in  the  tube  and  receiver,  if  mixed  with  excess 
of  sulphur,  is  added  to  the  quantity  introduced  at  the  next  sublimation.  The  cinnabar, 
after  being  finely  ground  with  water,  is  well  boiled  with  potash-ley,  and  washed  with 
boiling  and  with  cold  water.  (Mitscherlich,  Lehrbuch.) 

Chinese  method. — 1  part  of  sulphur  and  4  parts  of  mercury  are  sublimed  in  an 
earthen  vessel,  to  which  an  iron  cover,  kept  constantly  moist,  is  luted ;  the  fire  is  kept 
up  for  four-and-twenty  hours  ;  the  vessel  broken  up  alter  cooling ;  the  less  pure  subli- 
mate separated ;  the  purer  portion  pounded  up ;  the  powder  sifted  into  a  large  vessel 
filled  with  water;  the  water,  with  the  scum  floating  on  it,  is  poured  off  after  a  while, 
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the  process  being  twice  repeated ;  and  lastly,  the  sediment  at  the  bottom  is  dried. 
(N.  Edinb.  J.  of  8c.  ii.  352.) 

European  cinnabar,  whether  prepared  in  the  dry  or  in  the  -wet  way,  always  has  a 
tinge  of  yellow ;  the  Chinese,  which  is  six  times  as  dear,  inclines  to  carmine  colour, 
although  no  foreign  matter  can  be  detected  in  it,  excepting  a  little  glue.  By  the  sub- 
limation of  common  cinnabar  with  1  per  cent,  of  sulphide  of  antimony,  a  dark  steel- 
grey  cinnabar  is  obtained,  which  becomes  brown-red  when  pulverised :  but  if  it  be 
finely  ground,  and  repeatedly  boiled  with  solution  of  liver  of  sulphur,  then  thoroughly 
washed  and  digested  with  hydrochloric  acid,  and  afterwards  washed  and  dried,  it 
becomes  exactly  like  the  Chinese  vermillion,  but  of  a  still  finer  colour.  No  antimony 
can  be  detected  in  it.  (Wehrle,  Zeitschr.  phys.  v.  Wiss.  ii.  27.) 

The  principal  point  to  be  attended  to  in  the  preparation  of  cinnabar  by  sublimation, 
is  that  no  black  amorphous  sulphide  shall  get  mixed  with  it. 

2.  In  the  wet  way. — The  black,  amorphous  sulphide  of  mercury  obtained  by  the 
action  of  sulphydric  acid,  or  of  alkaline  sulphydrates  or  persulphides  on  mercury,  its 
oxides,  and  salts,  is  converted  by  contact  with  alkaline  persulphides,  slowly  in  the 
cold,  but  quickly  when  heated,  into  the  red  sulphide. 

Very  fine  cinnabar  may  be  obtained  by  immersing  recently  precipitated  "  white 
precipitate  "  (p.  916)  in  a  solution  of  sulphydrate  of  ammonium,  or  in  monosulphide  of 
ammonium  previously  saturated  with  sulphur :  the  black  colour  which  the  precipitate 
first  acquires  passes,  at  a  temperature  between  40°  and  50°,  through  red-brown  into 
the  beautiful  deep  red  of  Chinese  vermillion,  the  change  taking  place  more  quickly  as 
the  liquid  is  more  concentrated.  The  colour  may  be  rendered  still  brighter  by  subse- 
quent digestion  with  potash  at  a  gentle  heat.  (Liebig,  Ann.  Ch.  Pharm.  v.  289 ;  vii.  49.) 

Brunner  (Pogg.  Ann.  xv.  593)  carefully  triturates  100  pts.  of  mercury  with  38pts. 
of  flowers  of  sulphur,  till  the  whole  is  converted  into  black  amorphous  sulphide — a 
process  which  requires  three  hours  for  small  quantities,  and  twelve  hours  if  the  quantity 
amounts  to  a  few  pounds — and  heats  it  in  a  porcelain  basin  or  a  cast-iron  pot,  with  a 
solution  of  25  pts.  of  potassium-hydrate  in  133  to  150  pts.  of  water,  keeping  the  tem- 
perature uniformly  at  45°,  and  never  letting  it  rise  above  50°.  At  first  the  mixture  is 
continually  stirred  with  the  pestle,  afterwards  from  time  to  time.  The  water  which 
evaporates  is  replaced,  so  as  not  to  allow  the  mixture  to  acquire  the  thickness  of  a 
jelly.  When  the  reddening  has  once  begun,  which  generally  takes  place  in  about  eight 
hours,  the  heat  must  not  be  allowed  to  rise  above  45°  ;  and  as  soon  as  the  red  has  at- 
tained its  greatest  degree  of  brightness,  the  vessel  is  removed  from  the  fire,  or  else, 
which  is  better,  the  mixture  is  kept  for  some  hours  exposed  to  a  gentler  heat.  It  is 
then  washed,  and  the  mercury  which  remains  metallic  is  separated  by  levigation, 
whereupon  it  yields  from  109  to  110  per  cent,  of  cinnabar,  but  little  inferior  to  the 
finest  native  variety,  and  far  superior  to  that  obtained  by  sublimation.  The  above- 
mentioned  proportion  of  the  ingredients  gives  the  largest  amount  of  cinnabar;  100  pts. 
of  mercury  yield  with  4  Opts,  of  sulphur  and  40  of  potassium-hydrate,  107  cinnabar; 
with  28-3  sulphur  and  51  potassium-hydrate,  94-2 ;  with  33  to  40  sulphur  and  60 
potassium-hydrate,  81 '5;  and  with  30  sulphur  and  60  potassium-hydrate,  only  47'3 
cinnabar.  (Brunner.) 

D  obereiner  (Schw.  J.  Ixi.  380)  gently  heats  mercury  with  a  solution  of  pentasulphide 
of  potassium,  triturating  it  continually,  till  the  mercury  is  converted  into  a  dark  red 
powder,  a  change -which  generally  takes  place  in  about  an  houf  and  a  half;  he  then 
decants  the  liquid  (which  contains  protosulphide  of  potassium,  and  by  digestion  with 
sulphur  may  be  rendered  fit  for  another  preparation  of  cinnabar),  and  triturates  the 
powder  with  a  small  quantity  of  dilute  potash-ley  at  40°  or  45°,  till  it  acquires  a  fiery 
red  colour. 

If  the  cinnabar  has  become  brown  from  being  heated  too  long  with  sulphur  and 
potash-ley,  it  may  be  restored  to  the  state  of  the  finest  vermillion  by  the  addition  of 
water  and  the  application  of  a  moderate  heat.  (S torch,  Eepert.  Pharm.  xxxv.  107.) 

Th.  Martius  (Kastn.  Arch.  x.  497)  places  the  ingredients  in  bottles  closed  with  corks 
and  packs  them  into  a  box,  which  is  fastened  to  the  upper  beam  of  a  saw-mill.  In  24 
or  36  hours,  at  ordinary  temperatures,  the  most  beautiful  cinnabar  is  obtained ;  it  is 
afterwards  washed  and  dried.  This  method  not  only  has  the  advantage  of  dispensing 
with  the  labour  of  trituration,  but  likewise  prevents  the  hitherto  unexplained  passage 
of  the  cinnabar  into  the  brown  state,  which  is  so  liable  to  take  place  on  the  application 
of  heat. 

Adulterations. — "BricTcdust remains  behind  on  ignition. — Oxide  of  iron,  the  same;  it 
may -also  be  dissolved  out  by  hydrochloric  acid. — Eed  lead  remains  behind  on  ignition 
in  the  form  of  a  fused  protoxide,  and  yields  chloride  of  lead,  with  evolution  of  chlorine, 
on  boiling  the  substance  with  hydrochloric  acid ;  the  chloride  thus  formed  may  be 
extracted  by  boiling  water. — Dragon's  Blood :  Empyreumatic  odour  on  the  application 
of  heat ;  gives  a  red  colour  to  alcohol. 
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Properties. — Native  cinnabar  and  many  of  the  artificial  varieties  form  hemihedral 
crystals  belonging  to  the  hexagonal  system,  the  primary  form  being  an  acute  rhombo- 
hedroh,  in  which  the  length  of  the  principal  axis  is  2'29,  and  R  :  R  in  the  terminal 
edges  71°  48'.  The  most  ordinary  combination  is  K  .  oR,  somewhat  like  fig.  361 
(ii.  224) ;  also  with  ooR,  the  latter  sometimes  predominating.  Cleavage  parallel  to 
oo R.  Cinnabar  obtained  by  sublimation  assumes  the  form  of  fibrous  masses.  Specific 
gravity  of  the  native  mineral,  8'0  to  8'1 ;  of  a  cleavable  variety  from  Neumarktel, 
8-998;  of  the  artificially  sublimed  compound,  8-0602  (Karsten),  8124  (Pol.  Boullay). 
Hardness  of  the  native  mineral  =  2  to  2-5.  It  is  sectile  and  has  a  subconchoidal 
uneven  fracture.  In  the  mass  it  is  cochineal  coloured,  transparent,  and  has  an  ada- 
mantine lustre  ;  its  powder  is  scarlet.  It  becomes  brownish  when  gently  heated ; 
quite  brown  at  250°,  and  black  at  a  higher  temperature ;  but  if  the  heat  has  not  been 
strong  enough  to  cause  it  to  volatilise,  it  recovers  its  fine  scarlet  colour  on  cooling. 

Pure  mercuric  sulphide  contains  86'2  per  cent,  mercury  and  13'2  sulphur;  native 
cinnabar  is,  for  the  most  part,  nearly  pure,  the  percentage  of  mercury  varying  from 
about  78  to  86  per  cent. 

In  its  chemical  relations  cinnabar,  both  natural  and  artificial,  resembles  the  amor- 
phous sulphide,  excepting  that  it  is  still  less  easily  attacked  by  solvents.  Heated 
with  iron,  tin,  antimony,  and  several  other  metals,  it  yields  metallic  mercury  and  a 
sulphide  of  the  other  metal.  Caustic  alkalis  and  alkaline  carbonates  also  liberate  the 
mercury  at  a  red  heat,  while  a  mixture  of  metallic  sulphide  and  sulphate  remains 
behind ;  thus  with  lime  : 

4HgS  +  4CaO     =    Hg4  +  3CaS  +  CaSO4. 

Heated  with  protoxide  of  lead,  it  gives  off  sulphurous  anhydride  and  mercury,  leaving 
very  pure  metallic  lead,  and  a  fused  slag,  which,  if  the  oxide  of  lead  is  not  in  very 
great  excess,  contains  undecomposed  cinnabar. 

MERCURY,  SUI.PHOBROMIDE  OP.  HgsBr2S2,  HgBr2.2HgS.  "When 
sulphydric  acid  gas  is  passed  through  a  solution  of  mercuric  bromide,  a  white  precipi- 
tate is  at  first  formed,  consisting  of  this  compound,-which  is  afterwards  transformed  by 
excess  of  sulphydric  acid  into  black  mercuric  sulphide.  The  sulphobromide  is  also 
produced  by  digesting  the  black  sulphide  with  the  aqueous  solution  of  the  bromide. 
It  is  yellowish- white  when  dry  ;  splits  up  into  mercuric  bromide  and  cinnabar  when 
heated ;  is  blackened  by  alkalis,  but  less  quickly  than  the  corresponding  chlorine-com- 
pound. It  is  neither  decomposed  nor  dissolved  by  nitric  or  sulphuric  acid  at  the 
boiling  heat. 

MERCURY,  SUX.PHOCKX.ORXDE  OF.  Hg3Cl2S2.  Produced  by  reactions 
similar  to  those  above  described  for  the  sulphobromide,  which  it  resembles  in  its  pro- 
perties and  in  most  of  its  reactions.  Heated  in  a  current  of  chlorine  gas,  it  yields 
chloride  of  sulphur  and  mercuric  chloride. 

MERCURY,  SUX.PHO-XODXDE  OP.  Hg3I2S  =  HgI2.Hg"S.  .  Produced  like 
the  preceding  compound,  which  it  resembles. 

MERCURY-BASES,  AMMONIAC  AX..  (C.  G.  Mitscherlich,  Pogg.  Ann. 
ix.  387;  xvi.  41.— Kane,  Ann.  Ch.  Phys.  [2]  Ixxii.  215. — Plantamour,  Ann.  Ch. 
Pharm.  xl.  115. — Rammelsberg,  Pogg.  Ann.  Iv.  248. — Mi  lion,  Ann.  Ch.  Phys.  [3] 
xviii.  333.— Hi rz  el,  Ucber  die  Einwirkung  des  Quicksilberoxyds  auf  das  Ammoniak 
und  die  Ammoniak-verbindungen,  Leipzig,  1852 ;  abstr.  Ann.  Ch.  Pharm.  Ixxxiv.  258. 
— Schmieder,  J.  pr.  Chem.  Ixxv.  129;  Jahresb.  1858,  p.  204.)— By  the  action  of 
ammonia  and  its  salts  on  mercury-compounds,  a  variety  of  substances  are  formed,  some 
of  which  were  originally  regarded  as  compounds  of  ammonia  with  mercury-salts  ;  e.g., 
ammnnio-mercuric  chloride  NH:<.Hg"Cl2 ;  ammonio-mercurous  chloride,  2NH3.(Hg'J)"Cr-! ; 
ammonio-merciiric  iodide,  2NH3.Hg"I2,  &c.  Kane,  in  accordance  with  his  amidogen 
theory,  regarded  these  compounds  as  containing  amide  of  mercury,  NH2Hg',  com- 
bined with  other  mercury-  or  amidogen-compounds.  Hirzel  and  others  have  repre- 
sented them  as  containing  nitride  of  mercicry,  N-(Hg")s,  as  a  proximate  constituent. 
Ge.vhardt  first  suggested  that  they  contain  ammonia-molecules,  in  which  the  hydrogen 
is  more  or  less  replaced  by  mercury ;  and  this  view  has  been  further  developed,  in 
accordance  with  the  ammonium-theory,  these  compounds  being  supposed  to  contain 
ammonium-molecules  in  which  the  hydrogen  is  wholly  or  partly  replaced  by  mer- 
cury in  the  proportion  of  100  or  200  pts.  mercury  to  1  pt.  hydrogen,  according  as  the 
compound  is  formed  from  a  mercuric  or  a  mercurous  salt,  thus  : 

Mercurammonium N2H8Hg" 

Mercurosammonium          .         .         .         .        .         .   ,      N2H6(Hg2)" 

Dimercurammonium N2H4Hg2 
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Dimercurosammonium    .         ,        ,        ,        .         N2H4(Hg2)8 
Trimercurammonium       .         .        •  ,     •         •         N2H2Hg3 
Trimercurosammonium   .....         N2H2(Hg2)3 
Tetramercnrammonium  ....         N2Hg4 

None  of  the  mercurammoniums  have  been  obtained  in  the  free  state  ;  but  trimer- 

curamine,  H^N2,  is  produced  by  the  action  of  ammonia-gas  on  dry  mercuric 
oxide. 

Mercurammonium.      H^6  j  N2.—  The  bromide  of  this  base,     -|6  j  N2Br2,  (like 

e  or  ij,*  p.  921)  is  produced  by  melting  mercuric  bromide  at  a  gentle  heat  in 
ammonia  gas,  the  salt  then  taking  up  about  3'4  per  cent,  of  the  gas.  Water 
extracts  bromide  of  ammonium  from  the  product,  and  leaves  a  yellow  powder  which 
gives  off  ammonia  when  treated  with  aqueous  sulphide  of  potassium,  but  not  with 
caustic  potash. 


Bromide    of  Mercury    and    Mercurammonium.      N2H8.2Hg"Br2  = 

HgBr2,  or  Bromide  of  Hydrogen  and  Dimercurammonium  NH3.Hg"Br2  —   jap    c  NBr. 

HBr,  (£),  is  produced  by  saturating  mercuric  bromide  with  ammonia  gas.  It  is  a 
white  powder  insoluble  in  water  and  in  alcohol,  sparingly  soluble  in  ammonia,  and  is 
resolved  by  heat  into  nitrogen,  ammonia  gas,  aqueous  vapour,  [?  hydrogen],  and  a 
sublimate  of  mercuric  bromide. 

Chloride  of  Mercur  ammonium.—  2NH3.HgCl2  =  Hf  j  N2C12,  (e).  Fusible  white 

precipitate.  Obtained  by  precipitating  a  solution  of  ammonio-mercuric  chloride 
(alembroth  salt,  p.  808)  with  potash  (Wohler),  or  by  dropping  a  solution  of  mercuric 
chloride  into  a  boiling  solution  of  sal-ammoniac  mixed  with  free  ammonia,  as  long  as  the 
resulting  precipitate  redissolves  ;  it  then  separates  on  cooling  in  garnet-dodecahedrons 
(Mitscherlich).  At  a  gentle  heat  it  gives  offhalf  its  ammonia  ,  leavi  ng  the  compound 
NH3.Hg"Cl2,  (7),  which  is  also  formed  by  gently  heating  mercuric  chloride  in  a  stream  of 
ammonia  gas,  or  by  distilling  mercuric  oxide  with  sal  -ammonia.  (Mitscherlich.) 

Iodide.  —  2NH3.HgI2=   JLjN2!2,  (??).     Eed  mercuric  iodide  absorbs  ammonia  gas 


and  forms  this  white  compound,  which  however,  when  exposed  to  the  air,  gives  off  its 
ammonia  and  is  reconverted  into  red  mercuric  iodide.     (H.  Eose.) 

The  compound  NH3.Hg"I2  (8)  is  obtained  by  drenching  mercuric  iodide  with  aqueous 
ammonia,  as  a  white  crystalline  powder  which  dissolves  in  excess  of  ammonia,  leaving 
a  brown  powder  consisting  of  hydrated  iodide  of  tetramercurammonium ;  on  evaporat- 
ing the  ammoniacal  solution,  the  compound  is  deposited  in  small  crystals.  It  quickly 
gives  off  its  ammonia  when  exposed  to  the  air,  and  is  likewise  decomposed  by  water 
and  by  acids.  (Caillot  and  Corriol ;  Eammelsberg.) 

ft 

Dimercurammonium.         Tr^N2.      The  chloride  of  this  base 


(a  or  0,  known  in  pharmacy  as  infusible  white  precipitate,  Mercurius pr&cipi- 
tatus  albus,  is  formed  by  adding  ammonia  to  a  solution  of  mercuric  chloride.  When 
first  produced  it  is  bulky  and  milk-white,  but  by  contact  with  hot  water,  or  by  much 
washing  with  cold  water,  it  turns  yellow  and  is  converted  into  hydrated  chloride 

of  tetramercurammonium,  H/g4N2Cl2.2H20.  It  is  readily  dissolved  by  acids,  and  is 
especially  distinguished  from  calomel  by  its  behaviour  with  ammonia,  which  does  not 
alter  white  precipitate,  whereas  calomel  is  blackened  by  it.  Kane  regards  this  com- 
pound as  an  amidochloride  of  mercury,  Hg'H'N.Hg'Cl. 

The  tetrammonium  salts  (p.  918),  all  of  which  contain  water,  may  be  regarded  as 
compounds   of    dimercurammonium     salts  with  mercuric  oxide,   e.g.  the   chloride 

Hg4N2Cl2.2H20  as  Hg2H4N2Cl2.2Hg//0.  In  like  manner,  ammoniacal  turpethum,  the 
salt  produced  by  the  action  of  ammonia  on  mercuric  sulphate,  and  described  at  p.  920 

as  a  sulphate  of  tetramercurammonium,  (Hg4N2)S04.2H20,  maybe  regarded  as  a  basic 
sulphate  of  dimercurammonium,  (Hg2H4N2)S04.2Hg"0. 

»  The  Greek  letters  in  this  and  the  following  paragraphs  refer  to  the  table  on  page  921. 
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A  double  sulphate  of  ammonium  and  dimer cur  ammonium     fW4N    [S208.2H20,  (y\ 

is  obtained  by  adding  mercuric  oxide  by  small  portions  to  a  cold  saturated  solu- 
tion of  sulphate  of  ammonium,  waiting  each  time  for  the  last  portion  to  dissolve, 
till  the  liquid  begins  to  show  turbidity,  from  separation  of  a  white  basic  compound. 
On  leaving  this  solution  to  evaporate  at  ordinary  temperatures  (if  evaporated  over 
the  water-bath;  it  again  deposits  a  white  basic  compound),  the  double  salt  crystal- 
lises from  it  in  small  white  needles,  or  more  definite  colourless  rhombic  crystals, 
which  give  off  their  water  at  115°.  The  salt  dissolves  easily  in  sulphate  or  chloride 
of  ammonium,  also  in  hydrochloric  acid,  either  dilute  or  concentrated,  and  in  very 
dilute  sulphuric  or  nitric  acid,  but  is  insoluble  in  strong  nitric  acid,  and  is  completely 
decomposed  by  strong  sulphuric  acid  at  the  boiling  heat. 

The  double  salt  is  completely  decomposed  by  water,  even  in  the  cold,  and  converted 

into  a  heavy,  white,  earthy  powder,  consisting  of  the  basic  salt,  2(H"g2H4N2)S04.3Hg"0, 
(i^),  which  likewise  separates,  when  a  solution  of  sulphate  of  ammonium,  saturated  with 
mercuric  oxide,  is  poured  into  water.  It  resembles  the  sulphate  of  tetramercur- 
ammonium  (cimmoniacal  turpethum)  above  mentioned.  The  latter  is  also  produced  by 
boiling  the  finely  triturated  double  salt  with  water,  continually  renewed  as  long  as 
it  takes  up  any  sulphuric  acid. 

Another  basic  compound  is  obtained  by  dissolving  the  above-described  double  salt  in 
cold  dilute  sulphuric  acid,  and  adding  the  solution  to  an  excess  of  dilute  potash-ley  ; 
ammonia  is  then  given  off,  and  a  white  substance  separates,  which,  when  washed  with 

water,  and  dried  at  115°,  has  the  composition  Hg2H4N2S04.3Hg"0,  or  (Hg4N2)S04. 
Hg"0.2H20,  O). 

The  solution  of  the  last  described  compound,  or  of  the  double  salt,  in  hydrochloric 
acid,  poured  into  cold  dilute  potash-ley,  kept  constantly  in  excess,  forms  a  white  pre- 
cipitate of  (Hg2H4N2)012.3Hg"0  or  (Hg4N2)Cl2Hg"0.2H20,  (j8').  This  compound 
dissolves  in  boiling  aqueous  chloride  of  ammonium,  giving  off  ammonia,  and  forming  a 
double  chloride  of  ammonium  and  dimercurammonium,  which  however  has  not  yet  been 
obtained  pure.  Finally,  by  boiling  the  last-mentioned  compound  with  strong  potash-ley 
till  its  colour  changes  from  white  to  yellow,  another  oxychloride  is  obtained,  having  the 

composition  (Hg2H4N2)Cl2.4Hg"0  or  Hg4N2Cl2.2Hg"0.2H20,  (a'),  and  by  con- 
tinued boiling  for  a  day  with  fresh  portions  of  potash-ley,  more  and  more  chlorine  and 
nitrogen  may  be  removed,  till  at  last  nothing  is  left  but  pure  mercuric  oxide. 
(Schmieder.) 

Trimercuramine.  Hg3N2.  This  compound  is  formed  by  passing  dry  ammonia 
gas  over  precipitated  mercuric  oxide  previously  well  washed  and  dried : 

3HgO  +  2NH3  =  Hg3N2  +  3H20. 

The  excess  of  oxide  being  removed  by  nitric  acid,  the  trimercuramine  is  obtained  in 
the  form  of  a  dark  flea-brown  powder,  which  explodes  by  heat,  friction,  percussion,  or 
contact  with  oil  of  vitriol,  almost  as  violently  as  iodide  of  nitrogen.  When  cautiously 
heated  with  hydrate  of  potassium,  it  is  decomposed  without  detonation,  yielding  am- 
monia-gas and  sublimed  mercury.  It  is  also  decomposed  by  hydrochloric,  sulphuric 
and  concentrated  nitric  acid,  yielding  an  ammoniacal  and  a  mercuric  salt.  (Planta- 
in our,  Ann.  Ch.  Pharm.  xl.  115.) 

By  the  action  of  various  ammonia-salts  at  a  boiling  heat  on  mercuric  oxide,  com- 
pounds are  obtained,  which  may  be  regarded  as  compounds  of  trimercuramine  with  mer- 
curic salts :  thus  with  phosphate  of  ammonium,  the  salt  Hg3N2.flg8P:08.2H20  (n) ; 

with  the  acetate,  the  compound  Hj3N2.C4H6Hg"OUH20  (X)  (Hirzel).  These  com- 
pounds may  also  be  regarded  as  salts  of  tetramercurammonium  (p.  918). 


Trimercurammonium.    TT^  £N2.      The  only  known  salt  of  this  base  is  the 

nitrate,  ^2S|N2.(NOS)2.2H20,  (/>),  which  is  produced  as  a  white  precipitate  on 
mixing  a  dilute  and  very  acid  solution  of  mercuric  nitrate  with  very  dilute  ammonia. 
It  might  also  be  regarded  as  a  basic  nitrate  of  mercurammonium,  JjL  ( N2.(N03)2. 

2Hg"0,  or  according  to  Mitscherlich,  as  a  basic  ammonio-nitrate  of  mercury, 
2NH3.3Hg"O.N205. 

Tetramercurammonium.  Hg4N2.     By  acting  on  mercuric  oxide  with  aqueous 
ammonia,  a  brown  compound  is  obtained,  the  so-called  mercuramine  which  may 
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be  regarded  as  a  hydrated  oxide  of  tetramercurammonium     fp    [  02.H20.      It  is   a 

strong  base  and  forms  definite  salts,  from  which  it  is  separated  by  acids,  without 
decomposition,  at  ordinary  temperatures.  It  may  also  be  regarded  as  oxide  of  dimer- 

curammonium  combined  with  mercuric  oxide,  viz.  as  lfg2H4N20.2Hg"0,  and  its 
salts  represented  by  corresponding  formulae,  that  is  as  compounds  of  mercuric 
oxide  with  the  chloride,  iodide,  acetate,  &c.,  of  dimercurammonium,  or  they  may  be 
formulated  as  compounds  of  mercuric  salts  with  trimercuramine  (p.  917).  The 
tetrammonium  salts  are  also  produced  by  the  action  of  ammonium  salts  on  mercuric 
oxide  (Hirzel,  Ixxxiv.  258),  and  in  other  reactions,  as  will  be  presently  mentioned. 

Acetate  of  Tetramercurammonium.  C4H8(Hg4N2)"04.4H20  (A.).— Crystallised 
compound  obtained  by  treating  mercuric  oxide  with  acetate  of  ammonium.  When 
dried  at  100°  it  leaves  a  yellowish- white  powder. 

The  ar  8  en  ate  is  a  white  salt,  obtained  by  boiling  mercuric  oxide  with  arsenate  of 
ammonium. 

Bromate.  (Hg4N2)Br206.2H20,  (t). — This  salt  separates  slowly  from  an  aqueous  so- 
lution of  mercuric  bromate  slightly  supersaturated  with  ammonia,  bromate  of  ammonium 
remaining  in  solution.  When  heated  in  a  glass  tube,  even  in  very  small  quantity,  it 
detonates  with  great  violence,  metallic  mercury  being  scattered  about.  (Earn  me  1s- 
berg.) 

Carbonate.  (lfg4N2)C03.4H20  (x). — Obtained  by  passing  carbonic  acid  gas  through 
water,  in  which  hydrate  of  tetramercurammonium  is  suspended,  as  a  pale  yellow 
powder,  which  may  be  washed  with  cold  water  without  decomposition  (Millon). 
Hirzel,  by  boiling  finely-divided  mercuric  oxide  with  excess  of  carbonate  of  ammonium, 
obtained  a  salt  having  the  same  composition,  but  with  £  at.  water  more.  It  was 
yellowish-white  when  dry,  turned  grey  when  exposed  to  light,  was  not  decomposed  by 
potash,  but  gave  off  all  its  nitrogen  as  ammonia  when  boiled  with  aqueous  iodide  or 
sulphide  of  potassium.  By  treating  mercuric  oxide  with  an  excess  of  cold  aqueous 
carbonate  of  ammonium,  Hirzel  obtained  a  white  pulverulent  salt  containing 

(Hg4N2)COs.H20  (IT)  ;  when  exposed  to  light  it  quickly  decomposed,  assuming  a  grey 
colour. 

Millon's  carbonate  of  tetramercurammonium  may  be  washed  with  water  without  de- 
composition. When  perfectly  dry,  it  may  be  heated  without  alteration  to  130°,  but  at 
higher  temperatures  it  gives  off  a  considerable  quantity  of  water.  At  145°  it  assumes 
a  slight  brown  tint,  not  however  giving  off  any  more  water  at  that  temperature ;  but  if 
the  heat  be  raised  to  180-200°,  more  water  is  given  off,  together  with  a  large  quantity 
of  ammonia;  the  residue  has  a  deep  yellow  colour  and  contains  a  considerable  quantity 
of  carbonic  acid,  but  does  not  effervesce  with  acids.  This  residue  is  decomposed  by 
strong  hydrochloric  acid,  which  eliminates  a  gas  from  it,  with  decrepitation. 

Chloride.  Hg4N2Cl2.2H20  (")• — Obtained  by  subjecting  chloride  of  dimercur- 
ammonium (infusible  white  precipitate)  to  prolonged  washing  with  cold  water,  or 
better  by  boiling  it  with  water : 

2Hg2H'N2Cl2  =  Hg*N2Cl2  +  2H4NC1; 

also  by  treating  the  chloride  of  dimercurammonium  with  potash  or  soda.  It  is  a 
heavy  granular,  yellow  powder,  which  turns  white  again  when  treated  with  sal-ammo- 
niac. (Kane.) 

Chromate.  (Hg4N2)Cr04.2H20,  (v). — A  solution  of  chromate  of  ammonium  does 
not  act  on  mercuric  oxide  in  the  cold;  but  converts  it  at  the  boiling  heat  into  a 
compound  of  chromate  of  tetramercurammonium  with  3  at.  mercuric  chromate 
(Hg"Cr04),  which  when  boiled  with  aqueous  iodide  or  sulphide  of  potassium,  gives 
off  all  its  nitrogen  in  the  form  of  ammonia,  and  when  drenched  with  ammonia,  is, con- 
verted into  a  lemon-yellow  chromate  of  tetramercurammonium  having  the  composition 
above  indicated. 

Hydrate.  |p  JO2,  (0).-— This  compound  is  obtained  either  by  treating  mer- 
curic oxide  with  aqueous  ammonia,  or  by  heating  a  salt  of  tetramercurammonium  with 
a  caustic  alkali.  Yellow  mercuric  oxide  obtained  by  precipitation  is  rapidly  acted 
on  by  ammonia  ;  the  red  modification  but  slowly  ;  the  product  of  the  action  of  am- 
monia on  the  latter  retains  the  crystalline  character  of  the  oxide  itself.  By  washing 
the  hydrate  obtained  by  either  process  with  water,  then  pressing  it  between  bibulous 
paper,  and  drying  it  over  oil  of  vitriol  in  a  vacuum,  or  exposing  it  to  a  tempera- 
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ture  of  130°  ;  it  is  obtained  as  a  brown  powder  containing  J2  [  02.H20,  (o).  By 
drying  it  over  quicklime  under  a  bell-jar  it  is  obtained  as  a  yellow  substance  containing 

^jfa     [  02.4H20,  (K).   The  product  prepared  from  the  yellow  oxide  parts  with  its  water 
much  more  readily  than  that  obtained  from  the  rod  oxide. 

The  dark  brown  compound  J?./  f  02.H20  (the  so-called  anhydrous  mercuramine), 
which  may  also  be  represented  as  a  compound  of  oxide  of  dimercurammonium  with 

mercuric  oxide  Hg2H4N20.2Hg"0,  or  as  a  hydoramine  (i.  197)  containing    J|4[  Q3,  is 

not  altered  by  contact  with  the  air.  The  yellow  more  highly  hydrated  compound,  on  the 
other  hand,  absorbs  carbonic  acid  rapidly  from  the  air  and  turns  white,  being  converted 
into  carbonate  of  tetramercurammonium.  It  is  insoluble  in  water  and  in  alcohol, 
gives  off  ammonia  when  boiled  with  potash,  but  requires  long  boiling  to  complete  the 
decomposition.  The  brown  compound  is  decomposed  by  fusion  with  hydrate  of 
potassium  into  nitrogen,  metallic  mercury,  and  mercuric  oxide. 

Hydrate  of  tetramercurammonium  dissolves  very  easily  in  acids,  forming  the  salts  of 
tetr.immonium.  It  expels  ammonia  very  readily  from  its  salts,  like  lime.  It  dissolves 
very  easily,  with  brisk  evolution  of  ammonia  gas,  in  a  hot  solution  of  nitrate  of  am- 
monium, and  the  solution  deposits,  on  cooling,  a  considerable  quantity  of  white  crystals, 
which  are  decomposed  by  water,  yielding  a  greenish-yellow  powder.  It  dissolves  also 
with  equal  facility  in  a  hot  solution  of  sal-ammoniac,  with  evolution  of  ammonia,  and 
separation  of  a  white  powder  insoluble  in  water. 

lodate.  —  By  digesting  mercuric  iodate  with  ammonia,  Millon  obtained  a  salt  of 
variable  composition  which  decomposed  at  about  180°,  with  detonation  and  formation 
of  mercuric  iodide. 

Iodide.  Hg4N2I2.2H20,  (<w).  —  This  compound  may  be  formed  in  several  ways.—  • 
1.  By  heating  mercuric  iodide  with  excess  of  ammonia: 

4Hg"I2  +  8H3N  +  2H20    =    Hg4N2IV2H20  +  6H4NI. 

Iodide  of  hydrogen  and  dimercurammonium  is  formed  at  the  same  time  and  dissolves 
in  the  hot  liquid,  while  the  iodide  of  tetramercurammonium  remains  in  the  form  of  a 
brown  powder.  To  obtain  it  pure,  the  liquid  must  be  decanted  before  it  begins  to  de- 
posit crystals,  and  the  brown  residue  again  boiled  several  times  with  fresh  ammonia, 
till  the  filtered  liquor  no  longer  deposits  crystals  on  cooling.  —  2.  By  passing  ammonia- 
gas  over  mercuric  oxy  -iodide  : 

2H3N    _    Hg4N2I2.2H20  +  H'-'O. 


3.  By  digesting  the  chloride  of  tetramercurammonium  in  aqueous  iodide  of  potassium 
(Rammelsberg)  ;  adding  ammonia  to  a  solution  of  iodide  of  mercury  and  potassium 
mixed  with  caustic  potash  (Nessler,  Chem.  G-az.  1856,  pp.  445,  463)  : 

4Hg"K2I4  +  2H3N  +  6KHO    =    Hg4N2F.2H20  +  14KI  +  4H20. 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia.  A  solution  of  iodide 
of  mercury  and  potassium  is  prepared  by  adding  iodide  of  potassium  to  a  solution  of 
corrosive  sublimate  till  a  portion  only  of  the  resulting  red  precipitate  is  redissolved, 
then  filtering,  and  mixing  the  filtrate  with  caustic  potash.  The  liquid  thus  obtained 
produces  a  brown  precipitate  with  a  very  small  quantity  of  ammonia,  either  free  or  in 
the  form  of  an  ammoniacal  salt.  The  precipitate  is  soluble  in  excess  of  iodide  of 
potassium.  (Nessler.) 

Iodide  of  tetramercurammonium  is  a  powder  of  a  brown  colour  inclining  to  purple- 
red.  It  gives  off  a  small  quantity  of  water  at  128°,  and  if  more  strongly  heated  out  of 
contact  with  the  air,  it  melts  to  a  dark  brown  liquid,  and  is  then  decomposed  with  a 
blue  light  and  violent  explosion,  yielding  water,  metallic  mercury,  mercuric  iodide, 
ammonia,  and  nitrogen,  without  leaving  any  residue.  Heated  with  aqueous  sulphide 
of  barium,  it  gives  off  all  its  nitrogen  in  the  form  of  ammonia.  In  a  stream  of  hydro- 
chloric acid  gas,  it  turns  yellow  in  parts,  gives  off  white  fumes,  and  at  a  higher  tempe- 
rature yields  a  sublimate  of  ammonio-mercuric  iod'de,  mercuric  chloride,  chloride  of 
ammonium,  and  iodide  of  ammonium.  It  dissolves  easily  in  warm  hydrochloric  acid, 
forming  a  colourless  liquid,  which,  when  concentrated,  deposits  oh  cooling  red  crystals 
of  mercuric  iodide,  and  yellow  crystals  of  mercuric  iodochloride. 
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ffitrate.  rig4N2(NOs)2.2H20,  (like  t).— Obtained  by  mixing  a  hot  dilute  solution 
of  mercuric  nitrate  with  a  slight  excess  of  ammonia,  as  a  white  granular  powder,  which, 
when  heated,  turns  yellow,  gives  off  nitrogen  and  ammonia,  then  nitrous  acid,  and 
finally  oxygen  and  mercury.  It  is  altered  by  boiling  potash  ;  dissolves  in  cold  hydro- 
cldoric  acid,  and  is  separated  from  the  solution  by  water ;  dissolves  sparingly  and 
without  decomposition  in  nitric  and  sulphuric  acids  ;  dissolves  also  in  ammonia,  and  is 
partially  precipitated  from  the  solution  by  water.  (Soubeiran.) 

A  yellow  crystalline  double  salt  consisting  of  nitrate  of  ammonium  and  tetramercur- 

ammonium,   ofn\  ( (N03)4.2H20  (£),  is  obtained,  according  to  Mitscherlich,  by  mixing 

nitrate  of  trimercurammonium  (p.  917)  with  excess  of  ammonia,  and  adding  nitrate  of 
ammonium,  which  dissolves  a  portion  of  the  salt.  As  the  solution  cools  and  the  am- 
monia evaporates,  the  double  salt  separates  in  crystalline  plates. 

Oxalate.  C2(Hg«N2)04.2H20,  (T).— Obtained  by  digesting  mercuric  oxalate  with 
excess  of  ammonia  and  washing  the  product  till  the  liquid  no  longer  exhibits  any  alka- 
line reaction  (Mi lion) ;  or  by  digesting  mercuric  oxide  in  the  cold  with  oxalate  of 
ammonium  (Hirzel).  It  is  a  white,  loose,  amorphous  powder,  which  explodes  when 
heated. 

(Hg'N2)) 
Phosphate. .  „          >P208.2H20,  (/i). — Obtained  by  treating  mercuric  oxide  with  a 

Hg2      ) 

boiling  solution  of  tri-ammonic  phosphate.  It  is  a  white  salt  which  is  not  decomposed 
by  potash,  but  gives  off  ammonia  when  treated  with  iodide  or  sulphide  of  potassium. 
(Hirzel.) 

Sulphate.  (JELg4N2)S04.2H20,  (cr).—Ammoniacal  turpethum.  This  salt,  first  ob- 
tained by  Fourcroy,  and  subsequently  analysed  by  Kane,  is  prepared  by  dissolving 
mercuric  sulphate  in  ammonia  and  precipitating  the  solution  with  water.  Ammonia 
takes  up  a  very  large  quantity  of  mercuric  sulphate,  and  when  a  perfectly  saturated 
solution  is  left  to  evaporate  in  the  air  or  over  oil  of  vitriol,  its  surface  becomes  covered 
with  crystalline  crusts,  consisting  of  small,  hard,  highly  lustrous  crystals  of  ammoniacal 
turpethum  (Mil Ion).  The  salt  may  also  be  obtained,  according  to  Ullgren,  by 
digesting  basic  mercuric  sulphate  (mineral  turpethum)  with  sulphate  of  ammonium  till 
the  insoluble  portion  becomes  white. 

Sulphate  of  tetramercurammonium  is  a  white  heavy  powder,  yellowish  when  dry  ; 
when  heated  it  turns  brown  and  is  resolved  into  water,  nitrogen,  a  small  quantity  of 
ammonia,  and  mercurous  sulphate.  By  sulphydric  acid  it  is  converted  into  mercuric 
sulphide  and  neutral  sulphate  of  ammonium.  It  dissolves  in  hydrochloric  and  in 
nitric  acid,  very  slightly  in  water. 

Some  of  the  basic  salts  already  described  as  produced  by  the  decomposition  of  sul- 
phate of  ammonium  and  dimercurammonium,  may  also  be  regarded  as  tetramercur- 
ammonium-salts  (see  p.  917). 

Mercurous  Bases. 

Mercurosammonium.    ^^  [  N2.— The  chloride  of  this  base,  (Hg2)"H6N2Cl2,  is  the 

black  substance  formed  when  dry  calomel  is  exposed  to  the  action  of  ammonia-gas. 
When  exposed  to  the  air,  it  gives  off  ammonia  and  leaves  white  mercurous  chloride. 

Dimercurosammonium.  ^jp*  f  N2.— The  chloride,  (Hg2)2H4N2Cl,  is  formed  by  digest- 
ing calomel  in  aqueous  ammonia,  sal-ammoniac  being  formed  at  the  same  time : 

2Hg2Cl2  +  4H8N    =    (Hg«)2H4N2Cl»  +  2H4NC1. 

It  is  grey  when  quite  dry,  and  is  not  altered  by  boiling  water.  Kane,  who  analysed 
this  compound,  regarded  it  as  mercurous  amido-chloride,  Hg2Cl2.Hga(NH'2)2. 

Nitrate  of  Dimercurosammonium.  (Hg2)"H4N-(N03)2.H20.  This,  according  to  Kane, 
is  the  composition  of  the  velvet-black  precipitate,  known  as  Hahnemann's  soluble 
mercury,  which  is  produced  on  adding  ammonia  to  a  solution  of  mercurous  nitrate. 
According  to  C.  Gr.  Mitscherlich,  on  the  other  hand,  the  precipitate  thus  formed 
has  the  composition  3Hg2O.N205.2NH8,  which  is  that  of  a  nitrate  of  trimercuios- 
ammonium  (Hg2)8H2N2(N08)2. 
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A  clearer  view  of  the  composition  and  relations  of  the  ammoniacal  mercury- 
compounds  is  afforded  by  the  following  method  of  classification,  suggested  by  Mr. 
G-.  C.  Foster,  in  which  the  greater  number  of  these  compounds  are  represented  as 


hydoramines  (i.  197),  that  is,  as  bodies  formed  on  the  mixed  type, 

rest  as  hydrochloramines,  wjjCl('  ^y^°^animes>  &c-  This  view  of  the  composition 
of  the  ammoniacal  mercuric  compounds  is  exhibited  in  the  following  table,  in  which 
the  Greek  letters  placed  under  the  formulae  correspond  to  those  attached  to  the  names 
of  the  compounds  in  the  preceding  pages  (916-920): 
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The  mercurous  compounds  may  be  formulated  in  a  similar  manner,  e.g. : 

Chloride  of  Mercurosammonium H8    (Cl2 

)2>N2 


Chloride  of  Dimercurosammomum 
Nitrate 


3N2 


(NO5 
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Ixxxv.  381.  _  Diinhaupt,  Chem.  Gaz.  1854,  pp.  263-292.  —  Strecker,  Compt.  rend. 
xxxix.  57.  —  Buckton,  Ann.  Ch.  Pharm.  cviii.  103  ;  cix.  218  ;  Chem.  Soc.  J.  xvi.  17.  — 
Frankland  and  Duppa,  ibid.  xvii.  415.) 

Mercury  unites  with  alcohol-radicles  of  the  series,  CnH2n+1,  viz.  methyl,  ethyl,  and 
amyl,  —  also  with  allyl  CSH5,  —  forming  compounds  into  which  it  enters  as  a  diatomic 
element.  These  compounds  may,  in  fact,  be  regarded  as  formed  from  inorganic  mercuric 
compounds,  such  as  the  chloride,  bromide,  &c.,  by  substitution  of  an  alcohol-radicle  for 
either  the  half  or  the  whole  of  the  chlorine,  &c.,  :  thus 

Mercuric  chloride.  Mercuric  chlorethide.  Mercuric  ethide. 

T,  ,,(C1  TT  ,,<C-H5  TT  ,, 

Hg  Hg  Hg 


When  both  atoms  of  chlorine,  &c.,  are  completely  replaced  by  an  alcohol-radicle,  the 
product  is  an  indifferent  compound  (a  neutral  mercuric  ether)  incapable  of  uniting 
with  acids  or  acid  elements.  But  when  only  half  of  the  chlorine,  or  other  chlorous 
radicle  is  thus  replaced,  there  results  a  saline  compound,  that  is  to  say,  a  substance 
which  easily  undergoes  double  decomposition,  and  in  which  the  residue  united  with  the 
chlorine  (Hhg"C2H3  for  example),  plays  the  part  of  a  monatomic  radicle. 

The  two  kinds  of  compounds  here  considered,  are  in  fact  related  to  mercury,  in  the 
same  manner  as  mercaptan  and  ethylic  sulphide  are  related  to  sulphur,  —  mercuric  ethide, 
for  example,  being  the  ethylic  ether  of  mercuric  chlorethide,  just  as  sulphide  of  ethyl 
is  the  ethylic  ether  of  mercaptan. 


Mercaptan.  Ethylic  sulphide. 


C2H5 
C2H5 


s 


Mercuric  Mercuric 

chlorethide.  ethide. 


Cl 


There  is,  however,  this  difference  between  the  two  classes  of  compounds,  that  in 
mercuric  chlorethide  and  its  analogues,  in  which  only  1  at.  chlorine  &c.  is  replaced  by 
on  alcohol  radicle,  the  remaining  chlorous  atom  is  most  easily  replaced  by  another 
chlorous  radicle,  whereas,  in  the  corresponding  sulphur-compounds,  the  remaining 
hydrogen-atom,  being  basylous,  is  most  easily  replaced  by  metals  or  other  basylous 
elements. 

If  the  mercury  in  these  compounds  be  regarded  as  monatomic,  those  which  contain 
only  mercury  and  an  alcohol-radicle  must  be  represented  by  formulae  of  the  type 
HgCnH2n'1'1  ;  and  those  which  contain  iodine,  chlorine,  &c.  as  compounds  of  these  radicles 
with  mercuric  iodide,  chloride,  &c.  ;  e.g.  HgC2H5,  mercurethyl  or  hydrargethyl  ;  Hg2C2H5I 
or  HgC2H5.HgI,  iodide,  or  rather  mercuriodide,  of  mercur  ethyl,  &c.  ;  but  the  former  mode 
of  representation  affords  a  much  simpler  and  more  satisfactory  view  of  their  relations. 

Formation  of  the  Alcoholic  Mercury-compounds.  —  These  compounds  may  be  obtained 
by  four  different  processes  :  —  1.  By  the  action  of  mercury  on  the  iodide  of  an  alcohol- 
radicle,  under  the  influence  either  of  diffused  daylight  or  of  direct  sunshine  ;  com- 
bination then  takes  place,  and  an  iodo-mercuric  compound  is  produced  (Frankland, 
Strecker): 

Hg"  +  C-H^'I     =     Hg"jCn*p"4 

2.  By  the  action  of  mercuric  chloride  on  a  zinc-compound  of  an  alcohol-radicle,  the 
product  being  an  organo-mercuric  compound,  containing  either  2  at.  of  the  alcohol- 
radicle,  or  1  at.  alcohol-radicle  and  1  at.  chlorine,  according  as  one  or  other  of  the 
reagents  is  in  excess  (Buckton): 

Hg"Cl2  +  Zn'(C°H2n+1)2    =    Hg"(C»H2n+1)2  +  Zn"CP, 
2Hg"Cl2  +  Znv(C"H2n+l)2    "    2   Hg"       H*n+'     +  Zn"Cla. 


3.  By  the  action  of  mercuric  chloride  on  the  organo-bismuth  compounds  containing 
3  at.  of  an  alcohol-radicle  ;  thus  bismutho-triethide  (i.  596)  treated  with  mercuric 
chloride  yields  bismutho-dichlorethide  and  mercuric  chlorethide  (Diinhaupt): 

B"i(C2H5)3  +  2Hg"CP  =  B"i(C2H5)Cl2  +  2Hg"(C2H5)Cl. 

4.  By  the  action  of  sodium-amalgam  on  the  iodides  of  the  alcohol-radicles  in  presence 
of  acetic  ether  (Frankland  and  Duppa).  The  reaction  is  represented  by  the  equation  : 

2C"H2n+1I  +  Na2  +  Hg"      =    Hg"(C»H2n+1)2  +  2NaI. 

The  acetic  ether  appears  to  take  no  part  in  the  reaction,  but  remains  in  undiminished 
quantity  at  the  end  of  the  process.  Nevertheless,  the  presence  of  this  or  a  similar 
ether  (viz.  methylic  acetate  or  ethylic  formate)  is  essential  to  the  success  of  the  process, 
inasmuch  as  sodium-amalgam  does  not  act  on  the  alcoholic  iodides  when  simply  placed 
in  contact  or  heated  with  them  ;  neither  is  the  reaction  induced  by  the  presence  of 
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ethylic  ether,  but  on  adding  a  few  drops  of  acetic  ether,  it  takes  place  imme- 
diately. The  proportion  of  sodium  in  the  amalgam  must  be  very  small,  not  ex- 
ceeding 1  pt.  to  500  of  mercury.  If  a  solid  or  semi-solid  amalgam  is  used,  the  reaction 
proceeds  in  quite  a  different  manner. 

This  is  by  far  the  best  mode  of  preparing  the  alcoholic  mercury-compounds,  yield- 
ing in  a  short  -time  large  quantities  of  the  methyl-,  ethyl-,  and  amyl-compounds. 
Mercuric  iodethide  and  iodomethide  are  obtained  with  tolerable  facility  by  the 
first  method  above-mentioned  ;  but  the  corresponding  amyl-compound  was  obtained 
in  this  way  only  in  quantities  barely  sufficient  for  its  identification.  On  the  other 
hand,  to  obtain  mercuric  ethide  and  methide  by  the  second  method,  requires  the  previous 
preparation  of  very  large  quantities  of  the  corresponding  zinc-compounds,  and  the  pre- 
paration of  mercuric  amylide  has  never  been  attempted  by  a  similar  process,  on  account 
of  the  great  difficulty  of  preparing  zinc-amyl.  (Frankland  and  Duppa.) 

The  mercury-compounds  containing  2  at.  of  an  alcohol-radicle,  are  easily  converted, 
by  the  action  of  bromine,  chlorine,  or  iodine,  into  compounds  containing  only  1  at. 
of  an  alcohol-radicle,  e.g  : 

Hg"(C2H>)2      +      Br2      =       Hg"(C2H5)Br      +      C2H5Br 

Mercuric  ethide.  Mercuric  brom-  Ethylic 

ethide.  bromide. 

A  similar  action  is  exerted  by  acids,  e.g.  by  hydrobromic  acid  : 

Hg"(C2H5)2      +     HBr      =      Hg"(C2H5)Br      +       C'IP.H. 

Mercuric  ethide.  Mercuric  brom-  Ethylic 

ethide.  hydride. 

With  sulphuric  acid,   in    like  manner,   the  products  are  mercuric   sulphatethide, 

Hg2  j  (SO4)    and  ethylic  hydride. 

A  precisely  similar  action  is  exerted  by  certain  salts.  When,  for  example,  mercuric 
chloride  acts  upon  mercuric  ethide,  the  latter  gives  up  half  its  ethyl  for  half  the 
chlorine  of  the  former,  producing  2  at.  mercuric  chlorethide  : 

Hg"(C2IP)2      +      Hg"Cl2      =      2Hg"(C2H5)Cl. 

On  the  other  hand,  the  mercuric  compounds  containing  only  1  at.  of  an  alcohol- 
radicle  are  easily  converted  into  others  containing  2  at.  of  an  alcohol-radicle  :  thus, 
mercuric  iodethide  and  zinc-ethyl  act  upon  one  another  in  such  a  manner  as  to  yield 
mercuric  ethide  and  iodide  of  zinc  : 

2Hg"(C2H5)I      +     Zn"(C2H5)2     =     2Hg"(C2H5)2      +      Zn"P. 

The  mercury  compounds  containing  2  at.  of  an  alcohol-radicle  are  converted  into 
the  corresponding  zinc-compounds  when  heated  with  excess  of  finely-granulated  zinc 
(Frankland  and  Duppa,  Chem.  Soc.  J.  xvii.  29): 

Hg"(OH2n+1)2      +      Zn2     =     Zn"(CnH2n+1)2     +     ZnHg. 

Allyl-compound. 

Mercuric  Iodallylide.     Hg"  t     j    .  —  When    iodide  of   allyl  is  agitated  with 

mercury,  a  yellow  crystalline  mass  is  formed,  from  which  the  mercuric  iodallylide  may 
be  extracted  by  hot  alcohol  or  ether.  l"he  alcoholic  solution  deposits  it  on  cooling  in 
silvery  scales,  which  turn  yellow  when  exposed  to  light,  especially  on  drying.  It  is 
sparingly  soluble  in  cold  alcohol,  nearly  insoluble  in  water.  It  sublimes  at  100°,  in 
white  shining  rhombic  plates,  melts  at  135°,  and  solidifies  on  cooling  to  a  yellow 
crystalline  mass.  If  more  quickly  and  strongly  heated,  it  decomposes  for  the  most  part, 
leaving  a  carbonaceous  residue,  and  giving  off  a  yellow  sublimate. 

The  alcoholic  solution  is  decomposed  by  nitrate  of  silver,  the  whole  of  the  iodine 
being  separated  as  iodide  of  silver;  oxide  of  silver  likewise  decomposes  it,  forming 
iodide  of  silver  and  a  strongly  alkaline  solution  which,  on  evaporation,  yields  a  syrupy 
strongly  alkaline  mass,  soluble  in  water,  and  forming  salts  with  acids.  This  product 

(  P3TT5 
is  probably  mercuric  allyl-hydrate,  or  hydrate  of  mercurallyl,  Kg"]-.™.       (Zinin, 


Ann.  Ch.  Pharm.  xcvi.  393.) 

Mercuric  iodallylide  is  easily  decomposed  by  hydriodic  acid  and  by  iodine.     The 
following  equations  represent  respectively  the  action  which  takes  place  in  each  case  : 
(1).     HgC3H5I   +   HI   «  HgF  +   C3H« 
(2).     HgC3HsI    +   II    =  Hgl2  +   C3H5I. 

Berthelot's  process  for  preparing  tritylene,  by  means  of  iodide  of  allyl,  mercury,  and 
hydrochloric  acid,  depends  on  the  first  of  these  reactions.  (Linnemann,  Ann.  Ch. 
Pharm.  cxxxiii.  133.) 
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Amyl-compounds. 
Mercuric  Amy  tide.     HgwJQ5-g-n.  —  This  compound  is  obtained  by  the  action  of 

sodium-amalgam  on  iodide  of  amyl,  in  presence  of  acetic  ether.  6  pts.  by  weight  of 
amylic  iodide,  and  1  pt.  acetic  ether  are  agitated  with  sodium-amalgam  in  a  vessel 
externally  cooled  ;  the  product  is  distilled  over  a  water-bath  to  separate  the  acetic 
ether,  and  a  current  of  steam  then  passed  into  the  retort  until  about  half  the  heavy 
liquid  has  distilled  over.  The  residual  liquid,  after  washing  with  water  and  drying 
over  chloride  of  calcium,  consists  of  pure  mercuric  amylide. 

This  compound  is  a  colourless,  transparent,  mobile  liquid,  of  specific  gravity  1-6663 
at  0°.  It  has  a  very  faint  amylic  odour,  and  leaves  a  persistent  taste  upon  the  palate, 
resembling  that  produced  by  other  organo-mercurial  compounds.  It  cannot  be  dis- 
tilled, even  in  vacuo,  without  partial  decomposition.  It  can  bear  a  temperature  of 
140°,  but  long  before  its  boiling  point  is  reached,  mercury  separates  from  it  in  con- 
siderable quantity.  It  may,  however,  be  distilled  with  water  without  decomposition. 
It  is  insoluble  in  water,  and  very  slightly  soluble  in  alcohol,  but  dissolves  readily  in 
ether.  Exposed  to  the  air  it  suffers  no  oxidation,  but  when  allowed  to  fall  into 
chlorine,  it  immediately  produces  dense  white  fumes  of  mercuric  chloro-amylide. 
Brought  into  contact  with  solid  iodine,  it  hisses  like  red-hot  iron  immersed  in  water 
The  reaction  with  bromine  is  still  more  violent.  (Frankland  and  Duppa.) 

Mercuric     Chloramylide,     Hg"<     Q,  ,  is  readily  obtained  by  treating  mer- 

curic amylide  with  alcoholic  solution  of  mercuric  chloride  in  excess.  It  closely  re- 
sembles the  iod-amylide  (vid.  inf.)  in  its  properties,  is  insoluble  in  water,  but  very 
freely  soluble  in  hot  alcohol  and  ether.  From  its  alcoholic  solution  it  crystallises  in 
beautiful  hair-like  needles,  which  can  be  sublimed  at  a  gentle  heat  without  decompo- 
sition. It  melts  at  86°,  and  has  the  appearance  of  a  heavy  oil,  perfectly  limpid  and 
colourless.  It  retains  any  excess  of  corrosive  sublimate  with  the  greatest  obstinacy, 
repeated  washings  with  alcohol  and  water  not  being  sufficient  to  remove  it.  It  may, 
however,  be  purified  by  dissolving  it  repeatedly  in  alcohol  and  reprecipitating  with 
water.  (Frankland  and  Duppa.) 

(CsHn 
Mercu  ric  lodamylide.      Hg"  j      j   .  —  An  ethereal  solution  of  mercuric  amylide, 

treated  first  with  alcoholic  solution  of  iodine,  and  then  with  solid  iodine,  nearly 
solidifies  to  a  crystalline  mass  of  mercuric  iod-amylide,  iodide  of  amyl  being  at  the 
same  time  produced: 

I*= 


On  washing  the  crude  product  with  weak  alcohol,  pressing  between  folds  of  blotting 
paper,  and  recrystallising  from  hot  alcohol,  mercuric  iod-amylide  is  deposited  in  small 
pearly  scales,  which  are  not  very  soluble  in  alcohol,  but  freely  soluble  in  ether.  If  a 
few  drops  of  alcoholic  potash  are  added  to  a  boiling  saturated  alcoholic  solution  of 
these  crystals,  and  the  liquid  left  to  cool,  no  crystals  appear  for  some  time;  but 
ultimately  large  pearly  plates  are  deposited,  which  have  the  same  composition  as  the 
small  scaly  crystals  above  mentioned,  and  reproduce  them  when  washed  with  water 
and  redissolved  in  alcohol.  Mercuric  iod-amylide  is  slightly  soluble  in  boiling  water, 
and  separates  therefrom  on  cooling  in  minute  crystals  which  appear  as  an  opalescent 
cloud  in  the  liquid.  It  melts  at  122°,  and  on  cooling  solidifies  to  a  white  crystalline 
mass,  having  the  appearance  of  stearin  ;  at  140°  it  begins  to  turn  yellow  from  forma- 
tion of  mercurous  iodide.  In  a  moderately  heated  current  of  air,  it  may  be  sublimed 
without  change.  It  is  but  partially  decomposed  by  alcoholic  potash.  Heated  with 
zinc  to  130°  in  a  sealed  tube  it  yields  zinc-amyl  and  zinc-amalgam.  (Frankland 
And  Duppa.) 

Ethyl-compounds. 

Strecker,  by  acting  on  iodide  of  ethyl  with  mercury,  obtained  the  compound 
Hg"C2H5I,  originally  designated  as  iodide  of  mercur  ethyl,  or  iodide  of  hydrargcthyl, 
but  now  called  mercuric  iodethide.  Diinhaupt  obtained  the  corresponding  chlorine- 
and  bromine-compounds,  by  decomposing  bismutho-triethide  with  mercuric  chloride 
or  bromide,  and  prepared  therefrom  several  of  the  other  salts.  Buckt  on  -obtained  mer- 
curic ethide  Hg"(C2H5)2,  by  the  action  of  zinc-ethyl  on  mercuric  iodethide  or  on 
mercuric  chloride  (pp.  921,  922);  and  lastly  Frankland  and  Duppa  have  shown 
that  this  compound  may  be  more  easily  obtained  by  the  action  of  sodium-amalgam  on 
iodide  of  ethyl,  in  presence  of  acetic  ether. 

Mercuric  Eromethide.  Hg"(C2H5)Br.  —  Obtained  by  the  action  of  mercuric 
bromide  on  bismutho-triethide,  or  by  treating  mercuric  hydro-ethide  with  hydrobromic 
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acid,  or  an  alcoholic  solution  of  the  hydro-ethide  with  alcoholic  bromine.  It  resembles 
the  chlorethide.  (Diinhaupt.) 

Me r curie  Ca rbonethide.  Carbonate  of  mercurethyl. — Prepared  by  decomposing 
the  chlorethide  with  carbonate  of  silver  at  a  gentle  heat.  It  crystallises  with  difficulty 
and  is  easily  decomposed  by  heat.  Acids  decompose  it,  with  evolution  of  carbonic 
anhydride.  (Diinhaupt.) 

Mercuric  Chlorethide.  Hg"(C2H5)Cl. — Obtained  by  the  action  of  mercuric 
chloride  on  bismutho-triethide  (D  ii  n  h  a  u  p  t) ;  by  precipitating  the  aqueous  solution  of  the 
nitrethide  with  chloride  of  sodium  (Strecker) ;  and  by  treating  mercuric  ethide  with 
alcoholic  solution  of  mercuric  chloride  in  excess  (Frankland  and  Duppa).  It  is 
nearly  insoluble  in  water,  dissolves  sparingly  in  ether,  and  in  cold  alcohol,  but  freely 
in  boiling  alcohol,  and  crystallises  therefrom  in  light  iridescent  laminae,  having  a  silvery 
lustre.  When  heated  to  40°  it  sublimes  in  thin  laminae,  without  previous  fusion,  but 
at  100°  it  melts  to  a  clear  oily  liquid,  and  then  evaporates  completely.  Heated  on 
platinum-foil  it  burns  with  a  faint  flame,  diffusing  a  very  unpleasant  odour.  (Diin- 
haupt.) 

Mercuric  Cyanethide.  Hg"(C2H5)Cy. — Formed  by  saturating  an  alcoholic 
solution  of  mercuric  hydrethide  with  strong  hydrocyanic  acid.  Crystallises  readily. 
Very  volatile ;  when  heated  in  a  tube,  it  emits  a  vapour  which  has  an  extremely 
repulsive  odour,  attacks  the  respiratory  organs  strongly,  and  appears  to  be  highly 
poisonous ;  a  carbonaceous  residue  is  left  in  the  tube.  The  cyanide  dissolves  readily  in 
alcohol  and  ether.  (Diinhaupt.) 

Mercuric  Ethide.  Hg"(C2H5)2. — This  compound  is  prepared: — 1.  By  the 
action  of  zinc-ethyl  on  mercuric  iodethide.  Dry  pulverised  mercuric  iodethide  i8 
added  by  small  quantities  to  zinc-ethyl  contained  in  a  retort  through  which  a  stream 
of  coal-gas  is  passing,  the  mixture  being  incorporated  by  stirring,  and,  as  soon  as  the 
zinc-ethyl  is  saturated — which  may  be  known  by  the  stirring  rod  ceasing  to  fume  .on 
exposure  to  the  air — the  product  is  distilled  till  nothing  but  gases  pass  over.  The  distil- 
late, which  is  a  heavy  liquid,  mixed  with  a  little  ether,  is  then  redistilled  with  a  slight 
excess  of  zinc-ethyl,  to  ensure  complete  decomposition  of  the  iodethide,  then  washed  with 
hydrochloric  acid,  and  afterwards  with  water,  and  rectified  (Buck ton). — 2.  By  beating 
zinc-ethyl  with  mercuric  chloride,  avoiding  an  excess  of  the  latter,  as  otherwise  mer- 
curic chlorethide  will  be  formed :  the  slight  excess  of  zinc-ethyl  is  decomposed  by 
water,  and  the  separated  oxide  of  zinc  dissolved  out  by  dilute  hydrochloric  acid. 
(Buckton.) 

3.  A  mixture  of  16  pts.  by  weight  of  iodide  of  ethyl  and  1  pt.  of  acetic  ether  is 
poured  upon  sodium-amalgam,  the  flask  being  alternately  agitated  to  promote  the 
reaction,  and  plunged  into  cold  water  to  moderate  the  rise  of  temperature.     The  com- 
pletion of  the  reaction  is  known  by  the  subsidence  of  the  temperature,  and  the  absence 
of  more  than  traces  of  precipitated  iodine,  when  a  few  drops  of  the  clear  liquid  re- 
maining in  the  flask  are  boiled  with  nitric  acid.     When  the  quantity  of  iodide  of 
sodium  formed  has  been  increased  so  far  as  to  render  the  ethereal  liquid  pasty,  thereby 
preventing  a  sufficiently  intimate  contact  with  the  amalgam,  it  is  advisable  to  place  the 
flask  in  a  water-bath,  and  distil  off  the  more  volatile  portion  of  the  contents,  to  be 
again  acted  on  by  fresh  amalgam.*     If  this  distillation  be  deferred  till  the  residue  has 
become  decidedly  thick  and  pasty,  it  will  not  be  necessary  to  repeat  it,  as  the  distillate 
will  remain  sufficiently  fluid  up  to  the  termination  of  the  reaction.    The  product  mixed 
with  water  separates  into  two  layers,  the  ethereal  liquid  either  floating  or  sinking  in 
the  aqueous  solution  of  iodide  of  sodium,  according  to  the  degree  of  concentration  or 
the  latter.     It  is  then  successively  treated  with  alcoholic  potash,  washed  with  water, 
dried  over  chloride  of  calcium,  and  rectified.     (Frankland  and  Duppa.) 

4.  Buckton  likewise  obtained  mercuric  ethide  by  the  action  of  cyanide  of  potassium 
on  the  iodethide : 

2Hg(C2H5)I  +  2KCy    =    Hg(C2H3)2  +  Hg  +  Cy2  +  2KI; 

but  this  mode  of  preparation  is  not  advantageous,  being  attended  with  considerable 
loss. 

Mercuric  ethide  is  a  transparent  colourless  liquid,  having  a  faint  ethereal  odour, 
insoluble  in  water,  sparingly  soluble  in  alcohol,  easily  in  ether.  Specific  gravity  =  2'46. 
Boiling  point  158°  to  160°  (Buckton) ;  159°  (Frankland  and  Duppa).  Vapour- 
density,  obs.  =  9-97  ;  calc.  (2  vol.)  =  9'4. 

Mercuric  ethide  burns  with  a  smoky  flame,  giving  off  a  large  quantity  of  mercurial 
vapour.  When  poured  into  chlorine  gas,  it  bursts  into  flame  and  is  almost  entirely 
destroyed.  It  acts  violently  also  with  iodine  or  bromine,  forming  mercuric  iodethide  or 
bromethide ;  if  the  action  be  conducted  under  water,  ethyl,  or  its  products  of  decom- 

*  In  the  preparation  of  mercuric  amylide  (p.  923),  this  intermediate  distillation  is  not  necessary,  as 
ihe  liquid  retaius  sufficient  fluidity  to  allow  the  action  to  complete  itself. 
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position  are  eliminated  :  but  if  the  liquid  is  kept  cool  by  a  freezing  mixture,  the  nascent 
ethyl  unites  with  the  bromine  : 

Hg(C*H5)2  +  Br2    =   HgC2H»Br  +  C2H5Br. 

With  excess  of  alcoholic  mercuric  chloride,  it  yields  mercuric  chlorethide  (p.  923). 
With  hydrochloric  or  sulphuric  acid,  it  yields  hydride  of  ethyl  and  mercuric  chlor- 
ethide or  sulphate  thide  : 


2Hg(C2H')2  +  H2SO<    =    2(C2H5.H)  +  Hg2  j 


Sodium  slowly  decomposes  mercuric  ethyl,  forming  a  bulky  grey  spongy  mass,  which 
is  very  liable  to  explode  from  slight  causes,  and  instantly  takes  fire  on  coming  in  con- 
tact with  the  air.  On  applying  a  gentle  heat,  a  violent  evolution  of  gas  takes  place, 
consisting  of  ethyl  and  hydride  of  ethyl,  sodium-ethyl  being  probably  formed  in  the 
first  instance,  and  then  decomposed  by  the  heat.  (Buck  ton.) 

Heated  with  excess  of  finely  granulated  zinc  to  100°  in  a  sealed  tube,  it  yields  zinc- 
ethyl  and  zinc-amalgam.  Heated  with  bismuth,  it  yields  in  like  manner  bismuth- 
ethyl,  but  the  decomposition  is  not  complete.  Cadmium  heaetd  with  mercuric 
ethide  to  100°-130°,  becomes  amalgamated,  and  forms  a  considerable  quantity  of 
cadmium-ethyl.  Gold  likewise  become  amalgamated,  but  forms  no  trace  of  an  organo- 
metallic  compound.  Mercuric  ethide  is  likewise  decomposed  when  heated  to  about 
160°,  with  copper,  iron,  or  silver,  the  copper  becoming  slightly  amalgamated,  and 
inflammable  gas  being  given  off;  but  the  decomposition  appears  to  be  due  to  the 
heat  alone,  independently  of  any  specific  action  of  the  metal.  No  organo-metallic 
compound  is  formed  in  either  case.  (Frank  land  and  Duppa.) 

Mercuric  Ethyl-hydrate.    Hg"]/TTOY    Hydrate  of  Mercurethyl.  —  Obtained  by 

decomposing  a  boiling  alcoholic  solution  of  the  chlorethide  with  oxide  of  silver,  then 
filtering,  distilling  off  the  alcohol,  and  evaporating  in  vacuo.  It  then  remains  as  a 
colourless  oil,  which  is  strongly  alkaline  and  blisters  the  skin.  It  decomposes 
ammonium-salts,  but  not  the  salts  of  potassium  or  magnesium,  and  forms  precipitates 
with  the  salts  of  aluminium,  zinc,  tin,  copper,  gold,  and  platinum.  With  a  large  excess 
of  sulphydric  acid,  it  forms  a  white  precipitate  which  after  a  while  turnsj  ellow,  brown,  and 
black.  With  metallic  zinc  it  forms  zinc-ethyl,  and  amalgam  of  zinc.  It  dissolves  in  acids, 
forming  crystallisable  salts,  viz.  mercuric  chlorethide,  nitrethide,  &c. 

Mercuric  lodethide.  Hg"(C2H5)I.  —  This  compound  is  obtained  by  the  reactions 
above-mentioned  (pp.  921,  922),  or  by  mixing  an  alcoholic  solution  of  the  ethyl-hydrate 
with  a  slight  excess  of  alcoholic  iodine.  It  is  insoluble  in  water,  but  soluble  in  boiling 
alchohol  and  ether,  and  separates  on  cooling  in  white  shining  laminae.  It  'dissolves 
also  without  decomposition  in  caustic  ammonia  and  potash.  It  sublimes  at  100° 
without  decomposition,  but  requires  a  much  stronger  heat  to  melt  it.  It  is  decom- 
posed by  direct  sunshine  :  hence  in  preparing  it  by  the  action  of  mercury  on  iodide 
of  ethyl,  the  vessel  must  be  exposed  only  to  diffused  daylight.  (Diinhaupt, 
Strecker.) 

Mercuric  Nitrethide.        Hg"j  NQS.       Nitrate    of  Mercurethyl.  —  Nitrate  of 

silver  added  to  a  solution  of  the  iodethide,  forms  a  precipitate  of  iodide  of  silver, 
and  a  solution  of  mercuric  nitrethide,  which  yields  colourless  prisms  by  evaporation. 
(Strecker.) 

Mercuric  Phosphatethide,  or  Phosphate  of  Mercurethyl,  is  obtained  by  treating 
the  chlorethide  with  phosphate  of  silver.  It  is  very  soluble  in  water,  and  remains  on 
evaporation  as  a  viscid  diaphanous  mass.  (Diinhaupt.) 


Mercuric  Sulphatethide.  Hg2j^gQ4y>.  Sulphate  of  Mercurethyl. — Pre- 
pared by  decomposing  the  chlorethide  with  sulphate  of  silver.  Crystallises  from 
alcohol  in  shining  laminae. 

„    t  (C2H5)2 

Mercuric   Sulphethide.     Hg2^    g   '  . —  This    compound    separates     as    a 

yellowish-white  pulverulent  precipitate  on  adding  sulphide  of  ammonium  to  an 
alcoholic  solution  of  the  chlorethide.  It  is  very  soluble  in  alcohol,  ether,  and  sulphide 
of  ammonium,  and  separates  from  the  ethereal  solution  in  the  crystalline  state,  but 
always  mixed  with  sulphide  of  mercury.  The  alcoholic  solution  is  also  decomposed 
by  evaporation,  depositing  sulphide  of  mercury. 

Methyl-compounds. 

Mercuric  lodomethide.  Hg"(CH3)I. — This  compound  was  discovered  by 
Frankland  (Ann,  Ch.  Pharm,  Ixxxv.  380),  who  obtained  it  originally  by  the  action 
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of  mercury  on  iodide  of  methjl  in  sunshine.  In  about  a  week,  the  liquid  solidifies  into 
a  colourless  crystalline  mass,  and  by  treating  this  mass  with  ether,  the  mercuric 
iodethide  is  dissolved,  and  may  thus  be  separated  from  the  remaining  metallic  mercury 
and  the  small  quantity  of  iodide  of  mercury  formed  at  the  same  time.  Very  little 
gas  is  given  off  during  the  reaction.  Mercuric  iodomethide  is,  however,  more  easily 
obtained  by  the  action  of  iodine  on  an  alcoholic  solution  of  mercuric  methide. 

Mercuric  iodomethide  is  a  white  solid  body,  insoluble  in  water,  but  dissolving  pretty 
readily  in  common  alcohol,  more  easily  in  mcihylic  alcohol,  and  very  easily  in  ether  and 
in  iodide  of  methyl.  By  spontaneous  evaporation  of  either  of  these  solutions,  the 
iodide  is  obtained  in  small,  nacreous,  crystalline  laminae.  At  ordinary  temperatures,  it 
is  slightly  volatile,  emitting  a  peculiar  and  unpleasant  odour ;  the  vapour  when  inhaled 
leaves  a  nauseous  taste  on  the  palate  which  lasts  for  several  days.  At  100°,  the 
iodide  is  much  more  volatile,  the  crystals  disappearing  completely  when  exposed  to  a 
current  of  air  at  that  temperature.  At  143°,  it  melts  and  sublimes  without  decom- 
position, condensing  in  extremely  thin,  shining,  crystalline  laminae. 

Mercuric  Methide.  Hg"(CH3)2.  Mercuromethyl  Hydrargomethyl.  Dis- 
covered by  Buckton  (Proc.  Eoy.  Soc.  ix,  91),  who  obtained  it  by  distilling 
mercuric  iodomethide  with  cyanide  of  potassium,  hydrate  of  potassium,  or  lime.  The 
best  product  is  obtained  with  the  cyanide.  A  mixture  of  this  salt  with  mercuric 
iodomethide,  after  being  well  triturated  in  a  mortar,  is  distilled  by  small  portions  over 
a  lamp.  Gaseous  products  are  then  evolved ;  iodide  of  potassium  is  formed ;  cyanogen 
is  set  free  and  remains  in  the  form  of  paracyanogen ;  and  mercuric  methide  passes 
over  in  the  form  of  a  heavy  liquid,  which  may  be  purified  by  washing  with  water  and 
rectification  over  chloride  of  calcium.  The  essential  part  of  the  reaction  is  represented 
by  the  equation : 

2Hg(CH3)I   +   2KCy     =     Hg(CH3)2  +   2KI   +   Hg   +   Cy'. 

Frankland  and  Duppa  prepare  mercuric  methide  by  the  action  of  sodium-amalgam  on 
iodide  of  methyl,  in  presence  of  acetic  ether.  The  mode  of  preparation  is  exactly  the 
same  as  that  already  described  (p.  925)  for  the  preparation  of  mercuric  ethide,  a 
small  Liebig's  condenser  being,  however,  attached  to  the  neck  of  the  flask,  to  arrest 
the  vapour  of  iodide  of  methyl,  which  would  otherwise  be  carried  away  by  the  escaping 
gas.  At  the  end  of  the  operation,  the  residues  in  the  flasks  are  mixed  with  water 
and  distilled  in  an  oil-bath,  the  temperature  of  which  need  not  be  raised  above 
110°,  and  the  ethereal  distillate,  after  separation  from  the  water  which  accompanies  it, 
is  agitated  with  alcoholic  potash  to  remove  acetic  ether,  and  finally  purified  by 
washing  with  water. 

Mercuric  methide  is  a  colourless,  strongly  refracting  liquid,  having  a  faint  and 
somewhat  mawkish  taste.  Specific  gravity  3-069.  Boiling  point  between  93°  and  96°. 
Vapour  density,  obs.  =  8 '29  ;  calc.  =  7'97.  It  is  insoluble  in  water,  very  soluble 
in  alcohol  and  in  ether,  dissolves  phosphorus,  caoutchouc,  and  resins  easily,  sulphur  in 
small  quantity. 

Mercuric  methide  is  very  inflammable  and  burns  with  a  bright  flame,  giving  off 
vapour  of  mercury.  It  does  not  unite  directly  with  oxygen,  chlorine,  or  other  electro- 
negative elements,  but  is  completely  decomposed  by  them.  Iodine  and  bromine  act 
upon  it  very  energetically,  eliminating  methyl-gas  and  forming  mercuric-,  iodo-,  or 
bromo-methide : 

2Hg(CH3)2  +  I2    =     2HgCH3I  +  (CH3)2. 

It  also  forms  mercuric  iodomethide  when  heated  with  mercuric  iodide. 

With  stannic  chloride  it  forms  a  crystalline  compound,  which  is  decomposed  by 
water,  with  formation  of  mercuric  chloromethide  and  a  soluble  tin -salt.  "With  strong 
sulphuric  or  hydrochloric  acid,  it  acts  like  mercuric  ethide  (p.  925),  giving  off  marsh- 
gas,  and  forming  crystals  of  mercuric  chloromethide  or  sulphatomethide.  With  dilute 
acids  and  metallic  zinc,  it  yields  metallic  mercury  and  gaseous  products ;  its  salts 
(mercuric  iodomethide,  &c.)'are  decomposed  in  like  manner  (Buckton).  Heated 
•with  metallic  zinc  alone,  it  yields  zinc-ethyl  and  zinc-amalgam  (Frankland  and 
Duppa).  With  trichloride  of  phosphorus,  it  forms  mercuric  chloromethide. 

( PTT3 
Mercuric  Nitromethide.     Hg"j^Q3.    Nitrate  of  Hydrargomethyl. — Obtained 

by  treating  an  alcoholic  solution  of  mercuric  iodomethide  with  nitrate  of  silver,  and 
evaporating  the  filtrate  in  vacuo.  Crystallises  in  nacreous  laminae,  containing 
2Hg(CH3)N03.H20,  very  soluble  in  water,  sparingly  in  alcohol.  At  100°,  it  melts  to 
a  colourless  liquid  which  solidifies  in  a  crystalline  mass  on  cooling.  Its  solution  is  not 
precipitated  by  potash  or  baryta-water.  Hydrochloric  acid  and  soluble  chlorides  pre- 
cipitate mercuric  chloromethide  in  nacreous  laminae.  (Strecker,  Ann.  Ch.  Pharm. 
xcii.  79.) 
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Mercuric  Oxymcthidc,  or  Oxide  of  Hydrargomethyl,  is  produced  by  the  action  of 
ammonia  or  the  fixed  alkalis  on  mercuric  iodomethide.  It  is  dissolved  by  an  excess 
of  either  of  these  reagents,  and  the  solutions  yield  with  sulphide  of  ammonium  a 
flocculent  precipitate  of  the  corresponding  sulphide,  having  a  feint  yellowish  colour, 
and  a  peculiar  and  most  intolerable  odour.  (Frankland.) 

IVIEROXENE.     Syn.  with  Biotite.     (See  MICA.) 

IVIES  AC  oar  1C  ACID.  C5H804.  Citracartic  acid  (Gottlieb,  Ann.  Ch,  Pharm. 
Ixxvii.  268;  Pebal,  ibid.  Lxxviii.  129;  Baup,  ibid.  Ixxxi.  96). — An  acid  obtained  ty 
boiling  a  weak  solution  of  citraconic  acid  for  half  an  hour  with  about  the  sixth  cf  its 
volume  of  nitric  acid.  The  reaction  takes  place  quietly,  and  on  cooling  the  acid  is 
deposited  in  a  porcelain-like  mass.  A  certain  quantity  of  a  nitro-compound  is  pro- 
duced at  the  same  time,  from  which  the  acid  may  be  purified  by  treatment  with  animal 
charcoal. 

Mesaconic  acid  forms  a  mass  of  fine  lustrous  needles,  difficultly  soluble  in  cold,  but 
readily  so  in  hot  water,  and  also  in  alcohol  and  in  ether.  It  melts  at  200°  to  a  clear 
liquid,  which  solidifies  to  a  crystalline  mass.  It  reddens  litmus  and  decomposes  car- 
bonates. Heated  with  concentrated  hydriodic  acid  to  140° — 160°,  it  separates  iodine 
and  forms  pyrotartaric  acid;  it  is  also  converted  into  this  acid  by  sodium-amalgam. 
With  bromine,  at  60° — 80°,  it  forms  mesodibromo-pyrotartaric  acid,  C*H*Bi*04. 
(Kekule,  Ann.  Ch.  Pharm.  Suppl.  ii.  85.) 

Mesaconic  acid  is  dibasic,  its  salts  having  the  formulae  CSH4M204  and  C5H5M04.  They 
are  almost  all  crystallisable. 

The  ne^itral  barium-salt,  C5H4Ba"04.4H20,  is  obtained  by  saturating  the  acid  with 
carbonate  of  barium.  It  forms  monoclinic  prisms,  which  are  unalterable  in  the  airf 
and  give  off  the  greater  part  of  their  water  of  crystallisation  at  100°.  The  acid 
barium-salt,  C10H>0Ba"Os.2H20,  forms  hexagonal  plates  of  a  pearly  lustre,  which 
persistently  retain  an  excess  of  acid,  from  which  they  are  freed  with  difficulty.  The 
neutral  calcium-salt,  C5H4Ca"04.H20,  forms  small  agglomerated  needles  soluble  in  1 6 
pts.  of  water.  The  neutral  silver-sal^  is  a  crystalline  precipitate,  difficultly  soluble  in 
water.  The  acid  silver-salt,  C5HaAg04,  is  obtained  in  needles  by  dissolving  the 
neutral  salt  in  solution  of  mesaconic  acid  and  evaporating.  E.  A. 

IVIES  AC  Oixric  ETHER.  C9H1404  =  C5H4(C2H5)204.  Obtained  by  distilling 
a  mixture  of  mesaconic  acid,  sulphuric  acid,  and  alcohol.  It  is  a  colourless  mobile 
liquid,  with  an  agreeable  fruity  odour  and  bitter  taste.  Its  density  is  1-043,  and  it 
distils  at  220°  without  alteration.  It  is  not  attacked  by  ammonia.  Boiled  with 
baryta-water  it  yields  alcohol  and  mesaconate  of  barium.  E.  A. 

XY2ESITE.  An  oxygenated  oil,  very  mobile,  boiling  above  70°,  and  soluble  in  3  pts. 
of  water,  said  to  be  obtained  by  distilling  lignone  with  sulphuric  acid.  (Wiedemann 
and  Schweizer.) 

2VZESITE3TE.  Another  very  mobile  oil,  boiling  at  63°,  and  soluble  in  3  pts.  of 
water,  obtained  in  like  manner. 

IVIESITIC  ALCOHOL.  A  name  given  to  acetone,  on  the  supposition  that  it  is 
an  alcohol  containing  the  radicle  mesityl,  C8H5,  isomeric  with  allyl. 

IVIESITIC  ALBEHYDE.  C3H4O.  A  body  isomeric  with  acrolein,  produced, 
together  with  trinitromesitylene,  by  heating  acetone  with  half  its  bulk  of  strong  nitric 
acid.  The  action  is  extremely  violent,  so  that  it  is  necessary  to  cool  the  vessel  as  soon 
as  effervescence  begins,  then  heat  it  again  and  repeat  this  treatment  several  times. 
When  the  action  is  completed,  an  oil  separates,  consisting  of  mesitie  aldehyde  mixed 
with  trinitromesitylene. 

Mesitie  aldehyde  is  lighter  than  water,  has  a  sweet  pungent  odour,  is  very  slightly 
soluble  in  water,  but  dissolves  instantly  in  caustic  potash,  yielding  a  yellowish-brown 
liquid.  It  absorbs  ammonia  gas  with  great  avidity,  forming  a  brown  resinous  mass, 
which  dissolves  in  water,  the  solution  yielding  by  spontaneous  evaporation  crystals  of 
mesitie  aldehyde-ammonia.  Nitrate  of  silver  added  to  the  solution  of  these  crystals, 
forms  a  yellow  precipitate,  which  blackens  when  heated ;  the  reduction  is  accelerated 
by  the  addition  of  a  few  drops  of  potash.  (Kane,  Pogg.  Ann.  xli.  491.) 

IVIESITIC  CHI.OK.AIi.     Syn.  with  Dichloracetone.     (See  ACETONE,  i.  30.) 

IVIESITIC  ETHER.     Syn.  with  Oxide  of  Mesityl.     (See  MESITYL.) 

2VIESITITJ-SPAR.  (Mg;Fe)"C03.  Breunnerite,  Pistomesite. —  This  mineral 
occurs  in  rhombohedral  crystals  isomorphous  with  spathic  iron  ore  and  magnesite. 
E  :  E  =  107°  23';  oE  :  E  =  136°  52'.  Length  of  principal  axis  =  0-81135. 
Observed  planes,  E,  —  £  E.  Cleavage  rhombohedral,  perfect.  Crystals  often 
imbedded.  Also  massive,  granular,  and  fibrous.  Hardness  =  4  to  4 '5.  Spe- 
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cific  gravity  =3  to  3  '63.  Colourless,  whitish,  yellowish,  and  often  brown  on  exposure. 
Transparent  to  subtranslucent.  Brittle.  The  mineral  may  be  regarded  as  a  mixture 
of  the  isomorphous  carbonates  MmgCO3  and  FfeCO3,  the  proportion  of  the  former 
varying  from  897  to  42*7  per  cent.,  and  that  of  the  latter  from  5-l  to  57*2  per  cent. 
Some  specimens  also  contain  small  quantities  of  calcium  and  manganese.  Mesitin- 
spar  occurs  in  chlorite  slate  at  St.  Gothard  ;  also  in  the  Zillerthal  ;  at  Hall,  and  else- 
where in  the  Tyrol,  and  at  Traversella  in  Piedmont.  The  species  includes  much  of 
the  so-called  brown  spar.  (Dana,  ii.  443.) 

XVXESXTlTXi.     A  hypothetical  monatomic  radicle,  supposed  by  Kane  to  exist  in 

C3H5) 
acetone  (regarded  as  [  0)>  and  in  certain  products  obtained  from  it. 

Chloride  of  Mesityl,  CSH5C1,  is  produced  by  passing  hydrochloric  acid  into 
acetone,  which  absorbs  it  in  large  quantity;  or  better  by  adding  2  pts.  of  penta- 
chloride  of  phosphorus,  by  small  portions,  to  1  pt.  of  acetone,  properly  cooled,  then 
adding  water,  which  separates  the  chloride  of  mesityl  in  the  form  of  an  oily  liquid 
heavier  than  water.  It  is  resolved  by  heat  into  hydrochloric  acid  and  mesitylene 
Alcoholic  potash  converts  it  into  oxide  of  mesityl.  (Kane,  Pogg.  Ann.  xliv.  476). 


Hydrate  of  Mes  i  ty  1.  0.     Syn.  with  Acetone. 

Iodide  of  Mesityl.  Oily  liquid  insoluble  in  water,  'obtained  by  distilling 
acetone  with  iodine  and  phosphorus.  It  has  not  been  analysed.  (Kane.) 

Oxide  of  Mesityl  or  Mesitic  ether.  (C3H5)20.—  Produced  :  1.  By  the  action 
of  alcoholic  potash  in  excess  on  chloride  of  mesityl.  —  2.  Together  with  many  other 
products,  by  the  action  of  strong  sulphuric  acid  on  acetone  (Kane).  —  3.  By  the  action 
of  lime  on  acetone.  Acetone  left  for  several  weeks  in  contact  with  quicklime,  and  then 
subjected  to  fractional  distillation,  yields,  between  100°  and  250°,  a  mixture  of  oxide 
of  mesityl,  boiling  at  about  129°,  and  phorone,  C9H140,  boiling  at  290°,  which  may 
easily  be  separated  by  rectification.  (Fittig,  Ann.  Ch.  Pharm.  ex.  23.) 

Pure  oxide  of  mesityl  is  a  colourless  oil,  smelling  like  peppermint.  Specific  gravity 
0-848  at  23°.  Boiling  point  (corrected)  131°.  Vapour-density,  obs.  =  3'67  ;  calc.  3*39 
(Fittig).  It  burns  with  a  very  bright  flame  (Kane).  It  is  insoluble  in  water,  mixes 
in  all  proportions  with  alcohol  and  ether  ;  is  converted  by  nitric  acid  into  a  brown  resi- 
nous mass,  and  by  chorine  into  a  heavy  oil,  which  appears  to  have  the  composition 
C6H8C120.  (Fittig.) 

Mcsityl-hypophosphorous  acid.  —  An  acid  contained,  according  to  Kane,  in  the 
syrupy  residue  obtained  by  distilling  acetone  with  iodine  and  phosphorus.  This  residue 
solidifies,  on  cooling,  to  an  amaranthine  mass,  and  yields,  by  saturation  with  carbonate  of 
barium,  a  salt  containg  20'0  per  cent,  carbon,  3'8  hydrogen,  and  43-8  baryta,  whence 
Kane  deduces  the  formula  PBaO.C3H60  (calc.  207  carbon,  3-45  hydrogen,  and  44*02 
baryta). 

Mesityl-  phosphoric  acid.  —  An  acid  produced  by  treating  acetone  with  phos- 
phoric acid.  The  resulting  liquid  neutralised  with  bases,  yields  soluble  salts.  The 
sodium-salt  forms  small  rhomboidal  laminae,  which,  when  exposed  to  the  air,  become 
opaque,  and  give  off  part  of  their  water.  When  heated,  they  melt  in  their  water  of 
crystallisation,  and  ultimately  leave  a  white  mass,  which,  at  a  higher  temperature, 
swells,  blackens,  and  burns,  leaving  phosphate  of  sodium.  The  salt  was  found  to  con- 
tain 48'8  per  cent,  sodic  phosphate,  and  29'0  water,  agreeing  approximately  with  the 
formula  PNa04.C3H60.fH20,  which  requires  49'9  sodic  phosphate,  and  28'21  water. 
(Kane.) 

Mesitylo-sulphuric  acids.  —  Kane  found,  among  the  products  of  the  action  of 
sulphuric  acid  upon  acetone,  two  acids  analogous  in  composition  to  ethyl-sulphuric  acid. 

1.  When  acetone  is  mixed  with  twice  its  volume  of  strong  sulphuric  acid,  the  liquid 
becomes  very  hot,  assumes  a  dark  brown  colour,  and  gives  off  a  large  quantity  of  sul- 
phurous anhydride  ;  and  if  it  be  mixed  after  cooling  with  2  or  3  volumes  of  water  and 
neutralised  with  chalk,  a  deliquescent  mass  is  obtained,  in  which  small  prisms  may  be 
distinguished,  yielding,  according  to  Kane's  analysis,  70'5  per  cent,  calcic  sulphate, 
18-5  carbon,  3-3  hydrogen,  and  7  '9  oxygen,  numbers  which  Kane  represents  by  the 
formula  C3H6O.CaSO*. 

2.  By  treating  2  vol.  acetone  with  1  vol.  sulphuric  acid,  and  diluting  with  water  when 
cold,  Kane  obtained  another  acid,  the  calcium-salt  of  which  was  found  to  contain  237 
per  cent,  lime,  30'3  carbon,  and  4-4  hydrogen,  and  may  be  represented,  according  to 
Kane,  by  the  formula  2C3H6O.CaSO«. 

Gerhardt  made  several  attempts  to  obtain  these  acids  by  the  processes  above  de- 
scribed, but  did  not  obtain  a  trace  of  either  of  them  ;  he  considers  it  probable  that  the 
only  acid  produced  by  the  action  of  oil  of  vitriol  on  acetone  is  methyl-sulphuric  acid. 
(  Traite,  i.  704.) 
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•YLETJE  or  IVIESITVLOI..  C9H12.  (Kane,  Fogg.  Ann.  xl.  iv.  474.—- 
Hofmann,  Chem.  Soc.  J.  ii.  104. — Cahours,  Compt.  rend.  xxiv.  255;  Chem.  Soc.  J. 
iii.  xvii.) — A  hydrocarbon,  isomeric  with  cumene,  produced  by  the  action  of  sulphuric 
acid  upon  acetone.  To  prepare  it,  2  vol.  acetone  are  distilled  with  1  vol.  strong  sul- 
phuric acid,  the  heat  being  carefully  regulated.  Two  layers  of  liquid  then  collect  in 
the  receiver,  the  upper  consisting  of  very  impure  mesitylene,  and  the  lower  containing 
sulphurous  and  acetic  acids,  resulting  from  a  secondary  decomposition.  The  upper 
layer  is  rectified,  first  over  the  water-bath  to  separate  uudecomposed  acetone,  and  then 
over  the  naked  fire.  But  the  product  thus  obtained  does  not  exhibit  a  constant  boiling 
point,  and  requires  to  be  purified  by  numerous  rectifications  (Hofmann),  and  final 
distillation  over  phosphoric  acid.  (Cahours.) 

Mesitylene  is  a  very  light,  colourless  substance,  having  a  slight  alliaceous  odour. 
It  boils  between  155°  and  160°  (Hofmann),  between  162°  and  164°  (Cahours). 
Vapour-density,  obs.  =  4!345  to  4-282  (Cahours);  calc.  =  4-160. 

Mesitylene  burns  with  a  bright,  but  very  smoky  flame.  It  dissolves  iodine,  forming 
a  dark  brown  liquid  which  is  not  altered  by  exposure  to  sunshine.  With  bromine  and 
chlorine,  it  forms  crystalline  substitution-products.  Boiling  nitric  acid  converts  it  into 
mesitic  aldehyde  (Kane).  A  mixture  of  fuming  nitric  and/urning  sulphuric  acids 
converts  it  immediately,  and  without  rise  of  temperature,  into  trinitromesitylene 
(Cahours).  It  is  likewise  decomposed  by  strong  sulphuric  acid,  but  not  by  aqueous 
alkalis  (Kane).  Fuming  sulphuric  acid  converts  it  into  mesitylene-sulphuric 
acid  C9H12S03.  (Cahours.) 

Derivatives  of  Mesitylene. 

Tribromomesitylene.  C'H^r3. — When  bromine  is  added  dr-op  by  drop  to  mesi- 
tylene, waiting  each  time  till  the  heat  evolved  has  subsided,  and  taking  care  to  keep 
the  mesitylene  in  excess,  a  white  crystalline  compound  is  formed,  which  may  be  freed 
from  hydrobromic  acid  by  washing  with  water,  in  which  it  is  perfectly  insoluble.  Two- 
or  three  crystallisations  from  boiling  alcohol  render  it  absolutely  pure.  It  forms  white 
needles,  which  volatilise  without  decomposition,  and  are  not  changed  by  boiling  with 
potash  or  ammonia.  (Hofmann.) 

Trlchloromesitylene.  C9H9C1S. — To  prepare  this  compound,  chlorine  gas  is 
passed  through  mesitylene  till  the  liquid  solidifies  in  an  acicular  mass,  which  is  then 
dissolved  in  hot  ether  and  crystallised  by  cooling,  the  undecomposed  mesitylene  re- 
maining in  the  mother-liquid.  The  product  is  purified  by  recrystallisation,  and  the 
crystals  dried  between  paper,  but  not  in  contact  with  the  air. 

It  forms  white,  shining,  four-sided  prisms,  resembling  sulphate  of  quinine,  volatilis- 
ing only  at  a  strong  heat,  but  without  decomposition.  They  may  also  be  sublimed 
without  alteration  in  dry  ammoniacal  gas,  and  are  not  decomposed  by  alcoholic  potash. 
(Kane.) 

XTitromesitylene.  C'HUN02. — Formed  by  treating  mesitylene  with  fuming  nitric 
acid,  not  in  excess,  and  carefully  cooling  the  mixture  during  the  action.  This  com- 
pound, when  treated  with  an  alcoholic  solution'of  potash,  becomes  heated  and  evolves  two 
products  on  distillation.  One  of  these  is  a  liquid,  which  is  produced  in  very  small 
quantity  only,  and  exhibits  the  properties  of  an  alkaloid ;  the  other,  which  is  solid, 
dissolves  very  readily  in  alcohol,  and  separates  from  it  by  spontaneous  evaporation 
in  very  fine  tabular  crystals  ;  it  is  isomeric  with  nitromesitylene.  (Cahours.) 

Dinitromesitylene.  C9H10(N02)2. — Obtained  by  boiling  mesitylene  with  mode- 
rately strong  nitric  acid.  After  a  few  distillations,  the  whole  of  the  mesitylene  is  con- 
verted into  a  crystalline  compound,  which  may  be  purified  by  washing  with  water  and 
recrystallisation  from  alcohol.  With  dilute  nitric  acid  a  less  definite  result  is  obtained, 
the  mesitylene  being  converted,  after  repeated  distillation,  into  a  yellow  oil,  which 
shows  a  tendency  to  crystallise,  but  appears  to  be  a  mixture. 

This  compound  crystallises  in  fine  needles,  often  several  inches  long,  and  in  appear- 
ance resembling  those  of  trinitromesitylene  (vid.  inf.).  It  volatilises  without  decom- 
position, and  dissolves  with  great  facility  in  alcohol.  (Hofmann.) 

Nitromesidine.     C9H12N202  =  C9H12(N02)N.     (Maule,  Chem.  Soc.  Qu.  J.  ii. 
116.) — A  base  obtained  by  the  action  of  sulphydric  acid  on  dinitromesitylene : 
C9H10N20«  +  3H2S     =     C9H12N202  +  2H20  +   S3. 

When  an  alcoholic  solution  of  dinitromesitylene  is  submitted  to  the  action  of  sulph- 
ydric acid,  the  liquid  assumes  a  dark  colour  and  deposits  gradually  a  large  quantity 
of  sulphur,  the  odour  of  the  sulphydric  acid  being  at  the  same  time  destroyed.  This 
treatment  is  continued  for  several  days,  till  the  sulphydric  acid  is  no  longer  decom- 
posed. On  the  addition  of  hydrochloric  acid,  sulphur  is  again  precipitated,  and  on 
separating  this  by  filtration,  a  clear  liquid  is  obtained,  which  when  mixed  with  potash 
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or  ammonia,  yields  a  copious  precipitate  of  impure  nitromesidine.  By  repeatedly  dis- 
solving this  impure  product  in  hydrochloric  acid  and  reprecipitating  by  an  alkali,  small 
quantities  of  still  adhering  sulphur  are  separated,  and  the  substance  gradually  assumes 
a  bright  yellow  colour.  One  or  two  crystallisations  from  alcohol  now  suffice  to  render 
it  absolutely  pure. 

Nitromesidine  forms  long  needle-shaped  crystals  of  a  golden  yellow  colour.  It  melts 
below  100°,  and  solidifies  on  cooling  in  a  mass  of  radiated  needles  ;  volatilises  without 
decomposition  at  100°,  giving  off  a  vapour  which  burns  with  a  bluish  flame ;  dis- 
solves very  readily  in  alcohol  and  ether,  and  sparingly  in  water,  to  which  it  imparts  a 
faint  yellow  colour.  The  solutions  have  an  unpleasant  bitter  taste,  and  are  neutral  to 
test  paper. 

Bromine  acts  violently  on  nitromesidine,  forming  a  dark  oily  liquid.  An  alcoholic 
solution  of  nitromesidine  yields  with  chlorine,  a  pinkish  solid  substance  soluble  in 
boiling  ether. 

Nitromesidine  dissolves  readily  in  acids,  forming  crystalline  salts,  which  however 
are  very  unstable,  all  those  yet  obtained,  excepting  the  phosphate  and  the  platinum-salt, 
being  decomposed  by  mere  contact  with  water.  They  are  soluble  in  alcohol,  and  their 
solutions  have  an  acid  reaction. 

The  hydrochloratc,  C9H12N202.HC1,  forms  colourless  needles. 

_The  chloroplatinate,  2(C9H12N202.HCl).PtCl4,  is  precipitated" in  yellow  crystals  on 
mixing  a  hot  solution  of  platinic  chloride  in  excess,  with  a  saturated  solution  of  hydro- 
chlorate  of  nitromesidine. 

The  nitrate  is  very  unstable,  being  decomposed,  with  evolution  of  red  nitrous  fumes, 
when  its  aqueous  solution  is  evaporated  down  to  a  certain  point. 

The  phosphate,  3C9H12N202.PH304,  crystallises  in  orange-coloured  laminae.    When 
nitromesidine  is  dissolved  in  a  very  large  excess  of  phosphoric  acid,  an  acid  salt  is 
obtained,  apparently  containing  only  1  at.  nitromesidine. 
The  sulphate- forms  small  silky  crystals. 

Trinitromesitylene.  C9H9(N02)3.^-Obtained  by  treating  mesitylene  with  a 
mixture  of  fuming  nitric  and  sulphuric  acids,  its  formation  taking  place  immediately, 
and  without  rise  of  temperature.  It  is  crystalline,  and  sublimes  at  a  gentle  heat  in 
dazzling  white  needles.  It  is  very  slightly  soluble  in  boiling  alcohol  and  ether,  but 
dissolves  easily  in  acetone.  It  is  very  slowly  acted  on  by  sulphydric  acid,  only  a 
small  quantity  of  an  alkaline  body  being  formed  after  the  lapse  of  several  weeks. 
(Cahours.) 

IVIESITYI.EM'E-Stri.PHTrRIC  ACID.  Sulphomesitylic  acid.  C9H12SOS. — This 
acid  is  easily  formed  by  dissolving  mesitylene  in  fuming  sulphuric  acid,  the  brown 
liquid,  when  exposed  to  the  air,  gradually  solidifying  to  a  crystalline  mass.  When 
saturated  with  carbonate  of  lead,  it  forms  the  lead-salt  C9H1'Pb'SOs,  very  soluble  in 
water  and.  in  alcohol,  and  crystallising  in  needles  when  its  aqueous  solution  is  left  to 
evaporate.  The  silver-salt  is  also  crystallisable,  very  soluble  in  water  and  in  alcohol, 
and  blackens  quickly  when  exposed  to  light.  (Hofmann.) 

MESOIiE.  Farblite. — A  zeolitic  mineral  related  to  natrolite  and  scolecite,  oc- 
curring in  implanted  globules  with  a  flat-columnar  radiate  structure.  Hardness  =  3'5. 
Specific  gravity  =  2*35  to  2-4.  Lustre  silky  or  pearly.  Colour  greyish-white,  yellowish, 
or  reddish.  Streak  uncoloured.  Translucent.  Laminae  slightly  elastic. 

Analyses. — a.  From  the  Faroe  Islands  (Berzelius). — b.  From  Annaklef in Schonen 
Hisinger. — <?.  From  Bombay  (Thomson): 

SiO*.  A12O».  CaO.  Na'O.  H«O. 

a.  42-60  28-00  11-43  5-63  12-70  =  100-36 

b.  42-17  27-00           9-00  10-19  1179  =  100-15 

c.  42-70  27-50          7-61  7'00  14-71  =  99-52 

These  results  may  be  approximately  represented  by  the  formula  (2M2O.Si02). 
(2AP03.3Si02).5H20,  or  for  the  Bombay  mineral,  6H20. 

Harringtonite,  a  snow-white  mineral,  occurring  in  the  amygdaloid  of  the  north  of 
Ireland,  with  a  compact  texture,  and  very  tough,  may  be  included  in  the  same  general 
formula.  It  contains,  according  to  Thomson's  analysis,  44*84  per  cent,  silica,  28-48 
alumina,  10'68  lime,  5'66  soda,  and  10'28  water  (  =  99'85). 

IVIESOIiITE.     See  SCOLECITE. 
IVCESOTYPE.     See  NATROLiTB  and  SCOLECITE. 

IVIES  OT  ART  ARXC  ACID.  Syn.  with  INACTIVE  TABTAHic  ACID  :  see  TAB- 
IARIC  ACID. 
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IVIES  OXAI.IC  ACII>.     CSH205.   (Liebig  and  Wohler,  Ann.  Ch.  Pharm.  xxvl 
298. — Sv  an  berg,  Berz.  Jahresb.  xxvii.  165.) — An  acid  formed  when  alloxan  or  allox- 
anic  acid  is  boiled  with  aqueous  alkalis,  urea  being  simultaneously  produced : 
C4H4N205  +  H20     =     C8H205  +   CH4N20. 

Alloxanic  acid.  Mesoxalic  acid.          Urea. 

The  acid  is  obtained  by  decomposing  the  barium-salt  by  sulphuric  acid,  or  the  lead-salt 
by  sulphydric  acid.  It  is  crystallisable,  and  has  a  very  sour  taste,  and  a  strong  acid 
reaction.  It  is  very  soluble  in  water,  and  its  solution  is  not  decomposed  by  boiling. 
Its  aqueous  solution,  when  neutralised  with  ammonia,  gives  with  salts  of  barium, 
strontium,  and  calcium,  white  precipitates,  soluble  in  acids,  or  in  a  large  quantity  of 
water. 

Mesoxalic  acid  is  dibasic.  The  barium-salt,  C3Ba//05,  is  prepared  by  boiling  a  hot 
saturated  solution  of  alloxanate  of  barium :  a  mixture  of  alloxanate,  mesoxalate,  and 
carbonate  is  precipitated,  and  the  solution  yields,  on  evaporation,  crystalline  crusts  of 
urea  and  mesoxalate  of  barium,  the  latter  of  which  is  removed  by  washing  with  alcohol. 
The  salt  forms  yellow  laminae,  which  are  anhydrous  at  90°,  and  at  100°  are  partially 
decomposed.  Liebig  and  Wohler  found  55'93  per  cent  barium  in  the  salt ;  the  calcu- 
lated percentage  is  56-49.  The  calcium-salt  forms  thin  tables,  which  at  90°  contain 

2  at.  water ;  at  140°  they  lose  1  at.  water,  and  above  that  temperature  are  decomposed. 
It  is  much  more  soluble  than  the  barium-salt  (S  van  berg).     The  lead-salt,  obtained 
by  dropping  aqueous  alloxan  or  alloxanic  acid  into  a  boiling  solution  of  neutral  acetate 
of  lead,  appears  to  be  a  basic  salt,  containing  4  at.  lead.    It  is  decomposed  when  gently 
heated  in  the  air,  pure  oxide  of  lead  remaining ;  hot  nitric  acid  converts  it  into  oxalate 
of  lead.     According  to  Liebig  and  Wohler,  the  normal  lead-salt  is  formed  by  adding 
mesoxalic  acid  to  neutral  acetate  of  lead.     The  silver-salt  is  obtained  as  a  yellow  pre- 
cipitate when  mesoxalic  acid  and  ammonia  are  added  to  nitrate  of  silver :  it  is  probably 
a  basic  salt,  as  it  is  entirely  decomposed  by  heat  into  carbonic  anhydride  and  metallic 
silver,  perhaps  thus,  ClA^O5  +  Ag20  =  3C02  +   Ag*.     (Liebig  and  Wohler.) 

When  mesoxalic  acid  is  compared  with  carbonic  and  oxalic  acids,  it  will  be  seen  that 
the  three  acids  may  be  regarded  as  containing  respectively  the  diatomic  radicles  carbonyl 
CO,  oxalyl  C202,  and  mesoxalyl  C80«. 

Carbonic  acid        .  ....     C2H208     =     CO.H2.02. 

Oxalic  acid C2H204     =     C202.H2.0». 

Mesoxalic  acid C3H205     =     C803.H2.02. 

The  decomposition  of  oxaluric  and  alloxanic  acids  into  urea,  oxalic,  and  mesoxalic  acids, 
respectively,  shows  that  alloxanic  bears  to  oxaluric  acid  the  same  relation  that  mesox- 
alic does  to  oxalic  acid,  and  from  this  point  of  view  alloxanic  acid  may  be  regarded 
as  mesoxaluric  acid.  A  similar  relation  is  evident  between  alloxan  and  parabanic 
acid.  F.  T.  C. 

IVlEStrA  FERREA.  This  plant,  which  grows  in  India,  yields  a  fixed  oil  having 
a  density  of  0*954,  a  chestnut-brown  colour,  and  solidifying  at  +  5.  (L  e  p  i  n  e,  J.  Pharm. 
[3]  xl.  16.) 

IV1ETACETAIVIIDE.     Syn.  with  PROPIONAMIDE. 

IVXETACETIC  ACID.     Syn.  with  PBOPIONIC  ACID. 

MET  ACETONE.  -  C6H100  ?  (Fr6my,  Ann.  Ch.  Phys.  [2]  lix.  6.— Gottlieb, 
Ann.  Ch.  Pharm.  lii.  127.) — A  substance  occurring  among  the  products  of  the  dry  dis- 
tillation of  sugar,  starch,  gum  or  mannite,  with  lime;  it  has  also  been  obtained  by  the 
distillation  of  lactate  of  calcium,  and  occurs  among  the  volatile  oils  formed  by  the 
distillation  of  wood. 

Fremy  prepares  metacetone  -by  gently  heating  an  intimate  mixture  of  at  least  500 
grms.  of  sugar  with  8  times  its  weight  of  quicklime  in  a  capacious  retort,  withdrawing 
the  fire  after  a  while,  because  the  water  disengaged  from  the  sugar,  coming  in  contact 
with  the  lime,  raises  the  temperature  high  enough  to  complete  the  reaction  without 
further  application  of  external  heat.  If  the  mixture  has  been  well  made,  scarcely  any 
inflammable  gas  is  evolved,  and  a  complex  oil  passes  over  into  the  receiver.  This  oil 
is  shaken  up  with  water  to  remove  the  acetone  which  it  contains,  and  the  residue, 
which  floats  on  water,  is  rectified  till  it  exhibits  a  constant  boiling  point.  It  is  diffi- 
cult, however,  to  obtain  a  pure  product.  According  to  Gottlieb,  it  is  best  to  use  only 

3  pts.  lime  to  1  pt.  sugar,  and  to  keep  the  receiver  cool.    Metacetone  is  obtained  in 
the  same  manner  from  starch,  which  indeed  appears  to  yield  rather  more  metacetone 
than  acetone :  gum,  on  the  contrary,  yields  a  comparatively  larger  quantity  of  acetone. 

Metacetone  is  a  colourless  oil,  having  an  agreeable  odour,  insoluble  in  water,  very 
soluble  in  alcohol  and  ether.  Boiling  point  84°.  It  contains,  according  to  the  mean 
of  Fremy's  analyses,  72'2  per  cent,  carbon,  and  10-1  hydrogen.  The  formula  C6H'°0, 
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which  represents  it  as  isomeric  with  oxide  of  mesityl  and  oxide  of  allyl,  requires  73 '5 
carbon,  10'2  hydrogen,  and  16-3  oxygen.  When  distilled  with  acid  chromate  of  potas- 
sium and  strong  sulphuric  acid,  it  yields  carbonic  anhydride,  acetic  aeid,  and  propionic 
acid.  As  these  products  are  the  same  as  those  obtained  by  the  oxidation  of  propione, 
metacetone  is  sometimes  regarded  as  impure  propione  (G-m.  ix.  409).  (Pure  propione, 
C5H'°0,  obtained  by  distillation  of  propionate  of  barium,  boils  at  84°  and  contains 
69-3  carbon,  and  ITS  hydrogen.)  Metacetone  dropped  on  heated  potash-lime  or  fused 
hi/drate  of  potassium  distils  over  in  great  part  unaltered,  the  residue  containing  only 
traces  of  propionic  acid.  (Gottlieb.) 

METACETONIC    ACID.      Syn.  with  PROPIONIC  AdD. 

XVTUTACETOjfflTSiIIiE.  Syn.  with  PROPIONITRILE  or  CYA.NIDE  OP  ETHYL 
(ii.  211). 

METACHliORITE.  A  foliated  columnar  mineral  from  the  Biichenberg  near 
Elbingerode  in  the  Harz.  It  has  a  vitreous  to  pearly  lustre  and  dull  leek-green  colour. 
Hardness  =  2'5.  Gelatinises  with  acids.  Contains,  according  to  List,  23'77  per  cent. 
silica,  16 -43 'alumina,  40'36  ferric  oxide,  3'10  magnesia,  074  lime,  T37  potash,  0'08 
soda,  and  13-75  water  ( =  99'60),  whence  the  formula  3(3M2O.SiOa).2(Al203.Si02).10H20 
or  4(M2O.Si02).(3M20.2Al2Os).8H20.  (Rammelsbertf s  Minerakhemie,  p.  541.) 

XKETACHROltXIC  OXIDE.     See  CHROMIUM,  OXIDES  OF  (i.  949). 
XVXETACXCTXTAMEIXir.     See  ClNNAMEIN  (i.  980). 
METACROIiEIxr.     See  ACROLEIN  (i.  57). 

METAFERRIC  OXIDE.     The  modification  of  ferric  hydrate  obtained  by  Pean 
de  St.  Gilles  by  boiling  the  ordinary  yellow  hydrate  in  water  (p.  395). 
IWETAFURFUROIi.     See  FURFUROL  (ii.  752). 
XKETAGAI.X.IC  ACID.    See  GALLIC  Acn>  (ii.  760). 
METAHUMIC  ACID.     See  ULMIC  ACID.     , 

METAX..  MetalL  Metal.  ZVIETAIiIiOID.  Metalloid.  Metallo'ide.  The  term 
metal  has  long  been  commonly  applied,  in  technical  and  popular  language,  to  a  number 
of  substances  which  agree  in  presenting,  in  various  degrees,  a  combination  of  certain 
well-defined  physical  characters,  by  which  many  of  them  are  easily  distinguishable 
from  most  other  substances.  Gold  and  silver  were  formerly  regarded  as  the  typical 
representatives  of  this  class  of  substances.  These  characters,  however,  are  not  by  any 
means  absolutely  distinctive  of  metals ;  for  there  are  many  substances  which  are  not 
metallic,  and  which  nevertheless  possess  in  a  high  degree  some  of  the  physical  cha- 
racters of  metals.  At  a  very  early  date,  attempts  made  by  Basil  Valentine  (Con- 
clusiones},  Paracelsus  (1539),  and  Boerhave  (1732),  to  adopt  a  system  of  classi- 
fication, which  would  separate  the  more  characteristic  metals  from  substances  possessing 
certain  metallic  characters,  such  as  zinc,  antimony,  bismuth,  antimony -glance,  pyrites 
and  galena,  which  were  termed  semi-metals  or  bastard  metals.  In  1735, 
Brandt  proposed  to  make  the  presence  or  absence  of  malleability  the  principle  of  this 
classification,  and  upon  this  ground  he  separated  mercury  from  the  metals.  The  same 
view  was  adopted  by  Vogel  (1755,  Institutionibus  Chemice)  and  Buffon  (1785, 
Histoire  naturclle  dcs  Mineraux}.  Subsequently,  when  Braune  had  observed  the 
solidification  of  mercury  by  cold  in  1759-60,  and  this  had  been  confirmed  by  Hutchins 
and  Cavendish  in  1783,  the  malleability  of  this  substance  became  known,  andit  was 
classed  among  the  metals. 

The  insufficiency  of  the  distinction  which  had  been  drawn  between  metals  and  semi- 
metals  was  pointed  out  byFourcroy(l789,  Elemens  d?  Histoire  Naturelle  et  de  Chemie, 
ii.  380)  as  being  evident  from  the  fact  that  "  between  the  extreme  malleability  of  gold 
and  the  singular  fragility  of  arsenic,  other  metals  presented  only  imperceptible  grada- 
tions of  this  character,  and  because  there  was  probably  no  greater  difference  between 
the  malleability  of  gold  and  that  of  lead,  which  was  considered  to  be  a  metal,  than 
there  was  between  lead  and  zinc,  which  was  classed  among  semi-metals,  while  in  the 
substances  intermediate  between  zinc  and  arsenic  the  differences  were  slight." 

The  distinction  between  metals  and  semi-metals  was  soon  afterwards  abandoned, 
and  at  the  time  when  the  existing  system  of  chemistry  was  established  by  Lavoisi  er, 
the  class  Metal  comprised  seventeen  substances.  Their  chemical  relations  were 
then  little  known,  and  they  were  classified  together  as  metals,  chiefly  on  account  of 
their  analogy  in  physical  characters,  and  because  they  were  regarded  as  chemically 
simple  or  elementary  substances.  Since  that  time  a  great  number  of  other  simple 
substances  have  been  discovered,  which  possess  more  or  less  the  physical  characters  of 
metals,  but  which  do  not  possess  them  in  that  degree  which  was  formerly  considered 
to  be  the  distinctive  peculiarity  of  a  metal. 
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On  the  discovery  of  potassium  and  sodium  by  Davy  in  1807,  doubts  were  enter- 
tained as  to  their  metallic  nature,  and  it  was  proposed  to  distinguish  them  from  metals, 
on  account  of  their  peculiar  physical  characters,  and  to  term  them  metalloids*  as  possess- 
ing only  some  resemblance  to  metals  (Erman  and  Simon,  1808,  Gilbert's  Annalen, 
xxviii.  121).  This  proposal  was  not  adopted,  and  in  1811  Berzelius  applied  the  term 
metalloid  to  distinguish  the  non-metallic  elementary  substances  from  the  metals,  in 
which  sense  it  has  been  commonly  used  up  to  the  present  time,  chiefly  in  relation  to 
substances  which,  like  the  metals,  have  not  been  resolved  into  separate  constituents, 
and  which  are  consequently  regarded  as  elementary. 

A  high  degree  of  density  was  long  considered  to  be  a  peculiarly  distinctive  character 
of  metallic  substances ;  but  the  discovery  of  the  earthy  and  alkaline  metals  showed 
that  this  is  not  the  case,  and  that,  in  regard  to  this,  as  well  as  other  physical  characters, 
the  term  metal  has  only  a  relative  application,  and  should  not  be  considered  as  repre- 
senting a  class  of  substances  entirely  distinct  from  those  termed  metalloids. 

This  fact  has  been  rendered  still  more  apparent  by  the  advanced  investigation  of  the 
chemical  characters  and  relations  of  metals  and  other  substances;  for  while  some  of  the 
substances  possessing,  in  a  marked  degree,  certain  of  the  physical  characters,  hitherto 
regarded  as  distinguishing  metals,  do  not  possess,  in  an  equal  degree,  the  chemical  cha- 
racters of  metals,  there  are,  on  the  contrary,  substances  possessing  few  or  none  of  the 
physical  characters  of  metals,  but  manifesting  in  their  chemical  characters  and  rela- 
tions the  most  marked  analogy  with  well-defined  metals.  Thus  for  instance  antimony, 
molybdenum,  arsenic,  titanium,  &c.,  form  compounds  with  oxygen,  sulphur,  &c.,  which 
are  the  analogues  of  sulphuric,  phosphoric,  nitric,  and  silicic  acids ;  while,  on  the  other 
hand,  the  electropositive  constituents  of  the  earths  and  alkalis,  also  hydrogen,  am- 
monium, and  some  of  the  hydrocarbon  radicles,  correspond  closely  with  the  electropositive 
metals,  in  their  general  chemical  functions,  and  form  with  oxygen  and  sulphur,  &c., 
compounds  which  are  in  the  highest  degree  analogous  to  the  basic  compounds  of  silver, 
lead,  iron,  &c.,  with  oxygen. 

In  a  strictly  chemical  sense,  therefore,  the  term  metal  must  be  regarded  as  represent- 
ing an  ideal  type,  to  which  a  number  of  substances  approximate  more  or  less,  indepen- 
dently of  their  physical  characters  and  of  their  simple  or  compound  nature. 

The  elementary  substances  generally  regarded  as  metallic  are  mostly  solid  at  the 
ordinary  temperature,  the  only  exception  being  mercury  (p.  933).  With  the  excep- 
tion of  arsenic,  they  are  all  capable  of  becoming  liquid  at  various  temperatures 
peculiar  to  each,  and  some  of  them  are  capable  of  being  converted  into  vapour  by  heat. 
In  the  solid  and  compact  state  they  are  in  a  high  degree  impervious  to  light.  A  mass 
of  metal  is  absolutely  opaque ;  but  very  thin  laminse  of  some  metals  allow  certain  rays 
to  penetrate  through  them,  as  for  instance  gold-leaf,  which  transmits  light  of  a  green 
colour.  (Faraday,  see  pp.  636,  642.) 

In  consequence  of  this  impermeability  by  light  and  the  accompanying  high  reflective 
power  of  metals  in  the  compact  or  liquid  states,  they  possess  a  peculiar  lustre  or 
brilliancy,  which  may  be  developed  by  polishing  their  surfaces.  The  colour  of  most 
metals  is  a  peculiar  grey,  with  a  varying  tint  of  blue ;  but  some  few  are  yellow  or  red, 
as  gold  and  copper,  brass,  bronze,  &c.  (see  LIGHT,  p.  641  et  seq.\  the  colour  being 
due  to  an  unequal  power  of  absorption  for  different  rays,  and  varying  according  to  the 
angle  which  the  incident  rays  form  with  the  surface  of  the  metal.  When  this  angle 
is  very  small,  the  whole  of  the  rays  are  reflected,  and  all  metals  appear  quite  colourless. 

One  of  the  characters  which,  in  combination  with  those  already  mentioned,  has 
been  regarded  as  most  distinctive  of  metallic  substances,  is  an  internal  mobility,  in 
virtue  of  which  the  shape  of  a  mass  of  metal  may  be  altered  by  pressure,  hammering, 
or  by  other  mechanical  means,  without  disintegration  or  disruption  of  the  mass.  This 
character,  which  is  presented  in  various  degrees  and  modes  by  different  metals,  is 
expressed  by  the  terms  malleability — denoting  the  capability  of  flattening  or  spreading 
out  under  the  hammer,  or  between  rollers — and  ductility— ^denoting  the  capability  of 
becoming  longer  and  thinner  by  drawing  through  a  hole  of  less  area  than  the  transverse 
section  of  the  piece  of  metal. 

For  individual  metallic  substances^  the  degrees  of  malleability  and  ductility  are 
by  no  means  equal ;  many  metals,  which  are  in  a  high  degree  malleable,  as  tin  and 
lead,  cannot  be  drawn  into  very  fine  wire,  while  others  which  are  less  malleable,  as 
iron,  copper,  gold,  possess  far  greater  ductility.  Both  characters  are  considerably 
influenced  by  temperature.  Within  certain  limits  they  are  generally  greater  at  high 
than  at  low  temperatures.  The  mechanical  working  of  a  metal  is  also  productive  of 
an  alteration  in  its  molecular  condition,  attended  with  diminution  of  malleability  and 
ductility  (hammer-hardened;  ecroui).  In  such  cases  those  characters  maybe  restored 
to  the  metal  by  heating  it  and  allowing  it  to  cool  slowly  (annealing ;  anlassen  ;  recuire). 
*  From  (j.'iTu.\\Gt,  metal  and  i7$ot,  likeness. 
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Some  metals  possess  so  little  malleability  or  ductility  that  they  cannot  be  rolled  into 
sheets,  or  drawn  into  wire. 

Tenacity,  or  the  resistance  to  forces  which  tend  to  tear  asunder,  either  by  tension, 
crushing,  or  wrenching,  is  another  character  which  metals  possess  in  very  unequal 
degrees.  It  is  intimately  connected  with  molecular  condition,  and  is  in  some  way 
related  to  malleability  and  ductility.  It  is  largely  influenced  in  particular  metals  by 
the  presence  or  absence  of  certain  admixtures ;  by  the  manner  in  which  they  have 
been  worked  into  shape,  and  by  temperature.  In  general  it  is  reduced  by  increase  of 
temperature;  but  in  some  cases  it  is  increased  within  a  certain  limited  range  of  tem- 
perature, as  in  the  case  of  iron  (see  COHESION,  i.  1078).  Some  metals  possess  but  a 
very  slight  degree  of  tenacity,  and  are  then  termed  brittle — as  zinc,  antimony,  and 
arsenic. 

Elasticity,  or  the  capability  of  a  bar  of  metal  to  recover  its  original  shape  and 
dimensions,  after  being  bent  or  stretched,  is  also  a  character  connected  with  tenacity 
and  internal  mobility.  It  varies  much  in  different  metals. 

Metallic  substances  differ  very  widely  in  the  degree  of  hardness  they  possess,  or  are 
capable  of  acquiring  by  sudden  cooling  or  otherwise.  Some  are  so  soft  as  to  admit  of 
being  kneaded  like  wax  (potassium  and  sodium),  others  are  capable  of  scratching 
quartz  or  even  diamond  (steel,  chromium).  The  presence  of  small  amounts  of  various 
substances,  such  as  carbon,  silicon,  &c.,  in  metals,  often  communicates  to  them  con- 
siderable hardness.  As  a  general  rule,  a  metal  is  more  brittle  in  proportion  to  its 
degree  of  hardness. 

Metals  are  capable  of  assuming  a  crystalline  structure,  generally  belonging  to  the 
cube,  octahedron,  or  some  other  form  of  the  regular  system ;  antimony  and  arsenic 
crystallise  in  rhombohedrons.  Metals  occurring  native  are  frequently  crystallised.  Th* 
existence  of  crystalline  structure  in  a  metal,  considerably  influences  its  tenacity.  It  is 
generally  accompanied  by  an  increased  degree  of  brittleness,  and  those  metals  which 
are  most  easily  crystallised  are,  as  a  general  rule,  the  most  brittle.  Crystalline 
structure  is  sometimes  assumed  by  metals,  while  in  the  solid  state,  under  the  influence 
of  long  continued  heat,  of  percussion  or  of  vibration,  and  other  mechanical  actions,  and 
the  change  thus  induced  is  often  of  importance  in  relation  to  technical  applications 
(see  IKON,  ante,  p.  327).  Metals  may  often  be  crystallised  by  slowly  cooling  them  in  a 
melted  state,  and  when  partly  solidified,  pouring  off  the  remaining  liquid  metal  (see 
BISMUTH,  i.  590;  LEAD,  iii.  478).  Metals  often  assume  a  crystalline  structure  when 
slowly  deposited  from  solutions  of  their  saline  compounds,  and  some  can  be  crystallised 
by  sublimation  (zinc,  arsenic). 

Metals  and  metalloids  in  general  present  a  marked  difference  in  their  power  of  con- 
ducting electricity  and  heat ;  the  conductivity  of  metals  for  electricity  is  greater  than 
that  of  any  other  substances.  It  varies  considerably  in  different  metals,  and  to  some 
extent  in  the  individual  metals,  according  to  their  molecular  condition,  temperature, 
and  the  presence  or  absence  of  foreign  admixtures.*  The  purer  and  softer  the  metal, 
the  greater  its  conductivity  :  the  higher  the  temperature  of  the  metal,  the  less  its  con- 
ductivity. The  conductivity  of  some  metalloids  is  increased  by  elevation  of  temperature. 
(See  Wiedemann,  Lchre  vom  Galvanismus  und  Electromagnetismus,  i.  180. — 
Matthiessen,  1856,  Proc.  Roy.  Soc.xi.516.) 

Metals  and  metalloids  differ  in  their  electrical  relations,  the  former  being,  as  a  class, 
electro-positive,  the  latter  electro-negative.  The  distinction,  however,  is  only  one  of 
degree,  and  metals  present  similar  differences  among  each  other.  (See  ELECTBICITY, 
ii.  432.) 

Metals  differ  widely  in  their  capacity  for  heat.  The  specific  heat  of  sodium  amounts 
to  nearly  ten-fold  that  of  bismuth,  lead,  mercury,  or  gold.  The  conductivity  for  heat 
also  differs  greatly,  though  metals  generally  possess  a  comparatively  high  degree  of 
conductivity  for  heat.  (See  Despretz,  Compt.  rend.  xxxv.  540. — Wiedemann  and 
Franz,  1854,'Ann.  Ch.  Phys.  xli.  107.) 

The  following  table  presents  some  of  the  principal  physical  characters  of  the 
best  known  elementary  metals  and  metalloids,  so  fur  as  they  have  been  deter- 
mined. In  some  cases  the  numbers  given  are  only  approximative.  It  must  also  be 
remembered  that  the  existence  of  these  characters,  and  the  degrees  in  which  they  are 
presented  by  particular  substances,  are  sometimes  due  to  the  molecular  condition  of  the 
substance,  rather  than  to  any  inherent  peculiarity.  This  is  more  especially  known  to 
be  the  case  with  the  metalloids,  several  of  which  are  polymorphic,  as  sulphur,  phospho- 
rus, carbon,  boron,  silicon,  &c.  (See  DIMOBPHISM,  ii.  331.) 

*  The  values  given  in  the  accompanying  table  are  taken  from  Matth  iess'o  u  's  experiments  (PhiU 

Trans.  1864,  p.  199,  Phil.  Mag.  [4]  xiii.  81 ).    The  letters  h,  p,  and  5  prefixed  to  the  numbers  in  column 

6,  indicate  that  the  wires  were  hard-drawn,  pressed,  ' 
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Only  a  few  metals  occur  native,  viz.  gold,  platinum,  palladium,  iridium,  and  rhodium, 
which  are  almost  always  found  in  the  metallic  state — silver,  copper,  mercury,  bismuth, 
arsenic,  which  are  orten  found  in  the  metallic  state — iron,  antimony,  lead?  zinc  ?  which 
are  very  rarely  found  in  that  state. 

For  the  most  part,  metals  occur  naturally  as  constituents  of  various  minerals,  in 
which  they  are  combined  with  oxygen,  sulphur,  chlorine,  or  arsenic,  &c.,  in  various 
proportions  and  modes. 

Of  the  metalloids  only  three  occur  native  to  any  considerable  extent,  viz.  nitrogen, 
oxygen,  and  sulphur.  Carbon  and  selenium  occur  but  rarely  in  an  isolated  state. 
It  is  doubtful  whether  fluorine  has  yet  been  obtained  in  the  free  state,  even  arti- 
ficially (see  ii.  673). 

In  the  chemical  characters  and  relations  of  metale  and  of  metalloids,  there  are 
differences  as  great  as  in  their  physical  characters.  These  differences,  however,  are 
manifested  more  in  the  functions  which  the  substances  of  one  or  other  class  perform, 
in  their  compounds  with  other  substances,  than  by  the  capability  of  direct  combination 
with  each  other,  which  is  considerably  influenced  by  various  physical  conditions,  such 
as  temperature,  state  of  aggregation,  &c. ;  hence  also  this  mode  of  cnemical  action 
should  probably  be  regarded  merely  as  a  phase  of  some  more  general  dynamic  pro- 
perty, rather  than  as  the  exercise  of  a  peculiar  force,  inherent  in  the  different  elementary 
substances.  (See  CHEMICAL  AFFINITY,  i.  850  et  seq.)  But  in  any  case,  the  existence 
of  chemical  compounds,  and  their  characters  in  relation  to  other  substances,  must  be 
regarded  as  results  of  the  same  mutual  activity  which  determines  chemical  combina- 
tion. Probably  all  elementary  substances  are  more  or  less  capable  of  existing  in  a  state 
of  chemical  combination  with  each  other ;  but  those  possessing  this  capability  in  the 
highest  degree  are,  as  a  rule,  either  the  most  opposite  in  their  general  chemical  rela- 
tions, or  else  capable  of  assuming  special  functions  in  relation  to  certain  others.  The 
elementary  substances  possessing  the  most  universal  capability  of  existing  in  combina- 
tion with  others,  and  of  direct  combination,  are  fluorine  ?  oxygen,  sulphur,  chlorine, 
bromine,  iodine,  and  some  of  the  metals. 

Hydrogen  and  oxygen,  which  present  the  most  decided  differences  in  their  general 
chemical  relations,  may  be  taken  as  typical  of  the  two  classes  of  elementary  substances 
— metals  and  metalloids — the  one  representing  the  basylous,  and  the  other  the 
chlorous  constituents  of  compounds.  (Graham.) 

The  basylous  or  chlorous  characters  of  the  elementary  substances  are  not  however  abso- 
lute, except  perhaps  in  the  case  of  fluorine  and  oxygen.  On  the  contrary,  they  vary  ac- 
cording to  the  kind  of  substances  existing  in  combination.  Thus,  for  instance,  chlorine 
and  sulphur  are  both  basylous  in  relation  to  oxygen,  but  chlorous  in  relation  to  hydro- 
gen and  most  other  elementary  substances  ;  again,  among  the  metals  which  are  generally 
basylous  in  their  relations  to  other  substances,  some  are  capable  of  existing  in  combi- 
nation with  others,  in  relation  to  which  they  are  then  feebly  chlorous. 

In  compound  substances  consisting  of  two  elementary  radicles,  their  chemical 
characters  and  relations  to  each  other  generally  approximate  to  the  basylous  or  chlorous 
condition  more  or  less  in  proportion  to  the  relative  preponderance  of  one  or  other  of 
those  characters  in  one  of  the  constituents.  Thus,  for  example,  in  water  the  relatively 
basylous  and  chlorous  characters  of  hydrogen  and  oxygen  are  so  nearly  balanced 
that  it  is  almost  destitute  of  any  chemical  activity  as  an  independent  substance,  and 
that  which  it  does  exhibit  is,  according  to  circumstances,  sometimes  basylous,  as  in 
hydric  sulphate,  nitrate,  &c.,  and  sometimes  chlorous,  as  in  potassium-hydrate,  calcium- 
hydrate,  &c. 

In  hydrochloric  acid,  however,  the  chlorous  character  of  chlorine  relatively  to 
hydrogen  exceeds  that  of  oxygen,  in  such  a  degree  that  this  substance  is  decidedly 
chlorous  in  relation  to  those  substances  with  which  it  can  exist  in  combination.  But 
in  hypochlorous  acid,  though  chlorine  is  basylous  relatively  to  oxygen,  that  substance 
is  feebly  chlorous  in  its  compounds.  In  soda  and  sodium-chloride,  on  the  contrary, 
the  basylous  character  of  sodium  exceeds  that  of  hydrogen,  relatively  to  oxygen  and 
chlorine,  in  such  a  degree  that  the  former  is  highly  basylous,  and  the  latter  slightly  so. 

The  chemical  activity  of  compounds  as  independent  substances,  is  not  by  any  means 
proportionate  to  that  of  their  constituents ;  thus,  for  instance,  nitrogen  is  one  of  the 
most  indifferent  substances,  but  its  compound  with  hydrogen  is  a  powerful  alkali, 
and  some  of  its  compounds  with  oxygen  are  powerful  acids. 

The  proportion  in  which  two  elementary  substances  are  combined  also  influences 
the  chemical  characters  and  relations  of  the  compound.  Thus,  in  sodium-peroxide, 
containing  twice  as  much  oxygen  as  soda  does  in  proportion  to  sodium,  the  basylous 
character  disappears,  and  this  compound  is  destitute  of  any  chemical  activity  as  an  in- 
dependent substance.  Again,  manganous  oxide-  is  highly  basylous,  and  manganic  oxide 
slightly  so,  while  the  peroxide  is  indifferent,  and  the  higher  oxides  are  chlorous.  In 
like  manner  the  compounds  of  nitrogen  and  of  chlorine,  bromine,  iodine,  &c.  with 
oxygen,  are  more  decidedly  chlorous  in  proportion  to  the  amount  of  oxygen  they  contain 

3  o  2 
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The  chemical  function  of  manganese  in  manganous  oxide  is  essentially  different  from 
that  which  it  exercises  in  manganic  or  permanganic  acids.  In  the  former  case  the 
metal  corresponds  with,  and  is  chemically  equivalent  to,  hydrogen  in  water ;  in  the 
latter  case  it  corresponds  with,  and  is  equivalent  to,  chlorine  and  nitrogen  in  chlorous 
and  nitrous  acids,  and  to  chlorine  in  perchloric  acid.  (See  CLASSIFICATION,  i.  1007  ; 
and  EQUIVALENTS,  ii.  491.) 

Certain  compounds  of  elementary  substances  present,  in  their  general  chemical 
relations  and  functions,  a  very  close  analogy  with  the  metals  and  metalloids  ;  as,  for 
instance,  cyanogen  (see  ii.  275)  and  the  hydrocarbon  radicles.  (See  KADICLES.) 

Compounds  are  usually  named  generically  according  to  their  chlorous  constituents, 
and  specifically  according  to  their  basylous  constituents ;  thus  compounds  in  which 
oxygen,  sulphur,  or  chlorine,  &c.,  are  the  chlorous  constituents  are  termed  oxides, 
sulphides,  chlorides,  &c.  (see  NOMENCLATUBE).  In  the  case  of  compounds  in  which 
the  relative  basylous  and  chlorous  functions  of  the  constituents  are  less  marked  or  not 
easily  determinable,  names  of  a  more  arbitrary  nature  are  commonly  used ;  thus,  for 
instance,  the  compounds  of  metals  with  each  other  are  termed  alloys,  and  those  alloys 
in  which  one  of  the  constituents  is  mercury  are  termed  amalgams. 

Since  the  specific  descriptions  of  particular  compounds  will  be  found  under  their 
respective  heads,  it  does  not  come  within  the  scope  of  the  present  article  to  do  more 
than  point  out  the  leading  characteristic  features  of  the  most  important  classes  of 
compounds,  viz.  oxides,  sulphides,  &c. 

Oxides.  All  the  elementary  substances,  except  fluorine,  are  capable  of  existing  in 
combination  with  oxygen,  in  one  or  several  proportions. 

The  physical  characters  of  oxides  are  generally  very  different  from  those  of  their 
constituent  basylous  radicles.  Among  the  metalloi'dal  oxides,  some  are  gaseous  under 
ordinary  conditions,  as  carbonic  oxide,  carbonic  acid,*  some  of  the  nitrogen  oxides, 
sulphurous  acid,  &c. ;  some  are  liquid,  as  nitrous  acid ;  others  are  solid,  as  nitric  acid, 
sulphuric  acid,  silica,  &c.  Among  the  metallic  oxides,  all  of  which  are  solid,  some  are 
volatilisable,  as  arsenious  acid,  antimonious  oxide ;  the  others  are  fixed  and  mostly 
infusible  and  insoluble  in  water.  Formerly  metallic  oxides  were  called  calces,  and 
their  production  was  termed  calcination.  (See  G-AS,  ii.  774.) 

Many  oxides  occur  native  in  great  abundance  ;  thus  among  those  of  the  metalloids, 
carbonic  acid  is  a  constituent  of  the  atmosphere  and  of  a  great  number  of  mineral  sub- 
stances. Silica  also  is  very  abundant  both  in  the  states  of  quartz,  flint,  sand,  &c.,  and 
as  a  constituent  of  numerous  minerals  and  rocks.  Sulphuric  acid  occurs  frequently  as 
a  constituent  of  various  minerals,  as  gypsum,  selenite,  heavy  spar,  &c. :  boracic  acid 
occurs  in  the  lagoons  of  Italy,  and  in  some  minerals :  phosphoric  acid  is  very  widely 
distributed  throughout  the  mineral  kingdom,  in  small  relative  quantity,  and  it  occurs 
abundantly  in  plants  and  animals.  Among  the  metallic  oxides,  water,  the  earths,  and 
the  alkalis  are  probably  the  most  abundant;  existing  as  constituents  of  various 
minerals  and  rocks.  Among  the  compounds  of  the  heavy  metals  with  oxygen,  the 
oxides  of  iron,  manganese,  and  zinc  are  the  most  abundant,  either  as  such  or  in 
combination  with  carbonic  acid,  silica,  &c. 

The  chemical  relations  of  the  oxides  are  as  diverse  as  those  of  elementary  sub- 
stances. Among  the  metalloi'dal  oxides  containing  the  smallest  proportions  of  oxygen, 
some  are  characterised  by  their  chemical  indifference,  as  individual  substances,  in 
relation  to  most  other  substances,  as  for  instance  carbonic  oxide,  nitrous  oxide,  &c. 
Those  containing  larger  proportions  of  oxygen  are  possessed  of  considerable  chemical 
activity ;  and,  in  their  compounds  with  other  oxides,  they  present  relations  which  are 
generally  of  a  more  or  less  decidedly  chlorous  character,  as  for  instance  sulphuric,  nitric, 
and  carbonic  acids. 

The  metallic  oxides  containing  the  smallest  proportions  of  oxygen  are  sometimes 
characterised  by  their  chemical  indifference,  as  for  instance  suboxide  of  lead ;  but 
they  more  generally  present  relations  of  a  basylous  nature  in  their  compounds  with 
other  oxides,  as  for  instance  potash,  soda,  zinc-oxide,  silver-oxide,  &c.  Among  those 
containing  larger  proportions  of  oxygen,  some,  such  as  ferric  oxide,  alumina,  &c., 
present  this  character  in  a  less  marked  degree,  and  in  some  of  their  compounds 
they  are  chlorous,  as  in  potash-aluminate,  &c.  Other  metallic  oxides  containing 
still  larger  proportions  of  oxygen,  such  as  manganese-peroxide,  &c.,  are  mostly 
indifferent  as  individual  substances  ;  but  the  oxides  containing  the  largest  proportions 
of  oxygen  are  in  many  cases  decidedly  chlorous  in  their  compounds  with  other  oxides ; 
as  for  instance,  manganic  acid,  permanganic  acid,  stannic  acid,  chromic  acid,  &c. 

The  chemical  relations  of  compounds  consisting  of  two  different  oxides  are  generally 
of  a  nature  corresponding  to  those  of  hydrochloric  acid  and  potassium-chloride  to 
other  chlorides,  and  the  mutual  relations  of  their  constituents  correspond  with  those  of 

»  The  word  "acid"  in  this  article  is  used  in  the  sense  of  anhydrous  acid  or  anhydride,  e.e.,  carbonic 
acid  CQ2  ;  nitric  acid  N2Q\  &c. 
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hydrogen  and  chlorine  in  hydrochloric  acid.  (See  SALTS  ;  and  ACIDS,  i.  39  ;  ALKALI, 
i.  115;  BASE,  i.  519.) 

Many  oxides  containing  the  largest  proportions  of  oxygen  are  decomposed  at  various 
temperatures  by  the  action  of  heat  alone,  yielding  oxygen-gas  and  lower  oxides. 
Excepting  nitric  acid,  which  is  readily  decomposed  by  heat,  most  of  the  other  higher 
oxides  of  the  metalloids  which  are  known  in  a  separate  state,  are  capable  of  supporting 
high  degrees  of  temperature  without  decomposition.  The  sesquioxides  and  peroxides 
of  metals  are  generally  decomposed  by  heat  into  oxygen  and  lower  oxides,  and  all  the 
oxides  of  silver,  gold,  platinum,  &c.,  are  decomposed  by  moderate  degrees  of  heat  into 
oxygen-gas  and  the  respective  metals.  Some  oxides,  on  the  contrary,  combine  with  a 
further  quantity  of  oxygen,  either  at  the  ordinary  temperature,  as  for  instance  man- 
ganous  and  ferrous  oxides,  or  when  heated  in  contact  with  oxygen  or  atmospheric  air, 
as  plumbous  oxide.  This  change  takes  place  most  readily  in  some  cases  when  the 
oxide  is  in  combination  with  water,  or  when  water  is  present. 

Most  oxides  may  be  decomposed  to  a  greater  or  less  extent  by  the  simultaneous  action 
of  heat  and  of  some  other  substance  capable  of  combining  with  oxygen,  and  of  abstract- 
ing it  from  the  oxide  operated  upon,  so  as  to  form  an  oxide  of  greater  stability  under 
the  circumstances.  This  reduction,  as  it  is  termed,  is  complete  when  the  whole  of 
the  oxygen  is  separated  from  the  basylous  radicle,  and  partial  when  there  is  only  a 
lower  oxide  produced.  The  most  powerful  reducing  agents  are  the  alkali-metals, 
hydrogen,  carbonic  oxide,  and  carbon.  Even  carbonic  oxide  is  decomposed  by  potas- 
sium or  sodium  with  the  aid  of  heat.  The  oxides  of  the  metalloids  are  mostly 
susceptible  of  reduction  by  carbon  with  the  aid  of  heat.  Among  metallic  oxides  those 
of  iron,  copper,  lead,  bismuth,  &c.,  are  completely  reduced  by  hydrogen  at  a  red  heat ; 
the  oxides  of  manganese  and  uranium,  &c.,  are  but  partially  reduced ;  oxide  of  zinc  with 
difficulty ;  while  the  lower  oxides  of  chromium,  manganese  and  uranium,  and  the  oxides 
of  the  earthy  and  alkali-metals  are  not  affected  by  hydrogen.  In  the  reduction  of 
metallic  oxides  by  means  of  carbonic  oxide  or  carbon,  the  metal  eliminated  often 
contains  carbon  in  a  state  of  combination  with  it.  At  very  high  temperatures,  carbon 
reduces  some  oxides  which  are  not  affected  by  hydrogen,  as  for  instance  soda  and 
potash  at  a  white  heat. 

"When  the  reduction  of  a  metallic  oxide  by  carbon  is  effected  at  a  comparatively  low 
temperature,  carbonic  acid  is  formed ;  but  when  it  takes  place  only  at  a  very  high 
temperature,  carbonic  oxide  is  produced. 

The  reduction  of  metallic  oxides  may  also  be  effected  by  heating  them  with  metals 
whose  oxides  are  less  readily  reduced.  Thus  potassium  reduces  several  metallic  oxides, 
and  among  others  ferric  oxide  at  a  red  heat ;  but  at  a  white  heat,  potash  is  decomposed 
by  iron.  The  result  in  this  latter  case  may  be  due  to  the  volatility  of  potassium  at 
that  temperature,  and  the  consequent  removal  of  small  portions  reduced  under  the 
influence  of  a  preponderating  mass  of  iron,  so  that  this  action  takes  place  repeatedly 
until  the  whole  of  the  potash  is  decomposed,  and  without  any  possibility  of  action 
between  the  potassium  and  oxide  of  iron. 

By  the  action  of  heat  and  reducing  agents  upon  compound  oxides,  such  as  sulphates, 
phosphates,  &c.,  there  may  be  produced  a  compound  of  the  metal  with  the  chlorous 
radicle,  as  sodium-sulphide,  by  heating  to  redness  a  mixture  of  the  corresponding 
sulphate  with  carbon.  If  the  radicle  of  the  chlorous  constituent  of  the  compound  does 
not  combine  with  the  metal  under  the  circumstances,  it  may  be  volatilised  in  the 
state  of  a  lower  oxide,  as  in  the  reduction  of  nitrates. 

Some  compound  oxides,  such  as  carbonates,  nitrates,  &c.,  are  decomposed  by  the 
mere  action  of  heat,  the  acid  being  eliminated  either  unaltered  or  decomposed,  and 
the  metallic  oxide  remaining  either  in  the  same  state  as  it  existed  in  the  original 
compound  or  in  a  higher  state  of  oxidation ;  thus  ferrous  carbonate  yields  by 
ignition,  ferroso-ferric  oxide  and  a  mixture  of  carbonic  oxide  with  carbonic  acid. 

Certain  metals  and  metalloids  do  not,  under  any  known  circumstances,  combine 
directly  with  oxygen ;  for  example,  gold,  platinum,  nitrogen,  chlorine,  bromine,  iodine, 
&c.  All  the  others  are  capable  of  combining  directly  with  oxygen,  some  of  them  at 
very  low  temperatures,  as  for  instance  sodium,  potassium,  &c. ;  others  like  copper,  iron, 
carbon,  sulphur,  phosphorus,  &c.,  when  heated  to  temperatures  differing  for  each.  In 
all  cases  the  direct  combination  with  oxygen  is  attended  with  evolution  of  heat,  and 
if  it  takes  place  rapidly,  it  is  also  attended  with  evolution  of  light.  (See  COMBUSTION, 
i.  1089.) 

The  physical  condition  of  substances  capable  of  combining  directly  with  oxygen, 
influences  very  much  the  facility  with  which  the  combination  takes  place.  A  state  of 
minute  subdivision  is  most  favourable,  while  a  compact  condition  is  most  opposed  to 
combination,  especially  when  the  resulting  oxide  is  infusible  at  the  temperature 
produced  by  the  combination,  and  forms  a  protecting  crust  over  the  surface  of  the 
substance.  Thus  pulverulent  copper,  heated  to  about  450°  C.,  takes  fixe  in  oxygen  gas, 
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and  is  completely  converted  into  oxide;  but  a  plate  of  copper  under  the  same  conditions 
merely  becomes  covered  with  a  crust  of  oxide.  On  the  contrary,  a  red-hot  iron  wire 
continues  to  burn  in  oxygen  gas,  because  the  resulting  oxide  is  melted  at  the  tempera- 
ture produced,  and  thus  a  fresh  metallic  surface  is  exposed  to  the  action  of  the 
gas. 

The  indirect  oxidation  of  metals  and  metalloids  may  be  effected  by  heating  them 
with  substances  which  evolve  oxygen  when  heated,  such  as  nitrates,  chlorates,  &c. 
Some  metals,  such  as  iron,  zinc,  &c.,  decompose  water  in  the  presence  of  acids,  and 
form  oxides  which  combine  with  the  acid.  Others  decompose  water  alone  at  the  ordinary 
temperature,  like  sodium,  or  by  the  aid  of  heat,  like  aluminium,  magnesium,  iron,  &c. 
Others  again  decompose  water  in  the  presence  of  an  alkali,  and  with  the  aid  of  heat,  like 
aluminium  and  zinc.  The  behaviour  of  iron  with  water-vapour,  and  that  of  ferric  oxide 
with  hydrogen,  present  a  striking  illustration  of  the  influence  of  circumstances  on  the 
exercise  of  chemical  affinity.  The  production  of  ferric  oxide  in  the  one  case,  and  the 
reduction  of  the  same  substance  in  the  other,  are  most  probably  due  to  the 
respective  preponderance  of  water-vapour  relatively  to  hydrogen,  and  of  hydrogen 
relatively  to  water-vapour,  and  also  to  the  constant  removal  of  the  hydrogen  and 
the  water-vapour  which  are  produced  in  the  two  cases  by  the  action  taking  place. 
A  similar  influence  is  also  manifested  in  the  reduction  of  zinc-oxide  by  hydrogen. 
(Deville.) 

The  facility  with  which  different  metals  combine  with  atmospheric  oxygen  under 
ordinary  circumstances,  varies  very  much.  While  the  alkali-metals  are  rapidly 
oxidised  even  in  dry  air,  neither  gold,  silver,  nor  platinum  is  at  all  affected  in  any  case. 
Some  metals,  such  as  iron,  however,  which  remain  perfectly  bright  in  dry  air  or  even 
oxygen,  rapidly  become  oxidised  in  moist  air,  and  covered  with  a  coating  of  oxide.  The 
presence  of  acid  vapours  in  the  atmosphere  facilitates  this  action  upon  most  oxidable 
metals,  but  in  the  case  of  some  it  does  not  extend  beyond  the  surface.  Thus,  for  in- 
stance, zinc,  when  superficially  oxidised  by  exposure  to  the  atmosphere,  does  not  undergo 
further  oxidation,  the  portions  underlying  the  crust  of  oxide  being  in  fact  protected  by  it. 
In  the  case  of  iron,  on  the  contrary,  the  oxidation  progresses  until  the  whole  of  the  metal 
is  converted  into  oxide,  or  as  it  is  termed  rust,  and  it  even  proceeds  with  accelerated 
rapidity  after  the  first  oxidation  of  the  surface  has  taken  place  :  for  the  electropositive 
relation  of  the  iron  to  oxygen  is  augmented  by  its  contact  with  the  ferric  oxide,  and  its 
combination  with  oxygen  is  thereby  facilitated  so  much  that  the  metal  is  capable  of 
decomposing  water. 

A  different  application  of  the  same  principle  may  be  made  the  means  of  preventing 
the  oxidation  of  iron.  Thus  if  the  metal  is  placed  in  contact  with  a  substance  which 
renders  iron  electronegative  in  relation  to  it,  the  affinity  of  iron  for  oxygen  is  reduced, 
and  it  becomes  less  liable  to  oxidation  than  it  would  otherwise  have  been.  This  fact 
has  been  practically  applied  in  the  galvanising  of  iron,  which  consists  in  coating  iron 
with  a  thin'  layer  of  zinc  which  becomes  electropositive  in  relation  to  iron,  and  though 
the  zinc  is  thus  rendered  more  liable  to  oxidation,  it  still  protects  the  iron,  since  the 
oxidation  of  the  zinc  is  only  superficial,  and  the  production  of  a  thin  film  of  oxide  upon 
it  prevents  further  action. 

Sulphides.  These  form  a  very  numerous  class  of  substances,  which,  consistently 
with  the  chemical  analogy  between  sulphur  and  oxygen,  present  in  their  general  rela- 
tions considerable  similarity  to  the  oxides.  They  contain  various  proportions  of 
sulphur,  and  are  accordingly  termed proto-,  sesqui-,  di-,  tri-  and  joewte-sulphides.  With 
the  exception  of  carbon-disulphide,  which  corresponds  to  carbonic  acid,  the  sul- 
phides of  the  metalloids  are  but  little  known  :  there  appear  to  be  several  sulphides  of 
phosphorus,  and  probably  more  than  one  sulphide  of  nitrogen.  (Faraday,  Quart 
Journ.  Sci.  iv.;  Soubeiran,  Ann.  Ch.  Phys.  [2]  Ixvii.  Ixxi.) 

The  sulphides  are  capable  of  forming  compounds  with  each  other — sulp  ho -salts — • 
analogous  to  the  compounds  of  oxides,  in  which  the  sulphides  of  the  most  basylous  ele- 
mentary radicles,  and  those  containing  the  smallest  proportions  of  sulphur— the  s  ul  ph  o- 
bases — are  basylous  in  relation  to  sulphides  containing  larger  proportions  of  sulphur 
and  less  basylous  radicles — sulpho- acids.  Thus  potassium-sulphide  combines  with 
carbon-disulphide  and  with  arsenic-pentasulphide,  forming  potassium-sulpho-carbonate 
and  potassium-sulph-arsenate.  The  sulphides  of  the  alkali-metals  were  formerly 
called  liver  of  sulphur. 

Many  sulphides  combine  with  water  and  some  other  oxides,  as  well  as  with  chlorides 
and  iodides,  &c. 

The  physical  characters  of  some  metallic  sulphides  closely  resemble  those  of  the 
metals  in  certain  particulars,  such  as  the  peculiar  opacity,  lustre,  and  density,  especially 
when  they  are  in  a  crystalline  condition.  They  are  generally  crystallisable,  brittle, 
and  of  a  grey,  pale  yellow,  or  dark  brown  colour.  The  sulphides  of  the  alkali-metals 
are  soluble  in  water,  most  of  the  others  are  insoluble.  They  are  more  frequently  fusible 
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than  the  corresponding  oxides,  and  some  are  volatilisable,  as  mercury-sulphide,  arsenic- 
sulphide.  Carbon-disulphide  is  an  oily  liquid,  insoluble  in  water. 

Metallic  sulphides  occur  native  in  great  abundance  in  the  various  forms  of  pyrites, 
blende,  and  glance.  They  are  the  principal  sources  from  which  certain  metals,  such 
as  lead,  copper,  &c.,  are  extracted. 

Many  sulphides,  when  heated  out  of  contact  with  atmospheric  air,  do  not  undergo 
any  decomposition  ;  this  is  the  case  chiefly  with  those  containing  the  smallest  propor- 
tions of  sulphur,  such  as  the  protosulphides  of  iron  and  zinc.  Sulphides  containing 
larger  proportions  of  sulphur  are  partially  decomposed  by  heat,  losing  part  of  their 
sulphur,  and  being  converted  into  lower  sulphides,  or  partially  reduced,  as  in  the  case  of 
iron  disulphide.  The  sulphides  of  gold  and  platinum  are  completely  reduced  by  heat. 

Some  sulphides  may  be  decomposed  by  the  simultaneous  action  of  heat  and  of  substances 
capable  of  combining  with  sulphur.  Thus,  for  instance,  silver,  copper,  bismuth,  tin,  and 
antimony  sulphides  are  reduced  by  hydrogen ;  copper,  lead,  mercury,  and  antimony  sul- 
phides are  reduced  by  heating  with  iron ;  but,  in  this  case,  some  of  the  sulphide  escapes 
decomposition,  and  combines  with  the  iron-sulphide  produced,  forming  a  sulpho-salt. 

Sulphides  which  are  not  reduced  by  heat  alone,  are  always  decomposed  when  heated 
in  contact  with  oxygen  or  atmospheric  air.  Those  of  the  alkali-  and  earth-metals  are 
converted  into  sulphates  by  this  means.  Zinc,  iron,  manganese,  copper,  lead,  and 
bismuth  sulphides  are  converted  into  oxides,  and  sulphurous  acid  is  produced;  but 
when  the  temperature  is  not  above  dull  redness,  some  sulphate  is  formed  by  direct 
oxidation.  Mercury  and  silver  sulphides  are  completely  reduced  to  the  metallic  state. 
Some  native  sulphides  gradually  undergo  alteration  by  mere  exposure  to  the  atmo- 
sphere, but  it  is  then  generally  limited  to  the  production  of  sulphates,  unless  the  oxida- 
tion takes  place  so  rapidly  that  the  heat  generated  is  sufficient  to  decompose  the  sulphate 
first  produced.  In  the  production  of  some  metals  for  use  in  the  arts,  the  separation  of 
sulphur  from  the  native  minerals  is  effected  chiefly  by  means  of  this  action  in  the 
operations  of  roasting.  (See  METALLURGY.) 

Some  metallic  sulphides  are  also  decomposed  by  heating  them  in  contact  with  water- 
vapour,  with  production  of  metallic  oxides  and  sulphuretted  hydrogen :  lead,  antimony, 
and  mercury  sulphides  are  but  partially  or  little  affected,  and  the  sulphides  of  alkali- 
or  earth-metals  are  converted  into  sulphates,  hydrogen  being  eliminated. 

Metallic  sulphides  are  decomposed  in  like  manner  when  heated  with  metallic  oxides 
in  suitable  proportions,  yielding  sulphurous  acid  and  the  metal  of  both  the  sulphide 
and  oxide.  Metallic  sulphates  and  nitrates  exercise  a  similar  action,  yielding  various 
proportions  of  metallic  oxide  and  basic  sulphates  according  to  the  proportions  of  the 
substances  reacting. 

Many  metallic  sulphides  are  decomposed  by  acids  in  the  presence  of  water,  sulphur- 
etted hydrogen  being  evolved,  while  the  metal  enters  into  combination  with  the  acid 
or  the  chlorous  radicle  of  the  acid.  Nitric  acid  when  concentrated  decomposes  most 
sulphides,  with  formation  of  metallic  oxide,  sulphuric  acid,  sulphur,  and  a  lower  oxide  of 
nitrogen.  Nitromuriatic  acid  acts  still  more  energetically  in  a  similar  manner. 

Most  of  the  metals  and  metalloids  are  capable  of  combining  directly  with  sulphur 
when  heated  with  it  under  suitable  conditions.  Gold  and  zinc  do  not  combine  directly 
with  sulphur.  The  combination  of  metals  with  sulphur  is  attended  with  great  evolu- 
tion of  heat,  and  also  of  light  when  it  takes  place  rapidly,  being  in  fact  a  true  case  of 
combustion  in  which  sulphur  takes  the  part  of  oxygen. 

Sulphides  are  also  produced  by  the  action  of  metals  upon  sulphydric  acid,  both  slowly 
at  the  ordinary  temperature,  and  more  rapidly  by  the  aid  of  heat.  Metallic  oxides 
heated  with  excess  of  sulphur  yield  sulphurous  acid  and  sulphides  ;  sometimes  a  com- 
pound of  sulphide  and  oxide,  as  in  the  case  of  manganese.  The  alkalis  and  earths  do 
not  yield  sulphurous  acid  in  this  way,  but  hyposulphurous  or  sulphuric  acid,  which 
remains  in  combination  with  a  portion  of  the  base— liver  of  sulphur.  Metallic 
sulphates  heated  with  carbon  are  reduced,  carbonic  acid  or  carbonic  oxide  and  sulphides 
being  produced.  Hydrogen  gas  exercises  the  same  reducing  action  with  production  of 
water.  Metallic  oxides  heated  in  contact  with  sulphuretted  hydrogen  or  vapour  of 
carbon-disulphide  are  converted  into  sulphides,  with  simultaneous  production  of  water 
and  carbonic  acid  or  carbonic  oxide  according  to  circumstances. 

Solutions  of  metallic  compounds  yield  precipitates  of  metallic  sulphides  when  mixed 
with  solution  of  sulphydric  acid,  or  of  soluble  sulphides.  In  the  case  of  metals 
whose  sulphides  are  decomposed  by  dilute  acids,  the  sulphides  are  not  precipitated 
unless  there  is  an  alkali  added  to  neutralise  the  acid  of  the  metallic  salt. 

Metallic  sulphides  are  also  produced  by  the  reduction  of  sulphates  by  organic 
substances.  Many  native  sulphides  have  no  doubt  been  formed  in  this  way. 

Phosphides. — These  compounds  are  but  little  known  in  a  definite  state  ;  but  they 
appear  to  be  in  general  analogous  to  the  sulphides  in  their  chemical  characters.  The 
metallic  phosphides  are  mostly  brittle  and  fusible,  and  the  presence  of  phosphorus  in 
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metals  renders  them  hard  and  brittle.     (See  COPPER,  ii.  73  ;  IRON,  iii.  327,  334,  399  , 
LEAD,  iii.  557.) 

The  phosphides  of  the  alkali-  and  earth-metals  are  decomposed  by  contact  with 
water,  yielding  oxides  and  phosphoretted  hydrogen.  Some  of  the  phosphides  are 
converted  by  ignition  in  contact  with  air  into  basic  phosphates,  part  of  the  phosphorus 
being  volatilised. 

Metallic 'phosphides  maybe  produced,  either  by  heating  the  metals  with  phosphorus, 
by  the  reduction  of  phosphates  with  carbon  or  hydrogen  gas,  or  by  the  action  of  phos- 
phoretted hydrogen  upon  solutions  of  metallic  compounds.  Some  metals  cannot  be 
combined  with  phosphorus  by  any  of  these  methods. 

Chlorides. — All  the  elementary  radicles,  excepting  fluorine,  are  known  to  be  capable 
of  existing  in  combination  with  chlorine.  The  compounds  of  chlorine  with  the  metals 
generally  correspond  to  the  oxides.  (See  METALLIC  CHLORIDES,  i.  894  et  seq.) 

Among  the  chlorides  of  the  metalloids,  some  correspond  in  their  composition  with 
the  respective  oxides,  sulphides,  &c.     (See  i.  899,  764,  iii.  293.) 
Bromides. — (See  i.  672  et  scq.) 
Iodides — (See  iii.  284.) 
Fluorides. — (See  ii.  670  et  seq.) 

Nitrides. — With  the  exception  of  the  nitride  of  carbon  (see  CYANOGEN,  ii.  275), 
these  compounds  are  but  little  known.  The  titanium-nitrides  are  among  the  most 
remarkable.  Several  other  metals  and  metalloids  appear  to  form  definite  compounds 
with  nitrogen  in  several  proportions.  (See  CARBAZOTE,  i.  757 ;  BORON,  NITRIDE  OF, 
i.  635  ;  COPPER,  ii.  67;  IRON,  iii.  391 ;  MAGNESIUM,  iii.  754 ;  also  NITROGEN.) 

Carbides. — Several  metals  appear  to  be  capable  of  forming  compounds  with  carbon, 
but  their  chemical  history  is  little  known.  The  most  important  are  the  iron-carbides 
(iii.  371  and  329;  also  COPPER,  ii.  52).  Manganese  probably  forms  compounds  with 
carbon  analogous  to  the  iron  carbides. 

Silicides. — The  compounds  of  silicium  with  the  metals  are  still  less  known  than 
the  carbides.  (See  IRON,  iii.  334,  and  MANGANESE,  iii.  816.) 

Alloys. — Most  metals  are  probably,  to  some  extent,  capable  of  existing  in  a  state 
of  combination  with  each  other  in  definite  proportions ;  but  it  is  difficult  to  obtain 
these  compounds  in  a  separate  condition,  since  they  dissolve  in  all  proportions  in  the 
melted  metals,  and  do  not  generally  differ  so  widely,  in  their  melting  or  solidifying 
points,  from  the  metals  they  may  be  mixed  with,  as  to  be  separated  by  crystallisation 
in  a  definite  condition.  Exceptions  to  this  are  met  with  in  the  cooling  of  argentiferous 
lead  (iii.  504  et  seq.),  the  crystallisation  of  brass  (see  COPPER,  ii.  48),  and  of  gun 
metal  (ii.  44). 

Some  metals  cannot  be  made  to  mix  or  combine  with  each  other  when  melted 
together,  except  in  very  unequal  proportions.  Thus  lead  retains  only  1/6  per  cent,  zinc, 
and  zinc  only  1*2  per  cent,  lead  (see  Matthiessen  andv.  Bose,  1861,  Proc.  Koy.  Soc.). 
Even  when  metals  are  miscible  in  all  proportions,  it  is  difficult  to  say  whether  there  is 
actual  chemical  combination,  as  in  the  case  of  potassium  and  sodium,  tin  and  antimony. 
The  chemical  force  capable  of  being  exerted  between  different  metals  may,  as  a  rule 
be  expected  to  be  very  feeble,  and  the  consequent  state  of  combination  would  therefore 
be  very  easily  disturbed  by  the  influence  of  other  forces.  The  stability  of  such 
metallic  compounds  is  however  greater  in  proportion  to  the  general  chemical 
dissimilarity  of  the  metals  they  contain.  But  in  all  cases  of  combination  between 
metals,  the  alteration  of  physical  characters,  which  is  the  distinctive  feature  of  chemi- 
cal combination,  does  not  take  place  to  any  great  extent.  The  most  unquestionable 
compounds  of  metals  are  still  metallic  in  their  general  physical  characters,  and  there 
is  no  such  transmutation  of  the  individuality  of  their  constituents  as  takes  place  in 
the  combination  of  a  metal  with  oxygen,  or  sulphur,  or  chlorine,  &c.  The  alteration  of 
characters  in  alloys  is  generally  limited  to  the  colour,  degree  of  hardness,  tenacity,  &c., 
and  it  is  only  when  the  constituent  metals  are  capable  of  assuming  opposite  chemical 
relations,  that  these  compounds  are  distinguished  by  great  brittleness. 

The  formation  of  actual  chemical  compounds  is  indicated  in  some  cases,  when  two 
metals  are  melted  together,  by  several  phenomena,  viz.  the  evolution  of  heat,  as  in 
the  case  of  platinum  and  tin,  copper  and  zinc,  &c.  The  density  of  alloys,  also  differs 
from  that  of  mere  mixtures  of  the  metals.  In  the  solidification  of  alloys  the  temperature 
does  not  always  fall  uniformly,  but  often  remains  stationary  at  particular  degrees,  which 
may  be  regarded  as  the  solidifying  points  of  the  compounds  then  crystallising.  Tin 
and  lead  melted  together  in  any  proportions  always  form  a  compound  which  solidifies 
at  187°  C.  The  melting  point  of  an  alloy  is  often  very  different  from  the  point  of  solidi- 
fication, and  it  is  generally  lower  than  the  mean  melting  point  of  the  constituent  metals. 
But  though  metals  may  combine  when  melted  together,  it  is  doubtful  whether  they 
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remain  combined  after  the  solidification  of  the  mass,  and  the  wide  differences  between 
the   melting   and  solidifying  points    of   certain  alloys  appear  to  indicate  that  the 
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existence  of  these  compounds 
is  limited  to  a  certain  range  of 
temperature.  Matthiessen 
(Brit.  Ass.  Eeports,  1863, 
p.  37)  regards  it  as  probable 
that  the  condition  of  an  alloy 
of  two  metals  in  the  liquid 
state  may  be  either  that  of — 
1.  A  solution  of  one  metal  in 
another ;  2.  Chemical  com- 
bination ;  3.  Mechanical  mix- 
ture; or,  4.  A  solution  or 
mixture  of  two  or  all  of  the 
above ;  and  that  similar  dif- 
ferences may  obtain  as  to  its 
condition  in  the  solid  state. 
He  considers  that  the  con- 
ductivity for  heat  and  elec- 
tricity are  among  the  cha- 
racters best  calculated  to 
indicate  the  chemical  nature 
of  alloys.  In  respect  to  elec- 
tric  conductivity,  he  divides 
metals  into  two  classes,  viz. : 

A.  Metals    which,    when 
alloyed  with  each  other,  con- 
duct electricity  in  the  ratios 
of  their  relative   volumes — 
lead,  tin,  zinc,  cadmium. 

B.  Metafe    which,    when 
alloyed  with  each  other,   or 
with  a  metal  of  class  A,  do 
not    conduct     electricity    in 
the   ratios   of  their  relative 
volumes,    but    always    in    a 
lower  degree  than  that  cal- 
culated  from    the    mean   of 
their    volumes — bismuth, 
antimony,  platinum, pal- 
ladium, iron,  aluminium, 
gold,  copper,  silver,  &c. 

The  curves  representing 
the  conductivity  of  different 
series  of  alloys  have  the  re- 
lation shown  in  the  accom- 
panying diagrams. 

Group  I.  Those  belonging 
to  the  alloys  of  metals  in 
class  A  are  almost  straight 
lines.  That  of  the  lead-tin 
alloys  is  given  as  the  type. 

Group  II.  The  curves  of 
alloys  of  metals  in  class  B 
show  a  rapid  decrement  on 
both  sides  of  the  curve,  the 
turning  points  being  con- 
nected together  by  nearly 
straight  lines.  That  of  the 
gold-silver  alloys  is  given  as 
the  type. 

Group  III.  The  curves  of 
alloys  of  metals  in  class  A 
with  those  in  class  B  show 
a  rapid  decrement  on  the 
side  beginning  with  the  metal  belonging  to  class  B,  then  turning  and  going  in  a 
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straight  line  to  the  other  side,  beginning  with  the  metal  belongiig  to  class  A.  That 
of  the  tin-copper  alloys  is  given  as  the  type. 

In  regard  to  the  alloys  of  the  first  group,  if  they  were  mechanical  mixtures,  the 
metals  composing  them,  unless  their  specific  gravities  were  the  same,  would  separate 
into  two  layers  when  melted  and  slowly  cooled,  as  in  the  case  of  the  lead-zinc  alloys 
(Matthiessen  and  v.  Bose,  Proc.  Koy.  xi.  430).  But  the  alloys  of  lead  and  tin, 
for  example,  do  not  separate  in  the  same  way  as  lead  and  zinc.  Moreover,  homogeneous 
wires  could  not  be  obtained  by  pressing  if  these  alloys  were  mechanical  mixtures ;  but 
wires  of  the  same  alloy  have  been  proved  to  have  the  same  conducting  power,  whether 
taken  from  the  press  at  the  beginning  or  the  end  of  the  operation. 

On  the  other  hand,  the  agreement  between  the  theoretic  and  actual  conductivity  of 
these  alloys,  as  well  as  between  the  calculated  and  actual  percentage  decrement  in 
conductivity  between  0°  and  100°  C.,  indicates  that,  in  the  solid  state,  they  are  not 
chemical  compounds.  In  regard  to  these  particulars,  the  following  law  has  been  found 
to  obtain  for  all  alloys  of  the  first  and  second  groups,  as  well  as  for  some  of  those 
belonging  to  the  third  group : 

The  actual  percentage  decrement  in  conductivity  between  0°  and  100°  C.  is  to  the 
calculated  decrement,  as  the  actual  is  to  the  calculated  conductivity.  (M  atth  i  e  s  s  e  n  and 
Vogt,  Proc.  Boy.  Soc.  xii.  652.) 

Among  the  alloys  of  the  second  group,  some  may  be  regarded  as  mechanical  mix- 
tures. Silver  and  copper  fused  and  well  stirred  together,  separate  when  slowly  cooled, 
so  that  the  mass  contains  different  amounts  of  the  metals  at  different  parts 
(Levol,  Journ.  Pharm.  xvii.  111).  But  these  alloys  are  exceptional,  and  most  of  the 
alloys  of  this  group  may  be  regarded  as  solidified  solutions  of  allotropic  modifications 
of  the  metals  in  each  other.  The  curves  representing  the  conductivity  of  the  different 
series  of  these  alloys  all  have  the  typical  form ;  and  the  decrement  in  conductivity 
between  0°  and  100°  C.  agrees  with  the  theoretical  amount. 

In  the  third  group  of  alloys,  the  rapid  decrement  in  the  conductivity  of  those  alloys 
of  the  several  series  which  contain  but  very  small  amounts  of  a  metal  belonging  to  class 
A,  cannot  be  ascribed  to  the  existence  of  chemical  compounds  of  the  metals.  For,  in 
the  first  place,  the  amount  of  one  of  the  metals  in  the  alloys  corresponding  to  the  turn- 
ing-points of  the  curves  representing  the  conductivity  of  the  series  is  too  small,  as  will 
be  seen  by  the  following  instances : 

Alloy.  Percentage. 

Bismuth-tin.  tin  ...  0*6 

Bismuth-lead.  lead  .  .  2'0 

Silver.  tin  ...  2-6 

Again,  the  great  similarity  of  the  curves  representing  the  conductivity  of  series  of 
alloys  belonging  to  this  group,  is  opposed  to  the  existence  of  chemical  compounds  in 
the  solid  alloys. 

Moreover,  the  relation  between  the  amount  of  different  metals  belonging  to  class  A, 
and  the  decrement  in  conductivity  of  the  alloys,  is  equally  opposed  to  such  a  view  of 
their  condition.  Thus  in  silver-lead  and  silver-tin  alloys,  the  decrements  in  conductivity 
corresponding  to  0'9  per  cent,  lead  and  07  per  cent,  tin  by  volume  are  equal,  and  in 
bismuth-lead  and  bismuth-tin  alloys,  the  decrements  corresponding  to  6 '4  per  cent.  vol. 
lead  and  0P62  per  cent.  vol.  tin  are  equal.  (See  Matthiessen,  Phil.  Trans.  1860, 
p.  171.) 

The  influence  exercised  upon  the  conductivity  of  metals  by  the  presence  of  small 
quantities  of  other  metals  does  not  appear  to  be  in  any  way  determined  by  the  altera- 
tion of  crystalline  form  or  tendency  to  crystallise  which  are  known  to  be  influenced  by 
that  circumstance.  (See  Matthiessen  and  Vogt,  Phil.  Mag.  1862.) 

If  it  be  assumed  that  the  metals  belonging  to  class  B  undergo  a  molecular  change 
when  alloyed  with  one  another  or  with  metals  belonging  to  class  A,  and  that  in  each  an 
allotropic  condition  is  induced  by  a  small  amount  of  other  metals,  varying  according  to 
the  different  metals,  then  many  of  the  phenomena  characteristic  of  alloys  may  be 
explained.  Thus,  for  instance,  the  curve  representing  the  conductivity  of  zinc-copper 
alloys  has  the  same  form  as  those  of  other  alloys  belonging  to  the  same  group,  and 
the  percentage  decrement  in  their  conductivity  between  0°  and  100°  C.  is  exactly  what 
is  indicated  by  the  law  above  stated.  Hence  it  may  be  inferred  that  solid  alloys  of 
zinc  and  copper  are  only  solidified  solutions  of  zinc  and  of  allotropic  copper  in  each 
other.  The  different  action  of  reagents  upon  alloys  and  upon  the  metals  constituting 
them,  when  in  an  isolated  state,  may  also  be  referred  to  the  existence  of  such  allotropic 
modifications  when  they  are  alloyed,  as  well  as  to  the  existence  of  chemical  compounds 
of  the  metals  in  the  alloys. 

In  the  tin-gold  series  of  alloys,  the  curve  representing  the  conductivity  has  not  the 
typical  form  of  this  group  of  alloys.  Beginning  from  tin  there  is  a  gradual  decrement 
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as  far  as  the  alloy  Sn5Au2,*  then  a  gradual  increment  to  the  alloy  SnAu,  and  then  a  de- 
crement to  SnAu4 ;  and  from  the  alloy  containing  2 '7  per  cent,  tin  to  pure  gold,  the 
increase  of  conductivity  is  represented  by  a  straight  line.  These  irregularities  may  be 
regarded  as  indicating  that  the  alloys  corresponding  to  the  turning-points  of  the  curve 
are  chemical  compounds,  for  they  have  definite  composition  ;  they  contain  large 
amounts  of  both  metals:  Sn5Au2  =  60  per  cent. ;  SnAu  =  37  percent. ;  and  SnAu4  =  13 
per  cent,  of  tin.  Then  the  specific  gravity  of  the  alloy  Sn5Au  is  almost  equal  to  that 
calculated,  while  SnAu  expands  and  SnAu2  contracts  more  than  any  of  the  other  tin- 
gold  alloys.  Moreover,  the  percentage  decrement  in  the  conductivity  of  these  alloys 
between  0°  and  100°  C.  does  not  conform  to  the  law  above  stated  (p.  943).  Tin  and 
gold  also  dissolve  in  each  other  very  readily,  with  evolution  of  heat. 

Matthiessen  thus  classifies  the  solid  alloys  composed  of  two  metals  according  to  their 
chemical  nature. 

1.  Solidified  solutions  of  one  metal  in  another— lead-tin,  cadmium-tin,  zinc-tin,  lead- 
cadmium,  and  zinc-cadmium  alloys. 

2.  Solidified  solutions  of  one  metal  in  the  allotropic  modification  of  another — lead- 
bismuth,  tin-bismuth,  tin-copper,  zinc-copper,  lead-silver,  and  tin-silver  alloys. 

3.  Solidified   solutions  of  allotropic  modifications  of  the  metals   in   each   other — 
bismuth-gold,  bismuth-silver,  palladium-silver,  platinum-silver,  gold-copper,  and  gold- 
silver  alloys. 

4.  Chemical  compounds  of  the  alloys  corresponding  to  Sn5Au,  Sn2Au  and  Au2Sn. 

5.  Solidified  solutions  of  chemical  compounds  in  each  other — the  alloys  intermediate 
between  those  corresponding  to  the  above  formulae. 

6.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  another — alloys  of 
lead  and  zinc  containing  more  than  1-2  per  cent,  lead  or  1'6  per  cent.  zinc. 

7.  Mechanical  mixtures  of  solidified  solutions  of  one  metal  in  the  allotropic  modifi- 
cation of  another — alloys  of  zinc  and  bismuth  containing  more  than  14  per  cent,  zinc 
or  more  than  24  per  cent,  bismuth. 

8.  Mechanical  mixtures  of  solidified  solutions  of,  allotropic  modifications  of  the  two 
metals  in  each  other — most  of  the  silver-copper  alloys.     (Matthiessen,  Brit.  Ass. 
1863 — Report  on  the  Chemical  Nature  of  Alloys,  pp.  37-48.) 

In  accordance  with  the  rule  generally  obtaining  in  respect  to  chemical  combination, 
the  metals  which  present  the  greatest  difference  in  their  general  chemical  characters 
are  the  most  capable  of  existing  in  combination  with  each  other,  and  of  forming  de- 
finite compounds.  Thus  arsenic,  antimony,  &c.,  which  are  the  most  chlorous  of  the 
metals,  form  numerous  definite  compounds  with  the  more  basylous  metals — silver, 
copper,  iron,  nickel,  cobalt,  &c.,  many  of  which  compounds  occur  native.  (See 
ARSENIDES  and  ANTIMONTDES,  i.  316,  370,  591,  1041 ;  ii.  41 ;  iii.  368,  532.) 

Some  arsenides  lose  arsenic  when  heated  out  of  contact  with  air ;  but  by  heating  in 
contact  with  air  they  are  converted  into  oxides  or  basic  arsenates,  while  arsenious 
acid  is  volatilised. 

These  compounds  are  often  formed  in  metallurgical  operations  with  arsenical 
minerals  containing  cobalt,  nickel,  or  iron,  and  collect  in  a  separate  layer  between  the 
reduced  metal  and  the  sulphides. 

The  physical  characters  of  alloys,  though  they  always  retain  the  prominent  cha- 
racters of  metals,  are  in  some  respects  very  different  from  those  of  the  metals  they 
contain,  and  which  render  these  latter  useful  in  the  arts.  Thus  the  alloy  consisting 
of  copper  with  half  its  weight  of  zinc,  is  much  harder  than  pure  copper,  and  at  the 
same  time  sufficiently  ductile  (see  BRASS,  ii.  47  et  seq.\  The  alloy  of  copper  with  one- 
ninth  its  weight  of  tin  is  much  harder  than  copper,  is  well  calculated  for  casting,  and 
has  sufficient  tenacity  for  the  construction  of  ordnance  (see  BRONZE,  ii.  43  et  seq.}. 
The  alloy  of  copper  with  one-ninth  its  weight  of  aluminium  is  hard,  tenacious,  and 
malleable  (see  ALUMINIUM  BRONZE,  i.  155).  The  alloy  of  copper  with  one-fourth  its 
weight  of  tin  is  very  hard,  and  being  highly  sonorous  is  well  suited  for  bells,  &c.  The 
alloy  of  copper  with  half  its  weight  of  tin  is  white,  and  capable  of  receiving  such  a  high 
polish  as  to  be  suitable  for  the  reflectors  of  telescopes.  (See  SPECULUM  METAL,  ii.  43.) 

The  alloy  of  lead  with  one-fourth  its  weight  of  antimony  is  readily  fusible,  much 
harder  than  lead,  but  not  brittle  like  antimony-bismuth  or  zinc,  and  is  well  suited  by 
these  characters  for  type-founding  (see  TYPE-METAL,  i.  316  ;  iii.  p.  532).  Other  alloys 
will  be  found  described  under  the  heads  of  the  several  metals  they  contain. 

The  chemical  action  of  reagents  upon  alloys  is  sometimes  very  different  from  their  ac- 
tion upon  metals  in  the  separate  state;  thus  platinum,  when  alloyed  with  silver,  is  readily 
dissolved  by  nitric  acid,  but  is  not  affected  by  that  acid  when  unalloyed.  On  the  con- 
trary, silver,  which  in  a  separate  state  is  readily  dissolved  by  nitric  acid,  is  not  dis- 
solved by  it  when  alloyed  with  gold  in  proportions  much  less  than  one-fourth  of  the 
alloy  by  weight. 

*  S  =  118;  Au  =  196. 
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Ano.li/sis  of  Alloys. — The  number  of  metals  which  enter  into  the  composition  of  the 
various  alloys  used  in  the  arts  is  not  very  considerable,  and  in  most  ordinary  erases 
tlie  following  systematic  mode  of  testing  alloys  will  serve  to  afford  indications  of  what 
metals  they  contain. 

The  finely  divided  substance  is  covered  with  strong  nitric  acid  in  a  glass  flask,  and 
the  reaction  is  assisted  by  the  application  of  a  gentle  heat. 

I. -No  reaction  takes  place,  and 

A.  The  substance  remains  unaltered,  indicating  the  probable  absence  of  all  metals 
but  grold  and  platinum. 

II.  A  reaction  takes  place,  red  nitrous  fumes  being  evolved  ;  and  in  this  case : 

B.  Solution  of  the  substance  takes  place  without  any  residue  being  left,  indicat- 
ing the  absence  of  grold  (platinum  ?),  antimony  and  tin. 

1.  The  solution  may  contain  all  the  other  metals  likely  to  be  present  in  alloys,  &c. ; 
copper,  lead,  silver,  bismuth,  mercury,  arsenic,  zinc,  nickel,  cobalt,  iron, 
aluminium. 

C.  The  solution  is  partial,  and  the  residue  is — 

2.  Metallic,  or  a  black  powder,  indicating  the  presence  of  grold,  platinum,  and 
perhaps  antimony  and  tin  in  small  proportions. 

3.  White,  indicating  the  presence  of  antimony  or  tin,  and  perhaps  gold  and 
platinum  in  small  proportions. 

X>.  No  solution  takes  place,  indicating  the  absence  of  all  metals  but  grold,  plati- 
num, antimony,  tin,  and  perhaps  silver  and  lead  in  small  proportions.  The 
residue  may  be — 

4.  White,  indicating  the  same  as  3. 

The  solution,  1,  is  in  all  cases  to  be  treated  in  the  same  manner.  When  a  residue 
remains  undissolved,  it  is  to  be  separated  by  decanting  off  the  clear  liquid,  or  by 
filtration  after  the  excess  of  acid  has  been  removed  by  boiling  the  liquid.  The 
metals  are  then  to  be  tested  for  in  the  clear  solution.  See  ANALYSIS,  i.  216. 

When,  on  treatment  with  nitric  acid,  there  is  produced  an  insoluble  residue,  3,  it  is 
to  be  collected  upon  a  filter,  washed,  and  tested  for  tin  antimony,  dec.  (See  i.  322.) 

When  the  substance  is  not  acted  upon  by  nitric  acid,  and  when  it  is  but  partially 
dissolved,  the  residue,  2,  or  the  unaltered  substance,  is  to  be  treated  with  a  mixture  of 
three  parts  hydrochloric  acid  and  one  part  nitric  acid. 

The  result  of  this  treatment  may  be  either — 

5.  Partial  solution  and  the  separation  of  a  white  insoluble  powder,  chloride  of  silver, 
or  (less  probable)  chloride  of  lead. 

6.  Complete  solution.    Both  in  this  and  the  previous  case,  the  metals  belonging  to 
this  group  A  will  be  dissolved,  and  the  solution  may  contain  grold  and  platinum, 
which  should  be  tested  for  in  the  usual  manner.     (See  ANALYSIS,  i.  215,  and  GOLD, 
ii.  928.) 

The  chloride  solution,  5  and  6,  may  also  contain  metals  which  are  only  partially 
dissolved  by  nitric  acid  when  alloyed  with  gold  or  platinum.  B.  H.  P. 

IVlET  AliliTTRCrY.  Huttcnkunde.  Metallurgie. — The  art  of  extracting  metals  from 
the  various  minerals  found  in  the  earth,  and  of  converting  them  into  forms  suitable  for 
the  purposes  of  the  arts,  which  constitutes  metallurgy  in  its  widest  range,  comprises 
a  number  of  operations  which  are  of  a  purely  mechanical  nature,  and  which  do  not 
come  within  the  province  of  this  work.  But  many  of  the  most  important  operations  of 
metallurgy  involve  processes  which  are  essentially  chemical,  and  it  is  to  the  considera- 
tion of  the  general  principles  upon  which  these  operations  depend,  that  attention  will 
be  directed  in  this  article.  Information  on  the  mechanical  sections  of  Metallurgy  will 
be  found  in  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines  ;  articles  METALLURGY, 
MINING,  and  ORES,  DRESSING  OF. 

The  metals  which  are  largely  used  in  the  arts,  viz.:  Iron,  zinc,  copper,  lead,  tin, 
antimony,  bismuth,  nickel,  mercury,  silver,  gold,  platinum,  are,  with  the 
exception  of  the  last  two,  chiefly  found  in  the  state  of  chemical  combination  with  other 
substances,  constituting  a  variety  of  minerals,  among  which  those  containing  a  suffi- 
ciently considerable  amount  of  the  several  metals  to  admit  of  their  being  profitably  ex- 
tracted, are  called  ores,  when  they  occur  in  sufficient  abundance  for  metallurgic  purposes. 

The  production  of  the  alkali-  and  earth-metals,  which  is  now  carried  on  more 
extensively  than  it  was,  is  a  branch  of  industry  appertaining  rather  to  the  chemical 
manufactory  than  to  metallurgy ;  this  is  also  the  case  with  regard  to  the  production  of 
the  compounds  of  cobalt,  chromium,  and  arsenic  which  are  manufactured  from 
the  ores  of  these  metals. 
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The  metallic  compounds" which  are  most  frequent  as  ores  are : — 

1.  Oxides.   Either  simple,  such  as  stannic  oxide  in  tin-stone,  ferric  oxide  in  hsematite, 
or  compound  oxides,  such  as  ferroso-ferric  oxide  in  magnetic  iron  ore,  and  some  saline 
compounds,  as  carbonates,  and,  in  small  quantity,  silicates,  sulphates,  &c. 

2.  Sulphides.    Either  simple,  such  as  galena,  blende,  grey  antimony ;  or  compound 
sulphides,  such  as  copper  pyrites,  zinkenite,  miargyrite. 

3.  Arsenides.     Generally  in  small  quantity,  and  mixed  with  other  ores. 

These  compounds  rarely  occur  in  a  separate  state,  but  are  more  or  less  mixed  with 
other  minerals  in  which  they  are  imbedded,  Gang  (Gangue ;  gangarf),  constituting 
masses  which  are  situated  in  more  or  less  horizontal  or  vertical  positions  relatively  to 
the  rocks  they  are  associated  with,  and  are  accordingly  distinguished  by  the  terms 
bed  (Lager  ;  amas),  or  lode  (Gang ;  filori). 

The  admixtures  generally  met  with  in  ores  are  either  minerals  containing  other 
metals  than  that  of  the  ore  they  are  associated  with,  or  they  are  minerals  which  do 
not  contain  any  of  the  metals  commonly  used  for  technical  purposes,  as  for  instance 
quartz,  some  one  of  the  numerous  mineral  silicates,  felspar,  hornblende,  mica,  &c. ; 
carbonates,  calc-spar,  bitter  spar,  limestone,  &c. ;  sulphates,  heavy  spar ;  fluorides,  &c., 
and  portions  of  the  rocks  adjoining  the  lode  or  bed.  Sometimes  these  latter  admixtures 
are  useful  in  the  operations  by  which  the  metals  are  extracted ;  sometimes  they  require 
to  be  separated  mechanically  by  various  preliminary  operations.  (See  ORES,  DRESSING 
OF:  lire's  Dictionary  of  Arts,  Manufactures,  and  Mines,  iii.  312.) 

When  the  ores  of  a  metal  contain  admixtures  in  small  proportion  of  other  metal- 
liferous minerals,  the  operations  by  which  the  metal  is  extracted  are  in  some  cases  con- 
siderably modified,  with  the  view  of  effecting  a  separation  of  the  foreign  metals ;  either 
on  account  of  their  value,  as  in  the  case  of  argentiferous  lead  and  copper  ores,  or  because 
of  their  prejudicial  influence  upon  the  qualities  of  the  metal  to  be  obtained  from  the 
ore.  (See  COPPER,  ii.  32 ;  LEAD,  iii.  504  et  seq.) 

The  physical  characters  of  the  metals  which  it  is  the  object  of  metallurgical  opera- 
tions to  obtain,  render  it  necessary  that  in  most  cases  they  should  be  melted  before 
being  used  for  practical  purposes,  and  the  chemical  nature  of  their  ores  is  such  as  to 
require  the  influence  of  powerful  chemical  agencies  to  effect  the  separation  of  the 
metals  from  the  substances  they  are  combined  with.  For  these  reasons,  the  action  of 
heat  in  augmenting  the  chemical  activity  of  substances  has  been  had  recourse  to  in 
most  of  the  metallurgic  operations  by  which  chemical  changes  are  to  be  effected  in 
the  ores  or  other  materials  operated  upon,  and  the  extraction  of  metals  from  their 
ores  has  therefore  been  commonly  termed  smelting.  But  there  are  other  methods  by 
which  many  metals  maybe  extracted,  and  by  which  certain  of  them  are  to  some  extent 
extracted  from  their  ores  without  the  aid  of  heat.  According  to  these  methods,  the 
ores  are  first  operated  upon  in  such  a  manner  as  to  convert  the  metal  they  contain 
into  a  compound  soluble  in  water,  and  from  the  solution  the  metal  is  separated 
either  by  the  action  of  another  metal  upon  the  solution,  or  by  galvanic  action 
(ELECTRO-METALLURGY,  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,  ii.  88). 
The  influence  of  electricity,  however,  is  chiefly  applied  in  the  working  of  certain  metals 
for  particular  purposes,  as  in  electroplating,  and  has  not  yet  been  rendered 
available  in  the  extraction  of  the  ordinary  metals  from  their  ores.  Among  the  other 
methods  of  extracting  metals  from  their  ores  in  the  wet  way,  the  precipitation  of 
copper  (ii.  36)  and  the  extraction  of  silver  from  its  ores  by  means  of  sodium-chloride, 
after  the  silver  in  the  ores  has  been  converted  into  chloride  (see  SILVER),  as  well  as  the 
working  of  platinum  and  gold  ores  by  nitro-hydrochloric  acid,  are  the  only  methods 
of  this  kind  which  are  carried  on  to  any  extent. 

In  metallurgic  operations,  conducted,  as  is  usually  the  case,  in  the  dry  way,  or  with- 
out the  presence  of  water,  and  with  the  aid  of  a  High  temperature,  there  are  two  modes 
in  which  chemical  alterations  are  brought  about  in  the  ore  or  other  materials  operated 
upon,  viz.  melting  and  roasting.  In  the  one  case  the  material  is  mixed  with  some 
substance  which  decomposes  it,  when  one  or  other  of  them  is  rendered  liquid  by 
heat.  Thus,  for  example,  galena  and  metallic  iron  melted  together  yield  metallic  lead 
and  iron-sulphide.  When  galena  is  melted  with  litharge  or  lead-sulphate  in  suitable 
proportions,  there  are  produced  metallic  lead  and  sulphurous  acid  (see  ante,  p.  482). 
A  similar  reaction  takes  place  when  cupric  sulphide  and  cupric  oxide  are  melted 
together.  (See  COPPER,  ii.  23  et  seq.} 

In  the  other  operation,  viz.  roasting,  the  ore,  or  other  material,  is  subjected  to  the 
joint  action  of  heat  and  of  a  gaseous  substance  capable  of  producing  a  chemical  altera- 
tion calculated  to  facilitate  a  subsequent  operation.  Thus,  for  instance,  in  copper 
smelting,  the  ores  consisting  of  sulphides,  are  roasted  in  contact  with  atmospheric  air 
so  as  to  convert  them  to^  a  great  extent  into  oxides,  and  in  the  subsequent  melting 
operation  the  cuprous  oxide  is  again  converted  into  sulphide  by  reaction  with  the 
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iron-sulphide  remaining  unoxidised,  and  is  thus  separated  from  the  ferric  oxide 
produced  in  the  roasting.  In  the  smelting  of  lead  also,  the  galena  is  first  roasted  in 
contact  with  atmospheric  air,  and  is  thus  partially  converted  into  oxide  and  sulphate, 
which,  in  the  subsequent  melting  operation,  react  with  the  remaining  sulphide  as  abov« 
indicated. 

In  some  cases  the  operation  of  melting  is  conducted  with  the  view  of  effecting 
oxidation,  as  in  the  separation  of  antimony  from  gold,  or  of  lead  from  gold  and  silver 
in  cupellation  (see  ante,  p.  508  et  seq.).  Roasting  also  is  sometimes  conducted  with 
the  object  of  effecting  reduction,  as  in  the  conversion  of  metallic  sulphates  and  arsenatos 
into  sulphides  and  arsenides  by  means  of  carburetted  gases.  But,  as  a  general  rule, 
the  chief  ultimate  effect  produced  by  roasting  is  oxidation,  or  some  corresponding 
change ;  while  the  ultimate  effect  produced  by  melting  is  most  frequently  reduction. 
These  operations  are  in  some  way  involved  in  the  extraction  of  all  metals  from  their 
ores ;  a  description  of  the  general  conditions  under  which  they  are  conducted,  and  the 
general  features  of  the  chemical  processes  which  take  place  under  those  conditions,  will 
therefore  exhibit  the  chief  chemical  principles  of  metallurgy.  More  detailed  informa- 
tion will  be  found  under  the  heads  of  the  respective  metals. 


ROASTING  OF  OEES  AND  MBTALLUBGIC  PEODUCTS. 

Ores  and  intermediate  products  are  roasted  either  in  the  state  of  coarse  powder,  or 
as  large  lumps,  according  to  their  nature.  The  degree  of  heat  applied  is  not  in  any 
case  sufficient  to  cause  fusion,  or  aggregation  of  the  mass,  and  sometimes  it  is  neces- 
sary to  keep  the  material  operated  upon  stirred  about,  so  as  to  expose  fresh  surfaces  to 
the  action  of  the  gas  by  which  chemical  alteration  is  effected. 

Roasting  is  conducted,  sometimes  in  kilns,  sometimes  in  reverberatory  furnaces  spe- 
cially constructed  for  the  purpose,  and  sometimes  the  materials  are  merely  piled  up  in 
heaps  with  alternate  layers  of  fuel,  which  are  ignited  and  allowed  to  burn  slowly  until 
consumed. 

Oxidising  roasting:  is  always  effected  by  means  of  a  current  of  heated  atmospheric 
air  made  to  pass  over  the  material  at  a  suitable  temperature.  The  chemical  change  pro- 
duced by  roasting  is  either  a  mere  combination  with  oxygen,  as  in  roasting  magnetic 
iron  ore,  which  is  thus  converted  into  ferric  oxide ;  or  it  may  be  attended  with  the 
separation,  more  or  less  complete,  of  some  constituent  of  the  material  operated  upon, 
as  in  roasting  sulphides,  when  a  portion  of  the  sulphur  is  converted  into  sulphurous 
acid  and  volatilised,  while  the  metal  is  converted  into  oxide,  and  another  portion  of 
the  sulphur  is  oxidised  into  sulphuric  acid,  which  remains  combined  with  the  metallic 
oxide. 

The  different  metallic  sulphides  present  very  different  characters  under  these  condi- 
tions: thus — 

Iron-protosulphide  is  partially  converted  into  ferrous  sulphate:  this  at  a  higher 
degree  of  heat  is  decomposed  into  sulphurous  acid,  which  is  volatilised,  and  basic  ferric 
sulphate,  and  ferrous  oxide.  At  a  still  higher  temperature  the  basic  sulphate  may  be 
also  decomposed,  yielding  at  last  ferric  oxide.  In  operations  on  the  large  scale,  how- 
ever, it  is  very  difficult  to  effect  the  entire  separation  of  sulphur  from  iron-sulphide 
by  roasting,  even  when  the  material  is  finely  divided,  the  heat  gradually  applied,  and 
the  surface  frequently  changed  by  stirring  meanwhile. 

Zinc-sulphide  undergoes  oxidation  very  slowly,  yielding  a  mixture  of  sulphate  and 
oxide,  which  at  a  higher  temperature  loses  sulphuric  acid,  and  may  be  eventually  con- 
verted into  pure  oxide.  This  result,  however,  is  more  difficult  to  obtain  than  in  the 
case  of  iron-sulphide ;  but  the  roasting  of  zinc-sulphide  is  not  so  troublesome,  inasmuch 
as  it  is  less  liable  to  undergo  partial  fusion  than  iron-sulphide  is. 

Copper-sulphide,  when  carefully  roasted,  is  converted  into  a  mixture  of  cuprous 
oxide  and  cupric  sulphate.  So  long  as  sulphurous  acid  is  being  produced  by  the 
oxidation  of  sulphur,  cupric  oxide  cannot  be  formed :  for  cupric  oxide  heated  in  con- 
tact with  sulphurous  acid  is  partially  reduced,  cuprous  oxide  and  cupric  sulphate  being 
produced ;  but  so  soon  as  all  the  copper-sulphide  has  been  converted  into  such  a  mix- 
ture, the  cuprous  oxide  begins  to  be  further  oxidised.  At  a  higher  temperature,  the 
cupric  sulphate  undergoes  decomposition,  sulphuric  acid  being  more  or  less  expelled. 
In  the  imperfect  roasting  of  copper-sulphide,  which  is  generally  effected  when  ores 
containing  that  substance  are  operated  upon  on  the  large  scale,  the  result  is  a  mixture 
of  cuprous  oxide,  cupric  sulphate,  copper-sulphide,  and  metallic  copper.  The  latter 
appears  to  be  produced  in  those  places  where  the  cuprous  oxide  is  more  highly  heated, 
while  surrounded  by  an  atmosphere  of  sulphurous  acid,  than  would  be  sufficient  to 
reduce  cupric  oxide  to  cuprous  oxide  under  the  same  condition. 

Lead-sulphide  is  difficult  to  roast,  since  it  is  very  liable  to  aggregate   together, 


METALLURGY.  949 

yielding  a  mixture  of  lead-sulphate  and  lead-oxide,  from  which  the  sulphuric  acid 
cannot  be  expelled,  even  when  it  is  heated  so  high  as  to  melt. 

Bismuth-sulphide  is  so  fusible  that  it  is  very  difficult  to  roast  completely. 

Antimony -trisulphide  is  also  very  difficult  to  roast  for  the  same  reason.  There  is 
generally  produced  a  mixture  of  trioxide,  pentoxide,  and  sulphide  of  antimony.  If  the 
heat  be  high,  a  portion  of  the  pentoxide  is  volatilised. 

Arsenic-sulphide  and  trisulphide  are  decomposed  by  roasting,  yielding  arsenious  and 
sulphurous  acids,  both  of  which  are  volatilised. 

Mercury-sulphide  is  converted  by  roasting  into  metallic  mercury  and  sulphurous  acid. 

Gold-sulphide  undergoes  the  same  alteration  by  roasting. 

Silver-sulphide  is  entirely  converted  into  metallic  silver.  But  when  it  is  roasted 
together  with  other  sulphides,  such  as  iron-  or  copper-sulphide,  some  silver-sulphate  is 
always  produced,  which  by  increase  of  temperature  is  decomposed  into  metallic  silver, 
sulphurous  acid,  and  oxygen. 

Nickel-sulphide  can  be  easily  converted  by  roasting  into  a  mixture  of  nickel-oxide 
and  peroxide,  with  only  a  small  admixture  of  unaltered  sulphide.  So  long  as  sul- 
phurous acid  is  generated  abundantly,  nickel-oxide  only  is  produced,  and  this  after- 
wards becomes  peroxidised. 

Cobalt-sulphide  behaves  in  a  similar  manner  to  nickel-sulphide,  except  that  some 
cobalt-sulphate  is  always  produced. 

In  the  roasting  of  sulphides,  modifications  of  the  chemical  changes  are  often  effected 
when  reducing  gases,  such  as  carbonic  oxide  or  hydrocarbons,  are  mixed  with  the  at- 
mospheric air ;  also,  perhaps,  when  water  vapour  is  present,  as  is  almost  always  the 
case  in  this  operation  as  conducted  on  the  large  scale. 

The  precise  chemical  alterations  which  arsenides  and  phosphides  undergo 
when  subjected  to  oxidising  roasting,  are  less  known  than  those  of  sulphides;  but,  as 
a  general  rule,  arsenic  is  more  difficult  to  separate  than  sulphur,  and  phosphorus  can 
be  separated  only  to  a  very  small  extent,  on  account  of  the  stability  of  phosphoric  acid 
at  high  temperatures. 

Volatilising  roasting:.  The  sulphides  containing  the  largest  proportions  of  sul- 
phur, such  as  iron-pyrites,  &c.,  lose  part  of  their  sulphur  by  direct  decomposition,  in 
consequence  of  the  mere  action  of  heat.  Hydrated  compounds,  carbonates,  &c.,  are 
also  decomposed  in  the  same  manner.  But  more  generally  the  volatilisation  of  some 
constituent  of  the  material  roasted,  is  the  result  of  previous  chemical  alteration,  and 
its  conversion  into  a  volatile  compound  by  the  chemical  action  of  the  atmosphere  in 
which  the  operation  is  conducted. 

Chloridisingr  roasting:  is  effected  by  means  of  an  atmosphere  containing 
chlorine,  hydrochloric  acid,  or  chlorides.  Silver  ores  are  often  subjected  to  this  treat- 
ment, to  convert  the  silver  into  chloride.  At  the  same  time,  iron  is  partially  volatilised 
as  ferric  chloride;  arsenic,  antimony,  zinc,  tin,  bismuth,  mercury,  chromium  and  sulphur 
are  also  volatilised  as  chlorides. 

Reducing1  roasting:.  When  iron  ores  are  heated  in  an  atmosphere  of  reducing 
gases,  such  as  carbonic  oxide  or  hydrocarbons,  metallic  iron  is  produced ;  and  in  iron 
smelting  this  change  always  precedes  the  actual  melting.  When  such  ores  contain  zinc 
as  well  as  iron,  both  metals  are  reduced,  and  the  zinc  is  volatilised  at  a  sufficiently 
high  temperature.  Under  similar  conditions  arsenates  and  arsenites  yield  a  portion  of 
their  arsenic  in  the  metallic  state.  This  is  also  the  case  with  antimonates,  tellurates, 
selenates,  or  sulphates. 

MELTING  OF  METALLURGICAL  PRODUCTS  FOR  THE  EXTRACTION  AND  SEPARATION 

OF  METALS. 

Ores  are  rarely  subjected  to  the  operation  of  melting  without  having  previously 
undergone  some  other  treatment,  such  as  roasting,  &c.  This  preliminary  treatment  is 
in  some  cases  only  the  earliest  stage  of  the  melting  operation,  as  in  the  smelting  of 
iron  ores,  which,  in  the  upper  parts  of  the  blast-furnace,  are  subjected  to  the.  action  of 
heat  and  reducing  gases  before  sinking  down  to  that  part  of  the  furnace  where  fusion 
takes  place.  (See  IRON,  ante,  pp.  357,  364.)  But  in  such  cases,  the  chemical  nature  of 
the  processes  involved  in  the  roasting  and  the  melting  is  exactly  the  same  as  when 
these  operations  are  conducted  separately. 

The  chemical  alterations  which  take  place  in  the  operation  of  melting  sometimes 
result  in  the  separation  of  a  metal  in  the  state  of  regulus,  sometimes  only 
in  the  partial  separation  of  the  substances  combined  with  it,  and  the  production  of  a 
matt  (Stein;  matte},  or  compound  containing  a  larger  proportion  of  metal  than  the 
material  operated  upon.  (See  COPPER,  ii.  23  et  scq.)  These  results  are  often  due 
solely  to  the  mutual  action  of  the  several  constituents  of  the  ore,  which  has  undergone 
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a  preparatory  treatment  of  roasting,  &c. ;  but  in  most  cases  it  is  necessary  to  add  some 
substance  by  means  of  which  the  desired  result  may  be  produced.  The  kind  of  sub- 
stance to  be  added  will  of  course  be  determined  by  the  nature  of  the  material  to  be 
operated  upon,  and  by  the  kind  of  chemical  alteration  to  be  effected.  Thus  in  smelting 
antimony  ore,  consisting  of  the  trisulphide,  it  is  mixed  with  scraps  of  metallic  iron,  by 
reacting  with  which  it  yields  metallic  antimony  and  iron-sulphide. 

In  all  cases  it  is  essential  that  in  the  melting  operation  there  should  be  not  only  a 
chemical  alteration  of  the  materials,  but  also  a  physical  separation  of  the  resulting 
products.  It  is  not  often  that  this  can  be  effected  by  the  volatilisation  of  some  one  or 
more  of  the  products.  More  frequently  they  are  all  fixed,  and  in  this  case  they  can  be 
obtained  separate  only  when  they  differ  in  specific  gravity,  and  are  also  incapable  of 
mixing  with  each  other  while  in  the  liquid  state.  It  is  therefore  always  necessary, 
that  in  melting  operations  the  whole  of  the  materials  should  be  rendered  so  liquid 
that  such  a  separation  may  readily  take  place.  The  high  specific  gravity  of  the  metals 
which  it  is  the  object  of  the  metallurgist  to  obtain,  is  favourable  to  their  separation 
as  regulus,  from  the  other  products  of  the  melting  operation.  The  sulphides  of  these 
metals  are  also  sufficiently  dense  to  separate  readily  in  the  state  of  matt  from  most  of 
the  other  products  of  melting,  though  their  specific  gravity  is  less  than  that  of  the  metals. 

With  the  object  of  facilitating  the  separation  of  the  several  products  of  the  chemical 
action  which  takes  place  in  melting  operations,  the  ore  or  other  material  is  generally 
mixed  with  some  substance  which  has  the  capability  of  facilitating  the  liquefaction  of 
the  products  formed,  and  their  separation  into  distinct  layers.  Such  an  admixture 
added  with  the  object  of  rendering  some  part  of  the  material  operated  upon  capable  of 
being  melted,  or  more  readily  fusible  than  it  would  be  otherwise,  is  termed  a  flux 
(Zuachlag ;  fondant). 

In  the  first  melting  of  ores  consisting  chiefly  of  metallic  sulphides,  the  product 
obtained  is  not  always  the  metal,  even  when  the  ore  has  been  previously  roasted.  More 
frequently  a  matt  or  mixture  of  sulphides  is  obtained,  and  if  any  metal  is  reduced  to 
the  state  of  regulus,  the  matt  forms  a  separate  layer  above  it.  In  melting  ores  con- 
taining much  antimony,  arsenic,  &c.,  together  with  other  metals,  a  third  layer  is  some- 
times formed,  which  separates  between  the  regulus  and  the  matt,  and  is  called  Speise. 

But  ores  very  generally  contain,  besides  the  actual  metalliferous  portion,  a  variety  of 
siliceous  or  earthy  admixtures,  originating  from  the  rocks  and  minerals  with  which 
they  are  naturally  associated.  These  admixtures  cannot  be  entirely  separated  by 
mechanical  means,  and  since  they  are  generally  infusible  or  difficult  to  melt,  they  re- 
quire to  be  converted  into  compounds  which  are  sufficiently  fusible,  and- of  less  specific 
gravity  when  melted,  than  the  other  products  to  be  obtained.  The  fluxes  added  with 
this  object  are  generally  either — 

Siliceous,  such  as  quartz,  sandstone,  &c.,  or 

Earthy,  such  as  lime,  limestone,  clay,  &c.,  according  to  the  nature  of  the  sub- 
stances to  be  separated ;  by  this  means  a  fusible  vitreous  compound  consisting  of 
earthy  silicates  is  formed,  which  is  termed  slag.  Sometimes  special  fluxes  are  used, 
such  as  fluor-spar,  alkaline  salts,  &c.  (see  p.  952). 

The  addition  of  fluxes  in  the  melting  operation  is  also  advantageous  in  facilitating 
the  fusion  of  the  material  operated  upon,  and  the  separation  of  the  several  products 
formed.  Moreover,  the  resulting  slag,  being  of  less  specific  gravity  than  the  other 
products,  collects  above  them,  and  thus  furnishes  a  protection  against  the  oxidising 
action  of  the  furnace  gases,  which  is  often  a  further  advantage. 

The  melting  operation  is  generally  conducted  either  in  shaft  furnaces,  where 
the  materials  are  mixed  with  the  fuel,  or  in  reverberatory  furnaces,  where  they 
are  heated  in  a  separate  chamber  by  means  of  the  flame  and  gaseous  products  of  com- 
bustion. Sometimes  crucibles  are  used  in  order  to  keep  the  materials  entirely  out  of 
contact  with  the  fuel. 

Reducing  melting:  is  generally  effected,  in  the  case  of  metallic  oxides,  by  the  joint 
action  of  heat  and  the  carbon,  carbonic  oxide,  hydrocarbons  or  hydrogen  contained  in  or 
resulting  from  the  combustion  of  the  fuel  used  in  the  operation.  By  reason  of  the  un- 
equal degrees  of  chemical  stability  of  the  several  metallic  oxides,  the  temperatures  at 
which  they  are  reduced  by  those  substances  differ  considerably.  The  oxides  of  lead, 
bismuth,  antimony,  nickel,  cobalt  and  copper  are  reduced  by  carbon  within  the  range 
of  red  heat ;  while  those  of  iron,  manganese,  chromium,  tin,  and  zinc  require  more 
or  less  intense  degrees  of  white  heat. 

The  mode  in  which  reducing  melting  is  conducted  varies  according  as  the  oxide  is 
easily  fusible  or  infusible  at  any  temperature  that  can  be  attained  in  the  operation. 
In  the  first  case  the  material  can  be  intimately  mixed  with  carbon ;  in  the  second  case 
this  cannot  be  effected,  and  the  reduction  is  to  a  great  extent  due  to  the  carbonic  oxide 
resulting  from  the  combustion  of  carbon  with  a  scanty  proportion  of  air.  (See  IKON. 
p.  358.) 
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The  reduction  of  metallic  sulphides  by  melting  is  effected  principally  by  means  of 
metallic  iron.  Lead-sulphide  melted  with  iron  in  equivalent  proportions  yields 
metallic  lead,  and  iron-sulphide.  With  two  equivalents  of  iron,  there  are  produced 
metallic  lead  and  iron-sulphide  containing  metallic  iron  mechanically  mixed.  Zinc- 
sulphide  is  completely  decomposed  by  iron,  but  a  very  high  temperature  is  required. 
Cuprous  sulphide  is  partly  decomposed  by  melting  it  with  metallic  iron,  and  there  are 
produced  a  matt  consisting  of  cuprous  sulphide  and  iron-sulphide,  and  some  metallic 
copper.  The  sulphides  of  copper  and  iron  yield,  on  the  contrary,  a  matt  consisting  of 
cuprous  sulphide,  iron-sulphide  and  metallic  iron.  Lead-sulphide  with  two  equivalents 
of  copper  yields  a  matt  consisting  of  cuprous  sulphide  and  metallic  lead.  Equal  equi- 
valents yield  metallic  lead  and  a  m  att  consisting  of  cuprous  sulphide  and  lead-sulphide. 

Similar  reactions  take  place  between  zinc-sulphide  and  copper. 

Lead-sulphide  is  entirely  decomposed  by  melting  with  an  excess  of  tin,  but  in  equal 
equivalents  it  is  only  partly  decomposed,  and  there  are  produced  an  alloy  of  tin  and 
lead  and  a  matt  consisting  of  tin- sulphide  and  lead-sulphide. 

The  metals  of  the  alkalis  exercise  a  much  more  energetic  action  upon  metallic  sul- 
phides when  melted  with  them,  and  though  they  cannot  be  employed  in  ordinary 
metallurgical  operations,  a  similar  action  may  be  produced  to  some  extent  by  means  of 
a  mixture  of  the  alkalis  and  carbon  (black  flux).  Thus,  when  a  metallic  sulphide  is 
melted  with  a  sufficient  quantity  of  alkaline  earth  or  alkali  mixed  with  carbon,  the 
metal  is  reduced,  since  the  sulphur  combines  with  the  alkali-  or  earth-metal,  while  the 
oxygen  of  the  latter  combines  with  carbon.  When  an  alkali  is  used,  more  or  less  of  the 
metallic  sulphide  generally  remains  undecomposed  and  dissolved  in  or  combined  with 
the  alkaline  sulphide. 

Oxidising  melting-  is  practised  with  the  object  of  separating  one  metal  from 
another,  or  of  separating  sulphur  from  metallic  sulphides  by  converting  the  sulphur,  or 
the  metal  to  be  removed,  into  oxides,  which  may  either  be  volatile  as  sulphurous  acid, 
fusible  as  oxide  of  lead,  or  capable  of  being  rendered  fusible  by  combination  with  cer- 
tain substances  added  as  fluxes. 

Atmospheric  air  is  the  oxidising  agent  most  commonly  employed ;  but  sometimes 
other  substances  are  also  used,  which  are  capable  of  yielding  oxygen  at  a  high  tempe- 
rature, especially  when  in  the  liquid  state  and  in  contact  with  the  substances  to  be 
oxidised.  Among  these  are  lead-oxide  and  oxy-salts,  cupric  sulphate,  ferrous  sulphate, 
basic  ferrous  silicate,  nitrates,  &c. 

The  following  examples  will  serve  to  illustrate  the  mode  in  which  these  oxidising 
agents  are  employed  in  the  melting  operation. 

Atmospheric  air. — Compounds  of  gold  or  silver  with  antimony,  arsenic,  or  sulphur, 
when  melted  in  a  sufficiently  heated  current  of  atmospheric  air,  are  decomposed,  and 
the  metals  are  obtained  in  the  pure  state. 

When  atmospheric  air  is  passed  over  the  surface  of  melted  copper  containing  iron, 
cobalt,  lead,  antimony,  arsenic,  and  sulphur,  the  three  latter  are  volatilised  as  oxides, 
and  a  more  or  less  liquid  layer  or  scum  collects  upon  the  surface  of  the  metal,  consist- 
ing of  ferric  oxide,  cobalt-  and  lead-oxides,  antimonic  oxide,  and  cuprous  oxide,  until 
the  copper  remains  almost  pure.  The  greater  the  quantity  of  lead  in  proportion  to  the 
other  impurities,  the  more  liquid  is  the  layer  which  collects  on  the  surface ;  and  the 
smaller  it  is,  the  thicker  is  this  scum.  In  both  cases  the  scum  must  be  removed  from 
time  to  time,  so  that  a  fresh  metallic  surface  may  be  exposed,  and  if  it  is  not  sufficiently 
liquid  to  be  removed  by  the  current  of  air,  the  edges  of  the  convex  surface  of  melted 
metal  where  it  principally  collects  must  be  raked  off. 

When  alloys  of  gold  or  silver  with  lead  or  bismuth  are  exposed  in  a  melted  state  to 
a  current  of  air,  the  latter  metals  are  oxidised,  and  pure  gold  or  silver  remains,  together 
with  a  slag  of  lead-oxide.  A  portion  of  the  oxide  is  volatilised,  and  in  the  case  of 
silver-alloys  especially,  a  small  quantity  of  this  metal  is  also  volatilised. ,  When  small 
quantities  of  other  metals,  such  as  iron,  cobalt,  copper,  &c.,  are  present  in  such  alloys, 
they  are  oxidised,  and  the  oxides  are  dissolved  by  the  oxide  of  lead  or  bismuth. 

When  a  compound  of  arsenic,  iron,  cobalt,  and  nickel  is  melted  in  a  current  of  air, 
so  that  the  ferric  oxide  and  cobalt-oxide  produced  may  be  dissolved  by  melted  borax, 
partly  covering  the  surface  of  the  melted  metal,  arseniferous  nickel  may  be  obtained; 
but  the  whole  of  the  arsenic  cannot  bewseparated,  because,  in  proportion  as  it  is  sepa- 
rated, the  melting  point  of  the  remaining  metal  becomes  higher,  and  it  finally  solidifies. 

Lead-oxide. — When  litharge  is  melted  with  easily  oxidisable  metals,  they  are  oxidised 
by  the  decomposition  of  the  lead-oxide,  a  part  of  the  lead-oxide  is  reduced,  and  a  slag 
consisting  of  lead-oxide  and  the  oxide  of  the  metal  is  produced  ;  but  the  perfect  oxida- 
tion of  metals  possessing  little  affinity  for  oxygen  cannot  be  effected  in  this  way,  with- 
out using  a  large  excess  of  litharge. 

Metallic  sulphides  or  arsenides  melted  with  litharge,  yield  sulphurous  and  arsenious 
acid,  which  are  volatilised,  and  alloys  of  the  metals  with  lead 
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Iron-sulphide  melted  with  thirty  parts  by  weight  of  litharge  is  entirely  oxidised, 
sulphurous  acid  being  volatilised,  while  the  iron  remains  probably  in  the  state  of  ferroso- 
ferric  oxide  combined  with  the  excess  of  lead-oxide,  forming  a  slag  which  collects  over 
the  reduced  lead.  With  less  lead-oxide  the  decomposition  is  incomplete,  and  a  part  of 
the  iron-sulphide  passes  into  the  slag. 

The  oxidation  of  cuprous  sulphide  in  this  way  requires  25  pts.  by  weight  of  litharge. 

The  oxidation  of  copper  pyrites  requires  at  least  30  pts.  of  litharge.  When  less  is 
used,  the  copper-sulphide  remaining  undecomposed  is  not  dissolved  by  the  slag  con- 
sisting of  lead-oxide  and  cuprous  oxide,  but  forms  a  matt  with  a  portion  of  the 
metallic  lead. 

Antimony-trisulphide  is  entirely  decomposed  by  melting  with  about  twenty-five 
times  its  weight  of  litharge,  yielding  antimonic  acid  and  sulphurous  acid. 

Tin-sulphide  requires  for  perfect  decomposition  30  pts.  of  litharge. 

Zinc-sulphide  requires  25  pts.  of  litharge. 

Bismuth-sulphide  when  melted  with  litharge  yields  sulphurous  acid  and  an  alloy  of 
bismuth  and  lead,  but  no  bismuth-oxide. 

Lead-sulphide  is  decomposed  by  melting  it  with  about  twice  its  weight  of  litharge, 
the  whole  of  the  lead  being  separated  in  the  metallic  state,  while  sulphurous  acid  is 
volatilised.  When  the  lead-sulphide  is  in  excess,  it  mixes  with  the  metallic  lead. 

Arsenic- trisulphide  melted  with  from  50  to  60  pts.  of  litharge  is  completely  oxidised, 
yielding  sulphurous  acid  and  arsenious  acid. 

Other  metallic  oxides  react  with  metallic  sulphides  in  a  similar  manner  to  litharge, 
and,  as  a  general  rule,  when  a  metallic  sulphide  is  melted  with  a  metallic  oxide,  the 
former  is  oxidised  to  a  greater  or  less  extent,  and  the  relative  quantity  of  the  oxide 
produced  depends  upon,  1st,  the  relative  quantity  of  oxide  used,  and  2nd,  the  relatively 
chlorous  and  basylous  characters  of  the  metals  and  of  sulphur  and  oxygen. 

Lead-carbonate  acts  in  the  same  manner  as  lead-oxide  upon  metallic  sulphides  and 
oxides. 

Lead-silicate  also  acts  in  the  same  manner,  but  a  much  larger  quantity  is  required  to 
produce  the  same  effects  as  litharge.  The  slags  produced  in  this  case  are  double  sili- 
cates containing  both  metals. 

Lead-sulphate  is  a  still  more  powerful  oxidising  agent  than  litharge,  since  the  de- 
composition of  its  sulphuric  acid  yields  an  additional  quantity  of  oxygen.  When  it  is 
melted  with  lead-sulphide  in  due  proportions,  the  products  are  only  metallic  lead 
and  sulphurous  acid. 

Cupric  sulphate  heated  with  metallic  sulphides  generally  exercises  an  oxidising 
action  like  lead-sulphate. 

Copper-sulphide  heated  with  cupric-sulphate  is  converted  into  copper,  cuprous 
oxide,  cupric  oxide,  basic  cupric  sulphate,  &c.,  according  to  the  proportions  and  tem- 
peratures. Silver-sulphide  is  also  converted  into  sulphate  in  the  same  way  ;  but  me- 
tallic silver  may  be  separated  by  the  action  of  cuprous  oxide. 

Ferrous  sulphate  acts  in  a  similar  manner  with  metallic  sulphides. 

Nitrates  are  too  costly  to  be  generally  used  in  metallurgical  operations,  though  they 
are  the  most  powerful  oxidising  agents  in  melting  operations. 

Basic  ferrous  silicate  is  one  of  the  most  important  oxidising  agents  in  metallurgical 
operations.  For  instance,  when  iron  containing  carbon,  silicium,  sulphur,  and  other 
readily  oxidable  substances,  is  strongly  heated  with  a  melted  basic  ferrous  silicate,  half 
of  the  ferrous  oxide  is  decomposed,  and  the  oxygen  thus  eliminated  combines  with  the 
above-named  impurities  of  the  iron,  forming  carbonic  oxide,  silica,  and  sulphurous  acid. 

Solvent  melting  is  practised  chiefly  with  the  object  of  separating  certain  parts  of 
the  materials  operated  upon  in  the  extraction  of  metals.  The  substances  used  for 
this  purpose  are  principally  metallic  oxides,  silica,  alkaline  and  earthy  salts,  silicates, 
metals,  and  sulphides. 

Metallic  Oxides. — Easily  fusible  oxides,  such  as  lead-oxide,  &c.,  melted  with  other 
less  fusible  oxides,  at  sufficiently  high  temperatures,  dissolve  the  latter  to  a  greater  or 
less  extent,  sometimes  forming  saline  compounds.  Certain  sulphides  are  also  dis- 
solved by  lead-oxide  and  bismuth-oxide  without  decomposition,  forming  compounds 
termed  oxysulphides.  In  metallurgical  operations,  it  is  only  the  solvent  action  of 
lead-oxide  which  is  of  special  importance,  and  that  chiefly  in  the  purification  of  silver. 
(See  p.  951.) 

As  a  general  rule,  all  oxides  which  are  readily  fusible,  like  bismuth  or  antimony 
oxides,  may  be  mixed  with  lead-oxide  in  all  proportions  by  fusion,  but  the  less  fusible 
oxides  yield  with  lead-oxide  difficultly  fusible  mixtures. 

Tin-sesquioxide  dissolves  in  four  parts  by  weight  of  lead-oxide,  forming  a  viscid 
liquid ;  with  eight  parts  of  lead-oxide  it  forms  a  very  fusible  mixture. 

Zinc-oxide  dissolves  in  seven  parts  of  lead-oxide,  forming  an  easily  fusible  mass. 

Ferric  oxide  dissolves  in  four  parts  of  lead -oxide,  forming  a  viscid  liquid. 


METALLURGY.  953 

Cuprous  oxide  with  one  and  a  half  times  its  weight  of  lead-oxide  forms  ft  very 
liquid  compound,  and  is  probably  soluble  to  a  still  greater  extent. 

Among  the  metallic  sulphides,  those  of  gold,  silver,  copper,  &c.,  do  not  dissolve  in 
melted  lead-oxide  (see  above).  All  the  other  sulphides  are  more  or  less  dissolved 
by  it.  Antimony  trisulphide  appears  to  be  especially  soluble  in  lead-oxide. 

Metals. — Lead  is  the  metal  principally  used  as  a  solvent  in  certain  melting  opera- 
tions. It  has  the  property,  when  melted  with  argentiferous  and  auriferous  sulphides 
in  due  proportion,  and  by  sufficiently  intimate  mixture,  of  dissolving  out  the  silver 
and  gold.  This  effect  is  due  to  the  decomposition  of  the  gold  and  silver  sulphides 
by  lead  at  a  high  temperature,  in  such  a  manner  that  these  metals  are  eliminated 
while  lead-sulphide  is  formed,  while,  at  the  same  time,  there  is  scarcely  any  decom- 
position of  iron-sulphide  or  copper-sulphide  in  the  same  -way.  The  products  of  the 
melting  are  therefore  argentiferous  or  auriferous  lead  containing  lead-sulphide,  and 
a  matt  consisting  of  copper-sulphide  and  iron-sulphide.  Gold  or  silver  may  also  be 
extracted  from  metallic  copper  by  means  of  lead,  but  in  a  less  direct  manner.  Both 
the  gold  or  silver  and  the  copper  are  dissolved  by  the  melted  lead ;  but  in  the  solidi- 
fication of  this  mixture,  the  greater  part  of  the  lead  separates,  and  there  is  produced  a 
mechanical  mixture  of  lead  containing  gold  or  silver,  and  of  an  alloy  consisting  of 
lead  with  three  times  its  weight  of  copper,  containing  much  less  silver.  When  this 
mschanical  mixture  is  heated  to  the  melting  point  of  lead,  this  metal  may  be  sepa- 
rated, together  with  the  gold  and  silver,  while  the  copper-lead  alloy  remains  behind. 

Metallic  sulphides,  such  as  iron-sulphide,  &c.,  may  be  used  in  the  same  manner  as 
metallic  lead  for  extracting  gold  or  silver  from  ores  or  metallurgic  products.  Thus 
when  silver  ores  containing  large  admixtures  of  gang,  in  the  melting  of  which  alone  the 
greater  part  of  the  silver  would  pass  into  the  slag,  are  melted  with  iron-sulphides,  the 
silver  is  dissolved  as  sulphide,  and  the  gangue  forms  a  slag  containing  but  little  silver. 

Silica  is  rarely  used  alone  as  a  solvent  in  the  melting  operation,  silicates  or 
earths  being  generally  present,  with  which  it  forms  compound  silicates.  Its  action  in 
such  cases  is  therefore  indirect,  and  depends  more  upon  the  nature  of  the  silicate 
produced.  (See  p.  954.) 

Earthy  oxides,  such  as  baryta,  strontia,  lime,  magnesia,  and  alumina,  respectively  form 
with  silica  sparingly  fusible  or  infusible  compounds,  according  as  the  basylous  charac- 
ter of  the  earth  in  relation  to  silica,  is  greater  or  less,  and  according  to  the  proportions 
of  earth  and  silica.  The  fusible  baryta-silicates  contain  from  30  to  70  per  cent, 
silica;  the  others  are  infusible.  Strontia-silicates  are  much  less  fusible;  that  containing 
55  per  cent,  silica  forms  a  white  opaque  mass.  Among  the  lime-silicates  the  limits  of 
fusibility  are  between  25  per  cent,  and  47  per  cent,  of  lime.  Magnesia-silicates,  and 
especially  alumina-silicates,  are  infusible,  and  soften  only  at  a  full  white  heat. 

Metallic  oxides  form  compounds  with  silica  which  present  similar  differences  in  fusi- 
bility, according  to  the  greater  or  less  basylous  character  of  the  oxide  in  relation  to 
silica  and  the  proportions  in  which  they  are  combined.  Thus  ferrous  silicates  with  from 
42  to  82  per  cent,  ferrous  oxide,  are  easily  fusible,  while  ferric  silicates  are  infusible. 
Cuprous  silicate  is  fusible  only  when  it  contains  70  per  cent,  cuprous  oxide.  Cupric 
silicates  are  probably  infusible,  but  on  account  of  their  liability  to  undergo  reduction, 
they  cannot  easily  be  produced.  Zinc-silicates  and  tin-silicates  are  infusible.  Lead- 
silicates  containing  from  54  to  88  per  cent,  of  lead-oxide  melt  more  or  less  easily. 
Bismuth-silicates  are  still  more  fusible.  Antimony-silicates  are  sparingly  fusible. 

Alkaline  carbonates  dissolve  most  metallic  oxides  to  some  extent,  the  carbonic  acid 
being  also  partly  expelled  at  a  red  heat.  With  a  sufficient  excess  of  alkaline  carbonate 
some  of  these  compounds  are  easily  fusible  (Berthier).  Ferrous  oxide  melted  with 
6  pts.  of  potassium-carbonate  yields  a  greenish  crystalline  mass.  Ferric  oxide  appears 
to  be  insoluble  in  melted  alkaline  carbonates.  Tin-oxide  fuses  readily  with  5  pts.  by 
weight  of  potassium-carbonate ;  zinc-oxide  is  less  soluble.  Cuprous  oxide  and  cupric 
oxide  melt  easily  with  3  pts.  of  potassium-carbonate.  Lead-oxide  mixes  in  all  propor- 
tions with  melted  alkaline  carbonates. 

Borax  is  a  very  efficient  solvent  in  melting  operations,  but  is  too  costly  to  be  much 
used  in  metallurgy.  Baryta,  lime,  magnesia,  and  alumina  are  dissolved  in  considerable 
proportions  by  melted  borax,  formingmore  or  less  fusible  vitreous  masses  (Berthier). 
Silica  and  fire-clay  melt  together  with  borax  at  high  temperatures.  All  the  metallic 
oxides  which  are  not  reduced  by  heat  alone,  are  dissolved  to  a  greater  or  less  extent  by 
melted  borax.  Ferrous  oxide  or  ferroso-ferric  oxide,  melted  with  an  equal  weight  of 
borax,  forms  a  compact  crystalline  mass.  Manganous  oxide  is  dissolved  in  very  consider- 
able amount  by  borax.  Lead-oxide  and  borax  melt  together  in  all  proportions. 

Fluor-spar  is  important  as  a  solvent  in  melting  operations,  on  account  of  its  capa- 
bility of  dissolving  about  half  its  weight  of  silica  at  a  high  temperature,  without,  having 
any  tendency  to  combine  with  or  dissolve  metallic  oxides.  Fluor-spar  is,  therefore,  a 
very  suitable  flux  in  the  smelting  of  ores  which  are  refractory  on  account  of  the  silica  they 
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contain.  Fluor-spar  also  dissolves  sulphates  which  are  infusible  or  difficult  to  fuse  alone, 
such  as  heavy  spar,  gypsum,  &c.  Thus  with  l£  pt.  barium-sulphate,  4  pts.  anhydrous 
calcium-sulphate,  or  10  to  15  pts.  lead-sulphate,  fluor-spar  forms  vitreous  masses  which 
are  tolerably  fusible. 

Silicates. — The  earthy  and  alkaline  silicates  in  a  melted  state  have  the  capability 
of  dissolving  metallic  oxides  in  considerable  proportions,  forming  when  cooled  the 
vitreous  or  stony  masses  generally  called  slags.  In  metallurgic  operations  it  is  of 
importance  that  there  should  be  a  proper  proportion  between  the  silica  and  earthy 
bases  in  the  materials  from  which  the  slag  is  produced  in  melting,  in  order  that  its 
solvent  action  upon  the  metallic  oxides  present  may  be  neither  too  great  nor  too  little. 
The  former  might  be  the  case  if  there  were  too  much  silica ;  the  latter  if  there  were  too 
little.  Siliceous  slags  are  generally  of  such  composition  that  the  ratio  of  the  oxygen 
in  the  bases  to  that  in  the  silica  is  approximatively  either  as  1  :  3,  1 :  2,  or  1  : 1.  From 
the  nature  of  the  silicates  generally  and  from  the  circumstances  under  which  slags  are 
produced  in  metallurgical  operations,  it  is  of  course  rarely  that  they  are  definite 
chemical  compounds.  Slags  may  indeed  contain  definite  compounds,  but  in  almost  all 
cases  they  are  merely  heterogeneous  mixtures  of  such  compounds  with  other  adven- 
titious substances,  and  therefore  the  attempt  to  represent  their  composition  by  formulae 
is  not  only  useless  but  deceptive.  The  utmost  that  can  at  present  be  said  with  regard 
to  the  composition  of  slags  is,  that  there  are  certain  tolerably  constant  relations  between 
the  fusibility,  &c.  of  slags  and  the  ratio  of  the  oxygen  in  the  bases  to  that  in  the  silica. 
The  numerous  analyses  of  slags  from  different  metallurgic  operations  all  afford  evidence 
in  favour  of  this  view,  and  from  among  them  the  following  selections  will  serve  to  re- 
present the  general  composition  and  limits  of  variation  in  slags. 


Names  of  "Works. 

Blast  furnace  slags,  from  iron 
smelting. 

Slags  frormcopper  smelting. 

Lead  slag. 

Creusot. 

Gesberg. 

Roraas. 

Nafvequare 

Freiberg. 

Sala. 

Analyst. 

Guenyveau. 

Ongren. 

Sjogren. 

Johnson. 

Bredberg. 

Winckler 

Bredberg. 

Silica  . 
Alumina     . 
Ferric  oxide 
Manganous  oxide 
Ferrous  oxide 
Lime  . 
Magnesia    •         . 

39-5 
18-0 
3-0 
trace 

35-6 

49-6 
15-0 

Vo 

30-0 

58-6 
6-6 

2-8 
17 
9-3 
10-5 

61-1 
5-4 

2-6 
3-3 
19-8 
7'1 

31-4 
7-9 

55-2 
'4-5 

56-5 
9-4 

6-2 
20-0 
6-4 

51-4 

4-8 

34-1 
*7-6 

39-4 
6-2 

17-2 
17-8 
19-1 

Ratio  of  oxygen^ 
in  bases  to  oxy-  >• 
gen  in  silica      J 

96-1 
1:1 

97*6 
1:1-5 

89-5 

99-3 
1:2-5 

99-0 
1:1 

98-5 
1:2-5 

97-9 
1:2-5 

99-7 
1:2 

The  solvent  action  of  earthy  silicates  upon  metallic  oxides  is  especially  serviceable  in 
effecting  the  separation  of  the  ferrous  oxide,  produced  by  the  oxidising  roasting  of  ores 
and  certain  products  of  metallurgic  operations,  such  as  cdpper-matts,  &c.  Thus  when 
a  mixture  of  ferric  oxide,  cuprous  oxide,  and  a  silicate  containing  excess  of  silica  is 
subjected  to  reducing  melting,  the  cuprous  oxide  and  the  ferric  oxide  are  both  reduced, 
the  former  yielding  metallic  copper,  and  the  latter  ferrous  oxide,  which  combine  with 
the  silicate,  forming  a  fusible  slag  which  admits  of  the  metallic  copper  separating  out  and 
collecting  together  in  mass  below  it.  Manganic  oxide,  or  cobalt-oxide,  &c.,  would  behave 
in  the  same  manner  as  ferric  oxide;  and  any  easily  reducible  oxide,  in  the  same  manner 
as  cuprous  Oxide. 

Silicates  also  exercise  a  solvent  action  upon  the  gangue  mixed  with  ores.  Thus  for 
example,  when  an  ore  consisting  of  galena  and  gangue  is  melted,  with  addition  of 
ferric  oxide  and  suitable  slags,  the  latter  dissolve  the  gangue,  the  ferric  oxide  is 
reduced  to  ferrous  oxide,  which  reacts  with  the  lead-sulphide,  and  oxidises  a  portion  of 
the  sulphur  to  sulphurous  acid,  which  volatilises,  while  the  metallic  iron  produced  at 
the  same  time,  separates  the  lead  from  combination  with  the  remaining  sulphur,  and 
forms  iron-sulphide.  In  this  case  all  the  different  reactions  produced  in  melting 
operations  take  place  together. 

As  a  general  rule  it  may  be  stated,  that  when  mixtures  of  an  oxide  with  another 
oxide  which  is  more  easily  reduced,  and  of  silicates  containing  a  sufficient  amount  of 
silica,  are  subjected  to  reducing  melting,  the  least  easily  reducible  oxide  is  dissolved 
by  the  silicate  and  forms  slag,  while  the  more  easily  reducible  oxide  yields  metal.  To 
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obtain  this  result,  however,  it  is  necessary  that  the  silicate  should  be  present  in  suffi- 
cient amount,  and  that  its  melting  point  should  be  higher  than  the  temperature  at 
which  the  more  easily  reducible  oxide  is  decomposed,  and  lower  than  that  at  which  the 
less  easily  reducible  oxide  is  decomposed.  If  there  were  a  deficiency  of  silicate,  the 
whole  of  the  ferrous  oxide  would  not  be  converted  into  slag,  and  a  portion  of  it  would 
be  redueed  to  the  metallic  state.  If  the  silicate  melted  before  the  cuprous  oxide  had 
been  reduced,  part  of  the  latter  would  pass  into  the  slag ;  and  if  it  did  not  melt  till 
after  ferrous  oxide  had  been  partly  reduced,  the  copper  would  be  mixed  with  iron. 

Slags  should  in  general  be  more  easily  fusible,  or  at  most  not  less  fusible  than  the 
other  products  of  the  melting  operation ;  but  the  actual  degree  of  fusibility  will  vary 
considerably,  according  to  the  temperature  requisite  in  the  operation.  The  following 
table  contains  a  summary  of  the  more  important  results  obtained  by  Plattner  in  his 
investigation  of  the  fusibility  of  various  silicates  and  slags : — 


Temperature  of 
formation. 

Melting 
point. 

Silica. 

Baryta. 

Lime. 

S£ 

Alu- 
mina. 

Ferrous 
oxide. 

Man- 
gan- 
ous 
oxide 

Lead 
xide 

Ratio  of 

oxygen 
in  bases 
to  oxy- 
gen in 
silica. 

2200°  C. 

29-1 

70'9 

1     2-1 

2100° 

37*6 

62-4 

1     3 

2150° 

52-0 

48-0 

1     2 

2100° 

61-8 

38-2 

1     3 

2250° 

59'8 

40"? 

1     2 

2200° 

69-0 

31-0 

1     2*8 

2400° 

64*3 

35.7 

1     2 

2400° 

73-0 

27*0 

1     3-2 

2100° 

48-6 

10-0 

41-4 

1    2 

2100° 

45-0 

20-0 

3fi  -0 

1    2 

2050° 

54-0 

20-0 

9,fi'0 

1     2 

2000° 

55-5 

25-8 

18-7 

1 

1918° 

40-5 

37-?, 

22-3 

1     1 

1950° 

67-5 

26-5 

16'0 

1     2 

1789° 

30-5 

69-5 

1     i 

1832° 

47-0 

53-0 

1     2 

Iron  blast  furnace  slags. 
1876° 
Freiberg  copper  slag. 
1690° 
1730° 
Freiberg  lead  slag. 
1460° 
Freiberg  copper  slag. 
1546° 

1431° 
1445° 
1331° 
1360° 

1317° 
13450 

50-0 
58-0 
48-0 
50-0 

36-5 
32-7 

1-5 

30-0 
22-0 
4-5 
3-0 

4-0 

10-0 

1-5 
1-5 

3-0 

17'0 
6-0 
9-0 
6-0 

8-5 
7-0 

3-0 
2-0 
37-0 
38-0 

40-5 
60'3 

Vd 

7'5 

1     1-ft 
1    2-2 
1  :  1-75 

1     2 

1  :  1-25 
1     i 

The  temperatures  given  as  those  at  which  these  silicates  were  formed  and  melted  refer 
to  the  melting  points  of  platinum  2534°  C.,  gold  1102°  C.,  silver  1023°  C.,  and  lead 
334°  C.,  adopted  by  Plattner  as  the  standards  of  comparison  in  his  experiments. 

The  fluidity  of  slags  differs  very  considerably,  and  it  is  often  of  great  importance  in 
practice.  The  mode  in  which  they  solidify  also  is  of  still  greater  importance.  Some 
are  very  liquid,  but  change  at  once  by  reduction  of  temperature  from  the  liquid  to  the 
solid  state  ;  others  are  less  liquid,  and  solidify  gradually,  passing  through  several  stages 
of  viscidity. 

The  former  always  contain  a  smaller  proportion  of  silica  than  the  latter ;  and  the 
characters  of  slags,  while  in  the  melted  state,  and  after  solidification,  often  furnish 
the  practised  metallurgist  with  indications  as  to  whether  the  materials  he  is  operat- 
ing upon  are  duly  proportioned  or  not. 

Slags  are  sometimes  amorphous,  sometimes  crystalline.  The  former  are  often 
glassy  ;  the  latter  present  an  appearance  resembling  certain  rocks,  such  as  lava,  and  in 
composition  they  often  approximate  to  augite,  olivin,  felspar,  &c. 

SUBLIMATION  AND  DISTILLATION. 

Volatilisable  metals  and  metallic. compounds  are  in  some  cases  separated  from 
their  ores  by  means  of  that  character.  Thus  arsenious  acid,  arsenic  sulphide,  and  cin- 
nabar are  separated  in  this  way  from  other  substances  with  which  they  may  be  mixed  or 
combined.  The  native  compounds  of  iron  with  arsenic  are  decomposed  by  heat, 
yielding  metallic  arsenic,  which  is  volatilised,  while  a  lower  arsenide  remains.  Arsenical 


956  METALLURGY. 

pyrites  heated  in  a  close  vessel  yields  arsenic  sulphide  at  first,  and  finally  metallic 
arsenic,  about  half  the  sulphur  and  rather  less  of  the  arsenic  remaining  combined  with 
the  iron.  When  mercury  ores  are  heated  with  some  substance  capable  of  forming  a 
fixed  compound  with  any  constituent  of  them  which  is  capable  of  being  volatilised  in 
combination  with  the  metal,  metallic  mercury  distils  off.  Zinc-carbonate,  intimately 
mixed  with  carbon  and  exposed  to  a  white  heat,  is  decomposed  after  losing  its  car- 
bonic acid ;  the  carbonic-oxide  produced  by  the  partial  combustion  of  the  carbon  reduces 
the  zinc-oxide,  and  the  metal  is  volatilised. 

ELIQUATION  AND  CRYSTALLISATION. 

These  operations  are  practised  with  the  object  of  separating  mixtures  of  substances 
which  have  different  melting  points,  or  which  solidify  at  different  temperatures. 
Argentiferous  lead  is  separated  from  a  mixture  of  lead  and  copper  containing  silver 
(see  p.  953),  by  heating  it  in  such  a  manner  that  when  the  lead  melts,  it  can  flow  away 
from  the  alloy  of  copper  and  lead  which  remains  solid.  Silver  is  separated  from 
argentiferous  lead  by  crystallisation,  since  the  alloy  of  lead  with  the  largest  proportion 
of  silver  does  not  solidify  until  the  alloy  of  lead  with  the  smallest  proportion  has 
separated  in  crystals.  (See  p.  504.) 

The  metallurgical  operations  already  treated  of  being  all  conducted  with  the  aid  of 
heat,  involve  the  use  of  fuel  as  a  source  of  heat;  and  it  is  therefore  an  object  of  great 
importance  to  apply  it  to  this  purpose  in  the  most  efficient  and  economical  manner. 
The  general  principle  by  which  the  relative  value  of  different  kinds  of  fuel  may  be 
determined,  aud  the  conditions  under  which  they  may  be  rendered  most  efficacious, 
haA^e  been  already  considered.  (See  FUEL,  ii.  718  et  seq.)  It  now  only  remains  to  refer 
simply  to  the  means  of  augmenting  the  efficacy  of  fuel  beyond  its  natural  capability,  so 
far  as  relates  to  the  production  of  high  temperatures  by  the  application  of  heated  air 
in  the  combustion  of  fuel.  The  advantage  gained  in  this  way  always  involves  the 
consumption  of  a  proportionately  larger  amount  of  fuel  according  to  the  degree  of 
temperature  produced ;  but  since  the  metallurgic  operations  which  require  a  very  high 
temperature  can  be  conducted  much  more  rapidly  in  proportion  as  the  temperature  is 
increased,  the  saving  of  fuel  effected  by  using  a  high  temperature  is  referable  to  the 
larger  quantity  of  material  which  can  be  worked  within  a  given  time,  compared  with 
what  can  be  worked  within  the  same  time  at  a  lower  temperature. 

Whenever  it  is  necessary  to  use  fuel  in  such  a  manner  that  only  a  portion  of  its 
heating  power  is  rendered  effective,  as  in  most  of  the  operations  connected  with  the 
manufacture  of  iron,  a  very  great  economy  can  be  effected  by  using  the  waste  gases  for 
the  purpose  of  heating  the  air  with  which  the  furnaces  are  fed,  instead  of  allowing 
those  gases  to  escape  without  .producing  any  useful  effect.  The  heat  thus  communicated 
to  the  air  with  which  the  furnaces  are  fed  has  the  effect  of  raising  the  temperature 
produced  in  those  furnaces  to  a  degree  far  higher  than  can  be  produced  by  the  mere 
combustion  of  the  fuel  used.  This  augmentation  of  temperature  is  of  course  propor- 
tionate to  the  increased  temperature  at  which  air  is  supplied  to  the  furnaces,  and  since 
the  production  of  a  very  high  temperature  is  the  essential  condition  by  which  economy 
of  fuel  is  to  be  attained  in  the  manufacture  of  iron,  the  means  of  insuring  this  object 
are  of  the  highest  importance.  (See  IEON,  iii.  362  et  seq.,  and  FUEL,  ii.  729.) 

In  many  metallurgic  operations,  the  use  of  gaseous  fuel  obtained  by  burning  coal,  &c., 
BO  as  to  convert  it  into  carbonic  oxide  and  hydrocarbon  gases,  is  capable  of  being  made  a 
very  valuable  means  of  effecting  economy  in  fuel,  and  at  the  same  time  of  obtaining  more 
advantageous  results  as  regards  the  metals  produced ;  but  as  yet  little  progress  has  been 
made  in  this  direction  compared  with  the  capabilities  which  exist  for  such  a  use  of  fuel. 

The  use  of  air  containing  a  larger  amount  of  oxygen  than  atmospheric  air  would  also 
be  a  very  efficient  means  of  economising  fuel,  especially  in  operations  requiring  high 
temperatures  or  intensity  rather  than  quantity  of  heat.  Some  attempts  have  already 
been  made  to  realise  the  advantages  of  such  a  practice,  but  they  have  not  hitherto 
been  attended  with  any  such  success  in  relation  to  the  larger  metallurgic  operations  as 
to  require  more  than  a  passing  mention.  (See  FUEL,  ii.  725.) 

The  metallurgic  operations  which  are  conducted  without  the  aid  of  a  high  tempera- 
ture, and  by  the  agency  of  water  or  other  solvents,  according  to  what  is  termed  the 
wet  way,  are  but  few,  viz.  the  extraction  of  platinum  and  silver,  the  separation  of  gold 
from  silver,  and  to  a  less  extent  the  extraction  of  copper  from  some  of  its  ores. 

SOLUTION  AND  PRECIPITATION. 

By  the  first  of  these  operations  silver  is  extracted  from  its  ores  as  sulphate,  or  by 
means  of  a  solution  of  sodium-chloride,  after  the  metal  has  been  converted  intochlo- 
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ride.  Platinum  is  also  extracted  from  its  ores  by  means  of  nitro-hydrochloric  acid,  and 
silver  is  separated  from  gold  by  treatment  with  nitro-hydrochloric  acid,  which  dissolves 
only  the  latter  metal ;  or  when  the  silver  amounts  to  more  than  three  times  as  much  as 
the  gold,  by  means  of  nitric  acid  (see  GOLD,  ii.  925),  which  dissolves  only  the  silver, 
this  operation  being  termed  parting.  Copper  is  also  extracted  from  poor  ores  by 
converting  it  into  chloride  or  sulphate,  and  dissolving  these  salts  out  with  water.  (See 
COPPER,  ii.  36.) 

Another  operation  involving  solution  is  the  extraction  of  gold  and  silver  from  their 
ores  by  means  of  mercury,  which  is  frequently  practised  under  the  name  of  amalga- 
mation, since  the  solution  of  the  metals  by  mercury  depends  upon  the  formation  of 
an  amalgam,  which  dissolves  in  excess  of  mercury.  (See  GOLD,  ii.  925,  and  SILVER.) 

Precipitation  is  practised  for  the  separation  of  metals  from  the  solutions  obtained 
from  ores  as  above  mentioned.  Thus  copper  is  precipitated  in  the  metallic  state  by 
means  of  metallic  iron,  which  decomposes  the  copper- compound  held  in  solution.  This 
operation  is  termed  cementation.  (See  COPPER,  ii.  36.)  Platinum  is  separated  from 
solution  as  ammonio- chloride,  by  precipitation  with  solution  of  sal-ammoniac; 
silver  as  chloride,  by  means  of  solution  with  salt,  or  hydrochloric  acid ;  and  gold,  in 
the  metallic  state,  by  means  of  ferrous  sulphate.  (See  GOLD,  ii.  925.) 

The  various  operations  of  metallurgy  which  are  conducted  by  means  of  electrolysis, 
such  as  electroplating,  electrogilding,  and  electrotyping,  depend  upon  the 
principles  which  have  already  been  discussed  in  general  terms  in  the  article  ELECTRICITY 
(ii.  414  ft  scq.,  and  437) ;  and  more  precise  details  will  be  found  in  Ure' s  Dictionary  of 
Arts,  Manufactures,  and  Mines,  article  ELECTRO-METALLURGY. 

The  methods  of  manufacturing  aluminium,  magnesium  and  sodium,  &c.,  will  be 
found  in  the  articles  devoted  to  the  general  chemistry  of  those  metals.  B.  H.  P. 

XKSTAX.S,  ATOMIC  -WEIGHTS  ABTI>  CLASSIFICATION  OF. 
GROUP  I.  Monad  metals. — The  received  atomic  weights  of  the  non-metallic 
monads,  fluorine,  chlorine,  bromine,  and  iodine,  or  19,  35'5,  80,  and  127,  are  merely 
the  relative  weights  of  each  of  them  which  have,  the  same  gaseous  bulk  as  the  unit  of 
hydrogen.  These  four  halogen  elements,  which  may  be  considered  as  chlorous  or  elec- 
tro-negative varieties  of  hydrogen,  have  the  characteristic  property  of  replacing 
hydrogen  and  one  another,  in  a  great  variety  of  compounds,  by  an  equivalent  substitu- 
tion of  volume  for  volume,  atom  for  atom.  The  fluoride,  chloride,  bromide,  and  iodide 
of  hydrogen  are  composed  of  equal  volumes  of  halogen  and  hydrogen  united  without 
condensation,  one  volume  or  atom  of  chlorine,  for  instance,  uniting  with  one  volume  or 
atom  of  hydrogen,  to  form  two  volumes  of  hydrochloric  acid,  HC1.  These  two  volumes 
constitute  the  molecule  of  hydrochloric  acid,  which  is  usually  regarded  as  a  chloro- 
derivative  of  the  molecule  of  hydrogen,  HH,  and  taken  as  a  convenient  standard  of 
comparison  for  two- volume  molecules  in  general. 

The  metals  lithium,  sodium,  potassium,  rubidium,  caesium,  and  silver 
are  correlative  to  the  above  halogen  elements,  and  accordingly  may  be  looked  upon  as 
basylous  or  electro-positive  varieties  of  hydrogen.  Their  received  atomic  weights, 
namely,  Li  7,  Na  23,  K  39,  Kb  85,  Cs  133,  and  Ag  108,  express  the  relative  quantities  of 
each  of  them  which  can  displace  1  part  by  weight  of  hydrogen  to  unite  with  35-5  parts 
by  weight  of  chlorine.  Now  it  is  found  by  experiment  that  7  parts  of  lithium,  23 
parts  of  sodium,  39  parts  of  potassium,  and  108  parts  of  silver  have  substantially  the 
same  specific  heat  as  one  another;  so  that  7  parts  of  lithium  and  108  parts  of  silver, 
for  instance,  absorb  or  evolve  the  same  amount  of  heat  in  undergoing  the  same 
increment  or  decrement  of  temperature.  The  specific  heats  of  the  atomic  proportions 
of  these  four  metals,  and  by  analogy  of  rubidium  and  caesium  also,  are  moreover  sub- 
stantially identical  with  the  specific  heats  of  the  atomic  proportions  of  chlorine, 
bromine,  and  iodine,  and  may  be  expressed  with  sufficient  accuracy  for  our  present 
purpose  by  the  number  6-2,  in  comparison  with  the  specific  heat  of  water  taken  as 
the  standard  of  unity.  Each  of  these  metals  unites  with  chlorine  in  but  a  single 
definite  proportion,  to  form  a  chloride  expressible  by  the  general  formula  M'Cl,  de- 
rivable from  the  type  HC1 ;  and  the  specific  heats  of  these  several  chlorides  and  of 
the  corresponding  bromides  and  iodides,  approximate  to  the  number  12 -4,  giving  a 
specific  heat  of  6'2  for  each  atom  in  the  molecule. 

The  chlorides  of  the  monad  metals,  though  more  or  less  volatile  at  high  tempera- 
tures, are  not  sufficiently  so  to  allow  of  their  densities  in  the  vaporous  state  being 
ascertained  by  experiment.  Their  theoretical  vapour-densities,  however,  are  assumed 
to  be  the  halves  of  their  respective  atomic  weights,  and  their  molecules  are  accordingly 
referred  to  the  normal  two-volume  standard.  One  or  two  of  these  metals,  more  parti- 
cularly lithium  and  sodium,  have  been  made  to  combine  with  the  organic  radicles 
methyl  and  ethyl ;  but  the  resulting  methides  and  ethides  have  not  been  obtained  in 
an  isolated  condition,  and  a  fortiori  have  not  had  their  vapour-densities  determined. 

The  metals  of  this  group  have  the  common  property  of  forming  sulphates  which 
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combine  with  sulphate  of  aluminium  to  produce  a  highly  characteristic  class  of 
hydrated  double  salts,  crystallising  in  octahedrons,  and  known  by  the  generic  name  of 
the  alums.  They  are  also  distinguished  by  their  capability  of  forming  acid  and  mixed 
salts  of  dibasic  acids,  and  incapability  of  forming  basic  and  mixed  salts  of  monobasic 
acids,  properties,  however,  which  appertain  to  silver  in  only  a  limited  degree.  The 
metals  potassium,  rubidium,  and  caesium  form  a  definite  sub-group,  characterised  by 
special  properties.  They  are  the  most  powerfully  basylous  or  oxidisable  of  all  the 
elements,  and  the  intensity  of  their  basylity  increases  in  the  order  of  their  atomic 
weights.  Their  hydrates  and  sulphydrates  are  very  soluble  in  water,  forming  power- 
fully caustic  solutions.  Their  carbonates  also  are  very  deliquescent,  soluble,  and 
caustic  compounds.  Their  chlorides  are  deliquescent  and  soluble,  their  sulphates 
sparingly  soluble,  and  their  platino-chlorides  and  acid-tartrates  almost  insoluble. 
Sodium  is  far  less  basylous  than  potassium,  and  lithium  than  sodium.  The  inferior 
oxidisability  of  sodium  is  well  shown  by  its  want  of  action  on  a  strong  solution  of 
caustic  soda,  and  by  the  facility  with  which  it  is  produced  and  manipulated  in  the 
operations  of  modern  metallurgy.  Its  hydrate  and  sulphydrate  resemble  those  of 
potassium,  but  its  carbonate  is  efflorescent,  very  moderately  soluble,  and  scarcely  at  all 
caustic ;  while  carbonate  of  lithium  is  almost  insoluble,  and  the  phosphate  yet  more  so, 
like  the  carbonates  and  phosphates  of  the  alkali-earth  metals.  Moreover,  while  car- 
bonate of  potassium  is  perfectly  fixed  in  the  fire,  carbonate  of  sodium  loses  a  small 
proportion,  and  carbonate  of  lithium  a  considerable  proportion  of  carbonic  anhydride  ; 
and  again,  the  solution  of  chloride  of  lithium,  though  to  a  less  degree  than  that  of 
chloride  of  magnesium,  is  decomposed  during  evaporation,  with  loss  of  hydrochloric 
acid.  Silver,  although  distinguished  from  most  of  the  heavy  metals  by  the  perfect 
neutrality  of  its  soluble  salts,  differs  from  the  alkali-metals  proper  in  its  high  specific 
gravity,  its  permanence  in  air,  the  insolubility  of  its  chloride,  &c.,  and  in  the 
indifference  of  its  oxide  and  sulphide  to  the  action  of  water.  Nevertheless  there  seems 
to  be  a  relationship  between  sodium  and  silver  manifested  by  the  isomorphism  of  then 
anhydrous  sulphates,  and  in  other  ways.  Bearing  in  mind  also  the  general  rule  that 
the  specific  gravities  of  allied  metals  increase  in  the  order  of  their  atomic  weights,  the 
superior  specific  gravity  of  sodium  over  that  of  potassium  may  be  taken  to  indicate  its 
having  a  latent  association  with  the  heavy  metals.  The  triad  metals  thallium  and  gold,  in 
addition  to  their  characteristic  trichlorides,  form  protochlorides  corresponding  in  their 
specific  heats,  insolubility,  and  general  properties,  to  the  above-mentioned  proto- 
chloride  of  silver,  whence  the  metals  themselves  may  be  regarded  as  being  at  the  same 
time  monatomic  and  triatomic, 

GBOUP  II. — Dyad  Metals;  namely,  glucinum,  magnesium,  calcium,  stron- 
tium, barium,  zinc,  cadmium,  and  mercury.  The  metals  of  this  class  agree 
with  those  last  considered  in  being  more  or  less  strongly  basylous,  but  differ  from 
them  in  a  variety  of  other  particulars.  Of  glucinum  very  little  is  really  known,  but  its 
unascertained  properties  will  be  assumed  to  correspond  generally  with  the  known 
properties  of  magnesium.  With  the  exception  of  mercury,  which  in  addition  to  its 
normal  chloride,  or  corrosive  sublimate,  forms  an  inferior  chloride,  or  calomel,  to  be  left 
out  of  consideration  for  the  present,  all  the  members  of  this  group  unite  with  chlorine 
in  a  single  proportion  only.  With  the  atomic  weights  formerly  accorded  to  those 
metals,  their  chlorides  would  be  represented  as  protochlorides  by  the  general  formula 
M'Cl  corresponding  to  HC1 ;  but  doubling  their  respective  atomic  weights  as  advo- 
cated more  particularly  by  Wurtz  and  Cannizzaro,  their  chlorides  must  be  repre- 
sented as  dichlorides,  by  the  general  formula  M"CP  corresponding  to  OOP,  as  shown 
below : 


HC1 

a        4-5  GCl 

Mg    12  MgGl 

Ca     20  CaCl 

Sr     43-75  SrCl 

Ba     68-5  BaGl 

Zm     32-5  ZnCl 

Cd     56  CdC\ 

Hg  100  HgC\ 


OC12 


G        9 

MgCl2  Mg    24 

CaCl2  Ca     40 

SrCl3  Sr     87'5 

Bad2  Ba   137 

ZnCl2  Zn     65 

CdCl2  Cd  112 

HgCl2  Hg  200 


Several  metals  not  belonging  to  this  group  form  chlorides  analogous  to  those  above 
tabulated,  just  as  the  triad  metals  thallium  and  gold  form  protochlorides  analogous  to 
protochloride  of  silver.  The  disputed  formulae  of  a  few  of  them  are  appended  for  the 
sake  of  illustration : — 

Cu    31-75  CuCl  I  CuCl2  Cu    635 

Sn    59  SnCl  SnCl2  Sn  118 

Pb  103-5  PbG\  PbCF  Pb  207 


AND   CLASSIFICATION   OF.  959 

The  general  principles  on  which  the  determination  of  atomic  weights  must  logically 
depend,  were  discussed  very  fully  in  a  previous  article  (vide  ATOMIC  WEIGHTS),  which  it 
may  be  observed  was  necessarily  written  long  before  the  date  of  its  publication.  It 
was  therein  stated,  that  although  in  the  author's  opinion,  the  arguments  in  favour  of 
doubling  the  atomic  weights  of  the  metals  now  under  consideration,  were  not  at  that  time 
sufficiently  cogent  to  warrant  the  adoption  of  a  hasty  change  in  old  established  usages, 
yet  that,  the  proposal  being  then  of  very  recent  introduction,  it  was  not  improbable  thatin 
course  of  time  the  objections  to  which  it  was  liable  would  be  more  or  less  satisfactorily  ex- 
plained away,  while  further  potential  arguments  might  possibly  be  adduced  in  its  support. 
And  this  is  what  has  since  actually  taken  place  ;  for  although  the  objections  to  the  pro- 
posal cannot  even  now  be  regarded  as  altogether  overcome,  yet  the  arguments  in  its 
favour  preponderate  so  largely  as  to  leave  no  doubt  whatever  about  the  ultimate 
necessity  for  its  adoption.  Before  considering  seriatim  the  reasons  for  and  against 
the  proposed  doubling  of  the  atomic  weights  of  these  metals,  it  may  be  observed 
at  starting,  that,  just  as  there  are  monatomic,  diatomic,  and  triatomic  chlorous 
elements,  so  should  we  expect  to  have  monatomic,  diatomic,  and  triatomic  basylous 
elements  or  metals.  It  would,  moreover,  be  extremely  strange  if  while  triad  and  tetrad 
metals  are  abundantly  met  with,  there  should  exist  only  one  or  two  well-known  dyad 
metals.  Again,  just  as  among  chlorous  elements,  the  distinction  between  monatomic 
and  triatomic  atoms  was  recognised  long  before  the  distinction  between  monatomic  and 
diatomic  atoms,  so  is  it  natural  that  among  basylous  elements  also,  the  distinction 
between  monatomic  and  diatomic  metals  now  proposed  fur  adoption,  should  not  be 
established  until  long  after  the  distinction  between  monad  and  triad  metals  had  been 
all  but  universally  acknowledged. 

a.  Atomic  Heat. — If  we  represent  the  chlorides  tabulated  above,  as  dichlorides, 
we  find  that  the  proportions  of  metal  combined  with  two  atoms  of  chlorine  in  their 
respective  molecules  have  their  specific  heats  expressed  by  the  number  6'2,  just  as  have  the 

and  the  several  proportions  of  metal  united  with  three  atoms  of  chlorine  in  undisputed 
trichlorides.  But  if  we  continue  to  regard  the  chlorides  in  question  as  protochlorides, 
the  proportions  of  metal  contained  in  their  respective  molecules  will  have  only  half  the 
specific  heat  of  the  proportions  of  metal  contained  in  the  molecules  of  undisputed  proto- 
and  trichlorides.  In  other  words,  with  the  doubled  weights  and  formulae,  the  atoms 
of  this  group  of  metals  will  have  the  same  specific  heats,  whereas  with  the  old  atomic 
weights  they  will  have  only  half  the  specific  heats,  of  the  atoms  of  chlorous  dyads, 
such  as  sulphur  and  selenium ;  of  chlorous  and  basylous  monads,  such  as  bromine, 
iodine,  sodium,  and  silver ;  and  of  chlorous  and  basylous  triads,  such  as  phosphorus, 
arsenic,  thallium,  and  gold.  Moreover  the  specific  heats  of  their  respective  chlorides, 
&c.,  written  as  dichlorides,  will  agree  with  the  specific  heats  of  undisputed  proto-  and 
trichlorides  in  this  particular,  that,  divided  by  the  number  of  atoms  in  the  molecule, 
they  will  all  yield  the  constant  6'2.  Thus  the  ascertained  specific  heat  of  corrosive 
sublimate  HgCl2  (200  +  35-5  x  2)  is  18'67,  which  divided  by  3,  gives  the  quotient  6-22. 

Objection. — The  argument  from  atomic  heat  is  admitted  to  have  great  force, 
though  hardly  sufficient  to  be  absolutely  decisive  of  the  question,  inasmuch  as  the  ato- 
mic heats  of  the  non-metals,  boron,  carbon,  and  silicon,  are  not  under  any  circumstances 
more  than  half  as  great  as  the  atomic  heats  of  their  metallic  congeners.  It  being 
therefore  impossible  to  accord  the  same  specific  heats  to  the  atoms  of  all  the  elements,  it 
is  quite  conceivable  that  the  atomic  heat  of  certain  metals  should  differ  from  the. 
atomic  heat  of  the  remainder,  that  magnesium  and  mercury,  for  instance,  should 
have  only  half  the  atomic  heat  of  sodium  and  silver.  Then  the  molecule  of  chloride 
of  mercury  HgCl,  for  instance,  would  have  the  specific  heat  of  its  constituent  atoms, 
3'1  +  6'2  =  9-3;  while  the  molecule  of  chloride  of  silver  AgCl,  would  have  the  specific 
heat  of  its  constituent  atoms,  6'2  +  6'2  =  12'4. 

$.  Molecular  Volume. — Mercuric  chloride  and  mercuric  ethide,  if  represented 
as  dyadic  by  the  formulas  HgCl2  and  HgEt2  respectively,  have  the  same  molecular 
volume  as  the  corresponding  monadic  compounds,  hydric  chloride  HC1,  and  hydric 
ethide  HEt,  respectively,  and  as  the  corresponding  triadic  compounds,  arsenic  chloride 
AsCl8,  and  arsenic  ethide  AsEt3  respectively.  The  gaseous  volumes  of  zinc-chloride 
and  stannous  chloride  have  not  been  ascertained,  but  the  gaseous  volumes  of  their 
corresponding  ethides  and  methides  agree  with  the  ethide  and  methide  of  mercury,  in 
the  circumstance  of  their  respective  vapour-densities  being  the  halves  of  their  atomic 
weights,  when  they  are  represented  as  dyadic  compounds,  thus : 

2  vols.  2  vols.  2  vols. 

H  Cl                      Hg"Cl2  As'"Cl« 

HEt                      Hg"Et2  As'"Et8 

EtCl                       Zn"Et2  B'"C1» 

Sn"Et2  B'"Et» 
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In  other  words,  the  volatile  chlorides  and  ethides  of  these  metals,  if  represented  as 
dyadic,  will  have  the  same  molecular  volume,  whereas  if  represented  as  monadic  they 
will  have  only  half  the  molecular  volume  of  undisputed  protochlorides  and  trichlorides, 
protethides  and  triethides,  &c. 

Objection. — The  above  argument  from  molecular  volume  is  considered  to  have 
rather  less  weight  than  that  from  atomic  heat :  for  by  according  to  chloride  of  mercury 
and  its  congeners  the  formulae  which  bring  their  molecular  volumes  into  accordance 
with  the  molecular  volumes  of  chloride  of  hydrogen,  chloride  of  oxygen,  &c.,  we  are 
forced  to  accord  to  the  metals  themselves,  molecular  volumes  which  are  discordant 
with  the  molecular  volumes  of  the  elements,  hydrogen  and  oxygen,  &c.,  thus : 

2  vols.  2  vols. 

HC1  H20"  CPHg"  ) 

HEt  Et20"  Et2Hg"hvols. 

EtGl  C12S"  Et2Cd"  ) 

HH  00  HgHg    ) 

C1C1  SS  GdCd      [4  vols. 

BrBr  SeSe  ZnZn     J 

In  other  words,  the  proportions  of  mercury,  of  cadmium,  and  by  analogy  of  zinc, 
which  combine  with  two  atoms  of  chlorine,  or  ethyl,  or  methyl,  have  double  the 
gaseous  volume  of  the  proportion  of  hydrogen  which  combines  with  one  atom  of 
chlorine,  or  ethyl,  or  methyl,  and  consequently  double  the  volume  of  the  proportions 
of  oxygen  and  sulphur  respectively  which  combine  with  two  atoms,  and  of  the 
proportion  of  nitrogen  which  combines  with  threfr  atoms  of  chlorine,  or  ethyl,  or 
methyl.  But  just  as  the  diatomic  chlorous  elements,  oxygen  and  sulphur,  have  the 
same  gaseous  volume  as,  and  not  double  the  volume  of,  the  monatomic  chlorous 
elements,  chlorine  and  bromine,  so  should  we  expect  the  diatomic  basylous  elements, 
mercury  and  cadmium,  to  have  the  same  volume  as,  and  not  double  the  volume  of, 
the  monatomic  basylous  metalloid,  hydrogen.  This  objection  has  been  partly  met 
by  comparing  the  molecules  of  mercury,  cadmium,  &c.,  not  with  the  molecules  of  free 
oxygen,  free  sulphur,  &c.,  which  are  divisible  in  the  act  of  combination,  but  with  the 
molecules  of  the  diatomic  compound  radicles  carbonic  oxide,  sulphurous  anhydride, 
ethylene,  &c.,  which  are  indivisible ;  thus : — 

2  vols.  2  vols.  2  vols. 

-fr  Hg"  0"C13 

Cl2  Cd"  S"C12 

O2  (CO)"  Hg"Cl2 

S2  (SO2)"  Cd"Cl2 

£e2  (C2H4)"  (CO)"C12 

N2  (C6H6)"  (C2H4)"C12 

Whatever  value  may  be  accorded  to  this  explanation,  however,  the  experimental 
discordance  undoubtedly  remains,  that  the  atomic  proportions  of  the  dyadic  basyloids 
mercury  and  cadmium,  have  double  the  volume  of  the  dyadic  chloroids  oxygen  and 
sulphur. 

•y.  Double  Salts. — The  characteristic  property  of  a  dyad  element  is  its  capabi- 
lity, when  united  with  one  and  the  same  monatomic  radicle,  of  parting  with  that 
radicle  by  two  successive  substitutions,  and  of  thereby  uniting  with  two  distinct 
monatomic  radicles.  Now  this  property  of  combining  with  two  different  radicles  is 
certainly  very  well  exemplified  by  the  class  of  metals  we  are  at  present  considering, 
as  shown  in  the  list  of  compounds  tabulated  below,  which  might  be  largely  extended : 

(HgCiy     .        .  .  Mercury,  dichloride  .  Hg"Cl2 

HgCl.ffgEt        .  .  „        chlor-ethide  .  Hg"ClEt 

(##Et)2     ...  „        diethide    .  .  Hg"Et2 

HgEt.Hg'M.Q?     .  .  „        etho-methide  .  Hg"EtMe? 

ZwEt.ZwI  .         .  .  Zinc  iodo-ethide       .  .  Zn"EtI 

CaClCaClO       .  .  Bleaching  powder    .  .  Ca"Cl2O* 

£rN08.SrC2H302  .  Strontium  acetato-nitrate .  Sr".N03.C2H»Oa 

.BaNOs..BaC2H302  .  Barium  acetato-nitrate  .  Ba".N03.C2H302 

CuH.O.CuF        .  .  Copper,  fluo-hydrate  .  Cu".HO.F 

P&HO.P6NO3     .  .  Lead,  hydrate-nitrate  .  Pb".HO.NOs 

P6HO.P6C2H302  .  „      hydrate-acetate  .  Pb".HO.C2H802 
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The  greater  number  of  these  double  compounds  possess  a  moderate  degree  of  sta- 
bility, while  some  of  them,  as  the  double  halogen  ethides  and  methides,  are  among 
the  most  definite  and  stable  of  metallic  salts.  The  relation  of  the  organic  compounds 
of  mercury  and  arsenic  to  one  another  is  evidently  parallel  to  that  of  alcohol  and 
ether  to  the  ethylamines,  as  shown  below : 


Triads. 

H3N  CPAs 

EtH2N  EtCPAs 

Et-HN  Et2ClAs 

Et«N  Et3As 


Dyads. 
H20  Cl2Hg 

EtHO         EtClHg 
Et20  Et2Hg 


Monads. 

HCl        CINa 
EtCl        EtNa 


Again,  just  as  in  alcohol,  the  basylous  radicles,  hydrogen  and  ethyl,  are  held  together 
by  diatomic  oxygen,  so  in  the  hydrato-nitrate  of  lead,  the  two  chlorous  radicles  are 
held  together  by  diatomic  lead  (Williamson,  Chem.  Soc.  J.  xvii.  211).  Accordingly, 
if  in  alcohol  we  replace  diatomic  oxygen  by  monatomic  chlorine,  we  get  two  distinct 
chlorides,  thus: 

PCPCP    +    HEtO"  =   PCPO"   +   HCl  +   EtCL 

And  similarly,  if  in  our  lead-salt  we  replace  diatomic  lead  by  monatomic  silver,  we 
get  two  distinct  argentides,  thus : 

S04Ag«   +  HO.NOW    =   SOW    +   HOAg   +    N08Ag. 

Objections. — The  force  of  this  argument  is  much  diminished  by  remembering 
that  certain  undoubted  monatomic  elements  and  groupings  have  the  property,  though 
to  a  limited  extent,  of  combining  with  two  distinct  monatomic  radicles.  Chlor-ethide 
of  mercury,  for  instance,  Hg"EtCl,  may  be  written  (Hg2)EtCl,  and  compared  with 
iodo-nitrate  of  silver,  (Ag-)I.lS"03,  argento-chloride  of  sodium,  (CP)AgNa,  hydro- 
fluoride  of  potassium,  (F2)HK,  hydro-acetate  of  potassium,  (2C2H302)HK,  and  many 
similar  compounds,  in  which  we  have  the  monatomic  elements  silver,  chlorine,  fluorine, 
as  well  as  monobasic  acetic  acid,  &c.,  combined  with  two  different  monatomic  radicles, 
although,  indeed,  the  stability  of  these  compounds,  save  and  except  some  of  the  hydro- 
fluorides,  is  of  a  very  feeble  character.  Moreover,  in  contrasting  the  properties  of 
monatomic  ethyl  and  diatomic  ethylene,  and  comparing  the  undisputed  monad  metals 
with  the  former,  and  the  metals  under  discussion  with  the  latter,  there  is  one  point,  at 
any  rate,  of  some  importance  in  which  the  comparison  does  not  hold  good.  The 
hydrogen  of  a  dibasic  acid  is  found  to  be  replaceable  by  two  different  monatomic 
radicles,  and  by  the  same  radicle  at  two  successive  stages,  whereas  it  is  replaceable  by 
a  single  diatomic  radicle  only,  and  that  at  a  single  operation.  Thus  the  diatomic 
radicle  ethylene  may  be  substituted  for  the  hydrogen  of  oxalic  acid  to  form  oxalate  of 
ethylene,  (C2H4)"C204,  which  is  the  only  derived  oxalate  of  ethylene  hitherto  known ; 
but  with  the  monatomic  radicle  ethyl  we  have  acid  oxalate  of  ethyl,  (C2H5)'HC204, 
neutral  oxalate  of  ethyl,  (C2H5)2C204,  potassic  oxalate  of  ethyl,  (C2H5)KC204,  &c.  In 
other  words,  the  monatomic  radicle  ethyl  does,  and  the  diatomic  radicle  ethylene  does 
not,  form  acid  and  double  ethers  or  salts  of  dibasic  acids ;  and  a  similar  difference  of 
behaviour  is  manifested  by  monatomic  and  diatomic  chlorous  radicles,  such  as  acetyl 
(C-H30)'  and  oxalyl  (C202)",  in  their  relation  to  a  diacid  base  such  as  glycol.  Now 
there  certainly  does  not  seem  to  be  any  decided  difference  in  this  particular  between 
the  two  groups  of  metals.  One  member,  at  any  rate,  of  the  first  group — namely, 
silver — does  not  or  scarcely  does,  while  several  of  the  members  of  the  second  group 
very  readily  do,  form  well-defined  acid  and  double  salts,  as  exemplified  by  the  acid 
oxalate  of  barium,  Z?aHC204,  potassio-oxalate  of  zinc,  ZwKC204,  acid  carbonate  of 
magnesium,  MgHCO3,  gay-lussite,  CaNaCO3,  dolomite,  MgCaCO3,  acid  sulphate  of 
zinc  Z;zHS04,  glauberite,  taNaSO6,  acid  selenite  of  calcium,  CaHSeO3.  &c.  &c.  Such 
salts  as  the  sulphovinatas  of  calcium  and  barium  cannot  properly  be  adduced  in  illus- 
tration, because,  although  for  some  purposes,  sulphovinic  acid  may  be  regarded  as  a 
double  sulphate  of  ethyl  and  hydrogen,  comparable  with  acid  sulphate  of  potassium, 
yet  it  is  in  reality  a  conjugated  compound  analogous  to  the  sulphamic  and  sulpho- 
phenic  acids,  for  instance,  and  consequently  as  much  monobasic  as  the  formic,  acetic, 
and  nitric  acids  themselves. 

It  cannot,  however,  be  contended  in  any  way  that  the  property  of  forming  acid  and 
double  salts  with  dibasic  acids  is  incompatible  with  the  diatomic  character  of  the 
metals  forming  them ;  for,  indeed,  there  is  no  sufficient  reason  why  the  atom  of  a  dyad 
metal  should  not  bind  together  two  atoms  of  dibasic  sulphuric  acid,  for  instance,  just 
as  we  believe  the  diatomic  radicle  sulphuryl  binds  together  two  atoms  of  dihydric 
water,  thus : — 
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H 


It       Zn"l 

1}S°4    H} 


SO' 


The  utmost  that  can  be  said  is,  that  the  difference  of  properties  exhibited  by  ethylene 
and  ethyl  in  their  behaviour  with  dibasic  acids,  is  not  paralleled  by  a  corresponding 
difference  of  properties  manifested  under  similar  circumstances  by  members  of  the  two 
groups  of  metals. 

8.  Basic  salts. — A  well-marked  distinction  between  monatomic  and  polyatomic 
radicles,   which  has  been  pointed  out  more  especially  by  Wurtz,  results  from  the 
special  tendency  which  the  oxides  of  polyatomic,  and  particularly  diatomic  radicles 
have,  to  produce  basic  and  anhydro-salts ;  or,  as  Wurtz  expresses  it,  from  the  power 
which  they  have  of  accumulating  in  combination,  and  of  thereby  forming  compounds 
containing  multiple  radicles,  and  belonging  to  types  of  greater  and  greater  complexity. 
Thus  we  are  acquainted  with  potassic  monochromate,  K20(Cr02.0),  potassic  anhydro- 
dichromate,  K20(Cr02.0)2,  and  potassic  anhydro-trichromate,  K20(Cr02.0)3.     Again, 
we  have  monethylenic  glycol,  (C2H4.0).H2O,  diethylenic  glycol,  (C2H4.0)2.H20,  tri- 
ethylenic  glycol,  (C2H4.0)3.H20,  and  tetrethylenic  glycol,  (C2H4.0)4.H*0,  &c.    This 
distinction,  unlike  those  hitherto  considered,  is  simply  a  matter  of  observation.     "We 
observe  that  diatomic  oxides  do,  and  monatomic  oxides  do  not,  as  a  general  rule, 
accumulate  in  the  manner  above  exemplified ;   but  we   see   no  reason  why  such  a 
difference  of  behaviour  should  result  from  the  different  atomicities  of  the  radicles. 
On  this  account  therefore,  that  it  is  based  on  a  difference  of  behaviour  not  directly 
deducible  from  difference  of  constitution,  we  can  scarcely  attach  so  much  importance 
to  this  last  distinction  as  to  those  which  have  been  previously  discussed.     At  the  same 
time,  the  different  habit  of  monatomic  and  diatomic  radicles  in  this  particular  is  very 
well  marked.     "We  are  acquainted,  for  instance,  with  super-basic  hydrates,  chlorides, 
and  acetates  of  ethylene,  but  with  no  super-basic  hydrates,  chlorides,  or  acetates  of  ethyl. 
The  question  consequently  arises,  whether  a  similar  difference  subsists  between  the  al- 
leged diatomic  and  the  undisputed  monatomic  metals ;  and  the  answer,  that  such  a  differ- 
ence does  exist,  is  certainly,  so  far  as  it  goes,  in  favour  of  the  diatomicity  of  the  metals 
now  under  consideration.     Thus  we  can  parallel  some  of  the  basic  hydrates,  chlorides, 
acetates,  &c.  of  ethylene  by  similar  compounds  of  calcium,  magnesium,  zinc,  lead, 
copper,  &c.,  but  not  by  any  compounds  of  the  undoubtedly  monad  metals.     We  havp, 
for   example,  Schaffner's   hydrate   of  lead,  H20(PbO)2;   Payen's   hydrate  of  lead, 
H20(PbO)3 ;  Mendipite,  PbCP.(PbO)2 ;  Atacamite,  CuCl2(CuO)8 ;  Schindler's  oxychlo- 
ride  of  zinc,  ZnCl2(ZnO)8.2H20 ;  Eose's  oxychloride  of  calcium,  CaCl2(CaO)8.16H20 ;  hy- 
dromagnesite,  (MgC03.H20)3.MgH202;  dibasic  acetate  of  copper,  C4H6Cu04.Cu0.3H20; 
dibasicacetateof  lead,C4H6Pb04.Pb0.3H20 ;  tribasic  acetate  of  copper,  C4H6Cu04(CuO)2; 
tribasic  acetate  of  lead,  C4H6Pb04(PbO)2.3H20  ;  Mitscherlich's  dibasic  nitrate  of  mer- 
cury, HgN206.Hg0.2H20,  &c.  &c.     This  is  perhaps  a  suitable  place  for  referring  to  an 
observation  of  Wurtz,  to  the  effect  that,  by  representing  the  metals  of  this  group  as 
diatomic,  we  are  able  to  express  the  simple  molecules  of  their  several  salts,  with  entire 
instead  of  with  half  atoms  of  water  of  crystallisation,  as  illustrated  by  the  following 
among  many  other  examples  :  acetate  of  copper,  C4H6CuO'.H20  ;  acetate  of  lead, 
C  H6Pb04.3H  0 ;  perchlorate  of  lead,  PbCl208.3H20 ;  nitrate  of  copper,  CuN208.3H-'O ; 
chloride  of  nickel,  NiCl2.9H20,  &c. 

Objections. — It  is  contended  that  the  property  of  accumulating  in  combina- 
tion is  not  necessarily  but  only  accidentally  associated  with  polyatomicity,  and 
that,  just  as  the  acetic  and  iodic  anhydrides  form  anhydro-salts,  such  as 
<  C-H3K02)2.C4H803  and  KI03.I205,  without  prejudice  to  their  monatomicity,  so 
may  the  plumbic  and  cupric  base-oxides  form  basic  salts  without  prejudice  to  their 
monatomicity.  From  several  considerations,  however,  the  existence  of  a  diacetic 
acid  C4H804,  and  a  trihydric  iodic  acid,  H3I04,  seems  not  improbable;  and  if  so,  the 
anhydro-acetates  and  anhydro-iodates  may  be  associated  in  reality  with  the  poly  basic 
forms  of  their  respective  acids.  As  for  the  argument  from  water  of  hydration,  taken 
by  itself,  it  certainly  cannot  lay  claim  to  any  great  weight,  since  there  is  no  more 
obvious  reason  why  one  atom  of  water  should  not  combine  with  two  atoms  of  salt, 
H20  with  (C2H3Cu02)2  for  instance,  than  there  is  why  one  atom  of  salt  should  be  able 
to  combine  with  two  or  three  atoms  of  water. 

But  although  the  arguments  in  favour  of  regarding  the  zinco-calcic  group  of  metals 
as  dyadic,  when  taken  separately,  are  open  to  the  objections  above  pointed  out,  yet 
taken  altogether,  they  seem  to  present  so  great  a  preponderance  of  evidence  in  support 
of  the  proposal,  as  to  render  its  adoption  almost  a  matter  of  necessity.  Accepting  this 
conclusion,  then,  as  inevitable,  and  according  to  the  above  metals  the  doubles  of  their 
previously  received  atomic  weights,  we  are  at  once  struck  by  the  very  obvious  paral- 
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lelism  subsisting  between  them  and  the  already  considered  nomad  metals,  as  shown 
below :-  - 


Li'  7  G"  9 

Na'  23  Mg"  24 

Zn"  65 
Ag'  108  Cd"  112 

Hg"  200 


K'     39  Ca"    40 

Kb'  85  Sr"     87'5 

Cs'  Ba"  137 


The  metals  of  the  alkaline-earth  sub-group,  namely,  calcium,  strontium,  and  barium, 
are  scarcely  less  basylous  or  oxydisable  than  those  of  the  alkalis,  and  the  degree  of 
their  basylity  also  increases  in  the  order  of  their  atomic  weights.  Their  hydrates  and 
sulphydrates,  like  those  of  the  alkali-metals,  are  soluble  in  water,  forming  caustic 
solutions  which  absorb  carbonic  anhydride  with  great  avidity,  to  form,  however,  inso- 
luble carbonates  ;  and  their  sulphates  are  likewise  insoluble.  Among  the  members  of 
the  other  sub-group,  the  manifestation  of  metallic  properties,  as  popularly  understood, 
rather  than  of  basylous  characters,  increases  in  the  order  of  their  atomic  weights  ;  and 
accordingly  we  may  regard  the  upper  members  of  each  sub-group  as  exhibiting  a  very 
general  lorm,  and  the  lower  members  as  exhibiting  highly  specialised  forms  of  the 
metallic  character,  and  may  figure  the  difference  to  ourselves  in  some  such  diagram  as 
the  following : — 

Grlucinum 

Magnesium 

Calcium 


Mercury 


Zinc , 

Strontium 


Cadmium ___, 

Barium 


The  metals  of  the  less  basylous  or  more  reguline  sub-group  are  distinguished  by 
their  volatility,  which  increases  in  the  order  of  their  several  atomic  weights.  The 
hydrates  of  these  metals  are  insoluble  in  water,  and  only  those  of  glucinum  and  mag- 
nesium manifest  much  affinity  for  carbonic  anhydride.  The  sulphides  of  zinc,  cadmium, 
and  mercury  are  insoluble  permanent  precipitates,  while  that  of  magnesium  also 
appears  to  be  insoluble  in,  though  readily  decomposible  by  water.  Their  sulphates, 
unlike  those  of  the  more  basylous  dyads,  are  all  soluble  in  water,  with  the  exception 
of  sulphate  of  mercury,  which  is  decomposed  thereby  into  sulphuric  acid  and  a  basic 
salt.  In  many  points  of  its  behaviour,  magnesium  presents  a  general  resemblance  to 
calcium,  and  was  at  one  time  classified  with  the  alkaline-earth  metals. 

In  addition  to  corrosive  sublimate,  HgCP,  mercury  forms  an  inferior  chloride,  or 
calomel,  whose  molecule  may  be  represented  by  the  formula  HgCl,  corresponding  to 
that  of  proto-chloride  of  silver,  AgCl,  or  by  the  formula  Hg2CP,  corresponding  to  that  of 
subchloride  of  sulphur  S2C12 ;  and  the  selection  of  one  or  other  of  these  expressions  will 
of  course  determine  the  entire  series  of  formulae  to  be  accorded  to  the  entire  series  of 
mercurous  salts.  The  formula  HgCl,  by  which  calomel  is  represented  as  a  proto- 
chloride  of  mercurosum,  is  recommended  by  its  superior  simplicity,  by  the  ready 
susceptibility  of  mercurous  salts  to  double  decomposition  without  change  of  type,  by 
the  resemblance  of  calomel  to  the  insoluble  monad  chlorides  of  silver,  gold,  &c.,  and 
by  the  determination  of  its  vapour-density,  which  is  found  to  be  200^35'5-  =  117-75; 
so  that  two  volumes  of  calomel  vapour,  HgCl,  contain  one  volume  of  chlorine,  just  as  two 
volumes  of  hydrochloric  acid,  HC1,  contain  one  volume  of  chlorine.  On  the  other  hand, 
the  formula  Hg2Cl2  is  recommended  by  its  consistency  with  the  law  of  even  numbers, 
which  declares  that  a  Hyad  element  can  never  unite  with  an  uneven  number  of 
monad  atoms,  and  with  the  frequent  spontaneous  decomposition  of  mercurous  salts  into 
mercuric  salts  and  mercury,  Hg2Cl2  =  HgCl2  +  Hg.  Moreover,  the  existence  of  several 
basic  mercurous  compounds  is  opposed  to  the  representation  of  normal  mercurous  com- 
pounds as  proto-salts;  while  the  discordance  in  molecular  volume  between  calomel  and 
subchloride  of  sulphur,  as  revealed  by  the  determination  of  their  vapour-densities 
(S2C12  =  2  vols.,  while  Hg'iCP  =  4  vols.),  may  be  explained  by  supposing  that  the  vapour 
of  calomel,  like  that  of  many  other  salts,  undergoes  what  is  known  as  dissociation  (i.  469 ; 
ii.  816)  into  two  volumes  of  mercuric  chloride,  HgCl2,  and  two  volumes  of  mercury, 
Hg.  This  supposition  is  to  some  extent  warranted  by  the  observation  that  calomel 
vapour  amalgamates  gold  leaf,  and  that  corrosive  sublimate  may  be  detected  in  re- 
sublimed  calomel  (Chem.  Soc  J.  xvii.  421). 
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GROUP  III.  Triad  Metals. — Classifying  the  metals  according  to  their  maximum 
atomicities,  there  are  four  triad  metals  properly  so  called,  namely,  aluminium, 
thallium,  indium,  and  gold :  for  the  trichlorides  of  arsenic,  antimony,  and  bismuth 
mustbe  regarded  as  the  inferior  chlorides  of  pentad,  just  as  the  protochlorides  of  thallium 
and  gold  are  the  inferior  chlorides  of  triad  elements.  The  formula  for  thallic  chloride, 
T1C18,  and  the  atomic  weight  for  thallium,  203,  have  not  at  any  time  been  disputed. 
Auric  chloride  was  formerly  represented  as  a  sesquichlorideby  the  formula  Au2Cl3,  the 
atomic  weight  of  gold  being  taken  as  98  ;  but  it  is  now  always  represented  as  a  tri- 
chloride by  the  formula  AuCl3,  the  atomic  weight  of  the  metal  being  fixed  at  196. 
The  old  sesquiatomic  formula  for  aluminic  chloride,  A12C13,  in  accordance  with  which 
the  atomic  weight  of  aluminium  was  taken  as  1375,  cannot  now  be  defended  on  any 
rational  grounds.  It  is  admitted  on  all  hands  that  the  smallest  proportion  of 
aluminium  found  to  exist  in  any  definite  compound  is  27*5  parts,  and  that  this 
proportion  is  indivisible  or  atomic  throughout  all  the  reactions  which  aluminic  com- 
pounds undergo.  Evidently,  therefore,  it  ought  to  be  represented  as  indivisible  or 
atomic  by  the  symbol  Al'",  and  not  as  dipartite  by  the  symbol  AF.  Eegarded  as 
triadic,  with  the  atomic  weights  27'5,  203,  and  196'5  respectively,  it  is  found  that 
the  specific  heats  of  the  atoms  of  aluminium,  thallium  and  gold  approximate  to  the 
number  6'2,  and  are  accordingly  identical  with  the  specific  heats  of  the  atoms  of 
monad  metals,  such  as  sodium  and  silver,  of  dyad  metals  such  as  magnesium  and 
mercury,  of  tetrad  metals  such  as  tin  and  lead,  and  of  pentad  metals  such  as  arsenic 
and  antimony,  &c.  The  trichlorides  of  thallium  and  gold  are  decomposed  by  heat, 
with  evolution  of  chlorine ;  but  aluminic  chloride  volatilises  unchanged,  and  its  vapour- 
density  has  been  found  by  Deville  to  accord,  not  with  the  molecular  formula  AuCl3, 
but  with  the  more  complex  expression  APC16.  But  from  experiments  by  Mr.  Buckton  and 
the  author  of  this  article,  it  appears  that  the  vapour-densities  of  aluminic  methyl 
and  ethyl  accord  unmistakeably  with  the  molecular  formulse  AlMe3  and  AlEt3 
respectively.  Aluminium-methyl  certainly  is,  and  aluminic  chloride  not  improbably 
may  be,  a  body  of  the  same  class  as  formic  acid,  acetic  acid,  boric  methide,  sulphur, 
selenium,  &c.,  whose  vapours  require  to  be  heated  very  far  above  the  boiling  points 
of  the  several  liquids  before  acquiring  their  normal  molecular  volumes.  Thus,  at 
220°  and  all  superior  temperatures,  the  corrected  vapour-density  of  aluminium- 
methyl  is  perfectly  constant,  and  accords  with  the  formula  AlMe3 ;  but  below  220° 
its  corrected  density  increases  at  a  very  rapid  rate,  so  as  to  become  nearly  doubled  at 
130°,  which  high  density  would  of  course  accord  approximatively  with  the  formula 
APMe6.  Bearing  in  mind,  however,  the  rule  deducible  from  the  separate  experiments 
of  Deville  and  Cahours,  that  the  molecular  formula  of  a  body  is  to  be  calculated  from 
its  permanent  or  ultimate,  and  not  from  its  variable  or  initial  vapour-density,  and 
having  regard  also  to  the  ascertained  behaviour  of  the  vapour  of  aluminic  methide,  the 
only  observed  vapour-density  of  aluminic  chloride  cannot,  in  the  author's  opinion,  be 
regarded  as  affording  decisive  evidence  in  favour  of  the  formula  APC16.  If  this 
latter  formula  were  established,  aluminium  would  have  to  be  regarded  as  a  tetrad,  and 

A1C13, 
its  chloride  would  be  represented  by  the  constitutional  formula     I         the  two  quadri- 

A1C1" 

valent  atoms  of  aluminium  forming  a  sexvalent  group  like  the  two  atoms  of  carbon 
in  the  molecule  of  hydride  of  ethyl  C2H6.  On  the  same  supposition  the  alums 
would  be  represented  by  such  formulae  as  K2(A12)"(SO')4  derived  from  4H-S01, 
whereas  if  aluminium  be  regarded  as  trivalent,  they  will  be  represented  by  simple 
formulae  like  KA1'"(S04)2  derived  from  2H2S04,  But  there  is  nothing  in  the  com- 
position or  the  chemical  character  of  these  salts,  or  indeed  of  any  other  aluminium 
compounds,  to  enable  us  to  decide  positively  one  way  or  the  other.  The  triadis 
character  of  aluminium  receives,  however,  some  support  from  the  circumstance  that 
certain  aluminic  compounds  present  a  marked  resemblance  in  composition  and 
properties  to  similar  undoubted  triatomic  compounds  of  Bother  elements,  as  of  boron 
and  antimony,  for  instance.  Boron  would  seem  to  stand  to  aluminium  in  much  the 
same  relation  as  that  in  which  lithium  stands  to  sodium,  and  glucinum  to  magne- 
sium. In  each  pair  of  elements  the  basylity  of  the  second  is  superior  to  that  of  the 
first  term ;  while  the  monadic  are  more  basylous  than  the  corresponding  dyadic,  and 
these  again  more  basylous  than  the  corresponding  triadic  elements.  Boric  and 
aluminic  hydrates  alike  act  either  as  feeble  acids  or  feeble  bases.  The  isomorphous 
borate  and  aluminate  of  magnesium,  or  boracite  and  spinelle,  though  both  subject  to 
a  considerable  range  of  composition,  are  referrible  to  the  similar  formulse  MgB204 
and  MgAl204,  respectively.  As  before  remarked,  however,  the  specific  heat  of  the  atom 
of  boron  is  anomalous. 

Thallium  would  appear  to  occupy  among  the  triad  metals  a  position  similar  to  that 
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of  mercury  among  the  dyads  ;  but  the  position  of  gold  in  this  group,  whatever  that 
position  may  be,  is  without  obvious  parallel.  In  addition  to  their  trichlorides,  &c., 
thallium  and  gold  each  form  a  protochloride  and  a  well-defined  series  of  monad  salts. 
The  similarity  of  several  of  the  monad  salts  of  thallium  to  the  corresponding  com- 
pounds of  potassium  is  very  marked.  Thus  its  chloride  produces  an  insoluble  double 
salt  with  chloride  of  platinum;  its  acid  tartrate  occurs  as  a  crystalline  precipitate  ;  its 
sulphate  forms  with  sulphate  of  aluminium  a  well  characterised  alum ;  while  its  hydrate 
is  readily  soluble  in  water,  forming  a  caustic  solution  which  absorbs  carbonic  anhydrido 
from  the  air.  On  the  other  hand,  protosulphide  of  thallium,  like  that  of  silver,  constitutes 
a  dense  black  precipitate.  Again,  protochloride  of  thallium,  though  more  soluble  in 
water,  has  a  general  resemblance  to  chloride  of  silver,  while  the  protobromides  and 
iodides  of  the  two  metals  present  even  a  greater  degree  of  similarity.  The  most  stable 
of  the  monad  salts  of  gold  is  the  soluble  crystalline  sodio-sulphide,  AuNaS.4H20. 
The  protoxide  is  very  unstable,  and  the  protochloride  is  known  only  as  an  insoluble 
residue. 

Indium,  which  was  discovered  by  Eeich  and  Richter  in  1863,  and  is  especially 
characterised  by  the  two  indigo-blue  bands  appearing  in  its  spectrum,  is  a  very  soft 
lustrous  metal,  permanent  in  air  and  water,  and  having  a  specific  gravity  of  about  7*2. 
Its  hydrate  and  carbonate  constitute  white  precipitates,  and  its  sulphide  a  yellow 
precipitate  insoluble  in  acetic,  but  soluble  in  mineral  acids,  while  its  chloride  may  be 
obtained  as  a  white  crystalline  sublimate.  Its  equivalent  weight  is  37*8,  and  its 
specific  heat,  according  to  Bunsen,  is  0'057  :  hence  its  atomic  weight  is  3  x  37' 8  or 
113-4  :  for  113-4  x  0-057  =  6-5.  The  formula  of  its  chloride  is  accordingly  InCl3, 
that  of  its  yellow  oxide,  which  is  a  salifiable  base,  In203,  &c.  It  belongs  to  the 
reguline  division  of  the  metals,  and  bears  much  the  same  relation  to  thallium  that 
tin  bears  to  lead. 

GROUP  IV.  Tetrad  Metals;  including  tin,lead,  titanium,  zirconium,  tho- 
rinum. — These  metals  are  associated  with  the  non-metallic  tetrads  carbon  and  silicon, 
just  as  the  triad  elements  aluminium  and  boron  are  associated  with  one  another.  The 
tetrad  elements  agree  with  those  of  the  monad  and  dyad  groups  in  being  divisible  into 
a  more  especially  reguline,  and  a  more  especially  basylous  sub-group,  the  lower 
members  of  each  of  which  possess  the  respective  distinctive  characters  of  the  sub- 
group in  their  greatest  intensity.  The  relations  of  the  members  of  the  first  five 
groups  to  one  another  is  shown  in  the  following  table : — 


Monads. 

Dyads. 

Triads. 

Tetrad 

Pentads. 

Li        7 

Na      23 

Ag    108 

Gl            9 
Mg       24 
Zn        65 
Cd      112 
Hg     200 

Bo       11 
Al       27'5 

Tl       203 

C             12 

Si         28 

Sn      118 
Pb      207 

N          14 
P          31 
As        75 
Sb      122 
Bi       210 

K       39 
Kb      85 
Cs     133 

Ca        40 
Sr        87-5 
Ba     137 

" 

Ti        48 
Zr       89-5 

fh      231 

" 

The  tetrahydric  character  of  marsh  gas  has  been  recognised  from  almost  the 
earliest  days  of  organic  chemistry,  but  the  now  received  formula  CH4,  in  which  the 
carbon  is  represented  as  indivisible  or  atomic,  was  first  introduced  by  Gerhardt  in 
1842,  instead  of  the  previously  employed  formula  C2H4,  in  which  the  carbon  was  un- 
warrantably represented  as  dipartite.  The  tetratomicity  of  tin  and  silicon  was  first 
advocated  by  the  author  in  1857  and  the  following  years  (Phil.  Mag.  xiii.  434, 
andxviii.  368  ;  Eep.  Brit.  Assoc.  1858,  p.  58),  and  was  definitively  established  by  the 
separate  researches  of  Cahours  on  the  stannethyls  in  1860  (Ann.  Ch.  Phys.  [3]  Iviii. 
5),  and  of  Friedel  and  Crafts  on  the  organic  compounds  of  silicon  (Bull.  Soc.  Chim. 
1863,  p.  174).  The  tetratomicity  of  titanium  and  zirconium  follows  as  a  matter  of 
course  from  the  observed  vapour-densities  of  their  chlorides,  and  similarly  that  of 
lead  from  the  vapour-density  of  its  ethylide,  though  it  is  believed  that  this  is  the 
first  occasion  on  which  lead  has  been  definitely  classified  as  a  tetratomic  element, 
in  association  with  tin  rather  than  with  calcium.  The  chlorides  of  carbon,  silicon, 
tin,  titanium  and  zirconium,  represented  as  tetrachlorides  by  the  general  formula 
M""C14,  and  the  ethylides  of  silicon,  tin,  and  lead,  represented  by  the  general  formula 
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M""Et4,  hare  vapour-densities  which  are  the  halves  of  their  respective  molecular 
weights,  and  accordingly  have  the  same  molecular  volume  as  the  protochloride  of 
hydrogen  HC1,  the  dichloride  of  mercury  HgCl2,  and  the  triethylide  of  aluminium 
AlEt8,  &c.  Moreover,  the  chlorine  of  the  chlorides  of  carbon,  silicon,  and  more 
especially  of  tin,  is  found  to  be  experimentally  replaceable  at  four  successive  stages. 
Thus,  we  have  SnCl4,  SnCl3Et,  SnClW,  SnClEt3  and  SnEt4,  corresponding  to  CC14, 
CCl'H,  CC12H2,  CC1HS,  and  CH4,  respectively,  and  so  on.  Again  with  the  tetrad 
atomic  weights  118  and  207,  the  metals  tin  and  lead  have  the  normal  atomic  heat 
which  is  expressed  more  or  less  closely  by  the  number  6'2.  The  specific  heats  of  the 
other  metals  of  this  group  have  not  been  ascertained,  but  the  specific  heats  of  carbon 
and  silicon  among  the  tetrad  elements,  like  that  of  boron  among  the  triad  elements, 
must,  according  to  our  present  imperfect  knowledge,  be  regarded  as  exceptional  or 
anomalous. 

Tetrachloride  of  tin  is  a  colourless  fuming  liquid,  which  combines  with  water  to 
form  a  series  of  crystalline  soluble  salts.  Tetrachloride  of  lead  is  known  only  in  the 
form  of  hydrated  crystals.  It  is  made  by  treating  peroxide  of  lead,  PbO2,  with  cold 
aqueous  hydrochloric  acid,  when  solution  takes  place  without  effervescence,  and  on 
evaporation  in  vacuo,  crystals  of  the  tetrachloride  separate  out,  together  with  much 
dichloride  of  lead.  The  solutions  of  the  tetrachlorides  of  tin  and  lead  are  decomposed 
by  alkalis,  with  precipitation  of  the  respective  peroxides,  and  by  sulphuretted  hydro- 
gen, with  precipitation  of  the  respective  persulphides,  the  former  of  a  pale  yellow,  the 
latter  of  an  orange-red  colour.  The  dichlorides  of  tin  and  lead,  which  have  been  inci- 
dentally referred  to  when  discussing  the  dyad  metals,  are  readily  fusible,  volatile 
solids,  whose  solutions,  like  those  of  the  tetrachlorides,  are  decomposed  by  alkalis,  with 
precipitation  of  their  respective  protoxides,  and  by  sulphuretted  hydrogen,  with  preci- 
pitation of  their  respective  protosulphides,  the  former  of  a  dark  brown,  and  the  latter 
of 'a  black  colour.  It  maybe  here  observed  that  the  property  of  forming  insoluble 
sulphides,  not  readily  decomposed  by  water,  constitutes  a  useful  distinguishing  character 
between  the  reguline  and  alkaligenous  sub-groups  of  metals  belonging  to  each  of  the 
primary  groups,  this  property  being  manifested  by  silver,  zinc,  cadmium,  mercury, 
thallium,  tin,  lead,  arsenic,  antimony  a.nd  bismuth,  but  not  by  potassium,  caesium,  ru- 
bidium, calcium,  strontium,  barium,  titanium,  zirconium  and  thorinum,  or  yet  by  the 
metals  yttrium,  cerium,  lanthanum,  and  didymium,  to  which  we  shall  presently  refer 
more  particularly.  Many  of  the  dyad  salts  of  reguline  lead,  however,  present  a 
marked  resemblance  in  properties  to  the  similar  salts  of  the  alkali-earth  metals,  and 
are  frequently  isomorphous  with  them,  just  as  the  monad  salts  of  reguline  thallium 
correspond  with  the  similar  salts  of  potassium.  On  the  other  hand,  an  almost 
special  characteristic  of  lead,  and  one  strongly  corroborative  of  its  polyatomicity, 
consists  in  its  very  marked  tendency  to  form  double  and  superbasic  salts  with  mon- 
atomic  radicles.  Lead  differs  also  from  its  congener,  tin,  in  the  greater  degree  of  its 
basylity,  or  power  of  neutralising  even  feeble  acids;  while  a  further  difference  between 
them  results  from  the  superior  stability  of  the  di-salts  over  the  tetra-salts  of  the  one 
metal,  and  of  the  tetra-salts  over  the  di-salts  of  the  other. 

The  less  reguline  sub-group  of  tetrad  metals,  namely,  titanium,  zirconium  and 
thorinum,  are  associated  with  silicon  and  tin  by  the  isomorphism  of  rutile,  TiU2, 
and  artificial  thorina,  ThO2,  with  native  tinstone  SnO2  (Nordenskiold  and 
Chydenius,  Pogg.  Ann.  ex.  642),  and  by  the  vapour-densities  of  titanic  and 
zirconic  chlorides,  TiCl4  and  ZrCl4,  corresponding  with  that  of  stannic  chloride, 
SnCl4.  The  sulphides  of  titanium,  zirconium  and  thorinum  are  not  producible 
in  the  moist  way.  Their  oxides  are  hard  crystalline  bodies  unattackable  by  ordi- 
nary acids,  save  the  hydrofluoric.  Their  hydrates  occur  as  white  gelatinous  preci- 
pitates, which  dissolve  readily  in  acids,  to  form  more  or  less  definite  salts.  Just  as  the 
hydrates  of  the  dyad  alkaline-earth  metals,  M"H202,  are  less  soluble  and  basylous  than 
those  of  the  monad  alkali-metals,  so  should  we  expect  the  hydrates  of  the  unrecognised 
triad  earth-metals,  M"'H30S,  to  be  less  soluble  and  basylous  even  than  those, of  the  dyads, 
and  the  hydrates  of  the  non-reguline  tetrad  metals,  M""H404  or  M""H203(  =  M"  'H404 
—  H20),  to  be  still  less  so.  In  other  words,  we  should  be  prepared  to  find,  in  the 
sub-group  of  tetrad  metals  we  are  now  considering,  but  a  very  inferior  degree  of 
basylity,  more  especially  in  the  superior  members  of  the  sub-group,  seeing  that  the 
degree  of  basylity  habitually  increases  in  the  order  of  the  atomic  weights  of  the  con- 
secutive metals.  We  accordingly  find  that  the  characters  of  hydrated  titania  are  fully 
as  much  acid  as  alkaline,  though,  we  are  nevertheless  acquainted  with  sulphates, 
nitrates,  phosphates  and  even  a  potassio-carbonate  of  titanium.  But  the  basylity  of 
zirconia  is  far  better  marked.  Its  silicate  constitutes  zircon ;  its  carbonate  is  formed 
by  precipitation  ;  its  sulphate  is  a  soluble  crystalline  salt ;  while  its  potassio-sulphate 
is  thrown  down  as  a  crystalline  precipitate  on  mixing  solutions  of  the  separate  sul- 
phates of  potassium  and  zirconium.  Thorinum  forms  a  large  number  of  well-defined 
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salts,  including  a  potassio-sulphate  corresponding  to  that  of  zirconium  in  its  character 
and  mode  of  formation.  Moreover,  hydrated  thorina  is  sufficiently  basylous  to  expel 
ammonia  from  sul-ammoniac,  and  to  absorb  carbonic  anhydride  from  the  atmosphere. 

The  metals  yttrium,  erbium,  cerium,  lanthanum,  and  didymium  possess  the 
following  properties  in  common  with  one  another  and  with  thorinum : — Their  hydrates 
constitute  gelatinous  precipitates,  which  expel  ammonia  from  sal-ammoniac  solution, 
and  absorb  carbonic  anhydride  from  the  atmosphere.  Their  sulphides  are  not  pro- 
ducible in  the  moist  way,  and  their  sulphates  are  precipitated  by  sulphate  of  potassium 
in  the  form  of  crystalline  double  salts.  The  equivalent  weights  of  these  four  metals, 
which  replace  1  pt.  of  hydrogen  to  unite  with  35'5  pts.  of  chlorine,  are  Y  32,  Eb  =  56'3, 
Ce  46,  La  46,  and  Di  48,  but  what  their  atomic  weights  are  is  altogether  undecided. 
In  the  present  state  of  knowledge,  their  extreme  basylity  cannot  any  longer  be  regarded 
as  inconsistent  with  their  di-,  tri-,  or  even  tetratomicity,  and  there  are  some  points  in 
the  behaviour  of  didymium,  at  any  rate,  which  are  suggestive  of  its  being  a  triad 
element.  Cerium  is  distinguished  from  lanthanum  and  didymium,  as  well  as  from 
yttrium,  by  the  facility  with  which  it  forms  a  superior  and  feebly  salifiable  oxide. 

GROUP  V.  ^  Pentad  Metals. — These  are  six  in  number,  namely  arsenic,  anti- 
mony, bismuth,  vanadium,  niobium,  and  tantalum';  they  are  associated  with 
the  non-metallic  nitrogen  and  phosphorus,  just  as  the  tetrad  metals  tin  and  lead  are 
associated  with  the  non-metallic  tetrads  carbon  and  silicon.  Although  the  pentatomicity 
of  the  first  four  of  these  elements  is  very  well  established,  as  shown  by  the  phosphoric 
and  arsenic  acids,  for  instance,  and  their  corresponding  chlorides  and  oxides,  as  formu- 
lated below,  yet  it  must  be  admitted  that  their  more  general  and  characteristic  beha- 
viour is  triadic : 

PTC15  PT )    „  PT )    „ 

H' )  H'3  C  PT ' 

AsTEt3CP     AsTf,v/a  AsT^^  AsTr^,,5 
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In  some  cases,  moreover,  these  elements  form  monad  compounds.  Thus,  G-riess  has 
shown  that,  in  a  variety  of  organic  bodies,  a  single  atom  of  nitrogen  may  be  substituted 
either  for  1  or  for  3  atoms  of  hydrogen.  Phosphorus  and  its  associated  metals  were 
formerly  represented  by  atomic  weights,  the  halves  of  those  now  universally  adopted, 
and  it  is  only  within  a  very  few  years  that  the  habit  of  writing  the  antimonious  and 
bismuthous  chlorides  as  sesquichlorides  by  the  formulae  Sb2Cl3  and  Bi2Cls,  respectively, 
has  been  completely  abandoned  ;  nor  indeed  is  it  very  long  since  chloride  of  bismuth 
was  frequently  represented  as  a  protochloride  by  the  formula  BiCl.  It  is  only,  how- 
ever, with  the  atomic  weights  now  employed,  namely,  P  31,  As  75,  Sb  122,  and  Bi  210, 
that  the  atoms  of  the  four  elements  have  approximately  the  standard  specific  heat  of 
6'2.  The  specific  gravity  of  nitrogen  gas  being  identical  with  its  atomic  weight,  or 
with  the  half  of  its  molecular  weight,  the  two-volume  molecule  of  nitrogen  is  repre- 
sented by  the  expression  N'"N'",  just  as  that  of  oxygen  is  represented  by  O"0",  and  that  of 
hydrogen  by  H'H'.  Deville,  however,  has  shown  that  the  vapour-densities  of  phosphorus 
and  arsenic  are  the  doubles  of  their  respective  atomic  weights,  and  that  these  densities 
when  corrected,  are  unalterable  by  any  increase  of  temperature,  so  that  the  two-volume 
molecules  of  phosphorus  and  arsenic  have  to  be  represented  by  the  expressions  P*  and 
As4.  Williamson  has  very  plausibly  suggested  that,  while  the  molecule  of  nitrogen 
may  be  regarded  as  ammonia,  N"'H'3,  in  which  the  three  atoms  of  monatomic  hydrogen 
are  replaced  by  one  atom  of  triatomic  nitrogen,  N"'N'  ',  the  molecules  of  phosphorus  and 
arsenic  may  be  regarded  as  phosphine  and  arsine,  P"'H'S  and  As'"!!'8,  in  which  the 
three  atoms  of  monatomic  hydrogen  are  replaced  by  three  atoms  of  monatomic  phos- 
phorus and  monatomic  arsenic  respectively,  P'"P'3  and  As'".As'3.  They  may  also 
be  represented  by  formulae  in  which  each  of  the  atoms  of  phosphorus  or  arsenic 

P=P 
is  pentatomic,  e.g.  \  \     \\.      Except  that  bismuth   does   not  form   a  trihydride,  the 


volatile  trihydrides,  triethylides,  and  trichlorides  of  these  five  elements  all  form  two- 
volume  molecules,  while  the  hydrogen,  ethyl,  and  chlorine  of  the  respective  compounds 
are  readily  replaceable  in  thirds  at  three  successive  stages.  The  majority  of  the 
pentad  compounds  dissociate  or  decompose  at  or  below  their  boiling  points  ;  but  the 
molecules  of  nitric  acid  N'H'O"3,  oxychloride  of  phosphorus  PTC1'S0",  oxy-ethylstibine 
SbTEt/30",  &c.  &c.,  have  vapour-densities  which  are  the  halves  of  their  atomic 
weights,  and  accordingly  correspond  with  the  normal  two-volume  standard.  Arsenic, 
antimony,  and  bismuth  differ  from  the  majority  of  the  metals  in  being  destitute  of 
malleability  or  tenacity,  and  are  therefore  very  commonly  described  as  brittle  or  semi- 
metals.  Their  reguline  character  is,  however,  very  well  marked,  and  their  sulphides 
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are  easily  formed  by  precipitation.  The  permanently  reguline  habit  of  arsenic,  how- 
ever, is  less  decided  than  that  of'  its  congeners ;  for  finely  powdered  arsenic  oxidises 
readily  in  moist  or  heated  air,  and  its  precipitated  sulphide  is  slowly  decomposed  by 
boiling  with  water.  All  three  metals  manifest  both  acid  and  basic  properties,  the 
former  being  shown  most  strikingly  by  arsenic  and  the  latter  by  bismuth. 

Vanadium  was  formerly  regarded  as  a  hexad  analogous  to  chromium.  Berzelius 
indeed  obtained  three  oxides  to  which  he  assigned  the  formulae  TO,  FO2  and 
VO3  \V  =  68'5  ;  0  =  8].  The  highest  of  these,  namely,  vanadic  oxide,  or  anhydride, 
exhibits  considerable  resemblance  to  chromic  anhydride  CrO3,  the  two  oxides  being 
red  or  orange-coloured,  non-fusible,  crystalline  solids,  soluble  in  water,  deccmposible 
by  heat,  and  uniting  with  basic  oxides  to  form  very  stable  orange-coloured  salts,  for 
example  the  native  chromate  and  vanadate  of  lead,  and  the  very  characteristic  bi- 
chromate or  anhydro-chromate  of  potassium,  and  the  corresponding  vanadate.  On  the 
other  hand,  vanadium  was  known  to  form  compounds  isomorphous  with  analogous 
compounds  of  the  phosphorus  and  arsenic  group,  vanadinite  for  example,  which  is  a 
compound  of  vanadate  and  chloride  of  lead,  being  isomorphous  with  apatite,  pyro- 
morphite  and  mimetesite,  minerals  consisting  respectively  of  phosphatochloride  of 
calcium,  phosphatochloride  of  lead  and  arsenatoo.hloride  of  lead.  This  anomaly  gave 
rise  to  the  suspicion  that  vanadium  might  belong  to  the  phosphorus  group  of  elements, 
and  this  view  has  been  completely  established  by  the  experiments  of  Eoscoe,  who  has 
shown  that  the  supposed  metallic  vanadium  of  Berzelius  was  really  an  oxide,  and  that 
the  quantities  of  oxygen  in  this  and  the  three  higher  oxides  above  mentioned  are  in 
the  proportion  of  the  numbers  2,  3,  4  and  5,  these  oxides  being  in  fact  represented  by 
the  formulae  V202,  V208,  V204,  V205,  and  the  metal  vanadium,  which  Eoscoe  has 
isolated  by  reduction  of  the  chloride  with  hydrogen,  having  the  atomic  weight  51. 
Eoscoe  has  also  shown  that  vanadic  anhydride  V205  forms  with  metallic  oxides  three 
classes  of  salts,  viz.  orthovanadates  3M2O.V205,  pyrovanadates  2M-O.V205,  and 
metavanadates  M2O.V205,  analogous  to  the  three  well-known  classes  of  phosphates. 
He  has  also  obtained  the  three  chlorides  VC12,  VC13,  VC14,  and  several  oxychlorides, 
one  of  them,  VOC13,  being  analogous  to  phosphorous  oxychloride  POCP.  The  formulae 
of  the  di-  and  tetra-chlorides,  which  are  confirmed  by  the  vapour-densities  of  the 
respective  compounds,  show  that  vanadium  exhibits  an  exception  to  the  general  rule 
that  the  variation  of  atomicity  or  combining  capacity  in  an  element  takes  place  by 
pairs  of  units;  in  other  words,  they  show  that  this  element  is  both  artiad  and 
perissad. 

Tantalum  and  Niobium  differ  from  the  pentad  metals  above  noticed  in  being 
solely  pentadic,  and  not  forming  any  triadic  compounds  like  PCI3,  As203,  &c. 

Tantalum,  discovered  in  1802  by  Ekeberg  in  tantalite  and  yttrotantalite  from 
Finland,  was  formerly  regarded,  in  accordance  with  the  experiments  of  H.  Eose,  as  a 
tetrad,  forming  the  chloride  TaCl4  and  the  oxide  TaO2  [Ta  =  138];  but  from  the 
observations  of  Marignac  on  the  isomorphism  of  the  fluotantalates  and  fluoniobates, 
and  the  vapour-density  12 '42  of  the  chloride,  as  determined  by  Deville  and  Troost,  it 
appears  that  the  true  formula  of  the  chloride  is  TaCl5  and  that  of  tantalic  oxide  or 
anhydride  Ta205  [Ta  =  182].  There  is  also  a  lower  oxide  TaO2.  (See  vol.  v.  pp. 
662-669.) 

Niobium  or  Columbium,  discovered  byHatchett  in  1801  in  American  columbite, 
was  pronounced  by  Wollaston  in  1809  to  be  identical  with  Ekeberg's  tantalum.  But 
the  more  exact  experiments  of  H.  Eose  have  shown  that  the  two  metals  are  distinct. 
They  occur  together  in  almost  all  tantalites  and  columbites ;  but  some  tantalites,  as 
that  of  Kimito  in  Finland,  are  free  from  niobium,  and  some  of  the  Greenland  colum- 
bites contain  only  the  latter  metal  unmixed  with  tantalum.  The  two  metals  are 
extremely  difficult  to  separate,  and  it  was  their  simultaneous  occurrence  which  vitiated 
the  early  analyses  of  the  minerals  containing  them.  Niobium  forms  a  pentachloride 
NbCl5,  and  an  oxychloride  NbOCl3  [atomic  weight  of  niobium  =  94],  the  formulae  of 
which  are  established  by  their  analyses  and  vapour-densities.  Niobic  oxide  or  anhy- 
dride Nb205  unites  with  basic  oxides  forming  the  niobates.  The  native  columbites 
are  niobates  of  iron  and  manganese,  (FeO ;  MnO)Nb205.  According  to  Delafontaine 
there  are  also  two  lower  oxides  NbO  and  NbO2,  but  their  constitution  is  not  well 
established.  (See  vol.  ir.  pp.  48-58.) 

GROUP  VI.  Hexad  Metals. — The  metals  characteristic  of  this  group — namely 
tellurium,  molybdenum,  and  tungsten — are  but  imperfectly  known.  Their 
hexatomicity,  however,  appears  to  be  established  by  the  analogy  subsisting  between 
certain  of  their  compounds  and  the  similar  hexatomic  compounds  of  the  non-metals 
sulphur  and  selenium,  thus  : 

SC120»  MoCl20»  WC120S  &  WC1« 

SH204  SeH20«  TeH204  MoK20*  WH204 

SOS  TeOs  MoO8  WO' 
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With  the  atomic  weights  S  32,  Se  79'5,  Te  129,  and  W  184,  the  specific  heats  of  the 
atoms  of  sulphur,  selenium,  tellurium,  and  tungsten  approximate  to  the  number  6'2  ; 
while  the  specific  heat  of  the  atom  of  molybdenum,  Mo  96,  has  yet  to  be  ascer- 
tained. The  vapour-densities  of  the  oxychloride  and  tri  oxide  of  sulphur  are  the  halves 
of  their  respective  atomic  weights,  and  their  molecules  consequently  accord  with  the 
normal  two-volume  standard.  The  corresponding  compounds  of  molybdenum  are  also 
volatile,  but  at  too  high  a  temperature  to  allow  of  the  ready  determination  of  their 
vapour-densities  ;  and  the  same  remark  applies  to  the  hexchloride  and  oxychloride  of 
tungsten.  But  trioxide  of  tungsten  is  fixed  in  the  fire,  while  trioxide  of  tellurium 
decomposes  into  dioxide  and  free  oxygen,  as  does  indeed  vaporised  trioxide  of 
sulphur  at  a  red  heat.  The  semi-metal  tellurium  is  isomorphous  with,  and  in  its 
general  characters  and  behaviour  very  closely  resembles,  the  semi-metal  antimony, 
the  two  elements  obviously  occupying  analogous  positions  in  the  sulphur  and  phos- 
phorus groups  respectively.  The  exact  position  of  molybdenum  in  relation  to  the 
sulphur-group  proper  is  as  yet  undetermined.  With  an  atomic  weight  much  inferior, 
it  exhibits  metallic  characters  far  more  perfectly  than  tellurium,  while  its  most 
characteristic  compounds  have  just  the  constitution  and  general  properties  which 
those  of  a  metallic  analogue  of  the  sulphur  elements  might  be  expected  to  present. 

The  association  of  tungsten  with  molybdenum,  though  scarcely  established  beyond 
question,  is  not  improbably  analogous  to  that  of  bismuth  with  antimony,  tin  with 
lead,  &c.,  the  difference  in  atomic  weight  between  the  several  pairs  of  elements  being 
almost  identical.  The  trioxides  of  tellurium,  molybdenum,  and  tungsten  occur  as 
insoluble  powders,  which  have  many  properties  in  common,  including  a  marked 
tendency  to  form  anhydro-salts  with  the  stronger  bases,  and  a  capability  of  acting  as 
feeble  bases  to  the  stronger  acids.  Tungstic  acid  WIFO4,  and  its  hydrate  WH204.H20, 
have  been  described  by  Riche  (Ann.  Ch.  Phys.  [3]  1.  5),  but  molybdic  acid  is  not 
known  in  the  isolated  state,  though  its  salts,  formed  on  the  type  MoM204,  are  very 
well  defined.  Graham,  however,  obtained  both  molybdic  and  tungstic  acids  in  the 
colloid  form,  as  perfectly  soluble  compounds  possessed  of  considerable  stability, 
having  decidedly  acid  characters,  ,  and  altogether  closely  resembling  one  another 
(Proc.  Roy.  Soc.  xiii.  340).  The  trisulphides  of  molybdenum  and  tungsten  are  power- 
ful sulphanhydrides,  which  combine  with  sulphide  of  potassium  to  form  beautiful  red 
and  orange  crystalline  salts.  The  several  elements  now  under  consideration  are  not 
only  hexatomic,  but  also  tetratomic,  and  in  some  cases  even  diatomic,  just  as  we  have 
seen  that  the  pentad  elements  are  triatomic  and  even  monatomic.  Thus  we  have  — 


SCI*  SeCl«  TeCl«  MoCl« 

SO2  SeO2  TeO2  MoS2  WS2 

OH2          SH2  SeH2  TeH2  Mod2 

OC12          SCI2  .  .  TeCl2  MoO. 

Tungsten  is  also  pentatomic,  forming  the  compounds  WC15  and  WBr*  (Roscoe)  : 
consequently,  like  vanadium  it  exhibits  an  exception  to  the  general  law  of  the  variation 
of  atomicity  by  pairs  of  units. 

The  vapour-densities  of  the  hydrides  of  oxygen,  sulphur,  selenium,  and  tellurium, 
and  of  the  chlorides  of  oxygen  and  sulphur  among  the  dyad  compounds,  as  well  as  of 
dioxide  of  sulphur  among  the  tetrad  compounds,  are  the  halves  of  their  atomic 
weights  ;  or  their  respective  molecules  correspond  with  the  normal  two-vohime  standard. 
Of  the  other  compounds  above  tabulated,  the  protoxide  of  molybdenum,  and  the 
disulphides  of  molybdenum  and  tungsten,  are  not  volatilisable,  while  the  remainder, 
though  volatile,  have  not  had  their  vapour-densities  determined.  In  a  classification 
of  elements  according,  not  to  their  maximum,  but  to  their  most  characteristic  atomi- 
cities, oxygen,  sulphur,  and  by  consequence  selenium  and  tellurium,  would  probably  be 
regarded  as  dyadic. 

GROUP  VII.  Hept  ad  Metals.  —  The  elements  referred  to  at  the  commencement 
of  this  article  under  the  head  of  non-metallic  monads,  namely  chlorine,  bromine, 
and  iodine,  have  the  property  of  forming,  in  addition  to  their  respective  mon-hydrides, 
well-marked  triad,  pentad,  and  even  heptad  compounds,  examples  of  which  last  are 
afforded  by  their  respective  quadroxy-acids,  C1T"H04,  BrvUH04,  IviiH04,  and  (IvU)207. 
Iodine,  though  in  some  sense  the  representative  of  tellurium  and  antimony,  cannot 
rank  even  as  a  semi-metal,  but  we  are  acquainted  with  at  least  one  perfect  or  malleable 
metal  which  in  some  of  its  compounds  may  be  regarded  as  heptadic,  namely  manga- 
nese. With  the  atomic  weight  55,  the  atom  of  manganese  has  the  same  specific  heat 
as  the  atoms  of  chlorine,  bromine,  and  iodine,  namely  6'2,  and  forms  a  well-defined 
acid  of  moderate  stability,  the  permanganic  acid  MnT"H04,  whose  potassium-salt, 
MnvilK04,  is  isomorphous  with  perchlorate  of  potassium,  ClTitK04.  The  general 
properties  of  manganese,  however,  will  be  more  appropriately  considered  in  the 
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next  section  devoted  to  the  iron  family  of  metals.     The  succeeding  table  of  chlorides 
hydrides,  and  hydrates  is  not  without  interest  as  exhibiting  the  characteristic  atomi- 
cities of  the  different  groups  of  elements : — 

Li'Cl  G"C12  B'"CP  C""H'  N'"H»  0"H2          F'H 

Na'HO        Mg"H202      A1'"HS03       Si""H40*       P'H304         S*H20*      C1'»HO« 

Having  regard  to  the  upper  line  of  compounds,  carbon  may  be  regarded  as  placed  a! 
the  apex  of  two  converging  series  of  elements  of  increasing  atomicities  ;  while  having 
regard  to  the  lower  line  of  compounds,  it  will  appear  as  the  middle  term  of  a  single 
series.  It  is  observable  that  the  atomic  weights  of  carbon  and  silicon  correspond  very 
closely  with  the  arithmetical  means  of  the  atomic  weights  of  the  elements  placed 
respectively  on  the  same  lines  with  them,  for  8?8  =  12'6  and  ^°l=  28*7. 

GROUP  VIII.  Iron  Metals. — The  elements  previously  discussed  are  for  the 
most  part  capable  of  being  arranged  in  two  general  divisions,  accordingly  as  they 
combine  with  an  odd  or  even  number  of  atoms  of  halogen  or  hydrogen.  To  such  of 
them  as  combine  with  two,  four,  or  six  atoms  of  chlorine,  &c.,  the  designation  art i ad, 
and  to  those  which  combine  with  one,  three,  five,  or  seven  atoms  of  chlorine,  &c., 
the  designation  peris  sad  maybe  conveniently  applied.  Vanadium  and  tungsten, 
however,  as  already  observed,  unite  both  with  odd  and  with  even  numbers  of  halogen 
elements ;  and  the  same  property  is  exhibited  by  the  metals  now  to  be  considered. 
Such  elements  may  not  inappropriately  receive  the  designation  of  peris-artiad. 
Among  the  members  of  this  group  attention  will  be  more  especially  directed  at  first  to 
the  metals  iron,  nickel,  copper,  manganese,  and  cobalt.  The  most  ordinary  of  the 
several  series  of  compounds  formed  by  these  metals  correspond  closely  with  the  similar 
compounds  of  zinc,  in  their  saline  constitution,  water  of  hydration,  crystalline  form, 
and  general  chemical  properties.  Accordingly,  if  zinc  is  to  be  regarded  as  dyadic 
with  the  atomic  weight  65,  then  iron,  nickel,  copper,  manganese,  and  cobalt  must  also 
"be  regarded  as  dyadic,  and  receive  the  atomic  weights  given  on  the  upper,  instead  of 
the  formerly  received  atomic  weights  given  on  the  lower  of  the  following  lines : — 

Fe  56  Ni  59  Cu  63'5  Mn  55  Co  59 

Fe  28  Ni  29-5  Cu  31-75  Mn  27'5  Co  29'5 

With  these  doubled  atomic  weights,  the  iron-metals  will  have  the  normal  specific  heat 
expressed  approximately  by  the  number  6'2,  instead  of  the  abnormal  specific  heat 
expressed  by  the  number  3'1 ;  and  several  other  advantages  resulting  from  the  dupli- 
cation will  be  manifested  further  on.  Adopting,  then,  the  atomic  weights  which  are 
in  harmony  with  the  specific  heats  of  the  metals,  the  ordinary  ferrous,  manganous,  &c., 
salts  will  be  represented  as  dyad  compounds  by  the  formulae  M"C12,  M"O,  SM"04,  &c. 
Some  evidence  also  of  the  existence  of  tetrad  compounds  is  afforded  by  pyrolusite, 
Mn""02,  iron-pyrites,  Fe""S2,  and  an  artificial  sulphide  of  nickel,  Ni""S2.  Moreover, 
according  to  experiments  made  by  the  author,  there  would  appear  to  exist  an  unstable 
tetrachloride  of  manganese,  MnCl4,  corresponding  to  the  unstable  tetrachloride  of 
lead,  PbCl4,  just  as  the  peroxides  of  the  two  metals,  MnO*  and  PbO2,  also  correspond 
with  one  another.  Be  this  as  it  may,  the  ferrates  and  manganates,  FevlK204  and 
MnvlK204,  analogous  to  the  sulphates  SK204,  furnish  decisive  examples  of  the  existence 
of  hexad  compounds ;  and  the  mutual  analogy  of  these  three  classes  of  salts  affords  an 
obvious  argument  in  favour  of  adopting  the  atomic  weights  Mn  55  and  Fe  56,  whereby 
alone  they  can  all  three  be  represented  by  analogous  formulae.  The  association  with 
one  another  of  the  five  metals  now  under  consideration  centres  in  the  remarkable 
parallelism  subsisting  between  nickel  and  cobalt.  By  its  intermediate  properties 
nickel  serves  to  connect  iron  and  copper  with  one  another ;  while  its  relationship  to 
the  former  metal  corresponds  evidently  with  that  of  cobalt  to  manganese.  The  asso- 
ciation of  copper  with  iron  through  the  intervention  of  nickel  seems  scarcely  to  receive 
that  thorough  recognition  to  which,  in  the  author's  opinion,  it  is  entitled  (Phil. 
Mag.  xiii.  486),  apparently  because  of  the  facility  with  which  they  may  be  analytically 
separated  from  one  another.  The  three  metals  have  the  same  atomic  volume,  namely 
88,  which  is  likewise  that  of  manganese,  cobalt,  and  possibly  chromium,  but  of  no 
other  metal  whatever.  Their  specific  gravities,  calculated  or  experimental,  occur  in 
regular  sequence,  as  do  also  their  atomic  weights.  Iron  is  the  most  infusible  and 
weldable,  then  nickel,  then  copper.  The  three  metals  are  soluble  in  hydrochloric  acid 
with  evolution  of  hydrogen,  iron  most  readily,  then  nickel,  then  copper ;  they  pre- 
cipitate the  somewhat  basylous  metals,  tin  and  cadmium,  from  their  boiling  solutions ; 
and  alike  form  salts  of  a  marked  green  colour,  complementary  in  some  measure  to 
the  pink  colour  of  manganous  and  cobalt  salts.  Their  hydrates  are  soluble  in  sal- 
ammoniac  and  ammonia,  iron  to  a  slight  extent  only,  then  nickel,  copper  most  of  all. 
Thoir  sulphides  are  soluble  in  hydrochloric  acid  with  evolution  of  sulphuretted 
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^drogen ;  but  while  the  precipitation  of  sulphide  of  iron  may  be  prevented  by  a 
jjxight  acidulation,  that  of  nickel  requires  a  larger  proportion,  and  that  of  copper  a  very 
.  riuch  larger  proportion  of  acid.  The  sulphates  of  iron  and  nickel  crystallise  with 
seven  atoms  of  water,  and  are  isomorphous  with  one  another ;  but  sulphate  of  copper 
usually  crystallises  with  five  atoms  of  water,  and  is  isomorphous  with  the  corre- 
sponding sulphate  of  manganese.  On  the  other  hand,  the  sulphates  of  iron  and  copper 
'j-ystallise  together  in  all  proportions,  the  mixed  salt  being  heptahydrated  and  having 
the  form  of  sulphate  of  iron,  or  pentahydrated  and  having  the  form  of  sulphate 
or  copper,  according  to  the  preponderance  of  either  metal.  Again,  the  double  potassio- 
sulphates  of  all  three  metals  crystallise  with  six  atoms  of  water,  and  are  isomorphous. 
It  is  evident,  however,  in  comparing  the  five  metals  with  one  another,  that  manganese 
and  iron,  which  are  at  one  extremity  of  the  series,  have  a  tendency  to  form  hyper- 
oxides,  and  that  copper,  which  is  at  the  other  extremity,  has  a  tendency  to  form 
hypo-oxides,  while  cobalt  and  nickel  are  intermediate  both  in  position  and  tendencies. 
Now,  it  is  just  some  of  these  distinctive  peroxidised  compounds  of  manganese  and  iron 
on  the  one  hand,  and  suboxidised  compounds  of  copper  on  the  other,  that  furnish 
us  with  illustrations  of  perissad  forms  of  combination.  Thus,  manganese,  whose 
general  artiad  character  is  shown  by  its  forming  dyad,  tetrad,  and  hexad  compounds, 
as  we  have  already  seen,  is  nevertheless  indisputably  perissad  in  the  permanganates. 
The  permanganates,  MnvUK04,  for  example,  resemble  the  corresponding  perchlorates 
C1V"K04,  in  constitution,  stability,  solubility,  crystalline  form,  specific  heat,  &c.,  and; 
with  the  high  atomic  weight  for  manganese,  are  expressible  by  similar  formulae.  The 
perchloric  and  permanganic  acids  are  analogous,  unstable,  and  powerfully  oxidising 
compounds.  Dumas  has  also  described  a  volatile  perchloride  of  manganese,  supposed 
to  be  a  heptachloride  MnTllCl7,  which  is  decomposed  by  water  into  hydrochloric  and 
permanganic  acids  ;  but  H.  Eose  has  shown  that  it  is  an  oxychloride  Mn''02Cl2t 
analogous  to  chromic  oxychloride  Crv!02Cl2. 

Passing  to  the  opposite  member  of  the  iron  group,  we  find  copper  furnishing  a  whole, 
series  of  salts,  which,  represented  by  the  most  simple  formulae  with  the  doubled  atom  of 
copper,  Cu  63*5,  agree  closely  in  chemical  constitution  and  properties,  as  well  as  in 
specific  heat  and  crystalline  form,  with  the  corresponding  salts  of  the  monad  metal 
silver.  Cuprous  chloride  CuCl,  and  silver  chloride  AgCl,  agree  in  the  following 
characters.  They  have  the  same  specific  heat  and  crystalline  form  ;  are  producible  as 
white  precipitates  insoluble  in  water,  but  soluble  in  ammonia  and  in  boiling  hydro- 
chloric acid,  to  form  colourless  solutions.  They  dissolve  also  in  solutions  of  the  alka- 
line chlorides  forming  similar  double  salts,  which  Becquerel  obtained  electrolytically  in 
crystalline  forms  belonging  to  the  regular  system.  The  bromides  and  iodides  of  the  two 
metals  correspond  with  one  another  and  with  the  chlorides,  in  form,  solubility,  reaction 
with  ammonia,  production  of  double  salts,  &c.  &c.  The  amorphous  oxides,  Cu20 
and  Ag20,  resemble  one  another,  but  oxide  of  copper  has  alone  been  obtained  in 
crystals,  which  are  octahedral.  The  sulphides  exhibit  a  remarkable  correlation. 
Cupreus  sulphide,  Cu2S,  is  dimorphous,  and  while  the  artificial  compound  is  isomorphous 
with  silver-glance,  Ag2S,  in  the  regular  system,  the  native  form  or  copper-glance  is  iso- 
morphous with  silver-copper-glance,  AgCuS,  in  the  trimetric  system.  Miargyrite  and 
antimonial  copper  are  similarly  constituted  compounds,  AgSbS2  and  CuSbS2  respectively, 
while  bournonite  Pb"CuSbS3,  and  red  silver  Ag38bS3,  are  similar  and  isomorphous. 
The  convertibility  of  cuprous  into  cupric  compounds  constitutes,  indeed,  the  only 
marked  peculiarity  of  behaviour  distinguishing  them  from  the  similar  compounds  of 
silver.  So  long  as  they  continue  to  be  cuprous  compounds,  the  resemblance  between 
them  and  their  silver  analogues  is  as  great  as  that  between  the  corresponding  com- 
pounds of  any  two  associated  metals.  But  despite  the  analogy  of  cuprous  to  silver 
chloride,  for  instance,  and  of  permanganic  to  perchloric  acid,  it  has  been  proposed  to 
double  the  molecular  formulae  of  all  cuprous  and  permanganic  compounds,  and  conse- 
quently to  express  them  by  formulae  dissimilar  to  those  of  their  respective  silver  and 
chlorine  analogues.  By  this  means  the  formulae  Cu2Cl2  and  Mn2H>'08,  for  instance, 
will  certainly  be  brought  into  harmony  with  the  law  of  even  numbers,  but  at  a  very 
heavy  sacrifice  of  simplicity  and  analogy.  Fully  admitting  the  great  and  not  generally 
appreciated  value  of  Laurent  and  G-erhardt's  law,  it  must  yet  be  remembered  that 
these  distinguished  chemists  themselves  pointed  out  its  inapplicability  to  the  perissad 
compounds  of  the  iron  metals,  save  by  admitting  for  each  metal  two  different  atoms 
represented  by  two  different  symbols ;  and  it  may  also  be  asked  whether  the  received 
mode  of  expressing  Laurent  and  G-erhardt's  law  might  not  be  advantageously  modified 
into  some  such  dictum  as  the  following,  that  "in  every  compound  the  sum  of  the 
atomicities  or  equivalencies  is  an  even  number." 

Just  as  copper  and  manganese,  though  usually  dyadic,  are  associated  with  monadic 
silver  and  heptadic  chlorine  respectively,  so  ia  iron,  though  usually  dyadic,  associated 
with  triadic  aluminium.  Ferric  chloride,  oxide,  and  compounds  generally,  present  such 
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an  analogy  to  aluminic  chloride,  oxide,  and  compounds  generally,  that  similar  formulae 
ought  necessarily  to  be  applied  to  the  similar  series  of  bodies.  Confining  ourselves  for 
simplicity's  sake  to  the  case  of  the  two  chlorides,  wo  have  to  choose  between  the 
formula!  A1C13  and  FeCl8,  on  the  one  hand,  and  the  formulae  A12C18  and  Fe2Cl9,  on  the 
other.  The  more  complex  expression  for  ferric  chloride,  Fe2Cl6,  is  certai nly  recommended 
by  several  considerations  of  indisputable  importance,  but  not,  in  the  author's  opinion, 
of  such  paramount  importance  as  positively  to  require  its  adoption.  Thus,  the  formula 
Fe2Cl8  is  in  harmony  with  the  law  of  even  numbers,  as  usually  enunciated ;  but  the 
simpler  formula  would  agree  equally  well  with  the  law,  if  modified  in  its  expression  as 
above  proposed.  Again,  the  formula  Fe2Cl6  is  in  harmony  with  the  constitution  of 
certain  mixed  and  basic  salts  of  ferricum  investigated  more  particularly  by  Scheurer- 
Kestner  (Bull.  Soc.  Chim.  1863,  p.  344),  in  which  one-sixth  of  the  acid  radicle  com- 
bined with  the  ferricum  differs  from  the  remaining  five-sixths,  as  in  ferric  aceto-nitrate, 
for  example,  Fe2(C2H802)3(N03)2HO,  or  Fe(C2H802)3.Fe(NO3)2HO ;  but  the  number  of 
salts  known  to  be  formed  on  duplicate  types  is  now  so  great  as  to  deprive  this  considera- 
tion of  any  extreme  consequence.  No  one,  for  instance,  contends  that  the  constitution  of 
tri-acid  oxalate  of  potassium,  C2H204.C2HK04,  necessitates  the  accordance  of  the 
formula  C4H408  to  oxalic  acid.  Lastly,  the  formula  Fe2Cl6  is  in  harmony  with  the 
vapour-density  of  ferric  chloride,  as  determined  by  Deville,  who  found  that  two 
volumes  of  vaporised  ferric  chloride  contain  twice  56  parts  of  iron,  and  six 
times  35'5  parts  of  chlorine,  just  as  two  volumes  of  vaporised  chloride  of  aluminium 
contain  twice  27'5  parts  of  aluminium,  and  six  times  35'5  parts  of  chlorine.  This  is 
no  doubt  a  very  important  result,  and  one  which,  unless  susceptible  of  some  explanation 
direct  or  analogical,  would  be  decisive  of  the  question.  But  there  are  undoubtedly 
certain  bodies  of  which  the  acertained  vapour-densities,  no  matter  how  accounted  for,  are, 
as  a  matter  of  experiment,  discordant  with  the  chemical  analogies  of  the  respective  bodies. 
For  instance,  the  quantity  of  phosphorus  which  bears  to  the  molecule  of  phosphoretted 
hydrogen,  PH3,  the  same  relation  that  the  molecule  of  nitrogen  bears  to  the  molecule  of' 
ammonia,  has  only  half  the  bulk  of  these  several  molecules.  Again,  the  quantity  of 
white  arsenic  which  bears  to  the  molecule  of  arsenious  chloride,  AsCl3,  the  same  relation 
that  the  molecule  of  water  bears  to  the  molecule  of  hydrochloric  acid,  has  only  half  the 
bulk  of  these  several  molecules.  Lastly,  the  quantity  of  aluminic  chloride  which  bears 
to  the  molecule  of  aluminic  ethide,  AlEt3,  the  relation  which  the  molecule  of  corrosive 
sublimate  bears  to  the  molecule  of  mercuric  ethide,  has  only  half  the  bulk  of  these 
several  molecules.  In  these  cases,  the  results  flowing  from  the  anomalous  volumes  of 
free  phosphorus,  arsenious  oxide,  and  aluminic  chloride  are  corrected  by  having  regard 
to  the  normal  volumes  of  other  volatile  compounds  of  phosphorus,  arsenic,  and 
aluminium  respectively;  and  bearing  in  mind  the  great  resemblance  between  aluminic 
and  ferric  compounds,  is  it  not  probable  that  the  ascertained  volume  of  ferric  chloride 
may  be  also  anomalous,  and  hereafter  be  proved  to  be  anomalous  by  comparison  with 
the  vapour-densities  of  as  yet  undiscovered  volatile  compounds  of  ferricum  having 
normal  volumes  ?  Whether  it  be  that  certain  bodies  have  two  distinct  condensations 
corresponding  to  two  distinct  molecules,  of  which  in  some  cases  the  ordinary,  in  some 
cases  the  extraordinary,  and  in  other  cases  both,  are  experimentally  known ;  or  whether 
it  be  that  these  bodies  have  each  in  reality  but  a  single  condensation  and  a  single 
molecule,  which  in  some  cases  has  not  been  correctly  ascertained,  through  the  employ- 
ment of  a  temperature  insufficient  to  render  the  body  perfectly  elastic,  the  fact  remains 
that  the  ascertained  vapour-densities  of  a  considerable  number  of  bodies  are  not  in 
harmony  with  their  most  characteristic  chemical  relations,  though,  in  the  majority 
of  instances,  these  anomalous  results  are  divested  of  importance  by  other  determina- 
tions of  vapour-density,  either  of  the  same  bodies  raised  to  higher  temperatures,  or  of 
allied  bodies  having  a  more  decided  volatility.  Even  allowing,  therefore,  that  ferric 
chloride,  at  the  temperature  at  which  its  density  was  taken,  has  the  molecular  formula 
Fe2Cl6,  it  by  no  means  follows  that  under  other  conditions  it  may  not  have  the 
simpler  molecular  formula  FeCl3.  Accepting  the  formula  FeCl3  for  the  chloride, 
certain  other  important  ferric  compounds  will  be  represented  as  follows :  the  hydrates 
asFe'"H303  and  Fe'"HO2 ;  the  oxide  as  Fe'"203;  the  black  oxide  as  FeOFe'"208  or 
Fe304;  and  iron  alum  as  KFe"'(S04)2.12H20.  Thus  the  constitution  of  iron  alum, 
like  that  of  common  alum,  becomes  a  direct  consequence  of  the  triatomicity  of  its 
characteristic  metal.  Cobalt  and  manganese  both  form  oxides  corresponding  to  ferric 
oxide,  and  manganese  forms  in  addition  an  unstable  manganic  chloride,  Mn"'Cl3,  and 
manganic  alum,  KMn"'(S04)2.12H20.  These  formulae  of  course  depend  for  their 
warranty  upon  those  for  the  corresponding  ferric  compounds. 

Chromium,  according  to  the  normal  atomic  heat  6*2,  will  have  the  atomic  weight 
52-5,  instead  of  26'25,  the  heretofore  generally  received  number.  It  forms  three  well- 
defined  chlorides,  viz.  the  dichloride  Cr''Cl2,  trichloride  Cr'"Cl8,  and  oxychloride  or 
chlorochromic  acid  CrviCl202.  This  last  compound  is  readily  volatile,  and  its  ascer- 
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tained  vapour-density  being  the  half  of  its  atomic  weight,  its  molecule  is  refra-rible  to  the 
normal  two-volume  standard.  The  dichloride  and  trichloride  are  also  vol  itilisable  com- 
pounds, but  their  vapour-densities  have  not  been  determined.  That  of  the  trichloride, 
however,  would  probably  present  the  same  peculiarity  as  the  analogoi^s  aluminic  and 
ferric  trichlorides ;  and  judging  solely  by  vapour-density,  the  compound  would  conse- 
quently have  to  be  represented  by  the  formula  Cr2Cl6.  Chromous  salts  correspond 
closely  to  ferrous  salts  in  their  general  behaviour,  and  especially  in  their  absorption 
ol  nitric  oxide,  with  production  of  dark  brown  compounds.  They  have,  however,  a 
red  or  bluish  colour  more  like  that  of  cobalt  salts.  Alkaline  sulphydrates  throw  down 
a  black  precipitate  of  chromous  sulphide,  and  caustic  alkalis  a  pale  coloured  precipitate 
of  chromous  hydrate,  soluble  in  sal-ammoniac  and  ammonia.  The  tendency  of  this 
last  precipitate  to  become  peroxidised  greatly  exceeds  even  that  of  ferrous  hydrate,  as 
proved  by  its  gradual  deoxidation  of  water  with  liberation  of  hydrogen.  The  double 
sulphate  of  chrome  and  potassium,  K2Cr"(S04)26H20,  is  isomorphous  with  the  similar 
salts  of  iron,  &c.  Chromic  and  ferric  compounds  again  present  a  general  similarity  of 
behaviour,  though  with  some  well-marked  differences.  Chrome-iron  Fe"(Cr'")204  is 
isomorphous  with  magnetic  oxide  Fe"(Fe'")204 ;  chromic  oxide  (Cr'")203,  with  haematite 
(Fe"')'-'03;  chromic  alum  KCr'"(S04)2.12H20,  with  iron  alum  KFe"(S04)2.12H20,  &c. 
But,  unlike  the  similar  compounds  of  ferricum,  chromic  oxide  is  decomposed  by  fusion 
with  carbonated  alkalis  into  chromate  and  an  inferior  oxide;  chromic  hydrate  is 
soluble  in  cold  solutions  of  caustic  alkalis  ;  while  chromic  salts  react  with  sulphide  of 
ammonium  to  produce  chromic  hydrate  and  sulphuretted  hydrogen,  though  this  last 
difference  may  possibly  be  only  one  of  degree  depending  upon  the  difficult  reducibility 
of  chromic  compounds :  for  it  is  doubtful  at  least  whether  the  precipitate  produced  by 
sulphide  of  ammonium  in  ferric  salts  is  other  than  a  mixture  of  sulphur  and  ferrous 
sulphide.  Chromic  anhydride  Crvi03,  the  most  characteristic  of  all  the  compounds  of 
chrome,  forms  well  defined  salts  having  the  same  general  formula  as  the  manganates, 
ferrates  and  sulphates  XM204.  Its  resemblance  to  vanadic  anhydride,  a  compound 
belonging  to  the  pentad  group,  has  been  already  noticed  (p.  968). 

Uranium  is  usually  classed  with  the  iron  metals,  for  although  possessing  but  little 
resemblance  even  to  them,  it  has  still  less  to  any  other  group  of  elements.  The  for- 
mulae of  uranium-compounds,  and  the  atomic  weight  of  uranium  must  be  regarded  for 
the  present  as  not  finally  determinable,  since  the  analytical  results  cannot  yet  be 
controlled  by  any  considerations  derived  from  vapour-density,  isomorphism,  specific 
heat,  or  strict  chemical  analogy.  The  proportion  of  uranium  which  unites  with  35'5 
parts  of  chlorine  in  uranous  chloride,  is  found  to  be  60  parts,  and  accordingly  the 
atomic  weight  of  the  metal  may  be  fixed  at  60,  or  120,  180,  240,  &c.  The  ready 
volatility  of  uranous  chloride  is  in  favour  of  its  molecule  containing  more  than  one, 
and  indeed  even  more  than  two  atoms  of  chlorine  ;  while  the  high  specific  gravity  of 
uranium,  18'4,  would  seem  to  associate  its  atomic  weight  with  those  of  such  heavy 
metals  as  tungsten,  specific  gravity  17'6,  atomic  weight  184;  gold,  specific  gravity 
19-3,  atomic  weight,  196'5;  and  platinum,  specific  gravity  21-5,  atomic  weight  197  ; 
although  the  correlation  of  specific  gravity  with  atomic  weight  is  undoubtedly  subject 
to  many  vagaries.  Altogether,  it  seems  most  advisable  to  assume  that  the  atomic 
weight  of  uranium  is  240,  and  that  the  formula  of  its  subchloride  is  IPCl6,  while  that 
of  uranous  chloride  is  UC14,  and  that  of  uranic  oxychloride  Uvi02Cl2.  Aqueous 
uranous  chloride  and  uranous  salts  in  general  have  a  marked  green  colour,  but 
furnish  a  red-brown  gelatinous  hydrate,  soluble  in  carbonated  alkalis.  They  are 
completely  decomposed  by  the  earthy  carbonates,  with  evolution  of  carbonic  anhydride. 
They  yield  a  black  precipitate  with  sulphide  of  ammonium,  and  oxidise  readily  by- 
exposure  to  air.  Uranic  salts  are  of  a  lemon-yellow  colour,  and  possess  in  & 
characteristic  degree  the  property  faintly  shadowed  forth  in  a  few  trisalts  of  antimony, 
chromium,  &c.,  of  being  derived  from  their  respective  acids  by  a  substitution,  not  oi 
metal,  but  of  metallic  oxide  for  basic  hydrogen,  which  metallic  oxide  is  transferable 
from  one  compound  to  another,  throughout  the  entire  series  of  double  decompositions 
to  which  the  salts  are  liable.  There  is  accordingly  no  hexchloride  UC16  or  hexnitrate 
U(N03)6,  but  only  an  oxychloride  UO'Cl2  and  oxynitrate  U02(N03)2.  The  oxychloride 
is  a  yellow,  crystalline,  readily  fusible,  but  difficultly  volatilisable  mass.  The  nitrate 
crystallises  in  lemon-yellow  prisms  decomposible  by  heat,  and  yielding  in  succession  a 
uranic  hydrate,  uranic  oxide,  uranoso-uranic  oxide.  Both  salts  are  soluble  in  water, 
forming  lemon-yellow  fluorescent  solutions.  These  are  converted  into  uranous  solu- 
tions by  sulphuretted  hydrogen,  with  separation  of  sulphur,  and  are  otherwise  very 
easily  reducible.  They  give  a  dark  brown  precipitate  with  sulphide  of  ammonium  ; 
form  soluble  crystallisable  double  compounds  with  excess  of  alkaline  carbonate,  the 
potassium-salt  having  the  formula  2K2COS.(U202)"C03 ;  and  yield  precipitates  of 
alkaline  uranate,  K20.2U03,  for  instance,  with  caustic  alkalis. 
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GBOTTP  IX.  Platinum  Metals. — The  metals  palladium,  rhodium,  ruthe- 
nium, platinum,  iridium,  and  osmium,  though  differing  considerably  in  many 
of  their  chemical  habitudes,  are  nevertheless  separated  from  all  other  elements,  and 
associated  with  one  another,  by  certain  very  distinctive  characters.  With  the  normal 
atomic  heat  6%  their  several  atomic  weights  will  be  as  follows: — Os  199,  IT  197, 
Pt  197,  Pd  106-5,  Eu  104,  and  Eh  104.  The  specific  gravities  of  the  first  three  metals 
having  the  higher  atomic  weights  are  about  21,  while  those  of  the  other  three  having 
the  lower  atomic  weights  are  between  ll£  and  12.  Each  of  the  metals  of  low  atomic 
weight  seems  to  be  more  especially  correlated  with  some  particular  one  of  the  metals 
of  high  atomic  weight,  palladium  with  platinum,  rhodium  with  iridium,  and  ruthenium 
with  osmium ;  and  all  six  metals  are  found  associated  together  naturally  in  the  metallic 
state.  They  are  all  infusible  save  at  the  highest  temperatures,  such  as  that  attainable 
with  the  oxyhydrogen  blowpipe.  The  platinum  metals  resemble  certain  metals  of  the 
iron  family  in  the  polychromatism  of  their  salts,  the  permanency  of  their  double 
cyanides,  and  the  perisartiad  seriation  of  their  chlorides,  oxides,  &c. 

Palladium  and  platinum  belong  to  the  class  of  noble  metals.  They  do  not  combine 
directly  with  oxygen,  even  at  the  highest  temperatures,  while  their  chlorides  and  in- 
directly produced  oxides  are  reducible  to  the  reguline  state  by  heat  alone.  Their  di- 
and  tetrachlorides  are  the  most  characteristic  of  their  combinations.  Palladium  is 
said  to  form  an  inferior  chloride  PdCl,  and  oxide  Pd20,  analogous  to  those  of  cuprosum, 
but  its  ordinary  salts  are  typified,  as  above  remarked,  by  the  dichloride  PdCl2,  and  the 
tetrachloride  PdCl4.  The  former  is  crystalli sable  and  soluble  in  water,  while  the  latter 
is  known  only  in  solution.  They  both  produce  crystallisable  double  salts  with  chloride 
of  potassium,  ammonium,  &c.  Platinum  forms  a  well-defined  crystalline  tetrachloride 
PtCl4,  which  by  a  regulated  heat  is  convertible  into  the  dichloride  PtCl2,  insoluble  in 
water  but  soluble  in  hydrochloric  acid,  and  also  in  solution  of  the  tetrachloride,  forming 
apparently  a  double  or  intermediate  chloride  Pt'Cl6  or  PtCl8.  Both  the  di-  and  tetra- 
chlorides of  platinum  form  crystallisable  double  salts  with  the  chlorides  of  alkali- 
metal,  &c. 

Ehodium  and  iridium,  though  permanent  in  the  air  at  all  temperatures  when  in  the 
massive  state,  seem  to  be  more  readily  oxidisable  by  treatment  with  chemical  agents 
than  the  metals  last  considered.  At  the  same  time  their  several  oxides  are  reducible  by 
heat  alone.  The  trichlorides  are  the  most  characteristic  of  their  respective  chlorides, 
and  are  typical  of  their  ordinary  salts.  Ehodium  forms  an  insoluble  dichloride  EhCl3 
of  which  very  little  is  known,  and  a  soluble  deliquescent  rose-coloured  trichloride  EhCl8, 
one  molecule  of  which  combines  with  either  two  or  three  molecules  of  alkaline  chloride 
to  form  beautiful  crystalline  salts  of  a  rose-red  colour,  whence  the  name  of  the  metal. 
Iridium,  so  called  from  the  polychromatism  of  its  salts,  forms  a  dichloride  IrCl2,  in- 
soluble in  water,  but  forming  soluble  red-coloured  salts  with  the  alkaline  chlorides ;  a 
comparatively  stable  trichloride  IrCl3,  whose  solution  is  of  an  olive-green  colour,  and 
whose  double  potassio-chloride  has  the  formula  SKCl.IrCl3 ;  and  a  tetrachloride 
IrCl4,  known  only  in  the  form  of  its  potassio-chloride  2KCLIrCl4,  which  is  a  crystal- 
lisable salt  of  almost  black  colour,  while  the  corresponding  hydrated  oxide  Ir02.2H20, 
occurs  as  an  indigo-blue  precipitate. 

Euthenium  and  osmium  differ  from  the  other  platinum-metals  in  the  degree  of  their 
oxidisability,  ruthenium  forming  a  trioxide  EuO3  and  a  tetroxide  EuO4  corresponding 
to  the  unknown  chlorides  EuCl6  and  EuCl8,  and  osmium  forming  both  a  trioxide  OsOs, 
with  its  corresponding  chloride  OsCl6,  and  a  stable  volatile  tetroxide  OsO4 ;  these 
tetroxides  are  the  most  highly  oxidised  compounds  of  any  elements  whatsoever. 
Euthenium  and  osmium,  moreover,  are  directly  oxidisable,  and  even  combustible,  in 
air,  at  temperatures  varying  with  their  state  of  aggregation,  and  the  resulting  oxides 
are  not  reducible  by  any  increased  temperature  to  which  they  have  been  subjected. 
Euthenium  forms  three  chlorides  EuCl2,  EuCl8,  and  EuCl4,  with  the  corresponding 
oxides  EuO,  Eu208,  and  EuO2,  of  which  the  trichloride  and  trioxide  are  typical  of 
ordinary  ruthenium  salts.  The  dioxide,  produced  by  heating  ruthenium  with  osmium 
in  a  current  of  air,  though  not  volatile  per  se  is  carried  over  by  the  osmic  vapours  and 
condenses  as  a  crystalline  sublimate  of  well-defined  square  prisms.  Fused  with  nitre, 
all  the  above  oxides  of  ruthenium  produce  a  soluble  orange-yellow  salt,  the  rutheniate 
of  potassium  K2O.Eu03.  Osmium  forms  four  chlorides  OsCl2,  OsCl3,  OsCl',  and 
OsCl8,  all  of  which  volatilise  by  heat  and  produce  double  salts  with  the  alkaline 
chlorides.  It  also  forms  the  corresponding  oxides  OsO,  Os203,  OsO2,  OsO8  and  an 
additional  oxide  OsO4.  The  trioxide,  though  scarcely  known,  save  in  the  form  of  its 
potassium-salt  K2O.Os03.2H20,  which  crystallises  in  rose-coloured  octahedra,  seems 
to  have  decided  acid  characters.  Tetroxide  of  osmium  OsO4  is  a  very  remarkable 
body.  It  occurs  in  flexible  acicular  colourless  crystals,  freely  soluble  in  water.  It 
fuses  at  a  gentle  heat  and  boils  at  100°,  with  conversion  into  a  pungent  noxious 
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vapour,  whose  specific  gravity  is  the  half  of  its  atomic  weight.  It  seems  to  be  qirte 
devoid  of  acid  properties,  since  it  is  evolved  from  its  solution  in  caustic  alkalis  by 
simple  ebullition,  while  its  solution  in  water  has  no  action  upon  litmus  paper. 


The  numerical  relations  subsisting  between  the  atomic  weights  of  the  several 
elements  have  for  a  long  time  past  excited  considerable  interest  among  chemists,  and 
have  not  unnaturally  led  to  a  considerable  amount  of  speculation. 

Seeing  that  these  atomic  weights  range  from  1  (hydrogen)  to  240  (uranium)  the 
question  arises  whether  the  varied  chemical  properties  of  the  elements  are  distributed 
among  them  haphazard,  or  according  to  some  definite  system,  of  which  the  relation- 
ship subsisting  between  their  several  atomic  weights  may  possibly  serve  as  a  key. 
Now  the  atomic  weights,  as  distinguished  from  the  combining  proportions,  of  yttrium, 
erbium,  cerium,  lanthanum  and  didymium,  must  be  regarded  for  the  present  as  quite 
unknown.  Out  of  the  58  elements,  however,  whose  atomic  weights  have  been  more  or 
less  well  determined,  46  have  atomic  weights  ranging  from  1  to  137  in  an  almost 
unbroken  succession ;  10  of  the  other  12  have  atomic  weights  ranging  from  184,  that 
of  tantalum,  to  2JO,  that  of  bismuth ;  while  the  remaining  two,  namely  thorium  and 
uranium,  have  the  closely  approximating  atomic  weights  238  and  240  respectively. 

Elements,  in  Order  of  Atomic  Weight* 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

I.  HI 
II. 
III. 

Li     7 
G      9 
B     11 

Na  23 
Mg24 
Al   27-5 

K      39 
Ca    40 

Zn65 

Rb  85 
Sr    87-5 
?Yt  88 

Ag  108 
Cd  112 
In    113 

Ci  133 

Ba  137 
?Di  13* 

?  Er~178 

Hg  SOO 
TI    204 

— 

RC1 
RC12 
RC13 

IV. 

C     12 

Si   28 

Ti~50 



Zr  89 

Sn    118 

?  Ce  140 

?  La  180 

Pb  207 

Th~231 

RC1' 

V. 

N     14 

P    31 

V     51 

As  75 

Nb  94 

Sb    122 

Ta  182 

Bi    210 

RCI* 

VI. 

O     16 

S     32 

Cr     5-2 

Se  79 

Mo  96 

Te  .129 



W  184 

U~240 

RC16 

VII. 

F     19 

Cl  35-5 

Mn  55 

Br  80 

I      127 

_ 



RC1? 

VIII. 

Fe    56 

Ru  104 



Os  195 

— 



RC1« 

mm 

mm 

Co    59 

mm 

Rh  104 

,^ 

__ 

Ir    197 

mm 

_ 

_ 

— 

— 

Ni     59 

— 

Pdl06 

— 

— 

Ft  198 

— 

— 

— 

Na  23 

Cu    63 

- 

AglQS 

- 

— 

Aul99 

- 

— 

- 

In  this  table  the  symbols  of  the  elements  are  arranged  in  the  order  of  the  atomic 
weights,  except  only  in  the  case  of  tellurium,  the  symbol  of  which  is  placed  imme- 
diately above  instead  of  below  that  of  iodine ;  its  atomic  weight  has  perhaps  been 
somewhat  over-estimated.  Departing  from  the  order  of  numerical  seriation  in  this 
particular  only,  it  is  remarkable  with  what  facility  the  symbols  of  the  elements  may 
be  arranged  in  parallel  lines  and  columns,  corresponding  with  a  natural  classification 
of  the  elements  themselves  into  analogous  groups  and  series.  Indeed  a  study  of  the 
entire  number  of  elements  at  present  known  would  seem  to  indicate  that  they  are  one 
and  all  associated  with  each  other  by  a  certain  community  of  relationship,  of  which  the 
well-known  gradation  and  parallelism  in  properties  and  atomic  weights,  of  the 
members  of  the  alkali  and  earth-alkali,  and  of  the  halogen  and  oxygen  families  of 
elements,  afford  only  the  most  prominent  examples. 

Taking  the  second  line  of  the  table  as  an  illustration,  it  is  observable  that  the  first 
seven  metals  symbolised  therein  are  distinguished  from  all  the  others  by  the  property 
of  forming  one  chloride  only  and  that  a  dichloride ;  further  that  the  metals  in  the 
uneven-numbered  columns  of  this  line,  namely  magnesium  24,  zinc  65  and  cadmium 
112,  are  permanent  in  the  air,  volatilisable  in  the  direct,  and  basylons  in  the  inverse 
order  of  their  atomic  weights,  and  are  otherwise  specially  associated  with  one  another, 
while  the  similarly  associated  metals  in  the  first  three  alternate  or  even-numbered 
columns,  namely  calcium  40,  strontium  87'5  and  barium  137,  are  quickly  oxidisable  in 
the  air,  are  practically  non-volatile,  and  are  basylous  in  the  direct  instead  of  in  the 
inverse  order  of  their  atomic  weights  ;  and  similarly  on  the  other  lines  of  the  table, 
the  elements  are  divisible  into  sub-groups  according  to  their  odd  and  even  positions. 

Such  being  the  relationship  of  the  elements  placed  in  the  same  line,  the  relationship 
of  those  placed  in  the  same  column  is  of  a  different  kind.  Taking  the  third  and 
seventh  columns  by  way  of  illustration,  it  is  observable  that  the  consecutive  elements 
in  each  column  have  closely  consecutive  atomic  numbers ;  that  the  element  on  the 
first  line  forms  a  monochloride,  that  on  the  second  line  a  dichloride,  that  on  the  third 


*  See  also  Mendel ejeff,  Ann.  Ch.  Pharm.  viii.  Supplementband,  133. 

t  The  notes  of  interrogation  indicate  that  he  position  in  the  series  of  the  elements  to  which  they  are 
attached  is  doubtful. 
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a  trichloride,  and  that  on  the  fourth  a  tetrachloride ;  while  those  on  the  fifth,  sixth  and 
seventh  lines  form  oxides'or  oxychlorides  corresponding  to  a  penta,  hex-  and  hepta- 
chloride  respectively. 

The  preceding  table  shows  also  that  about  five-and-twenty  new  elements  are 
required  to  fill  up  the  gaps  in  the  different  series;  and  it  is  possible  that  other  new 
elements  may  be  discovered  with  atomic  weights  greater  than  that  of  uranium. 

Another  idea  suggested  by  comparisons  like  the  foregoing  is  that  it  scarcely  seems 
probable  that  bodies  capable  of  being  arranged  in  so  well-marked  a  numerical  series 
are  really  elementary  and  mutually  independent ;  a  more  likely  supposition  seems  to 
be  that  the  gradation  of  properties  and  atomic  numbers  manifested  by  these  bodies 
depends  on  their  possession  of  different  increments  of  common  material.  W.  0. 

MET  AIi  UMXXr  A.  This  name  is  applied  by  G  r  a  h  a  m  ( Chem.  Soc.  J.  xv.  24)  to  the 
soluble  dihydrate  of  aluminium  (i.  159)  which  Crum  obtained  by  the  action  of  heat  on 
a  solution  of  the  acetate.  Graham  has  shown  that  it  may  be  prepared  by  dialysing 
a  solution  of  the  acetate  altered  by  heat,  nearly  all  the  acetic  acid  passing  through, 
and  a  solution  of  metalumina  remaining  on  the  dialyser  (p.  717).  The  solution  is 
tasteless,  and  neutral  to  test-paper. 

iviET  AXiYSIS.    Dobereiner's  name  for  CATALYSIS. 

METAMARGARXC  ACID.  An  acid  isomeric  with  margaric  acid,  C17H3402, 
said  by  Fremy  (Ann.  Ch.  Phys.  [2]  Ixv.  121)  to  be  obtained,  together  with  meta- 
oleic  acid,  by  treating  with  cold  water  the  mixture  of  sulphomargaric  and  sulpholeic 
acids  produced  by  the  action  of  strong  sulphuric  acid  upon  olive-oil.  On  pressing  the 
.resulting  precipitate,  and  treating  it  with  alcohol  of  36  per  cent.,  the  metamargaric 
acid  is  dissolved  out.  It  is  white,  crystalline,  insoluble  in  water,  easily  soluble  in 
alcohol  and  ether,  melts  at  50°,  and  exhibits  the  composition  of  margaric  acid.  Most 
of  its  salts  were  also  found  by  Fremy  to  exhibit  the  composition  of  the  margarates, 
but  the  silver  salt  yielded  27 — 85  per  cent,  silver,  which  is  nearly  the  composition  of 
stearate  of  silver.  Altogether,  it  is  doubtful  whether  the  acid  obtained  as  above 
was  a  definite  compound. 

METAMERISM.     See  ISOMEBISM  (p.  415). 

ITAMECOltfXC  ACID.     Syn.  with  COMENIC  ACID  (i.  1103). 


METAMORPHXKE.  An  opium-base,  the  hydrochlorate  of  which  is  obtained,  as 
a  residue,  in  the  preparation  of  opium-tincture  by  means  of  lime  and  sal-ammoniac. 
The  hydrochlorate  is  soluble  in  25  pts.  of  cold,  and  2  pts.  of  hot  water,  reacts  neutral, 
and  gives  no  precipitate,  either  with  ammonia  or  with  the  fixed  alkalis  or  their  car- 
benates.  When  dried  at  100°,  it  contains  12-2  per  cent.  HC1  (hydrochlorate  of 
morphine,  CI7H19NO>.HC1.3H20,  contains  97  per  cent.). 

The  free  base  separated  from  the  sulphate  by  digestion  with  carbonate  of  barium, 
and  exhaustion  with  alcohol,  crystallises  in  stellate  groups  of  prisms.  It  is  not  bitter ; 
dissolves  in  600  pts.  cold,  and  70  pts.  boiling  water,  in  330  pts.  of  alcohol  of  90  per 
cent,  at  ordinary  temperatures,  and  in  9  pts.  at  the  boiling  heat ;  it  is  nearly  insoluble 
in  ether.  It  dissolves  easily  in  caustic  potash,  less  easily  in  ammonia  and  alkaline 
carbonates.  With  nitric  acid  of  specific  gravity  1-33  it  forms  a  yellow  solution.  The 
aqueous  solution  is  gradually  coloured  yellow  by  iodic  acid ;  not  altered  by  ferric 
chloride.  Chloride  of  gold  first  forms  with  it  a  yellowish  colour,  then  a  flocculent 
brownish  precipitate,  but 'produces  no  blue  coloration.  (G.  C.  Witt  stein,  Arch. 
Pharm.  [2]  cv.  141.) 

METAMORPHXSM.  A  term  applied  to  the  transformation  of  minerals  and 
rocks  by  physical  and  chemical  action.  (See  GEOLOGY,  CHEMISTRY  OF,  ii.  831.) 

METAMTXiEXTE.  A  compound  polymeric  with  amylene,  probably  C20!!40,  con- 
tained in  the  higher  portion  of  the  distillate  produced  by  heating  amylic  alcohol  with 
sulphuric  acid.  It  has  not  been  obtained  pure.  (Balard.) 

METAKAPHTHAX.EXTE.     See  NAPHTHALENE. 
METAXTTXMOXrxc  ACID.     See  ANTIMONY  (i.  324). 
META-OCTTXiEVTE.     See  OCTYLENE. 

META-OXiEXC  ACID.  An  oily  acid  produced  by  the  action  of  water  on  sulph- 
oleic acid.  It  is  insoluble  in  water,  easily  soluble  in  ether,  very  slightly  in  alcohol. 
(Fremy,  Ann.  Ch.  Phys.  [2]  xv.  128.) 

METAPECTXC  ACID.    See  PECTIC  Aero. 

METAPECTXKT.    See  PECTIN. 

MBTAPHOSPHORXC  ACID.     See  PHOSPHORUS,  OXYGEN-ACIDS  OF. 
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METASII.ICATES.  Silicates  of  the  augite  type,  M2Si03  or  M'O.SiO2 
(Odling.) 

METASTATTMTIC  ACID.     See  STANNIC  ACID,  under  TIN. 
METASTYROIi.     Syn.  with  METACINNAMENE  (see  CINNAMENE,  i.  982). 

METATARTARIC  ACID.      See  TAfiTARIC  AciD. 

IVTETATEREBENTHEKTE.      See  TURPENTINE. 

METATUMTGSTIC  ACID.      See  TUNGSTIC  AciD. 

MET  AXITE.  Breithaupt's  name  for  a  fibrous  variety  of  serpentine  from  Schwarz- 
enberg  in  Saxony.  Hardness  =  2  to  2'5.  Specific  gravity  =  2*52.  Greenish- 
white,  with  weak  pearly  lustre.  Contains,  according  to  Kiihn  (Ann.  Ch.  Pharm.  lix. 
369),  43-48  per  cent,  silica,  41'00  magnesia,  2'20  ferrous  oxide,  and  12*95  water 
(=»  99-63). 

METAXOITB.  A  mineral  resembling  metasite,  occurring  in  green  serpentine  at 
Lupikko,  near  Pitkaranta  in  Finland.  Hardness,  between  calcspar  and  gypsum. 
Specific  gravity  =  2'58  to  2'61.  Colour,  from  greenish-black  to  white.  Sometimes 
apparently  amorphous,  sometimes  radio-fibrous  and  spherical.  Contains,  according 
to  an  analysis  by  C.  G.  Hallsten  (Jahresb.  1862,  p.  749),  40'63  per  cent,  silica, 
10-17  alumina,  6-78  ferric  oxide,  12'88  magnesia,  16'03  lime,  and  12'88  water  (=  99'37). 

METEORIC  BUST.    . 

METEORIC  IRON. 

METEORIC 


METEORIC  STONES. 

METEORITES.  Aerolites.  Uranolites.  This  name  includes,  not  only  those 
mineral  bodies  which  are  known  to  have  fallen  on  the  earth's  surface  from  the 
celestial  spaces,  but  likewise  a  great  number  of  others,  which,  though  their  origin  is 
not  actually  known,  yet  agree  so  closely  with  knbwn  meteorites  in  mineralogical  and 
chemical  constitution,  as  to  justify  the  conclusion  that  they  are  also  of  meteoric  origin. 

The  numerous  analyses  which  have  been  made  of  meteorites,  both  the  older  ones  by 
Howard,  Klaproth,  and  Vauquelin,  and  those  of  more  recent  datebyBerzelius 
and  others,  have  demonstrated  in  them  the  presence  of  about  18  elementary  bodies,  all  of 
which  likewise  occur  in  terrestrial  minerals,  viz.  aluminium,  calcium,  carbon,  chromium, 
cobalt,  copper,  iron,  magnesium,  manganese,  nickel,  oxygen,  phosphorus,  potassium, 
silicium,  sulphur,  titanium,  tin,  and  perhaps  also  in  some  cases,  antimony,  arsenic, 
chlorine,  hydrogen  and  lead. 

Meteorites  are  divided  into  two  classes,  distinguished  as  Meteoric  Iron,  and 
Meteoric  Stones.  Meteoric  iron  consists  chiefly  of  metallic  iron  alloyed  with 
nickel,  contains  no  oxidised  compound,  and  has  in  general  the  characters  of  ordinary 
bar-iron.  Meteoric  stones  are  mixtures  of  several  minerals,  chiefly  silicates  (felspar, 
augite,  olivin),  which  also  play  an  important  part  in  terrestrial  minerals. 

This  division  is  however  merely  artificial,  inasmuch  as  many  meteorites  are  mixtures 
of  meteoric  iron  with  masses  of  meteoric  stone,  or  with  one  or  more  of  the  minerals 
occurring  in  meteoric  stones.  If  the  metallic  portion  predominates,  the  meteorite  is 
classed  as  meteoric  iron,  as  for  example  the  so-called  Pallas  meteorite,  found  at  Kras- 
nojarsk  in  Siberia,  or  that  of  Atacama,  both  of  which  contain  larger  or  smaller  masses 
of  olivin  imbedded  in  cavities  in  the  iron.  If,  on  the  other  hand,  the  earthy  portion 
(the  silicates)  predominates  in  amount,  the  meteorite  is  called  a  meteoric  stone,  although 
the  fine  splinters  or  grains  of  meteoric  iron  diffused  through  the  mass  may  give  it  an 
appearance  quite  different  from  that  of  meteoric  stones  consisting  wholly  of  earthy 
minerals.  Meteoric  stones  containing  metallic  iron  are  much  more  numerous  than 
those  consisting  wholly  of  earthy  minerals. 

1.  Meteoric  Iron. 

A  mass  of  meteoric  iron  is  always  a  mixture,  the  constituents  being  sometimes 
visible,  sometimes  revealing  themselves  only  to  chemical  investigation.  The  chief  part  of 
the  mass  consists  of  iron  alloyed  with  nickel,  and  perhaps  always  with  a  small  quantity 
of  cobalt.  This  admixture  of  nickel  is  usually  regarded  as  a  proof  of  the  meteoric 
origin  of  numerous  masses  of  metallic  iron  found  on  or  a  little  below  the  surface  of 
the  earth,  whose  actual  fall  has  not  been  observed.  The  amount  of  iron  in  meteoric 
iron  usually  varies  from  about  80  to  95  per  cent;  the  nickel  from  6  to  10  per  cent. 

In  many  cases,  sulphide  of  iron  is  visibly  disseminated  through  the  mass,  sometimes 
in  the  form  of  rather  large  cylindrical  grains.  This  sulphide  is  often  regarded  as 
magnetic  pyrites,  Fe3S2  (p.  401),  which  does  indeed  occur  in  some  meteorites;  but 
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those  examined  by  Rammelsberg  (Pogg.  Ann.  cxxi.  363)  contained  protosulphide  of 
iron,  Fe*S.  Part  of  this  sulphide  is  however  distributed  through  the  mass  of  the  iron 
in  so  minute  a  state  of  division,  that  it  can  be  detected  only  by  the  evolution  of  sul- 
phydric  acid,  which  takes  place  on  dissolving  the  iron  in  acids. 

Moreover  all  specimens  of  meteoric  iron,  when  dissolved  in  hydrochloric  acid,  leave 
a  residue,  varying  in  amount  from  a  fraction  to  several  units  per  cent.  This  residue 
is  also  a  mixture,  and  appears  under  the  microscope  to  consist  chiefly  of  a  distinctly 
crystallised  compound,  which  chemical  analysis  shows  to  contain  iron,  nickel,  and 
phosphorus,  usually  mixed  with  carbon  and  silica.  The  carbon,  a  very  remarkable 
constituent  of  meteoric  iron,  appears  to  occur  therein,  as  in  pig-iron,  in  two  different 
states,  viz.  partly  as  graphite,  partly  in  chemical  combination  with  the  iron.  On  this 
account,  the  entire  quantity  of  the  carbon  is  never  found  in  the  residue,  the  solution 
of  meteoric  iron  in  acids  being  attended  with  the  emission  of  the  same  offensive  odour 
that  is  evolved  in  the  solution  of  pig-iron.  The  silica  is  derived  from  silicide  of  iron. 
It  is  evident  from  these  considerations  that  chemical  analysis  can  never  afford  a 
perfectly  exact  picture  of  the  individual  compounds  present  in  meteoric  iron. 

Many  specimens  of  meteoric  iron,  when  polished  and  afterwards  etched  with  an  acid, 
exhibit  on  their  surface  peculiar  crystalline  configurations,  called  '  Widmanstadt's 
figures.'  These  figures  were  attributed  by  Berzelius  to  an  alloy  of  iron  and  nickel 
disseminated  through  the  mass,  which  alloy,  being  less  soluble  in  acids  than  the  pure 
iron,  was  brought  to  light  when  the  latter  was  removed  from  the  surface  by  the  acid. 
But  certain  samples  of  meteoric  iron,  viz.  that  of  the  Cape  (p.  379),  and  those  found 
at  Greenville  in  Tennessee  and  at  Clairborne  in  Alabama,  all  very  rich  in  nickel  (con- 
taining from  9  to  12  per  cent,  of  that  metal),  do  not  exhibit  these  figures :  hence  their 
formation  is  much  more  probably  due  to  the  phosphide  of*  nickel  and  iron,  or  Schreiber- 
site  (Shepard's  Dyslytite),  which,  as  already  observed,  forms  the  principal  part  of  the 
residue  left  on  dissolving  the  iron  in  acids. 

The  analysis  of  the  principal  mass  of  the  iron  often  exhibits  small  quantities  of 
phosphorus,  doubtless  arising  from  partial  decomposition  of  the  phosphide  by  the 
acid  used  to  dissolve  the  iron. 

The  following  are  analyses  of  a  few  specimens  of  meteoric  iron,  taken  from  R  a  m- 
melsb erg's  Mineralchemie  (pp.  902-920). 

1.  Found  at  Elbogen  in   Bohemia,  and  known  as   'der  verwiinschte  Berggraf.' 
Specific  gravity,  as  determined  by  different  observers,  774 — 7'83.     In  the  solution  of 
this  meteorite  in  hydrochloric  acid,  Berzelius  found  traces  of  tin  and  copper.     The 
residue  is  a  mass  having  a  carbonaceous  aspect,  and  consisting  partly  of  metallic 
spangles. 

2.  Bohumilitz  in  Bohemia,     Specific  gravity  =  7'14  (Steinmann);  7 '61 — 771 
(Rumler).     Dissolves  in  hydrochloric  acid,  with  evolution  of  fetid  hydrogen  gas  ;  the 
solution  contains  traces  of  phosphorus. 

3.  Seelasgen  near  Schwiebus.     Specific  gravity  =  7'59    (Partsch);  7'63— 7'1, 
(Duflos) ;  77345  (Eammelsberg).     In  the  metallic  mass  are  enclosed  cylindrical 
grains  of  a  sulphide  of  iron,  of  brownish-yellow  colour,  specific  gravity  4*787,  quite 
insoluble  in  hydrochloric  acid,  and  containing,  according  to  Rammelsb  erg's  analysis, 
75-37  per  cent,  ferrous  sulphide,  071  sulphide  of  copper,  273  chrome-iron,  and  19*83 
nickel-iron  (  =  98-64). 

4.  Krasnojarsk  in  Siberia.     Discovered  in  1772  by  Pallas, and  hence  called  the 
Pallas  mass.     The  best  known  meteorite  of  the  class,  consisting  of  metallic  nickel-iron 
mixed  with  olivin  and  a  little  sulphide  of  iron.     Specific  gravity  =  778 — 7*84  (Eum- 
ler).    The  residue  insoluble  in  hydrochloric  acid  contains,  besides  charcoal,  a  heavy 
substance  having  the  metallic  lustre  and  appearing  distinctly  crystalline  trader  the 
microscope. 

5.  Cosby's  Creek,  Cooke  County,  Tennessee.     Specific  gravity  =7*26  (Rumler); 
7*257  (Bergemann).  The  residue,  according  to  Bergemann,  is  a  black  powder  amount- 
ing to  2-075  per  cent.,  containing  yellow  shining  magnetic  laminae  and  a  black  coaly 
mass. 

6.  Braunau  in  Bohemia.      Fell  on   July  14,    1847.      Specific  gravity  =  7714 
(Beinert).     The  insoluble  residue  is  a  mixture  of  an  amorphous  coaly  powder,  with 
greyish-white,  metallic-shining,  strongly  magnetic  laminae.     In  the  mass  is  imbedded 
a  magnetic  sulphide  of  iron,  which  dissolves  in  hydrochloric  acid  without  separation 
of  sulphur,  but  leaves  very  small  quantities  of  charcoal  and  chrome-iron. 

7.  Coahuila  in  Mexico.     Amass  weighing  252  pounds.     Specific  gravity  =  7  '81. 
The  phosphide  is  said  to  amount  to  1*55  per  cent. 

8.  At  a  cam  a  in  Chile.     Specific  gravity  =  7'89.     The  cavities  contain  a  brownish- 
white  silicate  of  calcium  and  iron,  containing  phosphoric  acid  (perhaps  olivin). 

9.  Niakornak  in  Greenland.     Specific  gravity  =  7'073.     When  dissolved  it  give* 
off  hydrogen  gas  containing  sulphur  and  carbon,  and  leaves  at  first  a    crystalline 
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Analyses  of  Meteoric  Iron. 


Analyst.     . 

1. 

Berze- 

lius. 

2. 

Berze- 

lius. 

3. 

Rammels- 
berg. 

4. 

Berze- 
lius. 

5. 

Berge- 

inanu. 

6. 

Duflos  a. 
Fischer. 

88-23 
8-52 
0-76 

93-77 
3-81 
0-21 

92-33 
6-23 
0-67 

88-04 
10-73 
0-46 
0-13 
0-07 
0-05 

0-04 

trace 

90-09 
6-52 
0-33 

0-02 
1-802 
0-183 
0-068 

0-175 

91-88 
5-52 
0-53 

077t 

0-75 
0-33 
0-16 

Cr  0-04 
Si020-01 
0-01 

Nickel       
Cobalt        

0-05 

0-02 
0-52 

^Wci          . 

Magnesium         .... 

0-28 

•     • 

Sulphur      

•     • 

•     • 

/Iron  . 
Nickel 
'  Phosphorus 
Residue  fep^     .        -         . 

1  Magnesium 
1  Sulphur 
^Carbon       . 

1-50 

0-39* 
0-32 

1-48 
0-34 
0-32 
0-04 
0-03 

o-io 

0-04 

o-oi 
o-oi 
o-oi 

0-234 
0-088 
0-112 

0-046 

•     • 

.     . 

trace 

o-oi 

100-00 

100-00 

100-00 

100-00 

99-188 

100-00 

Analyst. 

7. 

Smith. 

8. 
Field. 

9. 

Forch- 
hammer. 

10. 

Urico- 
echea. 

11. 

Urico- 
echea. 

12. 
Pugh. 

13. 

Pugh. 

14. 

Berge- 

inann. 

15. 

Hugo 
Mil  Her. 

Iron 

Nickel  . 
Cobalt  . 
Copper  . 
Tin       . 

85-54 
8-55 
0-61 
0-03 

87-80 
11-88 

93-39 
1-56 
0-25 
0-45  ( 
.  I 

81-20 
15-09 
2-56 

90-40 
5-02 
0-04 

trace 

90-43 
7'62 
0-72 

0-03 

87-89 
9-05 
1-07 

trace 
0-20 

85-42 
9-73 
0-44 
|  0-03 

019 

90-91 
5-65 
0-42 
trace 

trace 
0-07 

0-50 
0-23 

2-72 

Manganese    .         . 

Magnesium  .         . 

Magnesia 
Chromic  oxide 
Sulphur         .         . 

2-04 
0-21 

0-67 
0-38 

•     • 

trace 

0-03 

•     • 

0-84 

Silicium         . 

Silica    . 
Phosphorus   . 
Phosphide  of  iron 
and  nickel  . 

3-02 
0-12 

0-3 

0-18 

0-09 

0-16 
2-99 

0-15 
0-56 

0-62 
0-34 

1-05 
0-33 
1-48 

Carbide  of  iron 

Chrome  -iron  . 

Admixed  minerals 
Carbon. 
Residue        . 

rn! 

0-34 

0-22 

•    • 

•     • 

1-69 

0-95 

100-12 

99-98 

98-57 

99-89 

99-72 

99-88 

99-39 

199-51 

100-50 

powder,  which  afterwards  disappears,  leaving  nothing  but  carbon.  This  crystalline 
powder  is  not  the  ordinary  phosphide  of  nickel  and  iron,  but  a  carbide  of  iron  con- 
taining from  7 '23  to  11-06  per  cent,  carbon.  The  residue  insoluble  in  hydrochloric 
acid  also  contains  traces  of  earths  reacting  like  yttria  and  zirconia. 

10.  CapeofG-oodHope,  near  the  Sunday  and  Bushman  river.  Specific  gravity 
=  6-63 — 7'94  (Rumler);  7-66  (Wehrle).  The  residue  consists,  according  to  Uri- 
coechea,  of  brownish -yellow  and  colourless  granules;  according  to  Booking,  of  phosphide 
of  nickel  and  iron.  This  meteorite  is  one  of  those  which  do  not  exhibit  any  Widno 
stattian  figures  when  etched  with  acids  (p.  378). 


With  magnesium. 


t  With  calcium  and  arsenic. 
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11,  12,  13.  From  the  Valley  of  Toluca,  near  Xiquipilco,  in  Mexico,  where 
numerous  masses  of  meteoric  are  found,  of  various  sizes,  and  often  converted  into 
ferric  hydrate,  even  to  the  middle  of  their  substance.  According  to  Kranz,  many  of  the 
lumps  contain,  in  cavities  on  their  surfaces,  magnetic  oxide  of  iron,  both  massive  and 
crystallised,  and  apparently  not  resulting  from  recent  oxidation;  also  graphite,  sulphide 
of  iron,  and  laminae  of  nickel-iron-phosphide. 

Analysis  11  is  of  a  lump  weighing  13  Ibs.,  which  gave  off  sulphydric  acid  when 
dissolved;  12  of  a  mass  weighing  220  Ibs.,  much  oxidised ;  13  of  a  less  oxidised  mass 
weighing  5£  Ibs. 

14.  Zacatecas  in  Mexico,  with  sulphide  of  iron  disseminated  through  it.    Specific 
gravity  =  7'48  (Bergemann);  7'35  (Kumler).      Dissolves  in  hydrochloric  acid, 
with  evolution  of  fetid  hydrogen  gas. 

15.  Also  from  Zacatecas.    Soft,  tough,  difficult  to  break,  with  distinctly  laminated 
structure  on  the  surface.     The  residue,  insoluble  in  dilute  hydrochloric  acid,  consists  of 
a  small  quantity  of  a  black  flocculent  substance  resembling  graphite,  but  dissolving  in 
strong  hydrochloric  acid  with  evolution  of  sulphydric  acid, — and  of  nickel-iron-phosphide 
containing  75'02  Fe,  14*52  Ni,  and  10-23  P.      Miiller  (Chem.  Soc.  Qu.  J.  xi.  236) 
regards  this  meteorite  as  distinct  from  that  from  the  same  locality  analysed  by  Berge- 
mann (14),  inasmuch  as  the  latter  contains  neither  carbon  nor  chrome-iron. 

2.  Meteoric  Stones. 

This  name,  as  already  observed,  is  applied  to  meteorites  consisting  wholly,  or  for  the 
most  part,  of  earthy  minerals  (silicates).  The  older  analyses  of  these  stones  by 
Howard,  Klaproth  and  others,  determined  merely  the  entire  chemical  constitution 
without  regard  to  the  possible  existence  of  different  minerals  in  the  same  stone ;  but 
the  later  researches  of  Berzelius,  Gustav  Rose,  Rammelsberg,  &c.,  have  shown 
that  meteoric  stones  are  mixtures  of  certain  silicates,  viz.  oiivin,  augite,  labradorite, 
&c.,  with  or  without  meteoric  iron.  In  some  few  cases,  the  mineralogical  constituents 
of  a  meteorite  can  be  distinguished  by  physical  examination;  thus  GustavRose 
showed  that  the  meteorite  ;tf  Juvenas  contains  magnetic  pyrites,  augite,  and  a  felspar 
resembling  labradorite,  aud  determined  the  form  and  other  properties  of  these 
minerals.  But  generally  speaking,  the  individual  constituents  of  the  meteorite  are 
not  recognisable  by  the  sight,  even  on  microscopical  examination,  and  can  only  be 
determined  by  chemical  analysis.  If  the  stone  contains  only  two  minerals,  one  of  which 
is  decomposible  by  acids,  while  the  other  is  not,  the  determination  of  their  nature  is 
comparatively  easy  and  certain ;  but  if  both  are  attacked  by  acids  with  equal  facility,  or 
not  attacked  at  all,  or  if  the  stone  is  a  mixture  of  three  or  more  minerals,  chemical 
analysis  can  only  show  what  minerals  probably  exist  in  it. 

The  following  are  examples  of  meteoric  stones  whose  constitution  has  been  most 
accurately  determined : . 

a.  Containing  Meteoric  Iron. 

1.  Chan  ton  nay,  Depart.  Vendee.    Fell  on  August  5,  1812.    Ground-mass  partly 
black,  partly  grey,  with  black  streaks.    Specific  gravity  =3-46 — 3-48  (Rumler).    The 
silicates  of  this  meteorite  consist  of  51-12  per  cent,  oiivin,  38*01  augite,  and  10-01 
labradorite  (  =  99-16),     (Rammelsberg.) 

2.  Seres  in  Macedonia.     Fell  in  June  1818.     Dark  grey  mass,  of  specific  gravity 
3-71  (Rumler).     Consists  of  a  mixture  of  silicates,  in  which  are  imbedded  a  mineral 
resembling  oiivin,  nickel-iron,  and  magnetic  pyrites.     (Berzelius.) 

3.  Blansko  in  Moravia.     Nov.  25,  1833.      Dark   grey;    specific  gravity  =  3-70 
(Rumler).     From  an  analysis  by  Berzelius,  Rammelsberg  calculates  the  composition 
at  20'13  per  cent,  nickel-iron,  2-97  sulphide  of  iron,  0'63  chrome-iron,  35-18  oiivin, 

'  33-89  augite,  and  17'30  labradorite. 

4.  Chateau- Re nard,  Depart.  Loiret,  in  France.    June  12,  1841.    Grey;  specific 
gravity  =  3'56  (Dufrenoy);   3'54  (Rammelsberg).      Consists,  according  to  Du- 
frenoy, of  50  per  cent,  oiivin,  and  about  10  per  cent,  nickel-iron,  the  remainder  appearing 
to  be  made  up  chiefly  of  augite  and  labradorite. 

5.  Utrecht(Louvenhautjenear).  June  2,  1843.  Ground-mass  nearly  white,  fusible. 
Specific  gravity,  3-57 — 3-65  (Baumhauer).     Consists,  according  to  Baumhauer,  of  a 
mixture  of  oiivin,  augite,  oligoclase,  nickel-iron  (10  per  cent.),  and  magnetic  pyrites. 

6.  Klein-Wenden,  near  Nordhausen  in  the  Harz.  Sept.  16, 1843.     Grey  ground- 
mass,  intermixed  with  yellowish-green  and  black  grains.     Specific  gravity  =  3*7006 
(Rammelsberg).     Consists,  according  to  Rammelsberg,  of  oiivin,  augite,  and  labra- 
dorite, in  which  are  imbedded  nickel-iron  (about  20  per  cent.),  and  a  small  quantity  of 
pyrites  (magnetic  pyrites  or  protosulphide). 

7.  Montrejeau  (Clarac,  Ausson),  Depart  de  la  Haute-Garonne.     December  9, 
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1858.  Greyish- white  ground -mass,  interspersed  with  numerous  brownish  round 
granules  of  various  sizes,  and  greyish-white  magnetic  metallic  granules  and  laminae. 
Specific  gravity  =  3'30.  (Filhol  and  Lemeyrie) ;  3-50  (Chancel  and  Moi- 
tessier).  Contains,  according  to  the  latter,  10'04  per  cent,  matter  attracted  by  the 
magnet  (=  8'36Fe,  T56  Ni,  0-07  metallic  phosphides,  0*05  adhering  ferrous  sulphide), 
171  chrome-iron.  572  ferrous  sulphide,  45'08  olivin,  and  37'51  felspar  and  hornblende 
(Jahresb.  1859,  p.  850.) 

)8.   Without  Meteoric  Iron. 

1.  Stannern  in  Moravia.    May,  22, 1808.    Specific  gravity  =  3'19  (Vauquelin); 
3-01 — 3-17  (Kumler).    Consists,  according  to  Kammelsberg,  of  65*15  per  cent,  augite, 
34'92  anorthite,  0'98  magnetic  oxide  of  iron,  and  0'54  chrome-iron  (=  10T59).     The 
augite  contains  1  at.  magnesium  to  2  at.  calcium  and  3  at.  iron. 

2.  Juvenas,  Dept.  Ardeche,  France.     June   3,    1821.     Specific   gravity  =    3-11 
(Eumler).     Consists,  according  to  Kammelsberg,  of  62'65  per  cent,  augite,  34'56 
anorthite,  0*60  apatite,  0'25  titanite,  1*35   chrome-iron,  1*17  magnetic  oxide  of  iron, 
and  0-25  magnetic  pyrites  ( =  100-83). 

3.  Jonzac,  near  Barbezieux,  Dept.  de  la  Basse-Charente,  France.    June  13,  1819. 
Specific   gravity  =  3 '08    (Eumler).     Eesembles   the  preceding  in  properties   and 
composition. 

4.  Lontalax,  near  Wiborg,  in  Finland.     December  13,  1813.     Specific  gravity  = 
3*07  (Eumler).   Contains,  according  to  Berzelius,  magnetic  iron  ore,  and  silicates,  of 
which  93'55  per  cent,  consist  of  a  silicate  decomposible  by  nitro -muriatic  acid,  and 
having  the  composition  of  olivin  (containing  1  at.  iron  to  2  at.  magnesium),  with 
traces  of  copper,  tin,  and  alkali-metals,   and   6'45  of  a  silicate  of  aluminium,  iron, 
manganese,  and  calcium,  the  composition  of  which  has  not  been  determined ;  also  a 
small  quantity  of  chrome-iron. 

5.  Bishopsville,  South  Carolina.   March  1843.     A  very  peculiar  stone,  consisting 
for  the  most  part  of  a  white  mineral  partly  crystallised  and  apparently  monoclinic. 
Specific  gravity  =  3-116  (Shepard);   3'039  (Waltershausen).    Melts  before  the 
blowpipe  to  a  white  enamel.     Contains  also  small  quantities  of  magnetic  pyrites  and 
ferric  oxide  imbedded  in  the  mass.     An  analysis  of  the  white  mineral  by' Walters- 
hausen gave  67'14  per  cent,  silica,   1*48  alumina,  170  ferric  oxide,  27"11  magnesia, 
1-82  lime,  and  0'67  water,  whence  it  appears  to  consist  essentially  of  chladnite, 
2Mg20.3Si02. 

A  mineral,  perhaps  identical  with  this,  obtained  from  a  mass  of  iron  said  to  be  from 
the  neighbourhood  of  Grimma,  was  described  30  years  ago  by  Stromeyer. 

6.  Concord,  New  Hampshire.    White  porous  mass,  which  melts  on  the  edges  before 
the  blowpipe,  colouring  the  flame  yellow.    Contains,  according  to  B.  Silliman,  84-97  per 
cent,  silica,  12 '07  and  2-22  soda,  an  unusual  composition  which  may  be  represented  by 
the  formula  Na*0.4Si02+  9Mg20.4Si02 ;  considered  doubtful  by  Eammelsberg. 

7.  Bokkeveld,  Cape  Colony.     October  13,  1838.     Soft  black  mass  with  a  few 
lighter  points.     Emits  a  bituminous  odour  when  heated,   and  contains  a  resinous  or 
waxy  substance  soluble  in  alcohol,  which  easily  melts  and  chars.     When  ignited  in 
contact  with  the  air,  even  after  being  freed  from  the  resinous  substance,  it  burns  and 
gives  off  a  quantity  of  carbonic  anhydride  equivalent  to  1'6  per  cent,  carbon.    It  there- 
fore contains  carbon,  to  which  in  fact  its  black  colour  is  due.     It  contains  water,  even 
after  drying  at  100°.     It  also  yields  when  heated  a  small  quantity  of  sublimate  con- 
taining  sulphate  of  ammonium.      It  acts  but  slightly  on  the  magnetic  needle,  and 
therefore  contains  but  little  magnetic  iron.     It  contains  3*8  per  cent,  sulphur,  but  does 
not  give  off  any  sulphur  when  heated,  or  evolve  sulphydric  acid  gas  when  treated  with 
hydrochloric  acid:  hence  it  cannot  contain  either  iron  pyrites,  magnetic  pyrites,  or 
ferrous  sulphide.     Wohler  considers  the  sulphur  as  belonging  to  a  sulphide  of  nickel 
and  iron,  Ni2S.Fe4Ss,  which  requires  1*3  nickel  to  2 '5  iron,  quantities  agreeing  with 
those  found  by  analysis.     From  an  analysis  by  Harris,  made  under  Wo'hler's  direction, 
Kammelsberg  concludes  that  the  stone  contains  6'94  per  cent,  nickel-iron-sulphide, 
1-11  chrome-iron  stone,  84-32  olivin,  5-46  undecomposible  silicates,  and  1-92  carbon 
and  bituminous  matters. 

8.  Kaba,  near  Debreczin,  in  Hungary.     April  15,  1857.   Dark  grey,  earthy  ground- 
mass,  containing  white  and  greenish  grains,  resembling  olivin,  also  numerous  black 
spherules,  very  brittle,  hollow  within,  and  consisting  of  a  colourless  crystalline  mineral 
and  a  black  mineral.     The  ground-mass  exhibits  nothing  metallic,  but  yields  a  small 
quantity  of  iron  to  the  magnet.     Its  composition,  according  to  Wo'hler's  analysis,  is 
similar  to  that  of  the  preceding,  with   addition  of  3-55  per  cent,  magnetic  pyrites. 
When  ignited  in  oxygen  gas,  it  gives  off  carbonic  anhydride,  together  with  a  little  water 
and  a  crystalline  sublimate.    Alcohol  extracts  from  it  a  white  carboniferous  substance 
resembling  paraffin  and  scheererite,  very  fusible,  partly  volatile,  partly  decomposed  by 
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heat,  with  separation  of  carbon.  When  the  pulverised  stone,  freed  from  this  substance 
by  alcohol,  is  ignited  in  oxygen,  it  turns  brown  and  gives  off  water,  even  after  it  hag 
been  well  dried. 

9.  Ala  is,  Dept.  du  Gard,  France.  May  15,  1806.  Black  friable  mass,  which  breaks 
up  in  water  to  a  greyish-green  pulp,  having  a  strong  argillaceous  odour,  and  becomes 
covered  with  saline  effloresences  when  exposed  to  the  air.  Water  dissolves  out  11*5 
per  cent,  of  the  stone,  consisting  chiefly  of  alkaline  and  earthy  sulphates  resulting  from 
oxidation  of  sulphide  of  iron  contained  in  the  stone.  The  powder,  after  exhaustion 
with  water,  yields  by  distillation  0*96  per  cent,  grey  sublimate,  4'33  carbonic  an  hydride, 
6-58  water,  and  88*15  fixed  residue,  consisting  of  effloresced  olivin  and  partially  oxidised 
magnetic  iron  ore,  together  with  a  silicate  undecomposible  by  acids,  and  containing 
magnesia  and  ferrous  oxide,  with  small  quantities  of  alumina,  nickel,  tin,  and  copper. 

From  all  that  is  at  present  known  respecting  the  constitution  of  meteorites,  Rammels- 
berg  draws  the  following  conclusions : — 

Meteoric  iron  consists  of  an  alloy  of  iron  and  nickel  (the  latter  generally 
amounting  to  6 — 9  per  cent,  or  1  at.  nickel  to  10 — 15  at.  iron)  mixed  with  nickel-iron- 
phosphide  or  Schreibersite,  sulphide  of  iron,  carbon,  carbide  of  iron,  and  chrome-iron, 
sometimes  also  with  olivin  and  magnetic  oxide  of  iron. 

Meteoric  stones,  (a.)  Most  of  them  contain  more  or  less  meteoric  iron,  imbedded 
in  a  ground-mass,  probably  consisting  of  olivin,  augite,  and  labradorite.  Stones  of 
this  class  are  rich  in  iron  and  magnesium,  poor  in  calcium  and  aluminium. 

(b.)  A  smaller  number,  containing  no  meteoric  iron,  may  be  subdivided  into — 

a.  Containing  olivin.  These  consist  of  olivin  probably  with  augite  and  labradorite, 
and  contain  magnetic  oxide  of  iron,  sulphide  of  iron  (meteorites  of  Lontalax,  Bokkeveld, 
Kaba,  Alais). 

ft.  Not  containing  olivin.  They  consist  of  augite  and  anorthite,  together  with 
small  quantities  of  sulphide  of  iron,  magnetic  oxide  of  iron,  and  chrome-iron  (meteo- 
rites of  Stannern,  Juvenas,  Jonzac).  They  are  rich  in  calcium  and  aluminium. 

7.  The  meteorite  of  Bishopsville  consists  mainly  of  a  silicate  called  ckladnite,  having 
the  composition  2Mg0.3Si02. 

Shepard  (Sill.  Am.  J.  [2]  ii.  377  ;  vi.  402;  xv.  363)  mentions  also  a  number  of 
other  minerals,  some  of  them  quite  new,  as  existing  in  meteorites ;  but  their  existence 
is  by  no  means  satisfactorily  established. 

Meteorites  are  covered  over  their  entire  surface,  except  where  recently  fractured, 
with  a  thin  black,  more  or  less  shining  crust,  which,  on  closer  examination,  presents 
a  fused  slag-like  appearance.  It  is  doubtless  produced  by  the  strong  but  transient 
heating  which  the  meteorite  undergoes  during  its  rapid  transit  through  the  earth's  at- 
mosphere. This  rise  of  temperature,  which  is  further  indicated  by  the  luminosity  of 
those  meteorites  whose  fall  has  been  observed,  and  by  the  fact  that  some  of  them,  on 
reaching  the  earth,  have  been  found  in  a  heated  and  even  incandescent  state,  may  be 
attributed,  in  part  at  least,  to  the  friction  of  the  stone  against  the  particles  of  the  air 
which  it  meets  in  its  rapid  passage. 

Liquid  or  gelatinous  masses  called  meteoric  mud  (Meteorschleim)'hswe  sometimes 
been  observed  to  fall ;  but  their  chemical  constitution  has  not  been  examined :  they  are 
said  indeed  to  consist  of  volatile  substances  which  cannot  easily  be  preserved,  and  alto- 
gether the  accounts  respecting  them  are  very  vague  and  unsatisfactory.  A  mass  of  this 
kind  which  fell  near  Gotha  in  the  year  1815,  is  described  as  of  gelatinous  consistence  and 
of  dark  grey  colour  by  moonlight.  It  smelt  like  liver  of  sulphur,  and  when  held  in  the 
observer's  hand,  melted  to  a  thick  liquid  which  quickly  evaporated,  diffusing  a  strong 
odour  like  that  of  burning  sulphur  and  phosphorus.  (Handw.  d.  Chem.  v.  224.) 

The  so-called  meteoric  dust  (Meteorstaub),  which  has  sometimes  been  observed 
to  fall  from  the  air  on  ships  at  a  considerable  distance  from  land,  is  in  all  probability 
of  terrestrial  origin.  Gibbs  (Pogg.  Ann.  Ixxi.  367)  found  in  a  specimen  of  such 
dust  which  fell  on  a  ship  in  the  Atlantic  Ocean  (after  deduction  of  18 '53  per  cent, 
water  and  'organic  matter),  45*58  per  cent,  silica,  20*55  alumina,  9*39  ferric  oxide, 
4*22  manganic  oxide,  11*77  calcic  carbonate,  2*21  magnesia,  3*645  potash,  2*33  soda, 
and  0*31  cupric  oxide.  Ehrenberg  has  detected  infusoria  in  some  specimens  of 
supposed  meteoric  dust,  and  supposes  that  it  is  transported  from  one  part  of  the  earth 
to  another  by  violent  storms.  It  may  sometimes  also  be  of  volcanic  origin  (i.  420). 

For  further  details  respecting  the  chemical  constitution  of  meteorites,  see  Eam- 
melsberg's  Mineralchemie  (pp.  901-952). 

On  the  physical  and  chemical  constitution,  classification,  &c.  of  meteorites,  see  the 
following  works : 

Par tsch.—  Die  Meteoriten,  oder  die  vom  Himmel  gefallenen  Steine  und  Ei&enmasscn, 
im  k.  k.  Hof-Mineralien  Cabinctte  zu  Wien,  1843. 
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C.  U.  SheparcL — Report  on  American  Meteorites  (from  Silliman's  Journal),  New- 
haven,  1848. 

Keichenbach. — Anordnung  und  Eintheilung  der  Meteoriten  (Poggendorff'a 
Annalen,  1859,  cvii.  155). 

E.  P.  Harris. — The  Chemical  Constitution  and  Chronological  Arrangement  of 
Meteorites,  Dissertation,  Grottingen,  1859. 

GrustavKos  e. — Beschrcibung  und  Eintheilung  der  Meteoriten  auf  Grund  der  Samm- 
lung  im  mincralogischen  Museum  zu  Berlin  (aus  den  Abhandlungen  der  konigL 
Academie  der  Wissenschaften  zu  Berlin,  1863),  Berlin,  1864. 

A  chronological  list  of  meteorites  from  the  earliest  records  down  to  A.D.  1824,  is 
given  in  the  Annales  de  Chimie,  tome  xxx.,  and  in  lire's  Dictionary  of  Chemistry, 
3rd.  ed.,  pp.  619-624. 

METHAIi.     Syn.  with  MYRISTIC  ALCOHOL. 

METHIDE,  AITTMINIC.  A1C3H9, or  AlMe3.  (Buckton  and  Odling,  Proc. 
Royal  Soc.  xiv.  19.)  When  mercuric  methide  and  excess  of  aluminium  clippings  con- 
tained in  sealed  tubes  are  heated  for  some  hours  in  a  water-bath,  the  mercury  com- 
pletely replaces  the  aluminium,  thus : 

3HgMe2  +  Al2  =  2AlMe3  +  Hg3. 

By  rectification  out  of  contact  with  air,  the  aluminic  methide  is  obtained  as  a  colour- 
less mobile  liquid,  which  at  a  little  above  0°  congeals  into  a  transparent  crystalline 
mass.  It  boils  steadily  at  130°.  At  and  above  220°  its  vapour-density  was  found  to 
be  2'8,  the  theoretical  density  calculated  for  the  formulae  AlMe3  being  2*5.  But  its 
density  corrected  for  expansion,  increases  rapidly  with  every  decrease  of  temperature,  so 
that  at  160° — 163°  it  becomes  3'96  or  4-1 ;  while  at  its  boiling  point  130°,  it  is  as  high  as 
4 '4,  which  approximates  to  the  theoretical  density  5'0  calculated  for  the  formula  APMe6. 
Aluminic  methide  takes  fire  spontaneously  on  exposure  to  air,  burning  with  a  very 
smoky  flame  and  producing  abundant  flocculi  of  alumina  discoloured  by  soot.  By  a 
regulated  exposure  to  dry  air,  it  absorbs  oxygen,  with  production  of  a  body  apparently 
analogous  to  boric  dioxymethide  (p.  986).  It  is  decomposed  by  water  with  explosive 
violence,  and  reacts  with  iodine  to  form  iodo-derivatives  and  iodide  of  methyl. 

Aluminic  ethide,  A1E3,  is  made  by  a  precisely  similar  process,  using  mercuric 
ethide  instead  of  mercuric  methide.  It  is  a  colourless  liquid  which  does  not 
solidify  at  — 18°.  It  boils  at  194°,  and  its  vapour-density  taken  at  234°  was  found  to 
be  4'5,  the  theoretical  density  calculated  for  the  formula  AlEt3  being  3'9.  The  excess 
of  the  experimental  over  the  calculated  density  was  obviously  due  to  some  unavoidable 
oxidation  of  the  substance  examined.  Aluminic  ethide  takes  fire  spontaneously  on  ex- 
posure to  air,  and  in  its  other  chemical  properties  closely  resembles  the  methyl  compound. 
Cahours  (Ann.  China.  Phys.  [3]  Iviii.  5)  observed  that  aluminium  was  attacked  by  the 
iodides  of  methyl  and  ethyl  at  100° — 130°,  and  that  the  crude  ethylated  product  reacted 
violently  with  zinc-chloride  to  form  a  very  inflammable  liquid  which  was  doubtless 
aluminic  ethide. 

It  is  worthy  of  note,  that  the  vapour-volumes  of  aluminic  ethide  (A1E3  =  2  vols.), 
and  of  aluminic  methide  at  220°  and  upwards  (AlMe8  =  2  vols.)  are  discordant  with 
the  vapour-density  of  aluminic  chloride  as  determined  by  Deville  (AllCl8  =  1  vol.)  ; 
but  that  the  vapour- volume  of  the  methide  taken  at  130°  corresponds  very  nearly  there- 
with.  Hence  it  would  seem  that  the  only  observed  volume  of  the  chloride,  like  th« 
volume  of  the  methide  at  130°,  is  anomalous,  probably  in  consequence  of  its  vapour  not 
having  been  sufficiently  heated  to  acquire  that  perfection  of  elasticity  under  which  alone 
the  bulk  of  a  vapour  is  regulated  by  the  physical  laws  of  temperature  and  pressure 
affecting  gases.  W.  0. 

METHIDE,    BORIC.      See  METHYL,  BORIDE   OF   (p.  384). 

METHIDE,    MERCURIC.      See  MERCURY-RADICLES,  ORGANIC  (p.  927). 

METHIDES,    PLUMBIC.      See  LEAD-RADICLES,  ORGANIC  (p.  503). 

METHIDES,    STANNIC.      See  TlN-RADICLES,  ORGANIC. 

METHIONIC  ACID.  An  acid  obtained  by  decomposing  neutral  sulphate  of 
ethyl  with  water  (Liebig).  It  has  been  shown  by  Buckton  and  Hofmann  (Ann. 
Ch.  Pharm.  c.  163)  to  be  identical  with  disulphometholic  acid,  CH4S206.  (See  SULPHTJ- 
EOUS  ETHERS.) 

METHOXACETIC  ACID.  Syn.  with  METHYL-GLYCOLLic  Aero.  (See  GLYCOL- 
LIC  ETHERS,  ii.  916.) 

METHPI/ITMBETHYI,.  Syn.  with  Plumbotrimethyl.  (See  LEAD-RADIOLES, 
ORGANIC,  p.  563.) 

METHSTANNETHYL.     See  TIN-RADICLES,  ORGANIC. 

METHULIVIENE,  AND  METHUI.MIC  ACID.  (E.  Hardy,  Boll.  Soc. 
VOL.  III.  3  R 
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Chim.  de  Paris,  1862,  p.  29,  Jahresb.  1862,  p.  388.)  These  are  brown  uncrystallisable 
substances,  resembling  the  ulmic  compounds,  produced  by  the  action  of  sodium  and  me- 
thylic  alcohol  on  chloroform.  The  immediate  products  of  the  reaction  are  chlorome- 
thulmic  acid  and  its  sodium-salt,  together  with  marsh-gas,  carbonic  anhydride,  free 
hydrogen,  and  chloride  of  sodium : 
4CHC18  +  6CH40  +  Na»  =  C5H'C102  +  C5HeNaC108  +  CH4  +  CO2  +H»  +  lONaCl. 

Chloro-        Met'nylic  Chlorome-      Chloromethul- 

form.          alcohol  thulmic  mate  of  so- 

acid,  dium. 

Chloromethulmic  acid  is  black,  semifluid,  has  a  pungent  odour,  and  is  soluble  in 
alcohol. 

By  boiling  with  potash,  it  is  resolved  into  methulmic  acid,  C5H802,  and  dioxy- 
methulmicacid,  C5H804: 

2C5H7C102  +   2KHO     =     2KC1  +   C5H802  +   C5H804. 

Methulmic  acid  is  dark  yellow,  soluble  in  ether,  uncrystallisable,  It  is  converted 
by  bromine  into  black,  semi-fluid  dibromomethulmic  acid,  C5H6Br202,  which  when 
treated  with  sulphuric  acid  at  60°,  is  resolved  into  carbonic  anhydride  and  dibromide 
ofhypomethulmene,  C4H6Br2,  a  yellow-brown  solid  substance,  soluble  in  ether. 

Dioxymeth ulmic  acid,  C5H804,  is  black,  uncrystallisable,  insoluble  in  ether, 
soluble  in  alcohol. 

Chlorethulmic  acid,  C6H9C102,  and  chloramylulmic  acid,  C9H15C102,  are 
produced  in  like  manner  by  treating  chloroform  with  sodium  and  ethylic  or  amylic  al- 
cohol, and  from  these  maybe  obtained  derivatives  similar  in  properties  and  homologous 
in  composition  to  the  methyl-compounds  above  described. — Dibromethu  1  mi c  acid, 
C6H8Br202,  heated  to  60°  with  sulphuric  acid,  is  resolved  into  carbonic  anhydride  and 
dibromide  of  methulmene,  C5H8Br2,  a  brown-yellow  substance,  nearly  insoluble  in 
alcohol,  but  soluble  in  ether.  It  is  converted  by  fuming  nitric  acid  into  pale  yellow 
nitrobromide  of  methulmene,  C5H8(N02)Br,  precipitable  by  water,  and  by  boiling 
potash-lye  into  bromomethulmene,  CsH7Br,  a  black  substance  insoluble  in  acids 
and  in  alcohol,  soluble  in  ether. 

Compounds  similar  to  the  preceding  are  said  to  be  formed  by  treating  chloroform 
with  sodium  in  conjunction  with  aldehydes,  acetones,  &c.,  and  even  when  the  chloro- 
form is  replaced  by  certain  other  compounds,  especially  the  chlorides  of  carbon.  It 
must  be  observed,  however,  that  the  composition  of  the  majority  of  the  compounds 
above  mentioned  has  not  been  established  by  analysis,  and  therefore  their  formulae 
must  be  considered  doubtful,  especially  as  none  of  them  have  been  obtained  in  the 
crystalline  form. 

IWSTHYXi.  CH3 ;  often  denoted  by  the  shorter  symbol,  Me ;  in  the  free  state, 
C2JE6  =  Me2.  The  first  of  the  series  of  alcohol-radicles,  C2H2n+1,  bearing  the  same 
relation  to  wood-spirit  that  ethyl  (C2H5)  bears  to  common  alcohol. 

Frankland  and  Kolbe,  in  1848  (Chem.  Soc.  Qu.  J.  i.  60),  by  decomposing  cyanide 
of  ethyl  with  potassium,  first  obtained  a  gas  having  the  composition  CH3  or  C2H6, 
which  they  regarded  as  methyl.  Kolbe,  in  the  following  year  (ibid.  ii.  1?3).  obtained 
methyl  by  the  electrolysis  of  acetic  acid  ;  and  Frankland  (ibid.  ii.  297)  afterwards 
prepared  it  by  the  action  of  zinc  on  iodide  of  methyl.  From  certain  differences  which 
he  observed  in  the  action  of  chlorine  on  the  gas  obtained  by  the  first  method,  and  that 
obtained  by  the  second  and  third  methods,  Frankland  concluded  that  the  two  were 
not  identical  but  only  isomeric,  and  that  the  latter  was  the  true  methyl,  while  the  for- 
mer consisted  of  hydride  of  ethyl,  C2H5.H ;  but  the  recent  experiments  ofSchorlem- 
mer  (vid.  inf.)  have  shown  that  the  products  obtained  by  the  action  of  chlorine  on  the 
gases  prepared  by  these  several  methods  are  really  the  same  ;  whence,  as  no  other  dif- 
ference has  yet  been  observed  between  the  two,  it  may  be  inferred,  as  most  probable, 
that  methyl  in  the  free  state  is  not  only  isomeric,  but  identical,  with  hydride  of  ethyl. 
(See  HYDRIDES,  p.  182.) 

Preparation. — 1.  By  the  electrolysis  of  Acetic  acid. — When  a  concentrated  solution 
of  acetate  of  potassium  is  subjected  to  the  action  of  the  electric  current,  a  number  of 
gaseous  products  are  evolved,  viz.  carbonic  anhydride,  hydrogen,  an  inflammable,  in- 
odorous gas,  and  a  gas  which  smells  like  ether ;  the  last  is  completely  absorbed  by  sul- 
phuric acid  (if  the  smallest  quantity  of  chloride  of  potassitim  be  present  in  the  solution, 
chloride  of  methyl  is  formed).  The  gaseous  mixture  thus  evolved,  after  being  freed 
from  carbonic  anhydride,  contained  in  one  experiment,  in  100  volumes:  07  vol. 
oxygen,  63-8  hydrogen,  32'6  methyl,  2'1  oxide  of  methyl,  0'8  acetate  of  methyl ;  in 
another  experiment,  66  vol.  hydrogen  were  obtained  to  28  methyl.  If  the  solution  of 
acetate  of  potassium  be  divided  by  a  porous  diaphragm,  so  that  the  gases  evolved  at 
the  two  poles  may  be  collected  separately,  nothing  but  hydrogen  is  evolved  at  the 
negative  pole,  while  at  the  positive  pole  there  is  evolved  a  gaseous  mixture,  which, 
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after  being  treated  with  potash  and  with  sulphuric  acid,  leaves  nothing  but  methyl 
mixed  with  a  small  quantity  of  oxide  of  methyl.  The  decomposition  is  expressed  by 
the  following  equation  : 

2C2H3K02  +   H20     =     C2H"  +   CO2  +   K2C03  +   E2. 

2.  By  decomposing  iodide  of  methyl  with  zinc,  the  mode  of  operating  being  exactly 
similar  to  that  already  described  for  the  preparation  of  ethyl  from  ethylic  iodide 
(ii.  524). 

If  methyl  be  really  identical  with  hydride  of  ethyl,  we  must  add  to  these  methods 
those  already  given  for  the  preparation  ot  the  latter  (ii.  533).  Schorlemmer  prepares 
it  by  the  action  of  strong  sulphuric  acid  on  mercuric  ethide  (p.  925). 

Properties. — Methyl  is  a  colourless  and  odourless  gas  which  burns  with  a  bluish 
feebly  luminous  flame.  It  is  somewhat  soluble  in  alcohol,  less  soluble  in  water  (see 
GASES,  ABSORPTION  OF,  ii.  797).  It  is  perfectly  indifferent  to  the  greater  number  of 
reagents.  When  mixed,  either  in  the  moist  or  dry  state,  with  an  equal  volume  of 
chlorine,  it  yields  hydrochloric  acid  and  chloride  of  ethyl,  C2H5C1,  together  with  a 
small  quantity  of  monochlorinated  chloride  of  ethyl,  C2H4C12  (Schorlemmer,  Proc. 
Roy.  Soc.  xiii.  225).  These  results  were  obtained  with  methyl  prepared  by  the  elec- 
trolysis of  acetic  acid ;  and  exactly  the  same  products  are  formed  by  the  action  of 
chlorine  on  pure  hydride  of  ethyl  prepared  by  the  action  of  sulphuric  acid  on  mercuric 
ethide  (Schorlemmer,  Chem.  Soc.  J.  xvii.  962).  If  the  chlorine  is  used  in  excess,  a 
larger  quantity  of  the  monochlorinated  chloride  of  ethyl  is  obtained. 

XVIETKlTSi,  ANTXMONTDES  OP.    See  ANTIMONY-RADICLES,  ORGANIC  (i.  344). 

IVZETHYIf,  ARSENIDES    OP.     See  ARSENIC-RADICLES,  ORGANIC  (i.  400). 

1VTETHYL,  BOniBE  OP.  Boric  Methide.  Bormethyl.  B(CH3)3.  (Frankland, 
Phil.  Trans.  1862,  p.  176  ;  Chem.  Soc.  Qu.  J.  xv.  373.) — A  gaseous  compound  homolo- 
gous with  boride  of  ethyl  (ii.  525),  produced  by  the  action  of  zinc-methyl  on  borate  of 
ethyl : 

2B(C2H50)S  +  3Zn"(CH3)2    =    2B(CE3)S  +  3Zn"(C2H50)2. 

Triethylic  Zinc-  Boric  Ethylate 

borate.  methyl.  methide,  of  zinc. 

Preparation. — About  two  ounces  of  boric  ether  were  mixed  in  a  small  flask  with 
rather  more  than  their  own  bulk  of  an  ethereal  solution  of  zinc-methyl,  of  such  strength 
as  to  be  spontaneously  inflammable  in  a  high  degree.  The  flask,  loosely  corked,  was 
placed  in  ice-cold  water,  and  allowed  to  stand  for  a  couple  of  hours  until  the  reaction 
was  complete:  it  was  then  furnished  with  a  bent  tube  passing  through  a  cork,  to 
conduct  the  gas  into  a  second  flask  placed  in  a  freezing  mixture  of  ice  and  salt ; 
from  this  flask  the  gas  passed  into  a  third  containing  about  half  an  ounce  of  strong 
solution  of  ammonia.  The  air  in  the  whole  of  the  apparatus  was  now  displaced  by 
nitrogen,  and  the  flask  containing  the  boric  ether  and  zinc-methyl  removed  from  the 
ice-cold  water.  A  slow  evolution  of  gas  immediately  commenced,  and  was  kept  up  at 
a  convenient  speed  by  plunging  the  generating  flask  into  cold  water,  to  which  heat  was 
very  slowly  applied.  The  gas,  in  passing  through  the  freezing  mixture,  deposited 
nearly  the  whole  of  the  ether  and  zinc-methyl  vapour  with  which  it  was  contaminated  ; 
and  on  reaching  the  solution  of  ammonia,  the  boron-compound  was  instantaneously 
absorbed,  whilst  other  gases,  if  present,  passed  through  the  ammonia  unacted  upon, 
and  escaped  into  the  atmosphere.  The  solution  of  ammonia  soon  became  covered  with 
a  stratum  of  a  lighter  liquid,  which  increased  in  quantity  until  the  stream  of  gas  ceased 
to  pass  through.  The  ammonia-flask  was  now  disconnected  from  the  rest  of  the  appara- 
tus, and  reserved  for  the  next  operation.  The  residue  in  the  generating  flask  solidified 
to  a  crystalline  mass  on  cooling. 

To  disengage  the  gaseous  boron-compound  from  its  combination  with  ammonia,  the 
ammonia-flask  was  fitted  with  a  funnel-tube  terminating  beneath  the  surface  of  the 
liquid,  and  a  gas-delivery  tube,  the'  latter  leading  to  a  Liebig's  potash-apparatus 
charged  with  concentrated  sulphuric  acid  ;  finally,  the  opposite  extremity  of  the  latter 
apparatus  was  connected  with  a  mercurial  gas-holder.  To  prevent  dangerous  explosions, 
on  the  elimination  of  the  spontaneously  inflammable  gas  from  its  ammonia-compound, 
the  whole  of  the  air-spaces  of  the  apparatus  were  filled  with  nitrogen.  Everything  being 
thus  prepared,  dilute  sulphuric  acid  was  gradually  poured  into  the  ammonia-flask  through 
the  funnel-tube,  the  contents  of  the  flask  being  frequently  agitated.  No  gas  was  evolved 
until  the  excess  of  ammonia  was  saturated;  then,  however,  it  was  given  off  abundantly, 
and  the  addition  of  a  few  drops  of  sulphuric  acid,  from  time  to  time,  through  the 
funnel-tube,  served  to  keep  up  a  convenient  current.  The  gas  was  allowed  to  pass 
freely  through  the  depressed  mercurial  gas-holder  until  a  sample  of  it  proved,  by  its 
oerfect  solution  in  ammonia,  that  all  nitrogen  had  been  swept  from  the  apparatus. 
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The  exit-tube  of  the  gas-holder  was  then  closed,  and  the  gaseous  boric  methide  was 
collected. 

Properties. — Boric  methide  is  at  ordinary  temperatures  a  colourless  and  transparent 
gas,  possessing  a  peculiar  and  intolerably  pungent  odour,  irritating  the  mucous  mem- 
brane, and  provoking  a  copious  flow  of  tears.  Its  specific  gravity  is  by  experiment, 
1-9108  ;  by  calculation,  1-93137.  It  retains  its  gaseous  condition  when  exposed  to  a 
cold  of  16° ;  but  at  10°,  and  under  a  pressure  of  three  atmospheres,  it  condenses 
to  a  colourless,  transparent,  and  very  mobile  liquid.  It  is  very  sparingly  soluble  in 
water,  but  very  soluble  in  alcohol  and  in  ether.  In  contact  with  atmospheric  air,  it 
takes  fire  spontaneously,  burning  with  a  bright  green  flame,  which  is  very  fuliginous  if 
the  volume  of  the  flame  be  considerable.  If  the  gas  issues  into  the  air  through  a  tube 
i  of  an  inch  in  diameter,  .the  amount  of  smoke  is  surprisingly  great,  two  or  three  cubic 
inches  of  gas,  when  consumed  in  this  way,  filling  the  atmosphere  of  a  capacious  room 
with  large  comet-like  flocks  of  carbonaceous  matter.  This  effect  is  probably  due,  in 
part  at  least,  to  the  formation  of  a  superficial  coating  of  boric  acid,  which  envelopes  the 
particles  of  carbon  and  prevents  their  combustion.  When  suddenly  mixed  with  at- 
mospheric air  or  oxygen,  boric  methide  explodes  with  great  violence.  In  contact  with 
air,  both  boric  methide  and  the  vapour  of  boric  ethide  exhibit  two  distinct  kinds  of 
spontaneous  combustion.  Thus,  when  these  bodies  issue  very  slowly  from  a  glass  tube 
into  the  air,  they  burn  \vith  a  lambent  blue  flame  invisible  in  daylight,  and  the  tem- 
perature of  which  is  so  low  that  a  finger  may  be  held  in  it  for  some  time  without  much 
inconvenience.  Under  these  circumstances  partial  oxidation  only  takes  place,  and  it  is 
to  the  products  thus  formed  that  the  peculiar  pungent  odour  of  boric  ethide  and 
boric  methide  is  due.  When,  on  the  other  hand,  these  bodies  issue  into  the  air  more 
rapidly,  the  lambent  blue  and  nearly  cold  flame  changes  to  the  green  and  hot  flame  above 
mentioned. 

Boric  methide  is  not  acted  upon  by  nitric  oxide  or  by  iodine.  Solution  of  acid 
chromate  of  potassium  scarcely  affects  it,  but  the  addition  of  concentrated  sulphuric  acid 
at  once  determines  the  reduction  of  the  chromic  acid.  When  boric  methide  is  allowed 
to  bubble  through  water  into  chlorine,  each  bubble  burns  explosively  with  a  bright  flash 
of  light  and  separation  of  carbon.  It  has  no  tendency  to  unite  with  acids.  Con- 
centrated sulphuric  acid  has  no  action  upon  it ;  when  mixed  with  hydriodic  acid  gas,  it 
suffers  no  change ;  but,  on  the  other  hand,  it  is  freely  absorbed  by  solutions  of  the  fixed 
alkalis,  and  by  ammonia.  If  a  very  rapid  current  of  the  gas,  mixed  with  half  its  volume 
of  marsh-gas,  be  passed  through  a  stratum  of  strong  solution  of  ammonia  only  half  an 
inch  deep,  not  a  trace  of  boric  methide  escapes  absorption. 

Ammonia-Boric  IKethide.  NH3.B(CH3)3. — When  dry  ammoniacal  gas  is  mixed 
with  an  equal  volume  of  dry  boric  methide,  both  gases  instantly  disappear,  with 
evolution  of  a  considerable  amount  of  heat,  and  production  of  a  white,  volatile,  crystal- 
line compound.  The  latter  is  also  formed  when  boric  methide  is  passed  into  solution 
of  ammonia. 

It  is  deposited  from  its  ethereal  solution  in  magnificent  arborescent  crystals,  which 
rapidly  volatilise  without  residue  when  exposed  to  the  air.  They  have  a  caustic  and 
bitter  taste,  and  a  very  peculiar  odour,  in  which  both  the  smell  of  ammonia  and  of 
boric  methide  can  be  recognised.  Ammonia-boric  methide  fuses  at  56°,  and  boils  at 
about  110°.  In  a  current  of  air,  or  better,  of  carbonic  anhydride,  it  sublimes  at  a  very 
gentle  heat,  and  condenses  in  magnificent  arborescent  crystals. 

Its  vapour-density  is  found  by  experiment  to  be  1*25,  indicating  that  the  molecule  in 

the  state  of  vapour  occupies  four  volumes  ( —^ : —   x    0-0693  =  1-26  Y 

a  result  probably  due,  as  in  olher  cases,  to  the  decomposition  of  the  vapour  at  high 
temperatures  (i.  469  ;  ii.  816). 

It  scarcely  absorbs  a  perceptible  amount  of  oxygen  at  ordinary  temperatures,  even 
after  several  days'  exposure  to  the  gas,  but  takes  fire  below  100°,  when  heated 
in  contact  with  the  air.  Its  vapour  is  also  very  inflammable ;  thus  when  ammonia- 
boric  methide  is  placed  under  the  receiver  of  an  air-pump,  and  the  air  is  being  with- 
drawn, the  explosion  of  the  mixture  of  air  and  vapour  in  the  cylinders  of  the  pump  is 
frequently  determined  by  the  rise  of  temperature  consequent  upon  the  depression  of 
the  pistons  when  the  rarefaction  has  become  considerable. 

Boric  methide  is  also  absorbed  by  aniline  with  great  avidity.  Acids  expel  the  gas 
from  this  compound  unchanged. 

Trihydride  of  phosphorus  has  no  action  upon  boric  methide.  A  mixture  of  equal 
volumes  of  the  two  gases  is  spontaneously  inflammable,  burning  with  a  yellowish-white 
flame,  in  which  the  characteristic  green  tinge  attending  the  combustion  of  boric  methide 
ia  no  longer  perceptible. 

Compounds  of  Boric  Methide  with  fixed  Alkalis. — Boric  methide  combines 
with  potash,  soda,  lime,  and  baryta.  The  potassium-compound  K'-'0.2B(CH8),  obtained 
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by  saturating  a  solution  of  caustic  potash  with  boric  methide,  dries  up  in  vacuo  to  a 
gummy  mass.  It  may  also  be  prepared  by  decomposing  ammonia-boric  methide  with 
alcoholic  potash,  and  evaporating  in  vacuo. 

The  sodic,  barytic,  and  calcic  compounds  are  also  prepared  by  passing  boric  methide 
into  the  caustic  solutions  of  the  respective  alkalis ;  they  are  soluble  in  water,  and  have 
an  alkaline  reaction. 

JVEETHYI.,  BROMIDE  OP.  CH3Br.  Mcthyl-hydrobromic  ether.  Hydrobromate 
of  Methylene.  (Pierre,  J.  Pharm.  [3]  xiii.  156;  Jahresb.  1847-48,  p.  672. — 
B  u  n  s  e  n,  Ann.  Ch.  Pharm.  xlvi.  44. ) — Prepared  by  mixing,  at  a  temperature  of  5°  or  6°, 
50  pts.  of  bromine,  200  of  methylic  alcohol,  and  7  of  phosphorus.  The  temperature 
then  rises  spontaneously,  and  the  phosphorus  melts.  The  mixture  must  be  cooled, 
decanted  and  very  cautiously  distilled.  As  thus  obtained,  it  is  a  colourless  liquid,  of 
penetrating  and  slightly  alliaceous  odour;  boils  at  13°  under  a  pressure  of  0*759  met. 
(Pierre).  It  acts  violently  on  cacodyl,  forming  bromide  of  cacodyl,  and  bromide  of 
tetramethyl-arsonium  (Cahours,  Jahresb.  1861,  p.  554): 

2As(CH8)2   +    2CH3Br     =     As(CH3)2Br  +   As(CH3)4Br. 

A  gas  having  the  composition  of  bromide  of  methyl,  is  evolved  on  gently  heating 
basic  perbromide  of  cacodyl.  It  has  a  density  of  3*253  (Bunsen,  Gasometry,  p.  121), 
by  calculation,  3*224  ;  a  faint  ethereal  odour,  and  condenses  at  —17°  into  a  thin,  trans- 
parent colourless  liquid.  It  burns  with  a  yellowish  flame  when  mixed  with  air,  and 
explodes  violently  with  oxygen  on  the  application  of  flame. 

METHY!,  CHLORIDE  OP.  CH3C1.  Methyl-hydrochloric  ether.  Hydro- 
chlorate  of  Methylene.  (Dumas  and  Pel i got  (1835),  Ann.  Ch.  Phys.  Ixi.  193). — Pre- 
pared by  heating  a  mixture  of  2  pts.  chloride  of  sodium,  1  pt.  of  wood-spirit,  and 
3  pts.  of  strong  sulphuric  acid.  Chloride  of  methyl  then  passes  over  as  a  gas,  which  may 
be  collected  over  water;  it  is,  however,  contaminated  with  wood-spirit,  sulphurous 
anhydride,  and  hydride  of  methyl. 

Chloride  of  methyl  is  a  colourless  gas,  having  an  ethereal  odour  and  saccharine  taste. 
Specific  gravity  1736.  It  does  not  condense  at  —18°.  "Water  dissolves  2*8  times  its 
volume  of  this  gas  at  16°. 

Chloride  of  methyl  burns  with  a  white  flame,  green  at  the  edges,  producing  water, 
hydrochloric  acid,  and  carbonic  anhydride.  Passed  through  a  red-hot  tube,  it  is 
resolved,  with  slight  deposition  of  charcoal,  into  a  mixture  of  methylene  and  hydro- 
chloric acid :  CH3C1  =  CH2  -f  HC1  (Dumas  and  Peligot).  According  to  Perrot 
(Ann.  Ch.  Pharm.  ci.  375),  it  deposits  charcoal,  and  yields  hydrochloric  acid,  marsh- 
gas,  ethylene,  carbonic  oxide,  naphthalene,  and  a  substance  which  unites  with  bromine 
into  a  crystallised  compound,  melting  at  40°  and  boiling  at  220°.  When  passed  over 
heated  potash-lime,  it  yields  formate  and  chloride  of  potassium,  together  with  hydrogen 
gas: 

CH3C1   +   2KHO     =     CHKO2   +   KC1  +   2H2. 

When  passed  over  phosphide  of  calcium  at  200°  or  300°,  it  yields  a  number  of  phos- 
phoretted  products,  some  of  which  appear  to  be  organic  bases.  (P.  Thenard.) 

A  gas  having  the  same  composition  and  physical  properties  as  the  preceding  was 
obtained  by  Bunseu,  by  the  action  of  heat  on  basic  perchloride  of  caeodyl.  Kolbe 
and  Varrentrapp  (Ann.  Ch.  Pharm.  Ixxvi.  37)  also  obtained  a  gas  of  the  same 
composition,  by  leaving  a  mixture  of  equal  volumes  of  marsh-gas  and  chlorine  exposed 
to  diffused  daylight.  Grerhardt  (Tratte,  i.  566)  regarded  the  first  only  of  these 
products  as  CH3C1,  the  two  latter  as  CH-C1.H. 

Baeyer  (Ann.  Ch.  Pharm.  cvii.  181)  finds  that  the  gas  produced  from  basic  per- 
chloride of  cacodyl,  exhibits  the  same  degree  of  absorbability  in  water  as  that 
produced  by  heating  wood- spirit  with  salt  and  sulphuric  acid,  the  coefficient  of 
absorption  for  both  these  gases  being  5'034  at  7°  ;  4*172  at  14°;  3*462  at  20° ;  and 
3*034  at  25°.  Moreover,  the  gas  obtained  by  either  of  these  methods  forms  a 
crystalline  hydrate  when  passed  into  water  cooled  below  6°.  On  the  contrary,  the  gas 
produced  by  the  action  of  chlorine  on  marsh-gas  does  not  form  a  crystalline  hydrate, 
and  has  a  much  smaller  coefficient  of  absorption  in  water  (0*08  at  14°).  Hence  Baeyer 
concludes  that  the  gas  produced  by  the  decomposition  of  basic  perchloride  of  cacodyl 
is  identical  with  chloride  of  methyl,  but  that  the  gas  resulting  from  the  action  of 
chlorine  on  marsh-gas  is  a  substitution  product  isomeric  but  not  identical  therewith. 
According  to  Bert  he  lot,  on  the  other  hand,  the  last-mentioned  gas  is  really  chloride 
of  methyl,  and  may  be  converted  into  methylic  alcohol  by  the  action  of  potash. 

Chloride  of  methyl  is  not  attacked  by  chlorine  in  diffused  daylight,  but  when 
exposed  to  the  direct  rays  of  the  sun,  it  yields  successively  the  three  compounds — 

Monochlorinated  Chloride  of  Methyl CH2C12 

Dichlorinated  Chloride  of  Methyl,  or  Chloroform         .         .         .         CHC1* 
Trichloride^  Cliicride  of  Methyl,  or  Tetrachloride  of  Carbon    .        CC14 
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Monochlorinated  Chloride  of  Methyl,  CtPCl*  =  C(H2C1)C1,  is  a  very  volatile  liquid 
of  exciting  odour,  similar  to  that  of  Dutch  liquid.  It  boils  at  30-5°.  Specific  gravity 
=  1-344  at  18°.  Vapour-density  3'012.  Treated  with  alcoholic  potash,  it  yields  but 
a  slight  precipitate  of  chloride  of  potassium,  and  distils  almost  without  alteration. 
(For  the  other  chlorinated  compounds,  see  CKLOBOFORM,  and  CABBON,  CHLOBIDES  OF) 
(i.  765  and  919). 

METHYL,  HYDRATE   OP.      CH402  =  fo.      Methylic  Alcohol,   Wood- 


spirit,  Wood-naphtha,  Pyroxylic  spirit,  Esprit  de  Bois,  Holzgtist,  Holzessiggeist.  — 
This  compound  was  first  observed  by  Taylor  in  1812  (Tilloch's  Phil.  Mag.  Ix.  315) 
among  the  products  of  the  dry  distillation  of  wood,  afterwards  more  particularly  ex- 
amined by  Dumas  and  Peligot  in  1835  (Ann.  Ch.  Phys.  Iviii.  5  ;  Ixi.  193).  It  con- 
stitutes about  1  per  cent,  of  the  watery  products  of  the  dry  distillation  of  wood  ;  and 
in  combination  with  salicylic  acid  (as  methyl  salicylic  acid),  it  forms  the  chief  con- 
stituent of  the  essential  oil  of  winter-green  (  Gaultheria  procumbens}.  According  to 
Berthelot  (Ann.  Ch.  Pharm.  cv.  241)  it  may  be  produced  artificially  from  marsh-gas 
(that  compound  when  treated  with  chlorine  yielding  chloride  of  methyl,  which  by 
boiling  with  caustic  potash  is  converted  into  methylic  alcohol)  ;  and  as  marsh  -gas  itself 
can  be  formed  synthetically  from  inorganic  materials  (p.  855),  it  follows  also  that 
methylic  alcohol  can  be  obtained  by  synthesis. 

Preparation.  1.  Of  Commercial  Wood-spirit.  —  The  crude  watery  liquid  (pyrolig- 
neous  acid)  obtained  by  the  distillation  of  wood  is  decanted  from  the  tarry  portion  of 
the  distillate  and  redistilled  ;  the  first  tenth  which  passes  over  is  rectified,  once  or 
oftener  over  slaked  lime,  whereupon  a  large  quantity  of  ammonia  is  given  off;  sul- 
phuric acid  is  then  added,  which  unites  with  the  remaining  ammonia  and  preci- 
pitates a  certain  quantity  of  tar  ;  and  the  liquid  is  redistilled,  and  finally  rectified 
several  times  over  quicklime. 

The  crude  wood-spirit  thus  obtained  has  a  strong  aromatic  odour  and  turns  brown  on 
keeping.  It  contains  considerable  quantities  of  acetate  of  methyl,  acetone,  and  a 
liquid  called  lignone  by  WeidmannandSchweizer,  xylite  byVolckel,  the  nature 
of  which  has  given  rise  to  considerable  discussion,  but  which  has  lately  been  shown  by 
Dancer  (Chem.  Soc.  J.  xvii.  222)  to  consist  essentially  of  dimethyl-  acetate  of  ethylene. 

2.  Of  Pure  Methylic  alcohol.  To  obtain  nearly  pure  methylic  alcohol  from  commer- 
cial wood-spirit,  advantage  may  be  taken  of  the  property  which  it  possesses  of  forming 
with  chloride  of  calcium  a  compound  which  is  not  decomposed  by  merely  heating  it  to 
100°,  but  gives  off  the  methylic  alcohol  when  distilled  with  water.  The  crude  wood- 
spirit  is  saturated  with  fused  chloride  of  calcium,  and  heated  over  the  water-bath  as 
long  as  anything  volatile  is  given  off;  it  is  thus  freed  from  the  acetone,  dimethylate  of 
ethylene,  &c.,  which  do  not  unite  with  the  chloride  of  calcium.  The  residue  is  then 
distilled  with  water,  and  the  aqueous  methylic  alcohol  thus  obtained  is  rectified  over 
quicklime  (Kane,  Ann.  Ch.  Pharm.  xix.  164).  According  to  Gould  (Chem.  Soc.  J. 
vii.  311)  it  is  advisable  first  to  distil  the  wood-spirit  with  an  equal  volume  of  strong 
potash  or  soda-lye,  in  order  to  decompose  the  methylic  acetate  contained  in  it,  some- 
times in  very  large  quantity,  then  to  dehydrate  with  carbonate  of  potassium,  and  finally 
saturate  with  chloride  of  calcium  as  abore. 

To  obtain  perfectly  pure  methylic  alcohol,  however,  it  is  necessary  first  to  prepare 
a  methylic  ether,  and  then  separate  the  alcohol  from  it  by  distillation  with  an  alkali  : 
a.  Oxalate  of  methyl  is  prepared  by  distilling  1  pt.  wood-spirit,  1  pt.  sulphuric  acid,  and 
2  pts.  oxalate  of  potassium  ;  the  crystals  of  this  ether,  after  being  purified  by  pressure, 
are  decomposed  by  distillation  with  water,  and  the  distilled  methylic  alcohol  is  dehy- 
drated by  rectification  over  quicklime  (Wohler,  Ann.  Ch.  Pharm.  Ixxxi.  376). 
j8.  Benzoate  of  methyl,  prepared  by  passing  hydrochloric  acid  gas  into  a  solution  of 
benzoic  acid  in  wood-spirit,  distilling  and  precipitating  the  portion  collected  above  100° 
with  water,  is  decomposed  by  several  hours  boiling  with  soda-lye,  the  liquid  is  then 
distilled,  and  the  distillate  rectified  over  quicklime. 

Methylic  alcohol  may  also  be  obtained  very  nearly  pure  by  distilling  oil  of  winter- 
green  (methyl-salicylic  acid)  with  potash  or  soda-lye,  and  rectifying  the  distillate  over 
quicklime  ;  it  retains,  however,  a  slight  odour  of  the  oil. 

Properties.  —  Methylic  alcohol  is  a  colourless  mobile  liquid,  having  a  purely  spirituous 
odour,  like  that  of  common  alcohol  (the  empyreumatic  odour  of  crude  wood-spirit  arises 
from  the  impurities).  Specific  gravity  =0*8142  at  0°.  It  boils  at  60°  to  66  -5°,  according 
to  the  nature  of  the  vessel,  and  bumps  strongly  during  boiling.  It  burns  with  a  pale 
flame,  mixes  with  water,  alcohol,  and  ether,  dissolves  oils  both  fixed  and  volatile,  also 
the  greater  number  of  resins,  and  is  therefore  much  used  as  a  solvent  in  place  of  com- 
mon alcohol.  It  is  also  used  for  burning  in  spirit-lamps. 

The  following  table  exhibits  the  strength  of  pure  wood-spirit,  according  to  its  density, 
as  determined  by  Ure  (Phil.  Mag.  [3]  xix.  51): 
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•Per-centage  of  Anhydrous  Methylic  alcohol  (sp.  gr.  0-8136,  at  15°)  in  Wood-spirit. 


Sp.  gr. 

Per  cent. 

Sp.  gr. 

Per  cent. 

Sp.  gr. 

Per  cent 

Sp.  gr. 

Per  cent. 

0-8136 

100-00 

0-8674 

82-00 

0-9008 

69-44 

0-9344 

5370 

0-8216 

98-11 

0-8712 

80-64 

0-9032 

68-50 

0-9386 

51-54 

0-8256 

96-11 

0-8742 

79-36 

0-9060 

67-57 

0-9414 

50-00 

0-8320 

94-34 

0-8784 

78-13 

0-9070 

66-66 

0-9448 

47-62 

0-8384 

92-22 

0-8822 

77-00 

0-9116 

65-00 

0-9484 

46-00 

0-8418 

90-90 

0-8842 

75-76 

0-9154 

63-30 

0-9518 

43-48 

0-8470 

88-30 

0-8876 

74-63 

0-9184 

61-73 

0-9540 

41-66 

0-8514 

8772 

0-8918 

73-53 

0-9218 

60-24 

0-9564 

40-00 

0-8564 

86-20 

0-8930 

72-46 

0-9242 

58-82 

0-9584 

38-46 

0-8596 

84-75 

0-8950 

71-43 

0-9266 

57-73 

0-9600 

37-11 

0-8642 

83-33 

0-8984 

70-42 

0-9296 

56-18 

0-9620 

3o-71 

Methylic  alcohol  unites  directly  with  some  substances,  forming  compounds  like  the 
alcoholates  (i.  80),  in  which  it  takes  the  place  of  water  of  crystallisation.  A  solution  of 
anhydrous  baryta  in  wood-spirit  leaves  on  evaporation  crystals  containing  Ba0.2CH40. 
Chloride  of  calcium  is  dissolved  by  wood-spirit  with  great  rise  of  temperature,  and  the 
solution  on  cooling  deposits  large  crystals  of  the  compound  CaCl2.4CH40,  which  may 
be  heated  to  100°  without  decomposition,  but  is  decomposed  by  water,  even  at  tempera- 
tures below  100°,  yielding  a  distillate  of  methylic  alcohol. 

Decompositions. — 1.  Vapour  of  methylic  alcohol  passed  through  a  red-hot  tube  yields 
acetylene,  together  with  other  products  (Bert helot,  Compt.  rend.  1.  805). — 2.  Pure 
methylic-alcohol  burns  in  the  air  with  a  flame  like  that  of  common  alcohol,  without 
smoke.— 3.  In  contact  with  platinum-black  it  is  oxidised  to  formic  acid. — 4.  Potash 
and  soda  dissolve  in  it  readily,  forming  solutions  which  turn  brown  in  contact  with 
the  air. — 5.  Methylic  alcohol  mixed  with  sal-ammoniac  and  heated  in  a  sealed  tube 
to  300°,  yields  the  hydrochlorates  of  methylamine,  dimethylamine,  and  trimethylamine 
(Bert helot*}. — 6.  Hypochlorite  of  calcium  (bleaching  powder) converts  it  into  chloro- 
form (CHC13).  A  solution  of  potash  in  methylic  alcohol  treated  with  bromine  or 
iodine,  yields  bromoform  or  iodoform. — 7.  With  potassium  it  gives  off  hydrogen 
and  is  converted  into  methylate  of  potassium,  CH2KO  ;  similarly  with  sodium. — 
8.  Heated  with  alkaline  hydrates,  it  gives  off  hydrogen  and  yields  a  formate  of  the 
alkali-metal : 

CH40  +  KHO  =  CHKO2  +  H4. 

At  higher  temperatures  and  with  excess  of  alkali,  as  when  wood-spirit  is  passed  over 
red  hot  potash-lime,  the  formate  is  converted  into  oxalate,  and  ultimately  into  carbonate, 
each  change  being  attended  with  evolution  of  hydrogen  (ii.  688). 

9.  Strong  sulphuric  acid  acts  upon  methylic,  partly  in  the  same  manner  as  upon 
ethylic-alcohol,  producing  methyl-sulphuric  acid,   CH3.H.S04,  which,  when  heated  in 
contact  with    excess    of  wood-spirit,  yields    oxide   of  methyl.      The  action  which 
takes  place  at  higher  temperatures  differs,    however,  from  that  which  takes   place 
under    similar   circumstances   between  oil    of    vitriol   and     ethylic-alcohol   in    this 
respect,  that  no  methylene  (GIF)  appears  to    be  produced,  but   neutral  sulphate  of 
methyl,  (CH3)2S04,  passes  over. 

10.  Chlorine-gas  passed  into  anhydrous  wood-spirit  acts  upon  it  with  considerable 
energy,  each  bubble  of  gas  sometimes  producing  flame  and  detonation,  and  forms  hydro- 
chloric acid,  together  with  several  chlorinated  products.     [The  chloracetones  sometimes 
obtained  in  this  reaction  result  in  all  probability  from  acetone  contained  in  the  wood- 
spirit].  Accordingto  Cloez  (Compt. rend,  xlviii.  642 ;  Jahresb.  1859,  p.  434)  the  final 
product  of  the  action  is  a  crystalline  substance,  parachloralide,  C2HC1S0  : 

2CH40   +   Cl8  =  C2HCPO   +   H20   +   5HC1. 

Bramine'sLCts  in  a  similar  manner,  producing  parabromalide,  C2HBrsO.  Riche 
(Ann.  Ch.  Pharm.  cxii.  323),  by  subjecting  a  mixture  of  wood-spirit  and  hydrochloric 
acid  to  the  action  of  the  electric  current,  obtained  a  chlorinated  liquid  containing 
G^E'CIO. 

11.  When  methylic  alcohol  is 
lent  action  takes  ]_ 

chloride  are  evolved,  *    -     • ,  -  .  _ 

and  the  residue,  after  being  heated  to  80°,  consists  of  chloride  of  sulphur,  S'Cl2. 
The  brown  chloride  of  sulphur,  SCI2,  appears  indeed  to  act  like  a  mixture  of  S2C12  and 
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SCI4,  the  former  remaining  unacted  upon,  while  the  latter  produces  the  following  de- 

composition : 

SCI4  +  CH40      =   HC1     +  SOCP  +  CH3C1 
SCI4  +   2CH40    =    2HC1  +  SO2       +   2CHSC1. 

Chloride  of  thionyl  also  acts  violently  on  methylic  alcohol,  producing  hydrochloric 
acid  and  neutral  sulphide  of  methyl,  together  with  chloride  of  methyl  and  methyl- 
sulphurous  acid  : 

2SOC12  +   4CH40   =  3HC1  +   CH3C1   +  (CH3)2.S03  +   CH9.H.SOS. 

Protochloride  of  sulphur  (or  chloride  of  sulphothionyl,  SSC12)  likewise  acts  strongly 
on  methylic  alcohol,  hydrochloric  acid  and  methylic  chloride  being  evolved,  while  a 
small  quantity  of  methyl-mercaptan  passes  over,  and  the  residue  contains  methyl- 
sulphurous  acid  and  neutral  methylic  sulphate,  besides  separated  sulphur.  The  first  re- 
action is  probably 

S*C12  +   CH40     =     SOC12  +   CH4S, 

and  the  chloride  of  thionyl  then  acts  on  the  methyl-mercaptan,  and  probably  also  on 
further  quantities  of  methylic  alcohol,  as  shown  by  the  following  equation  : 

3SOC12  +   4CH4S  =  4HC1  +   2CH«C1  +   (CH3)2SOS  +   S8, 

and  by  the  last  equation  but  two.     (Carius,  Ann.  Ch.  Pharm.  ex  209,  cxi.  93.) 

Ethyl-sulphurous  chloride,  C2H5C1S02  (the  product  of  the  action  of  pentachloride 
of  phosphorus  on  ethyl-sulphites),  acts  on  methylic  alcohol  (or  more  definitely  on 
methylate  of  sodium),  producing  hydrochloric  acid  (or  chloride  of  sodium)  and  methyl- 
ethyl-sulphurous  acid  : 


CH3.H.O   +  C2H5C1S02  =  HC1  +        p  SO3.   (Carius,  Ann.  Ch.  Pharm.  cxi.  93.) 
METHYL,  HYDRIDE  OF.    Syn.  with  MARSH-GAS  (p.  854). 

METHYL,  IODIDE  OP.  CH3I.  —  Obtained  by  distilling  1  pt.  of  phosphorus, 
8  pts.  of  iodine,  and  12  or  15  pts.  of  wood-spirit,  or  according  to  Ho  f  man  n  (Chem. 
Soc.  J.  xiii.  69),  1000  grins,  iodine,  500  methylic  alcohol,  and  60  phosphorus.  The 
distillate  is  mixed  with  water  which  separates  the  iodide  of  methyl,  and  the  product  is 
rectified  in  the  water  -bath  over  chloride  of  calcium  and  oxide  of  lead.  It  is  a 
colourless  liquid,  slightly  combustible,  so  that  it  does  not  burn  well  excepting  in  the 
flame  of  a  lamp;  it  then  diffuses  abundance  of  violet  vapours.  Specific  gravity 
=  2-237  at  22°;  2-1992  at  0°  (Pierre).  Boils  at  42-2°  under  a  pressure  of  0752 
met.  (Andrews);  at  43-8°  under  0*750  met.  pressure  (Pierre).  Vapour-density 
==  4-883.  It  is  not  attacked  by  hydrochloric  acid  gas. 

Chlorine  converts  it  into  chloride  of  methyl,  with  deposition  of  iodine.  Heated 
with  metallic  zinc  in  a  sealed  tube,  it  yields  iodomethylide  of  zinc  : 

CH8I    +    Zn      =      Zn"CH3I. 

Heated  with  arsenide,  antimonide,  &c.  of  potassium  or  sodium,  it  yields  the  arsenides 
antimonides,  &c.,  of  methyl.  Heated  in  a  sealed  tube  with  aqueous  ammonia,  it  forms 
the  iodides  of  ammonium,  methyl-ammonium,  di-,  tri-,  and  tetra-methyl-ammonium, 
the  first  and  last  of  these  iodides  being  produced  in  greatest  quantity.  With  magnesium 
it  yields  magnesic  methide  (p.  756),  the  action  beginning  even  at  ordinary  tem- 
peratures; with  aluminium,  aluminic  methide  (p.  983). 

METHYL,  OXIDE  OP.  Methylic  ether.  C2H60  =  (CHS)20.  (Dumas  and 
Peligot,  Ann.  Ch.  Phys.  [2]  Iviii.  19.)  —  Produced  by  heating  a  mixture  of  1  pt. 
wood-spirit  and  2  pts.  strong  sulphuric  acid,  and  washing  the  gaseous  product  with 
potash-lye.  At  ordinary  temperatures,  it  is  a  gas  having  a  pleasant  ethereal  odour, 
very  soluble  in  alcohol,  ether,  and  sulphuric  acid,  less  soluble  in  water  (which  dissolves 
37  times  its  volume  of  the  gas  at  18°).  By  cooling  to  —  36°,  by  means  of  a  mixture  of 
snow  and  chloride  of  calcium,  it  is  condensed  to  a  liquid  boiling  at  —  20°.  (B  e  r  th  e  1  o  t.  ) 

Methylic  ether  unites  directly  with  sulphuric  anhydride,  forming  neutral  methylic 
sulphate,  (CH8)2O.S09  or  (CH3)2S04. 

METHYXi,  PLUMBIDES  OP.    See  LEAD-EADTCLES,  OEGANIC  (p.  563). 

METHYL,  SELENTDE  OP.  Selenmethyl.  C2H6Se  =  (CH3)2Se.  (Wo  hi  er  and 
Dean,  Ann.  Cb.  Pharm.  xcvii.  5.)  —  Obtained  by  distilling  a  solution  of  methyl-sul- 
phate of  barium  with  selenide  of  potassium.  It  is  a  reddish-yellow  very  mobile  liquid 
heavier  than  water,  insoluble  therein;  of  intensely  disagreeable  odour  ;  very  inflammable, 
and  burning  with  a  bluish  flame.  Strong  nitric  acid  dissolves  it,  with  rise  of  tempera- 
ture; the  solution  is  not  precipitated  by  hydrochloric  acid,  but  sulphurous  acid  throws 
down  selenide  of  methyl  from  it.  On  attempting  to  concentrate  the  liquid  by  evaporation, 
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a  new  and  very  violent  reaction  is  set  up,  nitric  oxide  being  evolved,  and  the  temperature 
sometimes  rising  so  high  as  to  set  fire  to  the  mixture. 

The  product  of  this  reaction  is  methyl-selenious  acid,  CH4Se08,  which,  by  cau- 
tious evaporation  and  cooling,  may  be  obtained  as  a  crystalline  mass.  It  forms  salts 
with  bases,  and  is  converted  by  hydrochloric  acid  into  methyl-selenious  chloride, 
CH3Se02Cl.H-0,  which  crystallises  in  transparent  prisms,  and  is  converted  by  hydro- 
bromic  and  hydriodic  acid  into  the  corresponding  bromine-  and  iodine-compounds. 

IVTETHYIi,  SULPHIDES  OP.  Methyl  forms  three  sulphides,  represented  by 
the  formulae  (CH3)2S,  (CH8)2S2  and  (CH3)2S3,  and  a  sulphydrate  or  mercaptan,  CH'S, 
homologous  with  ethyl-mercaptan. 

Protosulphide  of  Methyl.  C2H6S  =  (CH.8)2S.  (Kegnault,  Ann.  Ch.  Phys.  [2] 
Ixxi.  391.) — This  compound  is  easily  obtained  by  passing  gaseous  chloride  of  methyl 
into  a  solution  of  protosulphide  of  potassium  in  wood-spirit  contained  in  a  tubulated 
retort.  The  gas  is  absorbed  in  large  quantity,  and  if  the  retort  be  then  heated  and 
the  receiver  kept  cool,  sulphide  of  methyl  distils  over.  It  is  a  colourless,  very 
mobile  liquid,  having  an  extremely  disagreeable  odour.  Specific  gravity,  0'845  at  21°. 
Boiling  point  41°.  Vapour-density  2' 11 5.  It  is  readily  attacked  by  chlorine.  On 
letting  a  few  drops  of  it  fall  into  a  bottle  filled  with  dry  chlorine,  a  red  flame  is  pro- 
duced, and  a  large  quantity  of  hydrochloric  acid  is  obtained,  together  with  a  deposit 
of  charcoal ;  but  if  the  temperature  be  kept  low,  the  following  substitution-products 
are  obtained : 

o.  Monochlorinatcd  methylic  sulphide,  (CH2C1)2S.  This  is  the  product  of  the  action  of 
chlorine  on  sulphide  of  methyl,  at  a  low  temperature  and  under  the  influence  of  diffused 
daylight.  It  is  a  yellow  oil,  heavier  than  water,  and  having  a  very  offensive  odour. 
When  heated  in  a  retort,  part  of  it  distils  over,  but  a  considerable  portion  suffers  altera- 
tion and  leaves  a  carbonaceous  residue.  (Riche,  Ann.  Ch.  Phys.  [3]  xliii.  283.) 

&.  Dichlorinatcd  methylic  sulphide,  (CHC12)"S.  Produced  by  exposing  the  preceding 
compound  to  the  action  of  chlorine,  taking  care  to  cool  the  vessel  at  the  beginning  to 
prevent  the  action  from  becoming  too  violent.  It  is  a  heavy  yellow  liquid,  partly  de- 
composed by  distillation.  (Kiche.) 

y.  Pcrchlorinated  methylic  sulphide,  (CC13)2S,  is  the  product  of  the  action  of  chlorine 
on  the  dichlorinated  compound  under  the  influence  of  direct  sunshine.  It  is  a  limpid, 
amber-coloured  liquid,  having  a  strong  penetrating  odour.  It  boils  regularly  and 
without  alteration  between  156°  and  160°.  Its  observed  vapour-density  is  5'68  ;  the 
formula  C2C1HS  gives  9 '41  for  a  condensation  to  2  volumes,  and  47  for  a  condensation 
to  4  volumes,  indicating  dissociation  (i.  469)  ;  but  the  specimen  operated  upon  was 
probably  impure.  The  compound  is  quite  insoluble  in  water,  but  dissolves  easily  in 
alcohol  and  ether.  It  does  not  appear  to  be  altered  by  aqueous  potash. 

The  crude  liquid  resulting  from  the  action  of  chlorine  on  dichlorinated  methylic 
sulphide,  has  a  red  colour  and  contains  chloride  of  sulphur  and  tetrachloride  of  carbon, 
which  pass  over  with  the  first  portions  of  the  distillate,  and  are  more  abundant  in  pro- 
portion as  the  dichlorinated  sulphide  was  less  completely  dried.  (Kiche.) 

Protosulphide  of  methyl  unites,  like  sulphide  of  ethyl  (ii.  545),  with  mercuric  chloride 
and  platinic  chloride,  forming  the  compounds  C2H6S.Hg"Cl2  and  2C2HtiS.PtCl4,  both  of 
which  are  crystalline. 

Bisulphide  of  Methyl.  CH3S  or  C2H6S2.  (Cahours,  Ann.  Ch.  Phys.  [3]  xviii. 
157.) — Prepared,  1 .  By  passing  gaseous  chloride  of  methyl  through  an  alcoholic  solution 
of  disulphide  of  potassium. — 2.  By  distilling  a  mixture  of  sulphomethylate  of  calcium 
and  disulphide  of  potassium : 

(CH3)2Ca"(S01)2  +  K2S2  =  (CHS)2S2  +  Ca"S04  +  K2S04. 

The  yellowish  distillate  is  rectified;  and  the  portion  which  distils  over  between  110° 
and  112°  is  dried  by  chloride  of  calcium,  and  again  partially  distilled. 

It  is  a  transparent  colourless  liquid,  having  great  refracting  power,  and  a  density  of 
1-046  at  18°.  Boils  between  116°  and  118°.  Vapour-density  at  196°  =  3-298.  Has 
a  very  persistent  and  intolerable  odour  of  onions. 

It  is  but  very  sparingly  soluble  in  water,  but  nevertheless  imparts  its  odour  to  that 
liquid.  Mixes  in  all  proportions  with  alcohol  and  ether.  (Cahours.) 

This  compound  may  be  set  on  fire  by  a  red-hot  body,  and  burns  with  a  blue  flame, 
emitting  a  strong  odour  of  sulphurous  acid.  Chlorine  acts  violently  upon  it,  producing 
at  first  a  substance  which  crystallises  in  amber-coloured  rhombic  tables,  and  is  converted, 
by  the  further  action  of  the  chlorine,  into  a  yellow,  and  ultimately  into  a  red  liquid, 
consisting  of  a  mixture  of  C2C16S  and  SCI2.  Bromine  likewise  forms  substitution- 


products.  Moderately  strong  nitric  acid  acts  strongly  on  the  compound,  producing 
sulphuric  acid,  and  a  peculiar  acid  which  forms  with  potash  long  slender  needles ; 
with  baryta,  shining  colourless  tables ;  and  with  lime  and  oxide  of  lead,  soluble 
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crystallisable  salts.*  Sidphuric  acid  dissolves  the  compound  at  ordinary  tempers 
tares  ;  but  decomposes  it  when  heated.  The  compound  is  not  altered  by  distillation 
over  concentrated  potash-solution. 

Trisulpbide  of  Methyl.  (CH3)2S8.  —  If  the  disulphide  of  potassium  in  the 
preceding  preparation  is  replaced  by  pentasulphide,  a  considerable  quantity  of  methylic 
disulphide  is  likewise  obtained,  but  at  the  end  of  the  distillation,  at  about  200°,  a  yel- 
lowish product  is  obtained  having  the  composition  of  the  trisulphide.  It  behaves  like 
the  disulphide  with  chlorine  and  with  nitric  acid.  (C  ah  ours.) 

METHYL,  SULPHYDRATE  or.   GH4S  =  ^l8-   (Gregory,  Ann.  Ch. 

Pharm.  xv.  239.)  —  Formed  by  distilling  in  the  water-bath,  with  efficient  condensation, 
a  mixture  of  1  pt.  of  a  solution  of  sulphomethylate  of  calcium,  and  1  pt.  of  a  solution 
of  sulphydrate  of  calcium  (both  solutions  having  a  density  of  1'25),  and  agitating  the 
distillate  with  caustic  potash,  to  free  it  from  sulphydric  acid  : 

(CH3)2Ca"(S04)2  +  2KHS  =  2(CH3.HS)  +  K2S04  +  Ca"S04. 

It  is  a  liquid  lighter  than  water,  boiling  at  21°,  and  having  the  odour  of  mercaptan, 
but  even  more  offensive.  It  is  slightly  soluble  in  water  ;  forms  with  acetate  of  lead  a 
yellow,  and  with  mercuric  oxide  a  white  compound  (CH2Hg''S),  which  crystallises  from 
a  hot  alcoholic  solution  in  shining  laminae  not  fusible  at  100° 

ZKETHYX,,  TELLURIDE  OF.  Tdluro-methyl.  C2H6Te  =  (CH3)2Te.  (Wohler 
and  Dean,  Ann.  Ch.  Pharm.  xciii.  233.—  Heeren,  Efefor  Tellurdthyl-  and  Tellurmethyl- 
verbindungcn,  Grottingen,  1861.)  —  This  compound  is  obtained  by  distilling  telluride  of 
potassium  with  sulphomethylate  of  barium,  the  distillation  being  continued  as  long  as 
drops  of  oily  liquid  pass  over  with  the  water,  and  the  process  conducted  altogether  as 
for  the  preparation  of  tellurethyl  (ii.  550). 

Properties.  —  Telluiomethyl  is  a  pale  yellow  mobile  liquid,  which  sinks  in  water,  and 
does  not  mix  with  it.  It  boils  at  82°.  forming  a  yellow  vapour  like  tellurium  itself. 
It  has  an  extremely  disagreeable  alliaceous  odour,  which  is  so  intense  and  persistent, 
that  even  the  breath  is  affected  by  it  after  some  time.  It  fumes  in  the  air  from  oxi- 
dation. When  set  on  fire,  it  burns  with  a  bright  bluish-  white  flame,  diffusing  white 
fumes  of  tellurous  acid.  Strong  nitric  acid  oxidises  it,  with  evolution  of  nitric  oxide. 

Telluromethyl  behaves  to  oxygen,  chlorine  and  other  chlorous  radicles,  like  a  metal, 
forming  a  basylous  oxide  and  a  series  of  salts,  which  are  produced  by  saturating  the 
solution  of  the  oxide  with  acids,  or  by  precipitation. 


Acetate  of  Telluromethyl,  (Me2Te)"  j    JJQ   »  forms  large,  well-developed,  limpid 

cubes,  which  have  an  unpleasant  odour,  crumble  to  a  white  amorphous  powder  when 
exposed  to  the  air,  are  insoluble  in  cold  alcohol,  but  dissolve  easily  in  water.  The 
solution  is  neutral,  gives  with  sulphurous  acid  a  yellow  precipitate  of  telluromethyl  ; 
with  hydrochloric  acid,  a  white  precipitate  of  the  chloride;  with  iodide  of  potassium,  no 
precipitate.  (Heeren.) 

The  bromide,  (CH3)2TeCl2  or  Me2TeCP,  is  obtained  as  a  thick  white  precipitate, 
resembling  bromide  or  chloride  of  lead,  on  adding  hydrobromic  acid  to  a  solution  of 
nitrate  of  telluromethyL  It  forms  shining  colourless  prisms  which  melt  at  89°. 
(Wohler  and  Dean.) 


The  carbonate,  /jjg^e)"  \  (HO?2'  is  difficult  to  crystallise.   (Heeren.) 


The  chloride,  Me2TeCl2,  is  obtained,  on  adding  hydrochloric  acid  to  a  solution  of 
the  nitrate,  as  a  thick  white  precipitate  resembling  chloride  of  lead  (Wohler  and 
Dean);  as  a  colourless  heavy  oil,  which  solidifies  crystalline  on  cooling  ;  similarly  by 
adding  hydrochloric  acid  to  a  solution  of  the  oxychloride.  (Heeren.) 

It  redissolves  when  heated,  and  crystallises  on  cooling  in  long  thin  prisms,  like  cor- 
rosive sublimate.  It  appears  to  be  isomorphous  with  the  bromide  (Wohler  and 
Dean).  It  melts  at  97  "5°,  but.  appears  not  to  be  volatile  without  decomposition. 
Solidifies  from  fusion  in  a  mass  having  a  highly  crystalline  structure.  Does  not  distil 
over  with  water,  but  its  heated  aqueous  solution  has  a  faint  alliaceous  odour.  Does 
not  form  any  precipitate  with  platinic  chloride.  Dissolves  readily  in  alcohol. 

(  OTTO2 
The  formate,  (Me2Te)"j   TTQ  ,  crystallises    in    deliquescent  colourless   needles, 

forming  a  neutral  solution  in  water,  from  which  hydrochloric  acid  precipitates  chloride 
of  telluromethyl  in  the  form  of  a  colourless  oil     (Heeren.) 

*  Muspratt  (Chem.  Soc.  Qti.  J.  i.  53)  gave  to  this  arid  the  name  of  Bisulphimethylic  acid,  representing 
its  salts  by  the  formula  CPIFMSW;  more  recently,  however  (Chem.  Soc.  Qu.  J.  iii.  22),  he  has  found 
that  it  is  identical  with  methyl-sulphurous  acid,  the  formula  of  whose  salts  is  CtH3MS^Os,  or  CH3MSO3. 


METHYL:   TELLURIDE.  993 

Iodide,  Me2TeS2. — When  colourless  hydriodic  acid,  or  iodide  of  potassium,  is  drop! 
into  a  solution  of  nitrate  of  telluromethyl,  a  precipitate  is  formed  of  a  bright  lemon- 
yellow  colour,  but  changing  in  a  few  seconds  to  vermillion-red.  If  the  solutions  are 
mixed  warm,  the  precipitate  exhibits  at  once  a  red  colour  and  crystalline  structure. 
When  dry,  it  forms  a  vermillion  coloured  powder.  The  compound  dissolves  sparingly 
in  cold,  much  more  freely  in  hot  water,  and  abundantly  in  hot  alcohol,  forming  a  red- 
dish-yellow solution.  From  both  solutions,  it  crystallises  in  small  shining,  vermillion- 
coloured  prisms,  which  are  largest  when  they  separate  from  the  alcoholic  solution. 
They  yield  an  orange-yellow  powder.  Under  the  microscope  they  appear  orange- 
yellow  by  transmitted  light,  but  certain  faces  exhibit  a  fine  blue  surface-colour.  The  salt 
appears  to  be  dimorphous,  like  iodide  of  mercury ;  for  on  mixing  the  cooled  alcoholic 
solution  with  about  an  equal  volume  of  water,  the  iodide  is  precipitated,  of  a  lemon- 
yellow  colour ;  but  in  a  few  minutes  a  movement  of  the  particles  is  observed  throughout 
the  liquid,  and  the  precipitate  soon  assumes  the  character  of  vermillion-coloured  crys- 
talline laminae.  The  yellow  variety* cannot,  however,  be  obtained  in  a  permanent 
form ;  for  the  alcoholic  solution  yields  red  crystals  by  evaporation,  and  the  compound 
cannot  be  melted  without  decomposition.  Even  at  130°,  it  is  converted  into  black 
iodide  of  tellurium.  (Wohler  and  Dean.) 

Nitrate.  Me2Te(N03)2  (Wohler  and  Dean)  ;  Me2Te  J^Q'.  (Heer en.)— Tel- 
luromethyl heated  with  moderately  strong  nitric  acid,  dissolves  partially  at  first,  with 
reddish-yellow  colour ;  but  after  a  while,  a  violent  reaction  ensues,  attended  with  evo- 
lution of  nitric  oxide,  and  a  colourless  solution  of  the  nitrate  is  obtained,  which  by 
careful  evaporation,  yields  the  salt  in  large  colourless  prisms.  Sometimes,  however, 
probably  when  the  acid  is  too  strong  or  in  too  great  excess,  the  salt  is  obtained  on 
evaporation,  not  in  crystals,  but  in  the  form  of  a  transparent  amorphous  mass  contain- 
ing tellurous  acid,  mixed  or  combined,  and  arising  probably  from  decomposition  of  a 
portion  of  the  telluromethyl.  The  nitrate  decomposes  with  explosion  when  heated.  It 
dissolves  readily  in  water  and  alcohol.  The  aqueous  solution,  mixed  with  hydriodic, 
hydrobromic  or  hydrochloric  acid,  yields  a  precipitate  of  iodide,  bromide  or  chloride  of 
telluromethyl.  ( W  6  h  1  e  r  and  Dean.) 

The  oxalate,  (Me2Te)2j  YgQ-A ,  crystallises  in  monometric  forms  ;  it  is  neutral  and 

less  soluble  in  water  than  in  alcohol ;  the  aqueous  solutions  give  with  hydrochloric 
acid  a  precipitate  of  the  chloride.  (Heeren.) 

Oxide  of  Telluromethyl,  Me2TeO,  is  obtained  by  decomposing  the  chloride  or 
iodide  with  oxide  of  silver.  Either  of  these  compounds  is  moistened  with  water,  and 
oxide  of  silver,  recently  precipitated  by  baryta- water  and  well  washed,  is  added  in  ex- 
cess, whereupon  decomposition  begins  immediately,  and  the  mass  becomes  sponta- 
neously heated.  The  filtrate  contains  the  oxide  in  solution. 

Oxide  of  telluromethyl  is  indistinctly  crystalline  when  dry ;  has  an  abominable  taste, 
but  is  inodorous ;  deliquesces  in  the  air  like  potash,  and  absorbs  carbonic  acid.  Its 
aqueous  solution  is  strongly  alkaline  to  test-paper ;  eliminates  ammonia  from  sal-am- 
moniac, even  at  ordinary  temperatures,  and  forms  a  blue  precipitate  with  sulphate  of 
copper.  Sulphurous  acid  added  to  the  solution  immediately  throws  down  tellurome- 
thyl, in  the  form  of  a  stinking  oily  liquid ;  hydrochloric  acid  precipitates  the  white 
chloride ;  hydriodic  acid  the  red  iodide.  On  saturating  the  aqueous  oxide  with 
sulphydric  acid,  a  slight  milky  turbidity  is  produced ;  and  on  distilling  the  liquid, 
white  sulphur  separates  out,  and  a  yellow  oil  passes  over,  which  appears  to  be  merely 
reduced  telluromethyl  (Wohler  and  Dean). — Heeren  did  not  succeed  in  preparing 
the  oxide  in  the  solid  state  ;  the  strongly  alkaline  solution  obtained  by  decomposing 
the  oxychloride  with  recently  precipitated  silver-oxide,  quickly  became  turbid,  and  when 
evaporated  in  a  vacuum,  left  nothing  but  tellurium. 

The  oxychloride,  (Me2Te)2Cl20,  is  formed  by  dissolving  the  chloride  in  ammonia. 
On  evaporating  and  digesting  the  residue  of  sal-ammoniac  and  oxychloride  in  alcohol, 
the  latter  dissolves  and  separates  from  the  solution  in  short  colourless  prisms.  Hydro- 
chloric acid  added  to  the  solution  precipitates  the  chloride.  (Wohler  and  Dean.) 

The  oxybromide,  (Me2Te)2Br20,  is  obtained  in  a  similar  manner. 

Phosphate. — On  dropping  phosphoric  acid  into  a  solution  of  the  oxide,  a  lemon- 
yellow  precipitate  of  telluromethylic  phosphate  is  produced,  insoluble  in  water  and  in 
alcohol ;  it  turns  grey  when  exposed  to  light,  and  melts  when  heated  to  a  brown  sub- 
stance (TeP2  ?).  It  dissolves  in  excess  of  phosphoric  acid,  forming  a  colourless  liquid, 
•which  yields  colourless  crystals  by  evaporation.  From  the  aqueous  solution  of  these 
crystals,  ammonia  throws  down  the  yellow  insoluble  phosphate,  and  hydrochloric  acid 
the  white  chloride.  (Heeren.) 
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The  sulphate,  (Me»Te)2j,kg0x2  (Heeren),  is  obtained  by  saturating  the  base 

with  sulphuric  acid,  or  by  decomposing  the  solution  of  the  oxychloride  with  sulphate  of 
silver.  It  crystallises  in  large,  very  regular  transparent  cubes,  easily  soluble  in  water, 
insoluble  in  alcohol. 

Sulphochloride,  (Me2Te2)Cl2S ?  Sulphuric  acid  passed  through  asolution  of  the 
chloride,  forms  a  white  flocculent  precipitate  which  afterwards  turns  yellowish,  the 
liquid  at  the  same  time  acquiring  an  extremely  repulsive  odour.  If  it  be  then  distilled, 
there  passes  over  with  the  water  a  heavy  oily  liquid,  having  a  reddish-yellow  colour 
and  extremely  offensive  odour,  and  yielding  sulphuric  acid  when  oxidised  with  nitro- 
muriatic  acid.  (Wohler  and  Dean.) 

According  to  Heeren,  sulphydric  acid  forms,  in  solutions  of  telluromethylic  salts,  an 
orange-yellow  precipitate,  which,  when  heated  or  strongly  ignited,  cakes  together,  and 
sinks  to  the  bottom  in  the  form  of  black  heavy  oily  drops,  from  which  ether  extracts 
telluromethyl,  leaving  a  black  powder  consisting  of  disulphide  of  tellurium. 

IttETHYXiACETAXi.     See  METHYIATE  OP  ETHYLENE. 

IVIETHYI.  ACETONE.      See  ACETONE  (i.  31). 

METHYXiAi;.  C8H802.— A  product  of  the  oxidation  of  methylic  alcohol.  When 
a  mixture  of  wood-spirit,  sulphuric  acid,  and  peroxide  of  manganese  is  distilled,  there 
passes  over,  amongst  other  products,  an  ethereal  liquid,  miscible  with  water,  to  which 
Dumas  (Ann.  Ch.  Pharm.  xxvii.  135)  gave  the  name  formomethylal,  regarding  it 
as  a  definite  compound.  Malaguti,  however  (Ann.  Ch.  Phys.  [2]  Ixx.  390),  showed  that 
it  is  a  mixture  of  methylic  formate  andmethylal,  of  variable  composition  and  boilingpoint, 
and  is  resolved  by  boiling  with  potash  into  formic  acid,  methylic  alcohol,  and  methylal. 

Methylal  is  a  limpid  liquid  smelling  like  acetic  acid,  of  specific  gravity  0'8551, 
boiling  at  42°  under  a  pressure  of  0'761  met. ;  its  vapour-density  is  2'625.  It  dissolves 
in  3  volumes  of  water,  and  is  separated  therefrom  by  potash ;  soluble  also  in  alcohol  and 
ether.  When  gently  heated  with  slightly  diluted  nitric  add,  it  decomposes,  eliminating 
nitric  oxide,  without  carbonic  anhydride  or  carbonic  oxide,  and  yielding  a  solution  con- 
taining a  considerable  quantity  of  formic  acid.  It  is  likewise  oxidised  to  formic  acid 
by  a  mixture  of  sulphuric  acid  and  chromate  of  potassium,  and  by  alcoholic  potash. — 
Chlorine  acts  very  slowly  on  it,  producing  formic  acid  and  trichloride  of  carbon : 
C8H802  +  ,  6C12  =  CH202  +  C2C16  +  6HC1. 

1VEETHYI.AIVEIWES  AND  METKYX.AXKMO7JZUTOS.  Organic  bases 
homologous  with  the  ethylamines,  formed  on  the  types  NH3  and  NH4  respectively,  by 

,   •       1  j       1  1         *  •  j_       A  • __/» J.T 1    J» T J .     '  _     _         _   J_  1 I   _   __       •  _  -VT    TT«*    /^1 TT  > 


free  state ;  but  tetrethylammonium  is  known  only  in  its  salts,  which  are  analogous  in 
constitution  to  the  ammonium  salts.  There  are  also  amines  and  ammoniums  in  which 
the  hydrogen  is  replaced,  partly  by  methyl,  partly  by  other  alcohol-radicles,  as  ethyl, 
amyl,  phenyl,  &c.,  e.g.  methyl-ethyl-amylamine,  N.CH3.C2H5.C5HU ;  methyl- 
trie  thy  1  -ammonium,  N.CH8.(C2IP)4. 

H) 
METHYL  AMINE.     CH5N    =     H  LN.    Methylammonia,  MetJiylia.— This  base 

was  discovered  and  fully  examined  by  Wurtz  in  1849  (Compt.  rend,  xxviii. 
223  and  323  ;  Ann.  Ch.  Phys.  [3]  xxx.  443).  It  is  produced  by  reactions  analogous  to 
those  which  give  rise  to  the  formation  of  ethylamine  (ii.  553) ;  viz.  1.  By  the  action 
of  potash  on  cyanate  or  cyanurate  of  methyl  (Wurtz). — 2.  By  the  action  of  potash  on 
methyl-carbamide  (methyl-urea)  (Wurtz). — 3.  In  the  form  of  a  salt,  by  the  action  of 
ammonia  on  various  methylic  ethers :  thus  iodide  of  methyl  heated  in  a  sealed  tube 
with  ammonia,  yields  hydriodate  of  methylamine  or  iodide  of  methylammonium,  to- 
gether with  iodide  of  ammonium  and  the  iodides  of  di-,  tri-,  and  tetra-methyl- 
ammonium  (Hofmann). — 4.  By  heating  chloride  or  iodide  of  ammonium  with  wood- 
spirit  in  sealed  tubes  (Berthelot). — 5.  By  the  action  of  caustic  alkalis  on  morphine 
and  codeine  (Wertheim,  Ann.  Ch.  Pharm.  Ixxiii.  210),  and  by  heating  glycocine 
with  anhydrous  baryta  (Cahours,  ii.  903): 

C2H5NO»  +  BaO    =    BaCO8  +  CH»N. 

6.  In  combination  with  hydrochloric  acid,  by  the  action  of  chlorine  on  theobromine 
(RochlederandHlasiwetz,  Jahresb.  1850,p.  437)or  on  caffeine  (Eochleder,  ibid. 
434). — 7.  By  the  action  of  nascent  hydrogen  on  hydrocyanic  acid:  CIIN  +  H4  = 
CH*N  (Mendius,  Ann.  Ch.  Phann.  cxxi.  129). — 9.  Methylamine  occurs  in  bone-oil 
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(Anderson,  Jahresb.  1851,  p.  476),  and  in  small  quantity  among  the  products  of  th« 
distillation  of  crude  acetate  (pyrolignate)  of  calcium.  (C.  GL  Williams,  ibid.  1853, 
p.  467.) 

Preparation.  1.  By  the  action  of  potash  on  Cyanurate  of  Methyl. — The  cyanurate 
is  heated  with  potash-ley  in  a  flask  surmounted  with  a  worm-tube,  to  condense  the 
aqueous  vapours  and  separate  the  methylamine,  which  then  passes  on  into  a  receiver 
containing  a  small  quantity  of  pure  water,  which  dissolves  it.  The  decomposition  of 
the  methyl-cyanuric  ether  by  potash-ley,  which  is  very  slow,  may  be  accelerated  by 
first  melting  the  ether  with  solid  potash  mixed  with  a  small  quantity  of  water.  The 
aqueous  solution  of  methylamine  in  the  receiver  is  saturated  with  hydrochloric  acid 
and  evaporated  to  dryness.  (Wurtz.) 

2.  By  the  action  of  Nascent  Hydrogen  on  Hydrocyanic  acid.  Men  dius  mixes  the 
hydrocyanic  acid  with  hydrochloric  acid  and  alcohol,  adds  granulated  zinc,  and  when 
the  action  is  ended,  distils  off  about  half  the  liquid,  and  again  subjects  the  distillate, 
which  contains  a  considerable  quantity  of  unaltered  prussic  acid,  to  the  action  of  the 
zinc.  By  repeating  this  treatment  a  certain  number  of  times,  a  solution  is  ulti- 
mately obtained  containing  hydrochlorate  of  methylamine  mixed  with  chloride  of  zinc ; 
and  this  solution  distilled  with  lime  or  potash,  yields  free  methylamine,  which  may 
be  condensed  in  water  and  combined  with  hydrochloric  acid  as  before.  Debus  (Chem. 
Soc.  .T.  xvi.  249)  effects  the  combination  of  the  hydrogen  with  the  prussic  acid  by 
means  of  platinum-black.  A  stream  of  hydrogen  is  passed  through  a  mixture  of  15  grms. 
cyanide  of  potassium,  15  grms.  sulphuric  acid,  and  5  oz.  water,  contained  in  a  retort, 
and  then  conducted  successively  through  an  empty  vessel,  a  tube  containing  fused 
chloride  of  calcium,  a  tube  containing  platinum-black  and  immersed  in  a  paraffin  bath 
heated  to  110°,  and,  finally,  through  a  Liebig's  bulb-apparatus  filled  with  dilute  hydro- 
chloric acid.  As  soon  as  the  mixture  of  prussic  acid  and  hydrogen  comes  in  contact  with 
the  platinum-black,  dense  white  clouds  of  hydrochlorate  of  methylamine  become  per- 
ceptible, filling  the  apparatus  from  the  platinum  to  the  acid.  The  prussic  acid  mixture 
is  gradually  heated  to  the  boiling  point,  and  kept  at  that  temperature,  with  a  current  of 
hydrogen  continually  passing  through  it,  till  the  process  is  completed.  The  acid  liquid 
in  the  bulbs,  when  evaporated  on  the  water-bath,  leaves  a  white  residue  almost  wholly 
soluble  in  alcohol,  and  the  alcoholic  solution  leaves  on  evaporation  a  colourless  crystal- 
line mass  of  hydrochlorate  of  methylamine.  Part  of  the  methylamine  produced  in  this 
reaction  unites  with  the  hydrocyanic  acid,  forming  cyanide  of  methylammonium,  and 
this  acts  on  the  platinum  in  such  a  manner  as  to  form  a  double  cyanide  of  platinum 
and  methylammonium  (p.  997),  which  surrounds  the  particles  of  the  platinum-black,  and 
after  a  while  prevents  further  action.  If  its  formation  could  be  prevented,  this  method 
would  doubtless  afford  the  readiest  means  of  preparing  methylamine. 

To  prepare  pure  methylamine,  the  hydrochlorate,  perfectly  dried,  is  mixed  with  twice 
its  weight  of  quicklime,  and  the  mixture  introduced  into  a  long  tube  closed  at  one  end, 
in  such  quantity  as  to  half  fill  it,  the  other  half  being  filled  with  fragments  of 
potassium-hydrate.  From  this  tube  a  gas-delivery  tube  passes  to  the  mercurial 
trough.  On  applying  a  gentle  heat  to  the  tube,  beginning  at  the  closed  end,  the  gas 
is  disengaged,  and  may  be  collected  over  the  mercury. 

Properties. — Methylamine  is  a  colourless  gas,  having  a  strong  ammoniacal  odour. 
Like  ammonia,  it  turns  reddened  litmus-paper  blue ;  fumes  strongly  with  hydrochloric 
acid;  combines  with  its  own  volume  of  that  gas,  and  half  its  volume  of  carbonic 
anhydride ;  is  rapidly  absorbed  by  water,  and  also  by  charcoal.  It  is  distinguished 
from  ammonia  by  taking  fire  when  brought  in  contact  with  a  lighted  taper ;  it  then 
burns  with  a  livid  yellowish  flame,  producing  water,  carbonic  anhydride,  and  nitrogen, 
mixed,  if  the  combustion  be  incomplete,  with  cyanogen  and  hydrocyanic  acid.  Specific 
gravity  1-13  at  25°,  and  1'08  at  43°.  When  cooled  a  few  degrees  below  0°,  it 
condenses  to  a  very  mobile  liquid,  which  does  not  solidify  in  a  mixture  of  solid  carbonic 
acid  and  ether.  (Wurtz.) 

Methylamine  is  the  most  soluble  in  water  of  all  known  gases.  Water  at  25°  absorbs 
959  times,  and  at  12'5°,  1150  times  its  volume  of  the  gas.  The  solution  has  the  power- 
ful odour  of  the  gas,  and  is  extremely  caustic ;  it  gives  off  the  gas  when  boiled.  It  is 
decomposed  by  iodine,  bromine,  and  chlorine.  Iodine  added  to  it,  not  in  excess,  forms 
hydriodate  of  methylamine  which  dissolves,  and  diniodomethylamine,  C(H3I2)N, 
which  remains  undissolved : 

3CH5N   +   F     =     C(HSP)N  +   2(CH5N.HI). 

Bromine  and  chlorine  appear  to  act  in  a  similar  manner. 

The  action  of  aqueous  methylamine  on  metallic  salts  is,  for  the  most  part,  similar  to 
that  of  ammonia.  The  salts  of  magnesium,  manganese,  iron,  bismuth,  chromium, 
uranium,  and  tin  are  precipitated  by  methylamine  in  the  same  manner  as  by  ammonia. 
With  sine-salts  methylamine  forms  a  white  precipitate,  soluble  in  a  large  excess  of 


996  METHYLAMINE. 

the  reagent.  With  copper-salts,  a  bluish- white  precipitate,  easily  soluble  in  excess, 
and  forming  a  deep  blue  solution.  With  cadmium-salts,  a  white  precipitate,  insoluble 
in  excess.  With  nickel-  and  cobalt-salts,  also,  it  forms  precipitates  insoluble  in  excess. 
These  last  three  reactions  differ  from  those  produced  by  ammonia.  Acetate  of  lead  is 
scarcely  clouded  by  methylamine,  but  the  nitrate  is  completely  precipitated.  With 
mercurous  salts,  methylamine,  like  ammonia,  forms  a  black  precipitate;  with  mercuric 
chloride,  a  white,  flocculent  precipitate,  insoluble  in  excess.  Nitrate  of  silver  is  com- 
pletely precipitated  by  methylamine ;  and  the  oxide,  whether  precipitated  by  the  alka- 
loid itself  or  by  potash,  dissolves  readily  in  excess  of  the  former.  The  solution, 
abandoned  to  spontaneous  evaporation,  deposits  a  black  substance,  which  contains  car- 
bon, hydrogen,  nitrogen,  and  silver,  and  is  probably  the  analogue  of  fulminating  silver ; 
but  does  not  explode  either  by  heat  or  by  percussion.  Chloride  of  silver  is  also 
dissolved  by  aqueous  methylamine.  With  trichloride  of  gold,  methylamine  forms  a 
brownish-yellow  precipitate,  which  dissolves  readily  in  an  excess  of  the  precipitant, 
forming  an  orange-red  solution.  A  concentrated  solution  of  platinic  chloride  forms  with 
methylamine  a  crystalline  precipitate,  consisting  of  chloroplatinate  of  methylamine, 
in  the  form  of  orange-yellow  scales.  The  formation  of  this  precipitate  is  prevented, 
even  by  slight  dilution.  (Wurtz.) 

Decompositions. — 1.  Methylamine  passed  through  a  red-hot  porcelain  tube,  filled 
with  fragments  of  porcelain,  is  completely  decomposed  into  free  hydrogen,  marsh-gas, 
ammonia,  and  hydrocyanic  acid : 

2CH5N     =     NH3.CNH  +   CNH  +   CH4   +    3H2. 

If  the  gaseous  mixture,  as  it  issues  from  the  tube,  be  passed  through  water,  and  then 
collected  in  jars  over  mercury,  the  water  acquires  an  alkaline  reaction,  and  is  found  to 
contain  hydrocyanate  of  ammonia,  and  the  gas  in  the  jars  consists,  in  100  measures,  of 
1377  vol.  hydrocyanic  acid,  71'08  hydrogen,  and  14-37  marsh-gas. 

2.  Two  vol.  methylamine  exploded  with  4£  vol.  oxygen  produce  2  vol.  CO2  and  1  vol. 
N.     Now  2  vol.  CO2  contain  2  vol.  or  2  at.  0,  and  therefore  1  at.  C ;  and  the  remaining 
2^  vol.  0  must  have  been  consumed  in  burning  the  hydrogen,  which  therefore  amounts 
to  5  vol.    Hence,  since  the  volumes  of  elementary  gases  are  as  the  numbers  of  atoms 
contained  in   them,    it   follows  that  1  molecule  (=2  vol.)  of  methylamine  contains 
1  at.  carbon,  5  at.  hydrogen,  and  1  at.  nitrogen,  that  is  to  say  its  formula  is  CH5N.    To 
obtain  complete  combustion,  it  is  necessary  to  mix  the  gas  with  3  times  its  volume  of 
dry  oxygen,  and  to  add  to  the  mixture,  according  to  Kegnault's  recommendation,  a 
certain  quantity  of  detonating  gas,  derived  from  the  electrolysis  of  water,  also  perfectly 
dry.     (Wurtz,  Ann.  Ch.  Phys.  [3]  xxx.  451.) 

3.  Potassium  heated  in  the  gas  decomposes  it  completely,  yielding  free  hydrogen  and 
cyanide  of  potassium:  CHSN  +  K   =   CNK  +  H5,  31 '5   vol.  methylamine  yielding 
81'/>  vol.  pure  hydrogen,  numbers  which  are  nearly  in  the  ratio  of  2  :  5.     The  action, 
however,  exhibits  two  stages.     At  first,  while  the  heat  is  moderate,  the  volume  of  gas 
increases  but  little,  and  the  residue  probably  contains  C(H4K)N,  a  compound  analogous 
to  amide  of  potassium ;  and  this,  at  a  higher  temperature,  is  resolved  into  hydrogen  and 
cyanide  of  potassium,  the  latter  decomposition  being  accompanied  by  the  considerable 
increase  in  volume  which  is  observed.     (Wurtz.) 

4.  With  gaseous  chloride  of  cyanogen,  it  forms  hydrochlorate  of  methylamine,  and 
cyanmethylamide(Cahours  and  Cloez,  Compt.  rend,  xxxviii.  354) 

f   H 
2CH5N  +   CNC1     =     CH5N.HC1  +    NJCH3. 

(CN 

METHYLAMINE-SALTS. — Methylamine  is  a  strong  base,  neutralising  acids  completely, 
forming  well-defined  crystalline  salts,  and  precipitating  metallic  oxides  from  their  solu- 
tions (p.  995).     Its  salts,  like  those  of  ethylamine,  may  be  regarded  as  compounds  of 
methylamine  with  acids,  or  of  methylammonium  with  the  radicles  of  the  same  acids,  e.  g. : 
Hydrochlorate  of  M>thylamine.  Chloride  of  Mefhvlammonium. 

CIPN.HC1  =  CH'N.Cl. 

Nitrate  of  Methvlamine.  Nitrate  of  Methvlammonium. 

CIPN.HNO3  =  dPN.NO". 

Methylamine-salts  are  soluble  in  water,  and  most  of  them  also  in  alcohol ;  the  latter 
property  affords  a  means  of  separating  them  from  ammonium  -salts,  when  the  two  occur 
together.  They  are  decomposed  by  heating  with  fixed  alkalis,  giving  off  gaseous  me- 
tbylamine. 

Bromhydrate  or  Hydrobromate  of  Methylamine,  CH6KT3r,  is  obtained  by 
the  action  of  bromine  on  aqueous  methylamine.  It  is  very  soluble  in  water  and 
in  alcohol,  and  crystallises  from  the  alcoholic  solution  in  large  shining  plates  having 
an  unctuous  aspect  and  very  deliquescent. 
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Carbonate.  (CH6N)2C03.  —  This  salt  is  prepared  by  distilling  the  fused  hydro- 
chlorate  with  carbonate  of  calcium.  The  product  of  the  distillation  is  a  very  thick 
liquid,  having  a  quantity  of  solid  matter  in  the  middle  :  the  liquid  is  a  highly  concen- 
trated solution  of  carbonate  of  methylamine  ;  the  solid  is  methyl-carbamic  acid.  On 
gently  heating  the  contents  of  the  receiver,  the  methyl-carbamic  acid  partly  dissolves  and 
partly  volatilises.  The  liquid  portion,  as  it  cools,  deposits  crystals  of  the  carbonate, 
which  is  highly  deliquescent  and  volatilises  even  at  ordinary  temperatures.  It  is  diffi- 
cult, however,  to  obtain  this  salt  free  from  methyl-carbamic  acid. 

Gaseous  methylamine  unites  with  its  own  volume  of  carbonic  anhydride,  forming 
methvl-carbamic  acid  (the  so-called  anhydrous  carbonate  of  methylamine), 


CH5N.C02  =  CO"  (See  CAEBAMIC  ACID,  i.  751.) 

CIpjO. 

Chlorhydrate  or  Hydrochlorate  of  Methylamine.  Chloride  of  Methyl- 
ammonium.  CIFN.Cl.  —  Gaseous  methylamine  unites  with  its  own  volume  of  hydro- 
chloric acid  gas,  forming  a  white  solid  salt,  which  adheres  like  sal-ammoniac  to  the 
sides  of  the  vessel.  —  The  salt  is  prepared  by  saturating  aqueous  methylamine  with 
hydrochloric  acid,  and  evaporating  to  dryness.  The  residue  dissolves  easily  in  boiling 
alcohol,  and  crystallises  on  cooling  in  fine,  large  laminae,  which,  at  the  moment  of  their 
formation,  appear  iridescent  by  reflected  light.  It  is  deliquescent  ;  does  not  fuse  till 
heated  above  100°.  Heated  in  an  open  vessel  to  a  very  high  temperature,  it 
volatilises  in  very  dense  vapours,  which  condense  to  a  white  powder  on  the  surface  of 
cold  bodies  (Wurtz).  When  a  solution  of  this  salt,  either  in  water  or  in  alcohol,  is 
treated  with  amalgam  of  potassium,  hydrogen  is  evolved,  and  the  liquid  becomes 
alkaline.  "Wurtz  did  not  succeed  in  obtaining  by  this  reaction  an  amalgam  of  methyl- 
ammonium  corresponding  to  the  ammoniacal  amalgam  (i.  186).  Neither  is  such  a 
compound  produced  by  placing  mercury  in  a  cavity  in  a  lump  of  hydrochlorate  of  me- 
thylamine, and  connecting  it  with  the  voltaic  battery. 

Chloro-aurate.  CH6NCl.AuCl3.  —  On  mixing  a  solution  of  hydrochlorate  of  me- 
thylamine with  a  solution  of  trichloride  of  gold,  no  precipitate  is  formed  ;  but  on 
evaporating  till  the  liquid  becomes  very  concentrated  and  then  leaving  it  to  cool,  the 
double  salt  is  obtained  in  splendid  golden-yellow  needles,  soluble  in  water,  alcohol,  and 
ether. 

Chloromercurate.  2CH8NCl.Hg"Cl2.  —  Formed  by  evaporating  a  mixture  of  1  at. 
hydrochlorate  of  methylamine  and  1  at.  corrosive  sublimate.  The  solution,  when 
highly  concentrated,  yields  bulky  crystals  of  the  double  salt. 

Chloroplatinate,  2CH6NCl.PtCl4.  —  Beautiful  golden-yellow  scales  which  are 
insoluble  in  alcohol,  but  dissolve  in  boiling  water  and  crystallise  on  cooling.  When 
heated,  they  blacken,  emitting  very  copious  fumes  and  leaving  a  residue  of  platinum 
mixed  with  charcoal,  which  burns  in  the  air. 

For  the  compounds  of  methylamine  with  platinous  chloride,  see  PIATINTJM-BASES. 

Sulphate.  —  Very  soluble  in  water,  insoluble  in  alcohol,  uncrystalli  sable.  When 
evaporated  with  cyanate  of  potassium,  it  yields  methyl-carbamide,  N2.H3.CH3.CO". 

Cyanide  of  Methylammonium  and  Platinum,  (CH6N)2PtCy4.  —  Formed  in 
the  preparation  of  methylamine  by  passing  a  mixture  of  hydrogen  and  hydrocyanic 
acid  vapour  over  heated  platinum-black  (p.  995).  Part  of  the  methylamine  formed 
unites  with  the  hydrocyanic  acid,  and  the  cyanide  of  methylammonium  thus  formed 
acts  on  the  platinum  in  the  manner  represented  by  the  equation  — 

2CH6NCy  +  2HCy  +  Pt     =     (CH6N)2PtCy4  +  H2. 

On  washing  the  platinum-black  with  water,  concentrating  the  solution  over  the  water- 
bath,  and  then  leaving  it  over  oil  of  vitriol,  the  double  cyanide  separates  in  long  pris- 
matic crystals  having  a  slight  brown  tint.  They  are  easily  soluble  in  water,  and  leave 
a  grey  residue  of  platinum  when  strongly  heated  in  the  air.  (Debus.) 

lodhydrate  or  Hy  driodate,  CH6NI.  —  Produced,  together  with  diniodomethyl- 
amine  by  the  action  of  iodine  on  aqueous  methylamine. 

Nitrate,  CH6KN03.  —  Formed  by  saturating  aqueous  methylamine  with  nitric 
acid.  The  solution,  when  evaporated,  yields  beautiful,  right  rhomboi'dal  prisms,  very 
much  elongated,  and  closely  resembling  the  crystals  of  nitrate  of  ammonium.  They 
are  deliquescent,  and  dissolve  very  readily  in  water  and  alcohol.  They  are  decomposed 
by  distillation,  yielding  gaseous  products,  and  drops  of  an  oily  liquid  insoluble  in  water. 

DINIODOMETHYLAMINE,  C(H3I2)N.  This  base,  formed  by  the  action  of  iodine  on 
aqueous  methylamine,  is  a  garnet-coloured  powder  which  dissolves  in  alcohol,  but  appears 
to  be  decomposed  thereby.  It  is  decomposed  by  heat,  but  does  not  explode  like  iodide 
of  nitrogen.  It  is  also  decomposed  by  potash,  with  formation  of  iodide  of  potassium,  a 
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volatile  product  having  a  very  pungent  odour,  and  a  slight  insoluble  flocculent  residue. 
(Wurtz,  Ann.  Ch.  Phys.  [3]  xxx.  455.) 

Dimethylamine,  C2H7N  =  N.H(CH3)2.  This  base,  isomeric  with  ethylamine,  ia 
produced,  as  a  hydriodate,  together  with  other  similar  compounds,  by  heating  iodide  of 
methyl  with  ammonia  (Hofmann,  p.  994).  It  is  also  formed  by  heating  the  so-called 
sulphite  of  aldehyde-ammonia  (i.  108)  in  a  sealed  tube,  or  by  decomposing  it  with  lime 
(Petersen,  Ann.  Ch.  Pharm.  cii.  317): 

C2H3(NH4).S03  =  C2H7N  +   SO2   +   0. 

Gossmann,  who  first  noticed  this  decomposition  (ibid,  xci.  122),  supposed  that  the  re- 
sulting base  was  ethylamine  ;  but  Peter  sen  has  shown  that  by  passing  the  evolved  gas 
into  iodide  of  ethyl,  and  heating  the  liquid  in  a  sealed  tube,  iodide  of  dimethyl-diethyl- 
ammonium  is  produced : 

NH(CH3)2  +   2C2H5I  =  HI   +   N(CH8)2(C2H5)2I. 

The  quantity  of  dimethylamine produced  in  this  reaction  is,  however,  very  small,  and 
Hofmann  (Proc.  Roy.  Soc.  xii.  380)  finds  that  this  base  maybe  obtained  withmuch 
greater  facility  by  treating  the  mixture  of  the  iodides  of  ammonium,  methylammonium, 
&c.,  produced  by  the  action  of  ammonia  on  iodide  of  methyl,  with  oxalate  of  ethyl,  in  the 
manner  already  described  for  the  separation  of  the  corresponding  ethyl-bases  (ii.  555,  558). 

An  alcoholic  solution  of  ammonia  gently  heated  with  iodide  of  methyl  in  a  flask  pro- 
vided with  a  condenser,  solidifies  into  a  crystalline  mixture  of  the  iodides  of  ammonium 
and  of  methyl-,  dimethyl-,  trimethyl-,  and  tetramethyl-ammonium.  The  more  soluble 
iodides  separated  from  the  sparingly  soluble  iodide  of  tetramethylammonium  are 
evaporated  and  distilled  with  potash ;  and  the  bases  evolved,  after  being  carefully  dried 
by  passing  over  hydrate  of  potassium,  are  made  to  pass  through  a  powerfully  refriger- 
ated worm-tube,  in  which  dimethylamine  and  trimethylamine,  together  with  a  portion  of 
the  methylamine,  condense,  the  ammonia  and  the  rest  of  the  methylamine  being  carried 
off  as  gas  and  condensed  in  water.  The  mixture  of  the  three  methyl-bases  is  then 
treated  with  oxalate  of  ethyl,  whereupon  the  methylamine  immediately  solidifies  into  a 
crystalline  mass  of  dimethyloxamide,N2H2(C202Y'(CH3)2,  and  the  dimethylamine  is 

(CH3)MN 
converted  into  dimethyloxamate  of  ethyl,  (C202)"  \ n,  a  liquid  boiling  between 

C2H5   Ju 

250°  and  260°,  while  the  trimethylamine  remains  unchanged  and  may  be  expelled  by 
gently  heating  the  mixture  in  a  water-bath.  The  dimethyloxamate  of  ethyl  is 
easily  separated  from  the  mixture  by  solution  in  cold  water,  and  when  distilled  with 
hydrate  of  potassium,  yields  a  mixture  of  alcohol  and  dimethylamine,  oxalate  of  potassium 
remaining  behind.  The  distillate  evaporated  with  hydrochloric  acid  yields  a  crystallised 
residue  of  chloride  of  dimethylammonium,  from  which  pure  dimethylamine  may  be  ob- 
tained by  distillation  with  potash.  (Hofmann.) 

E.  Lucius  (Ann.  Ch.  Pharm.  ciii.  105),  by  distilling  guano  with  lime,  obtained  a 
small  quantity  of  a  base  which  he  regarded  as  dimethylamine  (from  28  Ibs.  guano,  0'5 
grm.  of  a  platinum-salt  having  the  composition  2(C2H8NCl.PtCl4)  ). 

Dimethylamine  is  a  highly  alkaline  liquid  having  a  strong  ammoniacal  odour,  easily 
soluble  in  water,  and  boiling  between  8°  and  9°.  Its  gold-salt,  C2H8NCl.AuCl3,  and 
platinum-salt,  2C2IPNCl.PtCl4,  both  crystallise  well,  the  latter  in  long  splendid  needles, 
shooting  through  the  liquid  from  one  side  of  the  vessel  to  the  other.  (Hofmann.) 

Trimethylamine,  C3H9N  =  (CH3)^.  Discovered  by  Hofman  n  (Chem.  Soc.  Qu. 
J.  iv.  304).  Produced,  together  with  other  methyl- bases,  in  combination  with  hydriodic 
acid,  by  the  action  of  ammonia  on  iodide  of  methyl,  and  separated  by  treatment  with 
oxalic  ether  and  subsequent  distillation,  as  described  under  DIMETHYLAMINE.  It 
occurs  ready  formed  in  many  organic  substances,  especially  as  a  product  of  decom- 
position. Hofmann  (Chem.  Soc.  Qu.  J.  v.  288)  found  it  in  herring-pickle.  Accord- 
ing to  Dessaignes,  it  occurs  in  human  urine  (Ann.  Ch.  Pharm.  c.  218),  and  in  the 
blood  of  the  calf,  twelve  hours  after  it  has  been  taken  from  the  animal,  but  not  in  the 
perfectly  fresh  blood  (J.  Pharm.  [3]  xxxii.  43;  Jahresb.  1857,  p.  382);  in  the  flowers  of 
Cratagus  cxyacantha  (Wicke,  ibid.  1854,  478;  1862,  p.  330),  also  of  Crat&gus  mono- 
gyna,  Pi/rus  Aucuparia,  and  Pyrus  communis  ( W  ittstein,  ibid. ) :  in  the  stinking  goose- 
foot,  Chenopodium  vulvaria  (Dessaignes,  ibid.  1851,  p.  479  ;  Wittstein,  Wicke); 
in  craw-fish  (Wittstein),  and  in  ergot  of  rye  (Walz,  Jahresb.  1852,  p.  552; 
Winckler,  ibid.  553;  Rithausen,  Rep.  chim.  pur.  1863,  p.  420).  It  has  been  found 
also  in  very  small  quantity  in  guano  (Hesse,  ibid.  1857,  p.  402),  in  putrefying  yeast, 
(A.  Muller,  ibid.\  and  in  putrefying  wheat-dough  (Sullivan,  ibid.  1858,  p.  231). 
It  is  also  produced  by  heating  narcotine  with  potassium-hydrate  to  260°— 300°  (Wer- 
theim),  or  with  water  to  250°— 260°  (Reynoso),  see  NAKCOTINE;  probably  also  in 
the  lecomposition  of  codeine  by  potash-lime.  (Anderson,  Jahresb.  1850,  p.  430.) 
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The  trimethylamine  obtained  from  several  of  these  sources  was  formerly  mistaken 
for  tritylamine,  C3H7.H2.N,  with  which  it  is  isomeric. 

Trimethylamine  is  an  oily  alkaline  liquid  having  a  strong  odour  of  stale  fish.  It 
boils  at  9°  (Hofmann),  which  is  but  little  above  the  boiling  point  of  dimethylamine. 
When  a  rapid  succession  of  electric  sparks  from  an  induction-coil  is  passed  through  the 
vapour,  it  is  slowly  decomposed,  yielding  a  tarry  deposit  ;  but  even  a  long  continuance 
of  the  action  does  not  suffice  to  set  the  whole  of  the  nitrogen  free.  (Hofmann 
and  Buff,  Ann.  Ch.  Pharm.  cxiii.  129.)t 

It  unites  with  acids,  forming  crystallisable  salts.  The  sulphate  mixed  with  sulphate 
of  aluminium  forms  large  crystals  oftrimethylamine-alum,  probably  having  the 

" 


composition     *i.«    [  (S04)2.12H20,  analogous  to  that  of  ammonia-alum;  they  melt  at 

100°,  and  give  off  their  water  of  crystallisation  with  intumescence  at  120°.  (Kecken- 
schuss,  Ann.  Ch.  Pharm.  lxxxiii/343.) 

Trimethylamine  unites  directly  with  iodide  of  methyl,  forming  iodide  oftetramethyl- 
ammonium,  (CHS)4NI,  and  with  dibromide  of  ethylene,  yielding  the  compound 
C5H18NBr2  =  (CH3)3(C8H4Br)NBr.  (H  of  man  n,  see  p.  1000.)' 

Tetrametfaylammonium,  C4H12N  ==  (CH3)4N.  (Hofmann,  Phil.  Trans.  1850, 
p.  93;  Chem.  Soc.  Qu.  J.  iv.  321.)  The  iodide  of  this  base  is  produced:  1.  By  the 
action  of  iodide  of  methyl  on  trimethylamine,  the  two  liquids  immediately  uniting  into 
a  crystalline  mass:  (CH3)3N  +  CH3I  =  (CH3)4NL—  2.  By  the  action  of  ammonia  on 
iodide  of  methyl.  Of  the  five  iodides,  H4NI,  (H3Me)NI,  (H8Me2)NI,  (HMe8)NI,  and 
Me4NI,  produced  by  this  reaction,  the  first  and  last  are  the  most  abundant  ;  and  when  an 
alcoholic  solution  of  ammonia  is  used,  and  the  iodide  of  methyl  is  in  excess,  the  action 
is  completed  in  a  few  hours,  the  hot  solution,  as  it  cools,  depositing  crystals  of  iodide  of 
tetramethylammonium,  which  may  be  purified  by  washing  with  cold  water  and  recrys- 
tallisation  from  hot  water. 

Hydrate  of  Tetramethylammonium^         jj|  0>   is  obtained  by  digesting 

oxide  of  silver  in  the  aqueous  solution  of  the  iodide.  On  filtering  to  separate  iodide  of 
silver,  a  strongly  alkaline  solution  is  obtained,  which,  when  evaporated  in  vacuo  over 
sulphuric  acid,  yields  a  white  crystalline  mass,  resembling  hydrate  of  potassium,  and 
absorbing  water  and  carbonic  acid  with  avidity.  When  heated,  it  intumesces  strongly, 
and  is  completely  volatilised,  yielding  a  strongly  alkaline  distillate.  According  to  the 
decomposition-products  obtained  with  other  bodies  of  similar  decomposition  —  hydrate 
of  tetrethylammonium,  for  example  (ii.  561),  it  might  be  expected  to  yield  trimethyl- 
amine and  methylene,  CH2  ;  but  it  appears  to  be  decomposed  in  a  different  manner, 
as  not  a  trace  of  permanent  gas  is  given  off. 

Neutralised  with  acids,  it  yields  crystallisable  salts.  The  sulphate,  oxalate,  nitrate, 
and  hydrochlorate  have  been  prepared.  The  nitrate  crystallises  in  long  shining 
needles;  the  chloroplatinate,  2(CH3;4NCl.PtCl4,  in  well-defined  octahedrons  of  a  deep 
orange-yellow  colour,  partially  decomposed  by  boiling  with  water,  like  the  platinum- 
salts  of  many  other  ammonium-bases.  (Hofmann.) 

Iodides  of  Tetramethylammonium.  —  Tetramethylammonium  unites  with 
iodine  in  several  proportions,  a.  The  mono-iodide,  (CH3)4NI,  prepared  as  above,  crys- 
tallises in  hard  flat  needles  of  dazzling  whiteness  ;  sparingly  soluble  in  cold,  more 
soluble  in  boiling  water.  The  solution  is  neutral  and  very  bitter.  The  crystals  are 
nearly  insoluble  in  alcohol,  quite  insoluble  in  ether,  sparingly  soluble  in  an  alkaline 
liquid.  (Hofmann.) 

£.  An  alcoholic  solution  of  iodine  added  to  a  hot  solution  of  the  mono-iodide  of 
tetramethylammonium,  forms  an  abundant  crop  of  shining  crystals,  consisting  of  the 
penta-iodide,  (CH3)4NP.  This  compound  is  decomposed  by  boiling  with  water,  yielding 
the  mono-iodide  and  probably  iodides  containing  larger  proportions  of  iodine.  —  y.  On 
adding  iodine  to  a  boiling  solution  of  the  penta-iodide  in  dilute  alcohol,  a  melted  mass 
is  formed  at  the  bottom  of  the  liquid,  which  on  cooling  solidifies  to  a  crystalline  mass 
consisting  of  the  deca-iodide,  (CHS)*NI10.  —  8.  A  solution  of  the  mono-iodide  mixed  with 
an  alcoholic  solution  of  iodine  containing  as  much  iodine  as  is  required  to  form  the  tri- 
iodide,  yields  at  first  crystals  of  the  penta-iodide,  afterwards  a  mixture  of  the  tri-  and 
penta-iodides,  which  may  be  separated  mechanically  and  purified  by  recrystallisation. 
The  tri-iodide,  (CH3)4NP,  forms  rhombic  crystals  having  a  deep  violet  colour  and  strong 
lustre  ;  it  is  more  soluble  in  alcohol  than  the  penta-iodide.  (W  e  It  z  i  e  n,  Ann.  Ch.  Pharm. 
xci.  41  ;  xcix.  1). 

lodomei  -curates.  —  a.  The  salt,  (CH3)4NI.Hg"I2,  is  obtained  in  small  light  yellow 
prisms  moderately  soluble  in  alcohol  :  1.  by  adding  mercuric  iodide  to  an  excess  of  iodide 
of  tetramethylammonium  in  hot  alcoholic  solution  ;  2.  by  the  action  of  metallic  mercury 
on  the  tri-iodide  of  tetramethylammonium,  or  on  the  following  salt. 
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0.  2(CH9)4NI.3Hg"P— This  compound  is  obtained  in  fine  lemon-yellow  waxy  scales 
by  adding  a  hot  alcoholic  solution  of  iodide  of  tetramethylammonium  to  an  excess  of 
mercuric  iodide,  or  by  the  action  of  metallic  mercury  on  penta-iodide  of  tetramethyl- 
ammonium. (H.  Kisse,  Ann.  Ch.  Pharm.  cvii.  223.) 

Chloriodides. — A  tetracUoriodide,  (CH3)4NIC14,  analogous  to  Filhol's  chloriodide 
of  ammonium,  NH4IC14,  is  obtained  by  heating  the  tri-  or  penta-iodide  with  oxide  of 
silver ;  iodide  of  silver  is  then  immediately  formed  (together  with  iodate),  and  a  colour- 
less strongly  alkaline  solution  is  formed,  containing  hydrate  and  iodate  of  tetramethyl- 
ammonium : 

3(CH8)4NP  +  4Ag20  +  H20  =  (CHS)4NI03  +  2((CH8)4N.H.O)  +  8AgI; 

and  on  gently  heating  the  filtered  liquid  with  hydrochloric  acid  (best  after  neutralising 
it  with  iodic  acid),  chlorine  is  evolved,  and  tetrachloriodide  of  tetramethylammonium 
is  deposited,  as  a  very  loosely  coherent,  lemon-yellow  substance,  smelling  strongly  of 
iodine : 

(CH3)4NI08  +  6HC1  =  (CH3)4NIC1«  +  3H20  +  CP. 

Iodate.  Chloriodide. 

The  trichloriodide,  (CH3)4NIC13,  is  obtained  as  a  lemon-yellow  substance :  1.  By 
mixing  chloride  of  tetramethylammonium  with  chloride  of  iodine.  2.  By  passing 
chlorine  into  a  solution  of  the  mono-iodide ;  a  precipitate  of  the  penta-iodide  is  then 
formed,  and  afterwards  a  colourless  solution  which  yields  the  tri-iodide  by  evapora- 
tion. 

The  dichloriodide,  (CH3)4NIC12,  is  deposited  from  an  aqueous  solution  of  the  tri- 
chloriodide  in  shining  yellow  inodorous  crystals  belonging  to  the  dimetric  system. 
(Weltzien,  loc.cit.) 

Methyl-bases  containing  Ethyl  and  Amyl. 

o.  Methyl-trlethyl-ammonium.  (CH3)(C2H5)8K— The  mono-iodide  of  this 
base,  obtained  by  the  action  of  methylic  iodide  on  triethylamine,  resembles  the  iodide  of 
tetrethylammonium  (ii.  562) ;  it  is  very  soluble  in  water,  forming  a  neutral  very  bitter 
solution  which  is  decomposed  by  potash,  the  iodide  being  precipitated  without  altera- 
tion. 

The  iodide  decomposed  by  moist  oxide  of  silver,  yields  the  hydrate  which  dries  up 
to  a  crystalline  mass  resembling  hydrate  of  tetrethylammonium,  and  forming  crystalline 
salts  with  sulphuric,  hydrochloric,  nitric,  and  oxalic  acids.  The  chloroplatinate  is  a 
beautiful  crystalline  precipitate  containing  2MeE3JN  Cl.JPtCi4.  (H  o  f  m  a  n  n,  Chem.  Soc. 
Qu.  J.  iv.  313.) 

The  tri-iodide,  MeE3NI3,  obtained  in  the  manner  described  below  for  the  correspon- 
ding compound  of  trimethyl-ethyl-ammonium,  crystallises  in  bluish-violet  quadratic 
laminae,  dark  reddish-yellow  by  transmitted  light,  melting  at  62°.  (B.  Miiller,  Ann. 
Ch.  Pharm.  cviii.  1.) 

)8.  Dimettayl-diethyl-ammonium.  (CH3)2(C2H5)2N.— The  iodide  obtained  by 
passing  the  vapour  of  diethylamine  into  iodide  of  ethyl,  and  heating  the  resulting 
liquid  to  100°  in  a  sealed  tube,  forms  white  tabular  crystals  easily  soluble  in  water  and 
in  alcohol.  The  chloroplatinate,  2Me2E2NCl.PtCl4,  forms  yellowish  prisms  or  tablets 
moderately  soluble  in  water,  sparingly  in  alcohol  and  ether.  (Peter  sen,  Ann.  Ch. 
Pharm.  xci.  122.) 

7.  Trimethyl-ethyl-ammonlum.  (CH3)8(C2H5)N'. — The  mono-iodide  of  this 
base  is  obtained  by  the  direct  union  of  trimethylamine- with  iodide  of  ethyl. 

On  adding  2  at.  iodine  to  a  warm  alcoholic  solution  of  1  at.  of  this  mono-iodide, 
and  leaving  the  solution  to  cool,  the  tri-iodide,  MesENI3,  in  very  brittle,  rhom- 
bic prisms,  which  are  instantly  resolved  by  water  into  the  mono-iodide  and  the  green 
penta-iodide :  in  alcoholic  solution,  on  the  other  hand,  these  two  compounds  reunite 
and  form  the  tri-iodide.  The  crystals  of  the  latter  are  dark  brown,  or  in  thin 
splinters,  brownish-yellow,  and  somewhat  dichromatic ;  their  surface- colour  is 
bluish-violet ;  they  melt  at  64°  without  decomposition.  "(K.  Mull  er,  Ann.  Ch.  Pharm. 
cviii.  1.) 

The  penta-iodide,  Me'ENP,  obtained  by  treating  the  mono-  or  tri-iodide  in  alcoholic 
solution  with  excess  of  iodine,  or  as  above  mentioned,  by  decomposing  the  tri-iodide 
with  water,  crystallises  in  quadratic  laminae  exhibiting  the  combination  oP  .  ocPoo  .  P 
(the  latter  faces  very  subordinate).  Angle  oP  :  P  =  141°  0'.  The  crystals  are  opaque 
with  metallic  lustre,  yellowish  in  very  thin  layers  when  polished,  yellowish-brown  in 
thicker  layers ;  surface  colour,  metallic  green,  becoming  dark  blue  on  exposure  to  the 
air ;  they  melt  at  68°.  (E.  Miiller,  loc.  cit.) 
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5.  Trimethyl-bromettiyl-ammonium.    C5H13BrN  =  (CH3)8(C2H4Br)N.*— The 

bromide  of  this  base,  C5H13NBr2  =  [(CH3)3(C2H4Br)N]Br,  is  produced  by  the  action 
of  aqueous  or  alcoholic  trimethylamine  on  bromide  of  ethylene,  best  in  sealed  tubes  at 
40o_50° :  C3H9N  +  C'H'Br2  =  CsH13NBr2.  It  is  very  soluble  in  boiling  alcohol, 
whence  it  crystallises  in  white  needles,  less  soluble  in  cold  alcohol,  insoluble  in  ether. 
Nitrate  of  silver  added  to  the  solution  of  this  salt,  throws  down  only  half  the  bromine ; 
and  the  filtrate  freed  from  excess  of  silver  by  hydrochloric  acid,  yields  with  platinic 
chloride,  sparingly  soluble  octahedral  crystals  of  the  chloroplatinate,  2C5H13BrNCl.PtCl4. 
The  corresponding  gold-salt,  C5H13BrNCl.AuCl3,  crystallises  in  golden-yellow  needles. 
(Hofmann,  Compt.  rend,  xlvii.  558.) 

6.  Trimethyl-vinyl-ammonium.      C5H12N  =  (CH3)3(C2H3)N. — The  bromide, 
C5H13NBr2,  treated  with  oxide  of  silver  gives  up  the  whole  of  its  bromine  and  yields  a 
strongly  alkaline  liquid  containing  hydrate  of  trimethyl-vinyl-ammonium,  C5H13NO  = 

C5H12N ) 

j  [  0,  which,  when  neutralised  with  hydrochloric  acid  and  strongly  concentrated, 

yields  with  platinic  chloride  octahedral  crystals  of  the  platinum-salt,  2C5H12NCl.PtCl4, 
and  with  auric  chloride  the  gold-salt,  C6H12NCl.AuCl3. 

The  bromide  of  this  base  is  also  formed,  together  with  the  preceding,  by  the  action 
of  trimethylamine  on  bromide  of  ethylene,  part  of  the  latter  splitting  up  into  hydro- 
bromic  acid  and  bromide  of  vinyl:  C2H3Br2  =  HBr  +  C2H4Br.  (Hofmann,  loc. 
tit.) 

C  Trimethyl-amyl-ammonium.  (CH3)8(C5HH)N. — The  only  known  salt  of  this 
base  is  the  tri-iodide,  which  is  obtained  by  heating  a  mixture  of  tri-methylamine  and 
amylic  iodide  for  some  time  to  160°,  and  treating  the  product  with  tincture  of  iodine. 
It  crystallises  in  dark  brown  flattened  rhojnbic  prisms,  exhibiting  the  combination : 
o>P  .  ooPoo  (often  predominant),  ooPoo  .  Poo  .  £Poo .  Angle  ooP  :  P  oo  =  104°  28' ; 
Poo  :  Poo  at  the  principal  axis  =  112°  4'.  The  crystals  exhibit  trichroi'sm  ;  if  they 
are_placed  upright  and  viewed  so  that  the  light  may  be  transmitted  at  right  angles  to 
ooPao ,  the  ordinary  ray  is  dark  brown  or  nearly  black,  the  extraordinary  ray  light 
red-brown,  the  third  tint  being  between  the  two.  They  melt  at  80°,  dissolve  easily  in 
alcohol,  but  are  nearly  insoluble  in  water.  (E.  Miiller,  loc.  tit.) 

This  salt  and  the  peroxides  of  the  other  bases  above  mentioned  form  with  mercury, 
compounds  analogous  to  those  already  described  as  produced  by  the  action  of  mercury 
on  the  periodides  of  tetramethylammonium.  (Miiller.) 

77.  Ittetbyl-ethyl-amylamine.  C8H19N  -  (CH3)(C2H5)(C5H")N.— This  base  is 
obtained  by  the  dry  distillation  of  hydrate  of  methylodiethyl-amyl-ammonium,  water 
and  ethylene  gas  being  given  off  at  the  same  time : 

(CH3)(C2H5)2(C5Hn)KH.O  =  (CH8)(CSH5)(C8HI1)N  +  H20  +  C2H4. 
It  is  a  transparent  oil,  having  a  fragrant  taste  and  smell,  sparingly  soluble  in  water. 
After  drying  over  potash  and  rectification,  it  boils  constantly  at  135°.  It  dissolves 
slowly  in  acids.  The  platinum- salt,  2C8H20NCl.PtCl4,  which  is  very  soluble  in  water, 
is  precipitated  on  mixing  its  component  salts  in  strong  solution,  or  on  evaporating  the 
mixture,  in  orange-yellow  oily  globules  which  gradually  solidify  in  splendid  needles. 
(Hofmann,  Chem.  Soc.  Qu.  J.  iv.  317.) 

6.  IVIetliyl-diethyl-amyl-ammonium.  CIOH24lSr  =  (CHS)(C2H5)2(C5HU)N.— 
Obtained  as  an  iodide  by  gradually  adding  methylic  iodide  to  diethylamylamine  con- 
tained in  a  tubulated  retort  provided  with  a  condenser,  the  mixture  solidifying  on  cooling 
into  a  hard  white  crystalline  mass.  This  salt  is  very  soluble  in  water,  forming  a  very 
bitter  solution,  from  which  it  is  precipitated  by  potash  in  oily  globules  which  solidify 
but  slowly. — By  digestion  with  oxide  of  silver,  it  is  converted  into  the  hydrate, 
C18H24N.H.O,  in  the  form  of  a  strongly  alkaline  solution  which  when  evaporated  to 
dryness  and  distilled  is  resolved  into  water,  ethylene-gas,  and  methyl-ethyl-amylamine. 
The  sulphate,  nitrate,  chloride,  and  chloroplatinate  are  crystalline.  (Hofmann, 
Chem.  Soc.  Qu.  J.  iv.  316.) 

METHYX.- AXVEYZt  AWXjLIWS.      See  PffENYLAMINES. 

1KETHYX.-AXKYX.XC  ETHER.  Oxide  of  Methyl  and  Amyl,  CHs.CsHn.O.  See 
AMYL  (i.  205). 

XVIETHVZi-AXrzi,zlirE.     See  PIIENYLAMINES. 

METHYXi-ARSXITES.      See  ARSENIC-RADICLES,  ORGANIC  (i.  400). 
METHYXiATE  OP  ARXYXf.     Syn.  with  METHYL- AMYLIC  ETHEK. 

XVIETHYXiATE  OP  ETHYL.  See  ETHYLATE  OF  METHYL,  under  ETHYL,  OXIDS 
OF  (ii.  542). 

*  Respecting  the  constitution  of  this  and  similar  bases,  sec  AMMONIUM-BASES  (i.  !9fi). 
3  s  2 
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METH  YI.ATE  OF  ETHYI.ENE.  C4H1002  =  /CH)2  °2*~  Wurtz  (Ann* 
Ch.  Pharm.  cviii.  84),  by  distilling  a  mixture  of  methylic  and  ethylic  alcohol  with  sul- 
phuric acid  and  peroxide  of  manganese,  obtained  this  compound  mixed  with  methyl- 

(C2H4)") 
ethylate  of  ethylene,    CH  '    [  O2.   A  compound  having  the  same  composition  (C4H1002) 

has  recently  been  obtained  by  Dancer  (Chem.  Soc.  J.  xvii.  222)  from  crude  wood- 
spirit,  and  called  by  him  dimethyl-  acetal;  but  it  is  by  no  means  certain  that  either 
this  or  Wurtz's  compound  is  really  a  derivative  of  acetal  (see  ACETAX,  i.  4).  Dancer 
prepared  his  compound  as  follows:  —  Crude  wood-spirit,  well  dried  over  lime,  was  dis- 
tilled upwards  for  some  time  with  a  concentrated  solution  of  caustic  soda  to  decompose 
the  methylic  acetate  present  ;  the  distillate  was  repeatedly  treated  with  chloride  of 
calcium,  as  long  as  that  compound  continued  to  take  up  methylic  alcohol  from  it,  then 
with  a  concentrated  solution  of  acid  sulphite  of  sodium,  to  remove  the  acetone,  and 
afterwards  distilled  upwards,  with  caustic  potash,  to  insure  the  complete  decomposition 
of  the  remaining  methylic  acetate,  the  methylic  alcohol  formed  by  the  decomposition 
of  this  e*ther  being  removed  by  chloride  of  calcium,  and  the  remaining  liquid  finally 
purified  by  a  few  distillations  on  sodium.  The  product  thus  obtained  had  very  nearly 
the  composition  of  dimethylate  of  ethylene  (53-3  percent,  carbon  and  ll'l  hydrogen), 
boiled  at  63°—  64°  ;  had  a  specific  gravity  of  0*8787  at  6°  C.  (compared  with  water  at 
4°C.)and  vapour-density,  by  experiment  3'165,  calc.  3-114. 

The  liquid  called  lignone  by  Weidmann  and  Schweizer,  and  an/lite  by  Volckel,  was 
probably  a  mixture  of  this  compound  with  some  of  the  other  constituents  of  crude 
wood-spirit. 

METHYI.ATE  OF  POTASSIUM,  CIPJvO,  and  MBTHYiATE  OF 
SODIUM,  CH3NaO.  —  Compounds  similar  in  properties  and  reactions  to  the  ethylatos 
of  the  same  metals  (ii.  542,  543)  ;  they  are  obtained  by  the  action  of  potassium  and 
sodium  on  methylic  alcohol. 

METHYX.-BEiarZOXiIC  or  BENZYX.ENTC  ETHER.  See  BENZYLENIC 
ETHERS  (i.  577). 

1KETHYX.-BROMOSAX.ICYX.XC   ACID.      See  SALICYLIC  ETHERS. 

METHYL-BRUCINE.  C24H28N204  =  C23H"(CH3)N204.  (Stahl  schmi  dt, 
Pogg.  Ann.  cviii.  503  ;  Jahresb.  1859,  p.  398.)—  Obtained  as  a  hydriodate,  by  treating 
brucine  with  iodide  of  methyl.  The  hydriodate  crystallises  from  boiling  water  in 
shining  laminae  containing  C24H28N204.HI.8H20,  and  not  further  altered  by  treatment 
with  iodide  of  methyl.  By  decomposing  this  salt  with  oxide  of  silver  (or  the  sulphate 
with  baryta-water)  a  solution  of  methyl-brucine  is  obtained,  which  is  colourless  at 
first,  but  soon  decomposes,  turning  violet,  and  dark  red  when  evaporated,  giving  off 
carbonic  anhydride,  and  leaving  a  solution  containing  a  base  different  from  methyl- 
brucine.  The  hydrobromate,  C^H^N'^.HBr.f  H2Q>  is  obtained  by  mixing  the  solution 
of  the  hydrochlorate  with  bromide  of  potassium,  as  a  crystalline  precipitate,  easily 
soluble  in  water  and  alcohol,  and  crystallising  from  the  latter  in  small  shining  prisms, 
which  give  off  their  water  at  130°.  The  hydrochlorate,  C24H28N204.HC1.5H20,  obtained 
by  neutralising  the  base  with  the  acid,  forms  small  shining  crystals  easily  soluble  in 
water  and  in  alcohol.  The  platinum-salt,  2(C24H28N204.HCl).PtCl4,  is  a  yellow  pre- 
cipitate insoluble  in  ether,  easily  soluble  in  alcohol  and  in  water,  and  crystallising  iii 
needles  from  the  latter.  The  gold-salt,  C24H28N*04.HCl.AuCl3,  is  an  orange-yellow 
precipitate,  sparingly  soluble  in  cold  water.  Mercuric  chloride  added  to  the  solution  of 
the  hydrochlorate,  forms  a  white  curdy  precipitate.  The  neutral  sulphate,  (C24H28N204)2 
H2S04.8H20,  obtained  by  decomposing  the  hydriodate  with  sulphate  of  silver,  forms 
a  radio-crystalline  mass,  easily  soluble  in  ,  water  and  in  alcohol.  An  acid  sulphate, 
C24H28N204.H*S04.2H20,  obtained  by  treating  the  neutral  salt  with  dilute  sulphuric 
acid,  forms  indistinct  crystals  somewhat  less  soluble  in  water  and  alcohol. 

Methyl-brucine  does  not  appear  to  be  poisonous;  10  grains  of  the  sulphate  given  to 
a  rabbit  did  not  produce  any  poisonous  effects. 

METHYX.-BUTYRAX..  C4H7O.CH3.—  A  compound  produced,  together  with 
fcutyral  C'H'O.H  (i.  689),  ethyl-butyral  C4H7O.C2H5,  and  butyrone  (i.  697),  by  the  dry 
distillation  of  butyrate  of  calcium.  It  boils  at  about  111°,  has  a  specific  gravity  =* 
0-827  at  0°,  and  vapour-density  =  3'13.  —  Ethyl-butyral  boils  at  about  128°,  has  a 
specific  gravity  =  0'833  at  0°,  and  vapour-density  =  3'58.  (Erie  del,  Ann.  Ch. 
Pharm.  cviii.  122;  Jahresb.  1858,  p.  295.) 

METHYL-CAMPHORIC    ACID.      See  CAMPHORIC  AdD  (i.  732). 

METHYL-CAIVXPHRENE,  C9H13(CHS)0.—  A  product  obtained  by  the  action  of 
sodium  and  iodide  of  methyl  on  camphrene  (i.  733).  A  mixture  of  equal  parts  of 


METHYL-CAPRINOL—  METHYL-D1THIONIC  ACID.       1003 

camphrene  and  benzene  is  treated  with  sodium  in  an  atmosphere  of  hydrogen,  till  the 
sodium  remains  unaltered  even  on  heating,  and  the  solution  is  then  cohobated  with 
excess  of  methylic  iodide.  On  adding  water  to  the  resulting  liquid,  a  brown  oil  is 
thrown  down,  which,  after  repeated  rectification,  yields  methyl-  camphrene  as  a  colourless 
aromatic  liquid  boiling  between  225°  and  230°.  (H.  Schwanert,  Ann.  Ch.  Pharm. 
cxxiii.  298.) 

Camphrene  is  an  oily  body  produced  by  heating  common  camphor  with  sulphuric 
acid.  Chautard,  who  discovered  it,  assigned  to  it  the  formula  C8HI20  ;  but  according 
to  Schwanert,  it  has  the  composition  C9HI40,  isomeric  with  phorone  (q.  #.). 


1KSTHYX.-CAPRXNOX..         Cjp    j.  —  This,  according  to  Harbor  dt  (Ann.  Ch. 

Pharm.  cxxiii.  293),  is  the  rational  constitution  of  the  essential  constituent  of  oil  of 
rue,  regarded  by  C.  Gr.  Williams  as  euodic  aldehyde,  CUH2IO.H.  (See  KUE,  OIL  OF.) 

1VCETHYI.-CAPROYI..     See  METHYL-HEXYL. 

IV1ETHYI.-CARBAXV1IC  ACID.     See  CARBAMic  ACID  (i.  751);  also  METHYL- 
AMINE  (iii.  99). 

METHYX.-CARBAXKXDES.     See  CARBAMIDE  (i.  754). 

According  to  later  experiments  by  Wurtz  (Kep.  Chim.  pure,  1862,  p.  199),  dime- 

(CH3)2) 
thyl-carbamide,    (CO)"  j-N2,  prepared  by  the  action  of  methylamine  on  cyanate  of 

methyl,  melts  at  102-5°  and  boils  between  268°  and  270°;  the  (identical)  compound 
obtained  by  treating  cyanate  of  methyl  with  water,  melts  at  99-5°,  and  boils  between 
27  3°  and  288°. 

CH'.C'H5) 
Methyl-ethyl-carbamide,      (CO)''   IN2,  melts  at  52°  or  53°,  and  boils  be- 

tween 266°  and  268°. 

METHYL-CARBONATES.      See  CARBONIC  ETHERS  (i.  801). 

rXi-CHXiORACETOXi.     C3HGC12.  —  A  compound  isomeric  with  chloride 


of  tritylene,  produced  by  the  action  of  pentachloride  of  phosphorus  on  acetone  (i.  27). 
METHYL-CITRIC  ACIDS.     See  CITRIC  ETHERS  (i.  1001). 
XKETHYI.-CKX.OROSAI.ICYI.IC  ACID.     See  SALICYLIC  ETHERS. 
METHYL-CONINE.     See  CONINE  (ii.  6). 

METHYX.-CYAN-A1VIIDE.  C'-'ITN2  =  (H.CH3.Cy)N.— Produced,  together  with 
hydrochlorate  of  methylamine,  by  the  action  of  gaseous  chloride  of  cyanogen  on  methyl- 
amine (Cloez  and  Cannizzaro,  Ann.  Ch.  Pharm.  Ixxviii.  228): 

2[CI'iN]     +     CNC1     -     °IPJNC1     +     OH 

METHYL-CYANAWILXN-E.      See  PHENYLAMINES. 
METHYL-DISULPHOPHOSPHORIC   ACID.      See  PHOSPHORIC  ETHERS. 

METHYL-DITHION-IC  ACID.  CH'SO2.  (J.  T.  Hob  son,  Chem.  Soc.  Qu. 
J.  x.  243.) — An  acid  produced  by  the  action  of  sulphurous  anhydride  on  zinc- 
methyl.  The  dry  gas  passed  into  an  ethereal  solution  of  zinc-methyl,  kept  cool  to 
moderate  the  action,  is  rapidly  and  completely  absorbed,  and  in  a  little  while,  a 
white  crystalline  substance  is  formed,  which  is  the  zinc-salt  of  methyldithionic  acid, 
C2H6ZnS20'.  This  salt  maybe  freed  from  ether  and  the  last  traces  of  sulphurous  acid 
by  evaporation  in  vacuo.  It  may  be  converted  into  a  barium-salt  by  treating  it  with 
excess  of  caustic  baryta,  and  from  this  the  acid  may  be  prepared  by  precipitating  the 
baryta  with  dilute  sulphuric  acid. 

Methyldithionic  acid  is  a  liquid  having  a  feebly  acid  taste  and  reddening  blue  litmus. 
It  decomposes  in  a  short  time,  with  deposition  of  sulphur,  even  in  a  very  dilute 
solution. 

The  Methyldithionates  cannot  be  conveniently  prepared  by  digesting  the  free  acid 
with  oxides  or  carbonates,  on  account  of  the  facility  with  which  the  acid  decomposes ; 
but  they  may  be  obtained  by  decomposing  the  zinc-salt  with  the  corresponding  bases, 
or  the  barium-salt  with  the  sulphates.  Their  general  formula  is  CH3MiS02  for 
those  containing  monatomic  metals,  and  C2HtfM"S204  for  those  containing  diatomic 
metals. 

The  methyldithionates  are  all  very  soluble  in  water,  but  insoluble  in  alcohol  and  ether. 

The  barium-salt,  C2H6BaS204,  is  prepared  by  treating  the  solution  of  the  sine- 
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salt  with  excess  of  caustic  baryta,  filtering  to  separate  oxide  of  zinc,  precipitating 
the  excess  of  baryta  by  a  stream  of  carbonic  acid,  and  evaporating  the  filtrate  at 
the  heat  of  the  water-bath.  It  is  a  colourless,  inodorous,  crystalline  salt,  which  is 
precipitated  from  its  strong  aqueous  solution  by  alcohol  in  the  form  of  a  white  granular 
powder.  A  concentrated  aqueous  solution  left  to  evaporate  in  vacuo,  deposits  the  salt 
in  cubes  arranged  in  octahedral  masses.  It  sustains  a  heat  of  170°  without  decompo- 
sition. 

The  calcium-salt,  C2H6Ca"S204,  prepared  in  a  similar  manner,  remains  as  a  solid 
uncrystallisable  mass  when  its  concentrated  solution  is  left  to  evaporate  in  a  vacmr- 
The  copper-salt  is  obtained  as  a  grass-green  solution,  which  is  decomposed  by  evapora- 
tion, with  deposition  of  sulphur.  The  magnesium-salt,  C2H6Mg"S204.H20,  obtained  by 
decomposing  the  barium-salt  with  sulphate  of  magnesium  or  the  zinc-salt  with  magnesia, 
forms  minute  colourless  crystals.  The  nickel-salt  is  obtained  by  double  decomposition 
as  a  grass-green  solution  which  dries  up  in  a  vacuum,  with  partial  decomposition,  to  a 
dirty  buff-coloured  amorphous  mass.  The  silver-salt  is  obtained  by  dissolving  carbo- 
nate of  silver  in  the  free  acid,  but  the  solution  decomposes  and  blackens  when  exposed 
to  light  or  heated  to  100°.  The  zinc-salt,  C2H6Zn"S204,  prepared  as  above  described, 
separates  by  evaporation  from  a  very  concentrated  aqueous  solution  in  small  crystals 
soluble  at  100°,  but  blackening  and  decomposing  with  an  offensive  odour  at  a  some- 
what higher  temperature. 

MethylditMonate  of  Ethyl. — A  mixture  of  the  barium-salt  with  ethyl-sulphate  of 
potassium  distilled  at  a  high  temperature,  yields  an  oily  liquid  together  with  large 
quantities  of  sulphurous  anhydride.  The  product  washed  with  water,  dried  over 
chloride  of  calcium,  and  redistilled  in  a  vacuum,  forms  a  light  straw-coloured  liquid 
slightly  heavier  than  water  and  having  a  peculiar  fishy  odour.  It  decomposes  at  the 
high  temperature  required  to  prepare  it. 

Ethyltrithionic  acid,  C4H12S306,  is  prepared  in  a  similar  manner  to  methyl- 
dithionic  acid,  the  zinc-salt  being  obtained  by  the  action  of  sulphurous  anhydride 
on  zinc-ethyl.  Its  salts,  which  have  the  general  formula  C4H10M2S306,  or  for 
diatomic  metals  C4H10M"S2p6,  are  for  the  most  part  more  stable  and  more  easily  crys- 
tallisable  than  the  methyl-dithionates.  The  barium-salt  dried  over  oil  of  vitriol  contains 
C4H10Ba"S308.H20,  gives  off  its  water  at  100°,  and  bears  a  heat  of  170°  without  decom- 
position. The  copper-salt,  C4H10CuS306  (at  100°),  crystallises  from  aqueous  or  alcoholic 
solution  in  greenish-blue  deliquescent  needles.  The  silver-salt  dried  over  oil  of  vitriol 
in  vacuo,  contains  C4H10Ag2Ss06.  It  is  white,  crystalline,  very  soluble  in  water,  and 
highly  deliquescent.  It  is  not  decomposed  by  light  or  by  heating  to  100°,  but  com- 
pletely at  a  somewhat  higher  temperature.  The  sodium-salt,  C4H10Na2S306.H20,  ob- 
tained by  dissolving  carbonate  of  sodium  in  the  aqueous  acid,  separates  from  the 
alcoholic  solution  by  evaporation  in  a  vacuum  in  small  ill-defined  crystals. 

Zinc-salts. — The  salt  obtained  by  the  action  of  sulphurous  anhydride  on  zinc-ethyl, 
is  a  basic  salt  containing  Zn"0.2C4H10Zn"S806.3H20,  the  excess  of  zinc-oxide  arising 
from  the  action  of  water  on  the  undecomposed  zinc-ethyl.  By  crystallising  this  salt 
first  from  alcohol,  then  from  water,  the  normal  zinc-salt  C4H10Zn"S806.H20,  is  obtained 
in  minute,  colourless,  needle-shaped  crystals  having  a  peculiar  odour,  and  somewhat 
bitter  taste.  It  retains  its  water  of  crystallisation  at  100°,  dissolves  sparingly  in  water 
either  hot  or  cold,  also  in  ether ;  is  nearly  insoluble  in  cold,  but  moderately  soluble  in 
boiling  alcohoL 

Ethyl-trithionate  of  ethyl,  C4H10(C2H5)2S306,  prepared  by  distilling  the  crystallised 
barium-salt  with  ethyl-sulphate  of  potassium  in  an  oil-bath,  is  a  yellow  oily  liquid 
heavier  than  water,  having  an  offensive  odour,  insoluble  in  water,  but  miscible  in  all 
proportions  with  alcohol.  (Hob son,  Chem.  Soc.  Qu.  J.  x.  65.) 

CH2. — This  compound,  the  first  of  the  series  of  hydrocarbons, 


OH2n,  ethylene  being  the  second,  is  not  known  with  certainty  in  the  free  state. 
Dumas  and  Peligot  in  1835  (Ann.  Ch.  Phys.  Iviii.  28),  by  passing  chloride  of  methyl 
through  a  porcelain  tube  kept  at  a  cherry-red  heat,  obtained  a  gas  which  they  re- 
garded as  methylene.  After  being  agitated  with  water  till  quite  free  from  hydro- 
chloric acid  gas  and  undecomposed  chloride  of  methyl,  and  no  longer  yielded  hydro- 
chloric acid  when  burnt,  it  appeared  as  a  colourless  gas,  having  no  reaction  upon 
vegetable  colours.  It  burnt  with  a  yellow  flame,  and  2  vol.  of  it  exploded  with  excess 
of  oxygen,  consumed  3  vol.  oxygen,  and  produced  2  vol.  carbonic  anhydride.  Now- 
supposing  two  volumes  of  the  gas  to  contain  CH2,  that  is  to  say  2  vol.  hydrogen,  this 
quantity  of  hydrogen  would  consume  1  vol.  0,  and  the  remaining  2  vol.  0  would  form 
2  vol.  CO2  with  the  1  at.  C  in  the  2  vol.  of  the  gas.  The  gas  could  not  however  have 
been  quite  pure,  as  charcoal  was  deposited  in  the  tube  during  its  formation.  Perrot 
obtained  no  evidence  of  the  formation  of  methylene  in  the  decomposition  of  methylic 
chloride  by  heat.  (See  p.  987.) 
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Regnault  doubts  the  existence  of  methylene,  inasmuch  as  it  is  not  obtained  by 
treating  methyl-ether,  or  wood-spirit,  with  excess  of  sulphuric  acid.  Again,  H  o  f  m  a  n  n 
finds  that  it  is  not  produced  by  the  decomposition  of  hydrate  of  tetramethylammonium 
by  heat,  though  the  hydrate  of  tetrethylammonium.  when  treated  in  like  manner,  yields 
abundance  of  ethylene. 

Methylene  is  a  diatomic  radicle  forming  ethers  analogous  to  those  of  ethylene.  The 
acetate,  bromide,  chloride,  iodide,  oxide,  sulphide,  and  sulpho-carbonate,  have  been  ob- 
l .jtjined,  but  the  series  is  at  present  much  less  complete  than  that  of  the  ethylenic  ethers. 


METHTI.E3JE,   ACETATE   OP.     C5H804  =  (C'H*0)2}°2' 
Ann.  Ch.  Pharm.  cxi.  242.) — This  compound  is  produced  by  the  action  of  iodide  of 
methylene  on  acetate  of  silver : 

CH2!2  +   2C2H3Ag02     =     2AgI   +   CH2(C2H30)204. 

An  intimate  mixture  of  the  two  substances  in  equivalent  quantities,  with  the  addi- 
tion of  crystallisable  acetic  acid,  is  heated  to  100°  for  some  hours ;  the  resulting  mass 
is  distilled  in  an  oil- bath ;  the  distillate  is  rectified,  the  portion  which  distils  above  150° 
being  collected  apart ;  this  portion  is  saturated  with  lime ;  and  the  acetate  of  calcium 
is  dissolved  out  by  water.  Acetate  of  methylene  then  separates  as  an  oil,  which  is 
dried  by  chloride  of  calcium,  and  freed  from  the  last  traces  of  iodide  of  methylene  and 
acetic  acid,  by  distillation  over  dry  acetate  of  silver  and  a  small  quantity  of  quick- 
lime. 

It  is  an  oily  liquid  heavier  than  water,  and  having  an  aromatic  taste  with  pungent 
after-taste.  It  dissolves  in  water  to  a  certain  extent  without  decomposition ;  but  when 
inclosed  in  a  sealed  tube  with  a  quantity  of  water  not  sufficient  to  dissolve  it  at  ordi- 
nary temperatures,  and  heated  to  100°  for  twenty  hours,  it  is  dissolved  and  completely 
decomposed,  yielding  acetic  acid  and  a  solid  volatile  substance  which  dissolves  readily 
in  water  and  remains  as  a  white  residue  when  the  solution  is  evaporated  in  vacuo. 
Acetate  of  methylene  boiled  with  aqueous  alkalis  (potash  or  baryta- water)  or  heated 
with  them  in  sealed  tubes,  is  decomposed,  yielding  an  alkaline  acetate,  and  perhaps 
also  a  small  quantity  of  formate.  Neither  in  this  decomposition  nor  in  that  by  water 
is  any  hydrate  of  methylene  (methyl-glycol)  formed. — When  acetate  of  methylene  is 
heated  with  water  and  oxide  of  lead  in  a  sealed  glass  tube,  acetate  of  lead  is  formed, 
together  with  oxide  of  methylene : 

]     +     2Pb"0     =     2C<HWO*     +     C2H402. 

It  is  also  decomposed  by  ammonia,  but  neither  in  this  case  is  any  methylene-glycol 
formed.  These  facts  seem  to  show  that  methylene-glycol  has  no  existence.  (But- 
lerow.) 

METHYXENE,  BROMIDE  OP.  CH2Br2.— Produced  by  the  action  of  bromine 
on  the  iodide.  (Butlerow.) 

METKYX.ENTE,  CHLORIDE  OP.  CH2C12.— Produced  by  the  action  of  chlorine 
on  iodide  of  methylene  (Butlerow,  Ann.  Ch.  Pharm.  cvii.  110;  cxi.  242).  When 
chlorine  gas  is  passed  into  iodide  of  methylene  covered  with  water  in  a  retort,  and 
the  retort  is  gently  heated,  a  very  volatile  liquid  passes  over  into  the  receiver,  and 
iodine  separates  in  the  crystalline  form.  The  oily  liquid,  which  is  chloride  of  methy- 
lene, is  purified  by  heating  it  with  chlorine  and  a  few  drops  of  potash-lye,  drying  over 
chloride  of  calcium,  and  rectifying. 

It  is  a  colourless  liquid,  heavier  than  water,  but  lighter  than  the  iodide.  It  has  a 
penetrating  odour  very  much  like  that  of  chloroform.  Does  not  solidify  in  a  mixture 
of  snow  and  salt.  Boils  at  about  40°. 

According  to  the  known  boiling  points  of  the  chlorides  of  tetrylene,  tritylene,  and 
ethylene,  that  of  chloride  of  methylene  should  be  65°  instead  of  40°.  Now  according 
to  Wurtz,  the  difference  of  boiling  point  between  chloride  of  ethylene  and  the  isomeric 
body  chloride  of  ethylidene  (ii.  599)  is  25°.  If  then  this  same  difference  between  the  boil- 
ing points  of  chloride  of  methylene  and  chloride  of  methylidene,  is  also  25°,  the  latter 
should  boil  at  40°,  as  the  compound  now  under  consideration  actually  does.  Hence 
Butlerow  thinks  it  not  improbable  that  this  compound  is  really  chloride  of  methylidcne, 
and  consequently  that  the  iodide  of  methylene  above  described  is  also  really  an  iodide 
of  methylidene ;  but  till  this  point  is  satisfactorily  ascertained,  it  is  best  to  designate 
these  bodies  as  methylene-compounds. 

Chloride  of  methylene,  or  its  isomer,  monochlorinated  methylic  chloride,  CIFC1.C1, 
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is  produced,  together  with  chloroform  (CHC12.C1),  by  bringing  chloride  of  methyl  and 
chlorine  together  in  sunshine,  and  condensing  the  products  by  refrigeration  (p.  988). 
(Kegnault,  Ann.  Ch.  Phys.  [2]  Ixx.  377).  The  compound  thus  obtained  has,  how- 
ever, a  much  lower  boiling  point,  viz.  30'5°  (Regnault).  It  unites  with  triethyl- 
phosphine  forming  a  crystalline  mass  of  chloride  of  chlormethyl-triethyl-phosphonium  : 
CH'CP  +'(C'HS)SP  =  (CH2C1)(C2H5)SP.C1.  (Hofmann.) 

Chloride  of  Dinitromethylene.  C(N02)2C12.  (Marignac,  Kev.  scient.  v.  375.) 
i  _  This  compound,  which  is  closely  related  to  chloropicrin,  C(N02)C13  (i.  922),  and  is 
commonly  known  by  the  name  of  Marignac's  oil,  is  obtained  by  condensing  the  gaseous 
products  of  the  action  of  chlorine  on  naphthalene,  and  purifying  the  product,  which 
separates  after  a  while  from  the  acid  liquid  in  the  receiver,  by  distillation  with  water. 
It  is  a  colourless,  transparent  liquid,  having  a  specific  gravity  of  1*685  at  15°,  a 
pungent  odour  like  that  of  chloride  of  cyanogen,  and  producing  great  irritation  of  the 
eyes.  It  is  neutral  to  vegetable  colours.  "Water  dissolves  only  traces  of  it,  but  suffi- 
cient to  impart  the  odour.  It  is  very  soluble  in  alcohol  and  ether,  very  slightly 
soluble  in  hydrochloric  acid.  Its  boiling  point  is  above  100°,  but  it  distils  with 
vapour  of  water.  Metallic  mercury  absorbs  the  vapour,  producing  a  mixture  of  chlorine, 
carbonic  anhydride,  and  nitric  oxide.  It  is  not  acted  on  by  aqueous  potash,  but  alco- 
holic potash  dissolves  it  easily,  the  odour  disappearing  after  some  time,  and  a  crystal- 
line salt  being  precipitated  which  is  decomposed  with  deflagration  when  heated. 

lyiETHYLENE,  IODIDE  OP.  CH2!2.  (Butlerow,  Ann.  Ch.  Pharm.  cvii. 
110  ;  cxi.  242.)  —  This  compound  is  produced  by  the  action  of  iodoform  on  ethylate  of 
sodium  ;  probably  together  with  oxide  of  ethylene,  thus  : 

CHI8  +  C2H5NaO     =     CH2P  +   C2H<0   +   Nal. 

The  best  result  is  obtained  when  9  at.  ethylate  of  sodium  (in  not  too  concentrated 
solution),  and  not  turned  brown  by  exposure  to  the  air,  are  gradually  added  to  4  at. 
pulverised  iodoform.  On  adding  water  to  the  product,  iodide  of  methylene  separates 
as  an  oily  liquid  which  must  be  washed  with  water  and  rectified  over  chloride  of  cal- 
cium. It  is  a  yellowish  strongly  refracting  liquid,  of  specific  gravity  3  '342  at  +  5°; 
at  +  2°  it  solidifies  to  a  mass  of  broad  shining  crystalline  laminae. 

Butlerow  regards  it  as  probable  that  the  substance  which  Serullas  obtained  (Ann. 
Ch.  Phys.  xxv.  311),  by  the  action  of  pentachloride  of  phosphorus  on  iodoform,  was 
iodide  of  methylene;  also  the  compound  which  Br  lining  produced  (Ann.  Ch.  Pharm. 
civ.  187),  by  treating  iodoform  with  alcoholic  potash. 

Iodide  of  methylene  is  not  decomposed  by  potassium  at  ordinary  temperatures,  but 
on  applying  heat,  an  evolution  of  gas  immediately  takes  place,  ending  with  a  violent 
explosion.  Sodium  acts  in  a  similar  manner,  but  the  explosion  is  less  violent.  When 
sodium-amalgam  containing  |  of  sodium  is  rubbed  to  powder  and  heated  with  iodide 
of  methylene,  a  combustible  gas  is  evolved,  and  iodide  of  sodium  is  formed,  together 
with  a  blackish  carbonaceous  substance  which  glimmers  away  when  set  on  fire.  The 
gas  is  chiefly  hydrogen,  but  appears  to  contain  a  small  quantity  of  methylene  ;  for 
when  it  is  passed  into  bromine,  after  having  been  freed  from  vapours  of  iodide  of 
methylene  and  of  alcohol  by  passing  first  through  alcohol  and  then  through  water,  and 
the  bromine  is  afterwards  treated  with  potash,  a  small  quantity  of  oil  is  left  uudissolved 
having  an  odour  like  that  of  Dutch  liquid.  Heated  with  metallic  copper  and  water  in 
sealed  tubes,  it  yields  cuprous  iodide  and  a  gaseous  mixture  containing  carbonic  anhy- 
dride, carbonic  oxide,  and  marsh-gas,  together  with  ethylene  and  some  of  its  higher 
homologues,  but  no  methylene  (Butlerow,  Ann.  Ch.  Pharm.  cxx.  356).  Iodide  of 
methylene  treated  with  acetate  of  silver  is  converted  into  acetate  of  methylene  (But- 
lerow). With  triethylpkosphine  it  reacts  similarly  to  the  chloride.  (Hofmann.) 


YLENE,  OXIDE  OP.     Dioxymettylene,   C2H402  =  ggJ  O2.    (But- 

lerow, Ann.  Ch.  Pharm.  cxi.  242  ;  cxx.  295.)  —  This  compound,  isomeric  with  acetic 
acid  and  methylic  form&te,  is  produced  —  1.  By  the  action  of  oxalate  of  silver  on  iodide 
of  methylene  : 

2C2Ag204  +   2CH2P     =     C^O2  +   4AgI   +   2C02  +  2CO. 

2.  By  the  action  of  oxide  of  silver  on  iodide  of  methylene.—  3.  By  that  of  lead-oxide 
on  acetate  of  methylene.  —  4.  By  the  dry  distillation  of  ethyl-glycollic  acid  (ii.  916). 
(Heintz,  Jahresb.  1861,  p.  448.) 

Preparation.  —  When  1  at.  iodide  of  methylene  is  intimately  mixed  with  1  at.  oxalate 
of  silver,  and  heated,  a  violent  explosive  action  takes  place  ;  but  if  the  mixture  be  pre- 
viously triturated  with  twice  its  weight  of  pounded  glass  —  or  better,  if  it  be  heated 
under  a  layer  of  rock-oil  —  a  slow  and  regular  decomposition  takes  place  ;  gas  is  abun- 
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dan tly  evolved,  consisting  of  carbonic  anhydride  and  corbonic  oxide ;  and  dioxymejhylece 
sublimes  in  the  neck  of  the  retort,  or  passes  over  with  the  vapour  of  rock-oil  into  the 
receiver,  and  there  condenses  in  a  thin  white  layer,  which  adheres  closely  to  the  sides 
of  the  receiver.  It  is  purified  by  pressure  between  paper,  and  washing  with  ether, 
alcohol,  and  water,  then  with  alcohol  and  ether,  in  the  order  here  mentioned,  and 
lastly  dried  over  oil  of  vitriol  and  sublimed  in  sealed  tubes. 

Properties. — Dioxymethylene  forms  translucent,  hard,  crystalline  crusts  having  an 
indistinct  crystalline  structure.  It  is  odourless  at  ordinary  temperatures,  but  emits  a 
peculiar,  sharp,  irritating  odour  when  heated.  Tasteless.  Neutral  to  litmus  paper. 
May  be  sublimed  without  previous  fusion.  Begins  to  volatilise  at  100°,  but  is  not 
completely  vaporised  till  heated  above  150°  ;  at  about  152°  it  melts,  and  immediately 
afterwards  begins  to  boil.  A  lump  of  it  quickly  heated,  melts  and  boils  at  the  same 
time.  Vapour-density,  obs.  =  2'07  ;  calc.  =.  2'08.  It  does  not  dissolve  in  water, 
alcohol,  or  ether  when  merely  boiled  with  them ;  but  when  heated  with  water  to  100°, 
in  a  sealed  tube  for  several  hours,  it  dissolves  completely,  forming  a  solution  which 
when  evaporated  in  a  vacuum,  leaves  a  residue  consisting  chiefly  of  the  unaltered  oxide. 
This  compound  does  not  therefore  behave  with  water  like  oxide  of  ethylene,  C2H40, 
and  indeed  cannot  be  regarded  as  the  ether  of  the  hypothetical  methylene-glycol,  inas- 
much as  that  ether  should  have  the  composition  CH-'O ;  but  it  appears  rather  to  be  the 
homologue  of  dioxy ethylene,  (C2H4)202  (ii.  599). 

Decompositions. — 1.  Dioxymethylene  has  a  great  inclination  to  take  up  an  additional 
quantity  of  oxygen,  being  thereby  converted  into  carbonic  anhydride  and  water,  and 
sometimes  partially  into  formic  and  oxalic  acid.  It  reduces  the  oxides  of  silver  and 
mercury  when  heated  with  them.  Nitric  acid  and  a  mixture  of  sulphuric  acid  and 
chromate  of  potassium  converts  it  into  carbonic  anhydride  and  water.  Inclosed  together 
with  spongy  platinum  in  a  sealed  tube  containing  oxygen,  it  oxidises  slowly  at  ordi- 
nary, quickly  at  higher  temperatures,  yielding  carbonic  acid  and  water.  Heated  to 
100°  for  about  10  hours  in  sealed  tubes  with  water  and  peroxide  of  lead,  it  yields 
carbonate  and  formate  of  lead.  In  the  preparation  of  this  compound  by  the  process 
above  given,  part  of  it  appears  to  be  oxidised  by  oxygen  derived  from  the  oxalate  of 
silver:  for  the  volume  of  carbonic  evolved  is  greater  than  that  of  the  carbonic  oxide 
(they  should  be  equal  according  to  the  above  equation) ;  and  towards  the  end  of  the 
operation,  oxalic  acid  sublimes  in  crystals :  C2H402  +  O3  =  C2H204  +  H20.— 2.  With 
red  iodide  of  phosphorus  it  yields  iodide  of  methylene,  and  is  at  the  same  time  partially 
carbonised. — 3.  When  ammonia-gas  is  passed  over  pulverised  oxide  of  methylene,  heat 
is  evolved,  a  watery  liquid  is  separated,  and  a  volatile  crystalline  substance  is  formed 
possessing  basic  properties. — 4.  It  is  decomposed  by  heating  with  lime-water  or  dilute 
potash-lye,  into  formate  and  methylenitan  (p.  1008). 

I^ETHYIiENE,  SULPHIDES  OF.  (A.  Husemann,  Ann.  Ch.  Pharm.  cxxvi. 
293.) — Monomethylenic  sulphide,  CH2S,  is  obtained  by  heating  monosulphide 
of  sodium  with  iodide  of  methylene,  as  a  loose  white  insoluble  powder.  When  heated 
to  150°  it  is  converted  into  a  sublimable  body,  consisting  of  dimethylenic 
sulphide,  (CH2)2S2,  and  probably  identical  with  the  compound  which  GHrard 
(Ann.  Ch.  Pharm.  c.  306)  obtained  by  the  action  of  nascent  hydrogen  (from  zinc 
and  hydrochloric  acid)  on  sulphide  of  carbon.  When  obtained  as  above,  it  crystallises 
in  long  monoclinic  prisms  having  an  intolerable  odour  of  onions,  melting  at  a  tem- 
perature above  200°,  but  volatilising  in  considerable  quantity  at  a  much  lower  tem- 
perature. It  is  sparingly  soluble  in  most  liquids,  most  readily  in  benzene  and  sulphide 
of  carbon.  It  forms  crystalline  double  salts  with  the  chlorides  of  mercury,  gold, 
and  platinum,  also  with  nitrate  of  silver,  and  unites  directly  with  iodine,  forming  a 
crystalline  compound,  but  not  with  bromine.  Fumic  nitric  acid  attacks  it  violently, 
giving  off  nitrous  fumes  and  forming  a  compound  which  crystallises  in  acute  rhombohe- 

drons,  and  probably  consists  of  dimethylenic  oxy sulphide,  CH2  (  S2°2   (Husemann). 

Girard's  compound  resembles  that  just  described  in  its  behaviour  with  solvents  (from 
benzene  it  crystallises  in  quadratic  prisms),  and  in  forming  crystalline  compounds  with 
nitrate  of  silver  and  the  chlorides  of  gold  and  platinum  ;  it  was  dissolved  without  de- 
composition by  hydrochloric  acid,  slightly  also  by  dilute  sulphuric  acid ;  when  heated 
with  strong  sulphuric  acid  it  decomposed,  with  separation  of  sulphur.  Hot  nitric 
acid  decomposed  it  completely,  with  formation  of  sulphuric  acid,  carbonic  acid,  and 
water. 


METHYLEWB,  SULPHOCARBONATE  OF.  j^L  j  S2.— Separates  on  gently 

heating  an  alcoholic  solution  of  dioxymethylene  with  sulphocarbonate  of  sodium,  as  a 
yellowish-white,  amorphous,  inodorous  powder,  insoluble  in  water,  and  converted  by 
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faming  nitric  acid  into  methylene-sulphurous  acid  (Hofmann  and  Buckton's  disulpho- 
metholic  acid ;  Liebig's  methionic  acid).     (Husemann.) 

IVIETHYLEltf  E-PHOSPHOTJTIUJVIS.      See  PHOSPHORUS-RADICLES,  ORGANIC. 

1VIETHYI.E1TE-SUZ.PHUROUS    ACID.      See  SULPHUROUS  ETHERS. 

ITCETHYLEWITAI*.  C7H1406.  (Butlerow,  Ann.  Ch.  Pharm.  cxx.  295.)— A 
saccharine  substance  somewhat  resembling  mannite,  produced,  together  with  formic 
acid,  by  the  action  of  strong  bases  on  dioxymethylene : 

4C2H402        =        C7H1406       +       CH202. 

Dioxymethylene.  Methylenitan.  Formic  acid. 

Dioxymethylene  dissolves  when  boiled  with  excess  of  baryta-  or  lime-water,  and  if 
lime-water  be  gradually  added  to  the  boiling  solution  till  it  assumes  a  deep  yellow 
colour,  the  liquid  remains  neutral,  is  no  longer  precipitable  by  carbonic  acid,  and  when 
evaporated  in  a  vacuum,  yields  a  yellowish  syrup,  consisting  of  methylenitan,  mixed 
with  crystalline  calcic  formate.  On  treating  this  residue  with  absolute  alcohol,  the 
methylenitan  dissolves,  and  remains,  on  evaporating  the  alcohol,  as  an  amorphous  body 
(containing  a  little  lime)  having  a  saccharine  taste,  and  a  faint  odour  like  that  of 
caramel.  The  solution  has  a  slight  acid  reaction,  is  coloured  yellow  by  alkalis,  and 
decolorised  again  by  acids;  it  reduces  an  alkaline  cupric  solution  almost  instantly 
when  heated  with  it ;  has  no  rotatory  power ;  and  does  not  appear  to  ferment  with 
yeast.  When  heated  for  several  hours  to  100°,  with  excess  of  butyric  acid,  it  forms  an 
oily  bitter  compound,  probably  C7HH(C4H70)306,  having  an  odour  of  cheese,  insoluble 
in  water,  partially  volatilised  in  a  current  of  air  at  150°,  and  yielding  butyrate  of 
barium  when  saponified  by  baryta-water. 

?HYZ,E3XrE-STAWRTAMYZ,     and     METHYZ.2KTE-STANKTETHYZ.. 


See  TIN-RADICLES,  ORGANIC. 

METHYZ.-ETHYZ.-AMYZ.AMZ10-E.     See  p.  1001. 

IVIETHYL-ETHYI.-AIVIYI.O-PHEKrYIi-AMlVION'ITrM.    )    See       PlEBNYL- 
METHYZ.-ETHYZ.-AiriZ.ZKrz:.  $      AMINES. 


METHYI.-ETHYLATE   OP  ETHYZ.EKTE.      Q^^g/  j  O2.— Obtained,  to 

gether  with  dimethylate  of  ethylene  (p.  1002),  by  distilling  a  mixture  of  methylic  and 
ethylic  alcohol  with  sulphuric  acid  and  peroxide  of  manganese.     (Wurtz.) 

METHYZ.-ETHYX.-CARBAMZDE.     See  CARBAMIDES  (i.  754). 

METHYZi-BTHYZi-COKrZKrzUM.     See  CONINE  (ii.  6). 

METHYZi-ZTHYZiIC    ETHER.      See  ETHYL-METHYLTC  ETHER  (ii.  542). 

METHYZ-ETHYL-PHENYLAMINE.     See  PHBNYLAMINES. 

METHYZ.-ETHYZ.-T7REA.     Syn.  with  METHYL-ETHYL-CARBAMIDE. 

METHYX.-HEPTYZ.ZC    ETHER.     Syn.  with  HEPTYL-METHYLIC  ETHER. 

METHYI.-HEXYZ.,  or  Mettyl-caproyl.  C7H16  =  CH8.C6H1S. — Obtained  by  the 
electrolysis  of  a  mixture  of  acetate  and  renanthylate  of  potassium,  but  in  small  quan- 
tity only,  probably  because  oenanthylic  acid  is  much  more  easily  electrolysed  than  acetic 
acid.  On  rectifying  the  resulting  oily  liquid,  the  portion  which  distils  at  85°  is  found 
to  consist  chiefly  of  methyl-hexyl,  having  a  vapour-density  of  3 '426  (calc.  3'466X 
(Wurtz,  Ann.  Ch.  Phys.  [3]  xliv.  275.) 

METHYZiIA.     Syn.  with  METHYLAMINE. 
IVXETHYLIDENE-COMPOUKfDS.      See  p.  1006. 

METH  YZ.-ZRZSZKTE.  A  violet  compound  obtained  by  v.  Babo,  by  the  action 
of  methylic  sulphate  on  chinoline  (i.  871). 

METHYZi-ZiACTZC   ACID.     See  LACTIC  ETHERS. 
METHYZ.-Z.UTZDZKTE.     See  LUTIDINE  (p.  738). 
METHYL-MALIC    ACID.     See  MALIC  ETHERS  (p.  799). 
METHYL-MORPHINE.      See  MORPHINE. 
METHYL-NICOTZKTE.      See  NlCOTINE. 
METHYL-KTZTROPHEKTZDZWE.      Syn.  With  NlTBANISTDINE  (i.  304). 
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!VCI3THYXi~iarXTROSAXiXCYXiXC    ACID.     See  SALICYLIC  ETHERS. 

IviETHYL-ffiKrANTHYl,.  C8H180  =  CH3.C7H1S0.  (Stadeler,  J.  pr.  Chera. 
ixxii.  246.) — A  compound  acetone,  isomeric  with  caprylic  aldehyde,  obtained  by  dis- 
tilling a  mixture  of  equivalent  quantities  of  acetate  and  cenanthylate  of  sodium ;  also, 
together  with  heptylic  or  octylic  alcohol,  by  distilling  ricinoleate  of  potassium  or 
sodium  with  excess  of  caustic  alkali  (see  HEPTYL,  HYDBATE  OF,  p.  144).  It  is  a  thin, 
colourless,  neutral  liquid  of  specific  gravity  0'817  at  23°;  boiling  between  171°  and 
171 '5°.  Its  smell  recalls  that  of  oil  of  rue;  taste  similar,  and  slightly  burning.  It 
makes  grease-spots  on  paper ;  does  not  turn  acid  on  exposure  to  the  air,  even  in  contact 
with  platinum-black ;  burns  with  a  bright  yellow  flame.  It  is  insoluble  in  water,  but 
mixes  in  all  proportions  with  alcohol  and  ether;  mixes  with  sulphuric  acid,  evolving 
heat,  and  is  precipitated  from  the  yellow  solution  by  water,  apparently  unchanged. 
With  ammonia,  potash,  silver-oxide,  and  chromic  acid,  it  behaves  like  caprylic  aldehyde 
(i.  745).  With  pcntachloride  of  phosphorus,  it  yields  chloride  of  octylene,  C8HJ6C12. 
(Dachauer,  Ann.  Ch.  Pharm.  cvi.  269.) 

METHYXi-CErTAltfTHYXiIC  ETHER.  Syn.  with  HEPTYL-METHYLIC  ETHER 
(iii.  149). 

XVXETHYXi-OXAXiXC  ACID.     See  OXALIC  ETHERS. 
METHYX.-OXAMXC  ACXD.     See  OXAMIC  ETHERS. 
IviETKYL-PAIiABAItfIC  ACID.     See  CHOLESTROPHANE  (i.  926). 
IKETHYXi-PARATARTARXC  ACID.     See  TARTARIC  ETKEBS. 
IttETHYL-PHEitfXDlNE.     Syn.  with  ANISIDINE  (i.  304). 

IVTETHYL-PHEUYLAIVIINE.      See  PHENYLAMINES. 

ItXZITHYXi-PXiUlKBIDES.     See  LEAD-RADICLES,  ORGANIC  (iii.  503). 

2VIETHYX.-PHOSPHIKTES  and  PHC3PHOWIUIVIS.  See  PHOSPHORUS- 
RADICLES,  ORGANIC. 

JVKETHYX.-PHOSPHORIC    ACID.      See  PHOSPHORIC  ETHERS. 

XKETHYX.-PHOSPHOROUS  ACXX>.     See  PHOSPHOROUS  ETHERS. 
IVTETHYL-PIPERIDrWS.      See  PlPERIDINE. 

3VCETKYL-PIPERYI.-CARBA2V1IDE.      See  CARBAMIDES  (i.  757). 
TVIETHYI,-SAI.ICYXiIC   ACID.      See  SALICYLIC  ETHERS. 

IVEETHYI.-SELETfflC  and  -SEX.ENTOUS  ACIDS.  See  SELENIC  and  SELENIOUS 
ETHERS. 

TVlETHYL-STANWETHYIi.      See  TlN-RADICLES,  ORGANIC. 
IttETHYXi-STXBIKTES.      See  ANTIMONY-RADICLES,  ORGANIC  (1.  344). 
METHYIi-STRYCHWINE.      See  STRYCHNINE. 
METHYL-SUIPHURIC   ACID.      See  SULPHURIC  ETHERS. 
1VZETHYX.-SUX.PHOCARBONXC    ACXD.      See  SuLPHOCARBONIC  ETHERS. 
1VIETHYX.-SUI,PHOPHEN-IC     ACXD      or     SULPHANISOLIC      AGIO. 
An  acid  obtained  by  dissolving  anisol  in  strong  sulphuric  acid  (see  i.  305). 
METHYX.-TARTARIC   ACXD.      See  TARTARIC  ETHERS. 
IVIETHYL-THIOSINAMINE.      See  TniOSINAMINE. 

lYIETHYLURAlVTIrJE.     C2H7N3.     (Dessaignes,  Compt.  rend. xxxviii.  839.)— 
A  base  produced  by  heating  an  aqueous  solution  of  creatine  or  creatinine  with  mer- 
cupric  oxide :  carbonic  anhydride  is  then  evolved  without  a  trace  of  ammonia ;  the  oxide 
of  mercury  is  partly  reduced ;  and  oxalate  of  methyluramine  is  obtained  in  crystals : 
2C4H9N802  +   O5     =     (C2H7N3)2.C2H204  +  2C02  +   H20 

Creatine.  Oxalate  of  Methyl- 

uramine. 

2C4H7N3O   +   0s     =     (C2H7N3)2.C2H20«  +   2C02. 

Creatine. 

If  the  quantity  of  oxide  of  mercury  is  too  small,  the  crystals  of  oxalate  of  methyl- 
uramine are  mixed  with  crystals  of  creatine;  but  when  a  sufficient  quantity  of 
mercuric  oxide  is  used,  the  oxalate  of  methylamine  is  obtained  in  large  quantity  and 
quite  free  from  creatine.  To  separate  it  completely,  the  solution  must  be  repeatedly 
treated  with  alcohol  and  evaporated.  It  may  also  be  produced  by  treating  creatine 
with  peroxide  of  lead  and  sulphuric  acid;  but  this  method  does  not  yield  so  pure  a 
product  as  the  preceding.  (Dessaignes,  Compt.  rend.  xli.  1258.) 
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Methyluramine  is  obtained  in  the  free  state  by  heating  the  oxalate  with  a  slight 
excess  of  pure  milk  of  lime,  and  evaporating  the  filtrate  in  vacuo.  It  is  a  white  solid 
body  having  a  crystalline  surface,  due  perhaps  to  absorption  of  carbonic  acid;  very- 
deliquescent.  Its  taste  is  caustic  and  ammoniacal.  Heated  on  platinum-foil,  it 
volatilises  completely,  exhaling  a  strong  odour  of  burnt  creatine.^ 

Methyluramine  contains  the  elements  of  urea  and  of  methylamine,  minus  1  at.  water 
(Dessaignes): 

C2H7N»  +  H20     =     CH4N20  +  CH9N. 

It  may  also  be  regarded  as  formed  from  2  at.  ammonia,  by  the  replacement  of  2  at.  H 

( CN 
by  1  at.  cyanogen  and  1  at.  methyl  respectively:  C2H7N8  =  N2  j  CH3.    (G-erhardt, 

Traite,  iii.  941.) 

Methyluramine  heated  with  baryta-water  is  decomposed,  giving  off  ammonia  with 
an  odour  of  sea-water.  It  eliminates  ammonia  from  ammonical  salts  at  ordinary 
temperatures.  With  the  chlorides  of  barium  and  calcium,  it  forms  copious  pre- 
cipitates, which  are  soluble  in  a  large  quantity  of  water,  and  in  dilute  acetic  acid. 
With  sulphate  of  aluminium  and  ferric  chloride,  it  forms  precipitates  which  re- 
dissolve  in  an  excess  of  the  precipitant.  It  precipitates  the  salts  of  lead,  copper,  and 
mercury ;  forms  a  whitish-yellow  precipitate  with  nitrate  of  silver,  and  dissolves  oxide 
and  chloride  of  silver. 

Methyluramine  combines  with  acids,  forming  crystalline  salts,  which  have  a  slight 
alkaline  reaction,  and  when  heated  with  caustic  potash-solution,  give  off  copious 
alkaline  vapours  consisting  of  ammonia  and  methylamine.  The  sulphate,  hydro- 
chlorate,  and  nitrate  may  be  easily  obtained  by  decomposing  the  oxalate  with  the  cor- 
responding calcium- salts. 

The  chloroplatinate,  2(C2H7Ns.HCl).PtCl4,  is  obtained,  by  mixing  a  concentrated  solu- 
tion of  the  hydrochlorate  with  platinic  chloride,  in  splendid  orange-coloured  rhomboids, 
which,  when  redissolved  and  recrystallised  by  cooling,  often  take  the  form  of  flat  prisms, 
arranged  in  parallel  groups.  The  salt  when  calcined  emits  an  odour  of  trimethylamine. 

The  oxalate,  prepared  as  above,  forms  flattened  prisms  arranged  in  parallel  groups, 
containing  (C2H7N8)2.C2H204.2H20.  It  gives  off  its  water  of  crystallisation  at  100°, 
is  very  soluble  in  water,  has  a  disagreeable  taste,  and  blues  reddened  litmus  slightly. 
Heated  on  platinum-foil,  it  exhales  the  same  odour  as  creatine. 

IVTETHYL-ITREAS.     See  MJETHYL-CARBAMiDES,  under  CARBAMIDES  (i.  754). 

IVTETHYL-XATJTHIC   ACID.      See  XANTHIC  ETHERS. 

IVTETOliTTIDINE.     Syn.  with  MELOBENZYLAMINE.     See  BENZYLAMINE  (i.  576) 

TVtETHYSTlCInr,  A  crystalline  substance  obtained  from  Kawa-root,  the  root 
of  Piper  Methysticum  (see  KAWA,  p.  445). 

TVIEZEREUM-SEEDS.  M.  Martius  (Arch.  Pharm.  [2]  ex.  39)  obtained  from 
3  Ibs.  of  mezereum-seeds  (Semen  coccognidii),  between  20  and  26  oz.  of  a  fatty 
vesicating  oil,  and  about  2  drms.  of  a  substance  which  crystallised  from  alcohol  in 
white  cauliflower-like  masses. 

1VTIARG-YRITE.  A  sulphantimonite  of  silver,  Ag2S.Sb2S8  or  AgSbS2,  found  at 
Braunsdorf,  near  Freiberg  in  Saxony,  associated  with  argentiferous  arsenical  pyrites. 
It  forms  thick  tabular,  pyramidal,  or  short  prismatic  crystals  belonging  to  the  mono- 
clinic  system.  Ratio  of  axes  a  :  b  :  c  :  =  0-3565  :  1  :  1-0377.  Angle  of  inclined  axes 
=  81°  36';  ooP  :  ooP  =  39°  38';  oP  :  [Poo]  =  109°  9'.  The  lateral  planes  are 
deeply  striated.  Cleavage  parallel  to  ooPoo  and  [Poo  ],  imperfect.  Hardness  =  2. 
Specific  gravity  =  5'2  to  5'4.  The  crystals  are  opaque,  with  sub-metallic  adamantine 
lustre  and  iron-black  colour;  thin  splinters  appear  blood-red  by  transmitted  light. 
Streak  dark  cherry-red.  Fracture  subconcho'idal.  Very  sectile.  Contains  according 
to  H.  Kose  (Pogg.  Ann.  xv.  469),  21-95  per  cent,  sulphur,  39-14  antimony,  36-40 
silver,  1*06  copper,  and  0'62  iron  (=  99'17);  the  formula  requires  21'2  sulphur,  42*9 
antimony  and  35'9  silver.  In  an  open  tube  it  melts  easily,  gives  off  sulphurous 
anhydride,  and  yields  a  sublimate  of  antimonious  oxide. 

The Hypargyrite of  Breithaupt  contains,  according  to  Plattner,  35  per  cent,  silver, 
and  is  probably  a  variety  of  miargyrite.  (Dana,  ii.  75.) 

MXASCITE.  A  granular  slaty  rock  consisting  of  orthoclase,  mica,  and  elseolitet 
sometimes  with  quartz,  albite,  and  hornblende. 

MICA.  The  generic  name  of  a  number  of  mineral  species,  including  Muscovite, 
Phlogopite,  and  Biotite,  distinguished  by  a  more  or  less  laminated  structure,  hence 
called  micaceous.  They  are  usually  divided  optically  into  uniaxial  and  biaxial  micas, 
but  in  reality  they  are  all  biaxial,  and  apparently  trimetric ;  but  in  some,  viz.  the  biotites, 
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the  angle  between  the  optic  axes  is  small,  not  amounting  to  5°,  while  in  others,  viz. 
the  muscovites,  it  varies  between  45°  and  55°. 

Chemically,  micas  may  be  divided  into  potash-micas,  containing  little  or  no 
magnesia,  these  being  again  subdivided  into  those  which  contain  lithia,  and  those 
which  are  free  from  that  alkali;  and  magnesia-micas,  containing  for  the  most  part 
from  20  to  30  per  cent,  of  magnesia.  The  micas  which  do  not  contain  magnesia  are 
those  in  which  the  optic  angle  of  the  axes  is  the  largest :  hence  they  are  commonly 
distinguished  as  biaxial  micas. 

The  micas,  even  of  the  same  subdivision,  present  such  differences  in  chemical 
composition  (at  least,  according  to  the  analyses  that  have  hitherto  been  made  of  them), 
that  it  is  not  an  easy  matter  to  bring  them  under  general  formulae.  According  to 
Kammelsberg,  however,  they  may  be  represented,  with  considerable  approach  to 
accuracy,  as  follows,  JVI  denoting  a  mon-atomic,  and  K  a  sesqui-atomic  metal : 

Potash-mica    .....      2M20.3Si02  +  w(2K203.3Si02) 
Magnesia-mica         ....      2M2O.Si02  +  w(2R203.3Si08) 

According  to  these  formulse,  the  magnesia  micas  are  orthosilicates,  both  terms  of  the 
second  formula  being  reducible  to  the  form  M4Si04,  whereas,  in  the  formula  of  the 
potash-micas,  only  the  second  term  can  be  thus  reduced,  the  first  containing  2  at. 
silica  in  addition. 

I.   POTASH-MICA. 

o.  Not  containing  Lithia. 

Muscovite.  Common,  Oblique  or  Biaxial  Mica.  Muscovy  glass.  Verre  de  Muscovie. 
Glimmer,  in  part. — This  mineral  occurs  in  trimetric  forms,  usually  hemihedral.  and 
having  a  monoclinic  aspect.  ooP  :  ooP  =  120°.  Cleavage  basal  eminent ;  occasionally 
also  at  right  angles  to  two  opposite  sides  of  oP ;  separating  in  fibres.  It  also  forms 
twins,  often  observable  by  internal  markings  or  by  polarised  light;  face  of  composition 
parallel  to  ooP.  Folia  sometimes  aggregated  in  stellar  or  plumose  groups.  Hardness  = 
2  to  2'3.  Specific  gravity  =  2'75  to  3-1.  Lustre  more  or  less  pearly.  Colour  white, 
grey,  pale  green,  and  violet-yellow,  sometimes  brown  and  dark  olive-green ;  colours 
different  in  the  axial  and  diametral  directions.  Streak  uncoloured.  Transparent  to 
translucent.  Thin  laminae,  flexible  and  elastic.  Very  tough.  Sectile.  Biaxial ;  angle 
between  optic  axes  varying  from  45°  to  75°. 

When  heated,  it  gives  off  more  or  less  water,  which  exhibits  with  glass  the  reaction 
of  hydrofluoric  acid.  Melts  before  the  blowpipe  more  or  less  easily,  to  a  grey  or 
yellowish  tumefied  glass.  Gives  with  fluxes  the  reactions  of  silica  and  iron  (sometimes 
of  manganese). 

Analyses:  a.  From  Litchfield  in  the  State  of  Maine:  white  (Smith  and  Brush). 
— b.  County  of  Carlow,  Ireland:  grey;  angle  of  axes  =  72°  18'  (Haughton). — 
c.  Glendalough  valley,  County  of  Wicklow:  angle  of  axes  =  70°  4';  specific  gravity  = 
2-793  (Haughton). — d.  Ceux,  near  St.  Etienne in  the  Vosges :  greyish-white,  reddish 
by  transmitted  light;  specific  gravity  =  2*817  (Delesse). — e.  Zsidovacz,  in  Hungary : 
white;  specific  gravity  =  2-817  (Kussin). — -f.  Schwarzenstein,  Zillerthal  (chrome- 
mica;  fuchsite) :  green  (Schafhautl). — g.  Uto,  Sweden:  golden-yellow  (H.  Eose). 
—h.  Ochotzk,  Siberia  (H  Kose). 


a. 

b. 

c. 

d. 

e. 

/. 

>• 

h. 

0-35 

0-53 

0-28 

Silica 
Alumina    . 
Chromic  oxide    . 

44-60 
36-23 

44-64 
30-18 

44-71 
30-13 

46-23 
33-03 

48-07 
38-41 

47-95 
34-45 
3-95 

47-50 
37-20 

47-19 
33-80 

Ferric  oxide 
Manganous  oxide 

1-34 

6-35 

4-69 

3-48 

•     • 

1-80 

3-20 
0-81 

4-47 
>  ~ 

Magnesia 
Lime                   .         . 
Potash 
Soda  . 
Water 

0-37 
0-50 
6-20 
4-10 
5-26 

072 
12-40 
6-32 

0-9*0 
1-09 
9-91 
1-27 
6-22 

2-10 

*8-87 
1-45 
4-12 

10-10 
*3-42 

0-71 

0-59 
10-75 
0-37 

•'o 

'  2-63 

>  2-58 

0-13 

8-35 

4-07 

98-6.0 

99-61 

98-92 

99-28 

100-00 

100-92 

101-47 

100-87 

Common  mica  is  a  constituent  of , granite  and  its  associate  rocks,  gneiss,  syenite  and 
mica-slate.  It  occurs  also  in  more  recent  aggregate  rocks ;  also  in  imbedded  crystals 
in  granular  limestone,  wacke,  trachyte  and  basalt.  Coarse  lamellar  aggregations  of 
it  often  form  the  matrix  of  crystals  of  topaz,  tourmaline,  and  other  mineral  species. 
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Mica  is  sometimes  altered  by  the  action  of  water,  losing  its  elasticity  and  transparency, 
and  often  some  portions  of  its  alkalis  and  ferric  oxide.  Margarodite  (p.  853)  appears 
to  be  a  mica  thus  altered;  also,  perhaps,  Damourite  (ii.  303);  Gilbertite,  a  mineral 
found  at  Stonagwyn,  near  St.  Just  in  Cornwall,  containing,  according  to  Lehunt,  45-15 
per  cent,  silica,  40-11  alumina,  2'43  ferric  oxide,  4-17  lime,  1-9  magnesia,  and  4'25 
water;  and  Sericite  (q.  v,). 

ft.  Containing  Lithia. 

Iiepidolite.  Trimetric,  often  occurring  in  oblique,  rhombic,  and  six-sided  prisms  of 
119°  to  120° ;  also  in  coarsely  granular  masses  consisting  of  foliated  scales.  Cleavage 
basal,  highly  eminent.  Hardness  =  2'5  to  4.  Specific  gravity  =  2'84  to  3.  Lustre 
pearly.  Colour  rose-red,  violet-grey,  yellowish,  whitish.  Translucent.  Angle  of 
apparent  optic  axes  =  70°— 78°. 

When  heated,  it  gives  off  water  exhibiting  a  strong  reaction  of  hydrofluoric  acid. 
Heated  before  the  blowpipe,  either  alone  or  with  a  mixture  of  fluor  spar  and  acid 
sulphate  of  potassium,  it  colours  the  flame  red  (in  the  latter  case  sometimes  also  green 
from  the  presence  of  boron,  C.  Or  m  e  1  i  n).  Melts  easily  before  the  blowpipe,  and  exhibits 
the  reactions  of  iron  and  manganese.  It  is  attacked  with  difficulty  by  hydrochloric 
and  sulphuric  acid ;  after  fusion,  the  finely  pulverised  mineral  gelatinises  with  the 
acid. 

Analyses:  a.  From  Zinnwald  in  the  Erzgebirge  (Lohmeyer);  b.  From  the  same 
locality  (Kammelsberg) ;  c.  Altenberg  in  the  Erzgebirge  (Stein) ;  d.  Cornwall 
(Turner);  e.  Rozena  in  Moravia  (Rammelsberg) ;  /.  Uto  in  Sweden  (Turner); 
g.  Chursdorf  in  Saxony  (C.  Gmelin)  ;  h.  Juschakowa  in  the  Ural  (Eos ales). 


a. 

b. 

c. 

d. 

e. 

/. 

g- 

h. 

Fluorine    . 
Chlorine     .         «         . 

6-35 
0-21 

7-47 

1-43 
0-40 

4-56 

7-12 

3-90 

4-81 

10-22 
1-16 

Silica 
Alumina    . 
Ferric  oxide       . 
Ferrous  oxide     . 
Manganic  oxide  .        « 

42-97 
20-59 
14-18 

46-52 
21-81 
4-68 
6-80 

47-01 
20-35 
14-34 

50-82 
21-33 
10-09 

51-70 
26-76 

1-29 

50-91 
1-20 

52-25 
28-34 

4'06 

48-92 
20-30 

4-67 

Manganous  oxide 
Lime          . 

0-83 

1-96 

1-53 

0-40 

0-12 

Magnesia 
Potash 
Soda  . 
Lithia                .        . 
Water 
Phosphoric  acid. 

10-02 
1-41 
1-60 
0-22 

0-44 
9-09 
0-39 
1-27 

0-13 

9-62 

4-33 
1-53 

9-86 
4-05 

0-24 
10-29 
1-15 
1-27 

0-16 

9-50 
6-67 

6-90 
4-79 

10-96 
2-23 

2-77 

98-38 

100-56 

100-54 

100-71 

100-38 

99-35 

100-15 

101-35 

The  lithia-micas  contain  a  larger  proportion  of  manganese  than  those  in  the  preced- 
ing division.  Bammelsberg  restricts  the  name  lepidoliteto  those  which  are  free 
from  iron. 

2.  MAGNESIA-MICAS. 

The  micas  of  this  division,  mostly  of  dark  green,  brown  or  black  colour,  contain  only 
about  40  per  cent,  silica,  often  a  large  quantity  of  iron,  and  magnesia  as  an  essential 
constituent,  sometimes  to  the  amount  of  30  per  cent. 

Potash  is  also  present,  but  in  comparatively  small  quantity.  Moreover  these  micas 
almost  always  contain  fluorine,  and  frequently  water.  Before  the  blowpipe  they  melt, 
for  the  most  part  with  difficulty,  to  grey  or  blackish  glasses ;  with  fluxes  they  give 
a  strong  iron-reaction.  They  are  attacked  with  difficulty  by  hydrochloric,  but  com- 
pletely decomposed  by  sulphuric  acid,  the  silica  remaining  in  the  form  of  the  laminse 
with  white  colour  and  mother-of-pearl  lustre. 

Phlogopite.  Rhombic  Mica. — Trimetric,  occurring  in  rhombic  or  hexagonal 
prisms,  with  biaxial  refraction.  ooP  :  <xP  =  120°.  Colour  yellow  or  copper-red;  also 
white  or  colourless  and  different  shades  of  brown.  Cleavage  as  in  muscovite.  Angle 
of  apparent  optic  axes,  5°  (or  less)  to  20°. 

Analyses :  a,  b,  c.  From  Edwards,  St.  Lawrence  County,  New  York :  a.  dark  yellow- 
brown ;  b.  and  c.  colourless,  with  silvery  lustre  (Craw). —  d.  From  the  Vosges:  in 
granular  lime-stone:  greenish ;  specific  gravity,  2746  (Delesse).— e.  Jefferson  County, 
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New  York :  brown ;  fuses  easily  before  the  blowpipe  to  a  white  enamel,  and  colours  the 
flame  reddish  (Meitzendorff).— /.  Sala  in  Sweden  (Svanberg). 


a. 

b. 

c. 

d. 

e. 

/• 

Fluorine 

4-20 

trace 

trace 

0-22 

3-30 

0-62 

Silica  . 

40-14 

40-36 

40-3 

37-54 

41-30 

42-64 

Alumina 

17-36 

16-45 

16-08 

19-80 

15-35 

13-05 

Ferric  oxide 

trace 

trace 

trace 

1-80 

1-77 

7-90 

Manganous  oxide 

.     . 

. 

.     . 

o-io 

.     . 

1-06 

Magnesia 

28-10 

29-55 

30-25 

30-32 

28-79 

25-98 

Lime    . 

Potash 

10-56 

7-23 

6-07 

7-17 

9-70 

6-03 

Soda    . 

0-63 

4-94 

4-39 

1-00 

.    0-65* 

Loss  by  ignition 

.    .. 

0-95 

2-65 

1-51 

0-28 

3-17 

100-99 

99-48 

99-80 

100-16 

101-14 

100-45 

*  With  lithia. 

This  kind  of  mica  is  especially  characteristic  of  granular  limestone.  The  phlogopites 
are  very  liable  to  change,  losing  their  elasticity  and  becoming  pearly  in  lustre,  often 
with  brownish  spots,  as  if  from  the  hydration  of  the  oxide  of  iron.  In  some  cases,  an 
alteration  to  steatite  has  been  observed. 

Biotite.  Hexagonal  Mica.  Uniaxial  Mica. — Probably  trimetric,  formerly  sup- 
posed to  be  hexagonal.  Occurs  usually  in  tabular  prisms  with  basal  cleavage,  highly 
eminent ;  common  also  in  foliated  masses.  Refraction  biaxial ;  angle  between  the  axes 
less  than  5°.  Hardness  =  2-5  to  3.  Specific  gravity  =  2*7  to  3-1.  Lustre  pearly, 
often  submetallic  on  the  terminal  faces  of  the  prism.  Colours  various,  as  in  the  pre- 
ceding species;  usually  dark  green,  brown,  or  nearly  black;  sometimes  white  or 
colourless.  Streak  uncoloured.  Transparent  to  opaque.  Thin  laminae,  flexible  and 
elastic. 

Analyses:  a.  From  Lake  Baikal  in  Siberia  (H.  Rose).  —  5.  Vesuvius:  yellowish 
green;  crystallised  (C.  Bromeis). — c.  Monroe,  New  York :  dark  green  (v.  Kobell). — 
d.  Greenwood  Furnace,  near  Monroe:  dark  green  (v.  Hauer). — e.  Schwarzenstein  in 
the  Zillerthal:  green  (chrome-mica)  (Schafhautl). — /.  Eifel :  pinchbeck  brown 
(Kjerulf). — g.  From  the  protogyne  of  the  Alps :  dark  green;  specific  gravity  =  3'127. 
Difficult  of  fusion  before  the  blowpipe :  perfectly  decomposible  by  hydrochloric  acid 
(Deles se). — h.  Abberfoss  in  Finland  (Svanberg). 


a. 

b. 

c. 

d. 

e. 

/. 

f. 

h. 

Fluorine    . 
Silica 
Alumina    . 
Ferric  oxide 
Chromic  oxide            . 

0-65 
42-01 
16-05 
4-93 

39-75 
15-99 
8-29 

0-50 
40-00 
16-16 
7-50 

40-21 
19-09 
7-96 

trace 
47-68 
15-15 
5-72 
5-90 

43-1*0 
15-05 
25-84 

1-58 

41-22 
13-92 
26-90 

0-29 
39-44 
9-27 
37-39 

Manganous  oxide 

1-05 

1-09 

2-57 

Magnesia  . 
Lime 
Potash 
Soda. 

25-97 
7-55 

24-49 
0-87 
8-78 

21-54 
10-83 

21-15 
1-55 

5-22 
0-90 

11-58 

7-2*7 
1-17 

10-82 
0-81 
4-62 
0-82 

4-70 
2-58 
6-05 
1-40 

3-29 
0-75 
5-06 

Loss  by  ignition 
Titanic  acid 

•    • 

0-75 

3-00 
0-20 

2-89 

2-86 

1-50 
1-03 

0-90 

Undecomposed  matter 

•    • 

0-10 

97-16 

99-02 

99-73 

98-97 

98-38 

103-59 

100-34 

98-06 

This  species  is  perhaps  identical  with  the  preceding ;  indeed  no  definite  line  of 
demarcation  can  be  drawn  between  them.  Since  the  percentage  of  iron  decreases, 
for  the  most  part,  as  the  magnesia  increases,  part  of  the  iron  must  be  present  as  ferrous 
oxide.  (Rammelsberg.) 

Vesuvian  biotite  occurs  in  brilliant  well-defined  crystals ;  that  from  Greenwood 
Furnace,  New  York,  in  large  very  regular  rhombic  prisms,  and  tetrahedral  pyramids. 

Biotite  occurs  altered  to  rubellan  and  steatite ;  it  has  also  been  observed  altered  to 
magnetite  in  the  Tyrol. 


1014  MILK. 

For  further  details  respecting  the  optical  properties  of  micas,  see  Dana's  Minera- 
logy, ii.  217,  and  for  a  full  discussion  of  the  chemical  formulae,  Kammelsberg'i 
Mineralchemie,  pp.  656-672. 

iviic  A-SI.ATE.  A  rock  similar  in  constitution  to  granite,  but  with  a  distinctly 
foliated  structure. 

IviiCHAEiiiTE,  A  white,  fibrous,  pearly  variety  of  opal,  from  the  island  of 
St.  Michael  in  the  Azores. 

MXCROBROMXTE.    A  variety  of  bromochloride  of  silver.     (See  SILVEB.) 

MXCROCIiXir.  A  variety  of  orthoclase  from  Arendal  in  Norway.  Breithaupt, 
however,  regards  it  as  triclinic,  although  the  angle  between  the  principal  directions  of 
cleavage  differs  by  only  22'  from  90°.  According  to  Breithaupt,  also,  the  felspar  of 
miascite  (p.  1009)  consists  of  microclin. 

MICROCOSMIC  SALT.  Ammonio-sodic  phosphate,  (NH4)NaHP04.4H20, 
used  as  a  flux  in  blowpipe  experiments.  (See  BLOWPIPE,  i.  624,  and  PHOSPHATES.) 

MXCXtOXiXTE.  A  variety  of  pyrochlore  from  the  albite  vein  in  Chesterfield, 
Massachusetts.  (See  PYBOCHLORE.) 

ivuDDZiETOKTXTE.  A  fossil  resin  found  in  the  coal-seams  at  the  Middleton 
collieries  near  Leeds,  and  at  Newcastle.  It  is  brownish-red,  of  specific  gravity  1-6, 
nearly  insoluble  in  alcohol,  ether,  and  oil  of  turpentine,  and  contains  86-43  per  cent, 
carbon,  8-01  hydrogen,  and  5'56  oxygen.  (Johnston,  Phil.  Mag.  [3]  xii.  261.) 

IVTIEMITE.     Syn.  with  DOLOMITE. 

MIESXTE.     Syn.  with  PYEOMOEPHITE. 

MXXiXC  is  the  liquid  secreted  by  the  mammary  glands  of  the  class  of  animals  called 
Mammalia.  Its  colour  is  generally  white,  often  bluish-white,  more  rarely  yellowish ; 
it  is  opaque,  has  little  or  no  smell,  a  slightly  sweet  taste,  and  in  general  an  alkaline 
reaction.  The  specific  gravity  of  milk  varies  between  TO  18  and  1-045  (Scherer); 
the  average  specific  gravity  of  human  milk  =  T032  (Simon);  =  1-03267  (1-02561 
— 1-04648).  (Vernois  and  Becquerel.) 

Chemists  differ  as  to  the  reaction  of  fresh  milk.  Berzelius,Peligot,  andLassaigne 
ascribe  an  acid  reaction  to  normal  milk;  Simon  and  others,  an  alkaline  reaction,  and 
consider  that  when  it  is  acid,  that  quality  is  due  either  to  the  milk  having  been  allowed 
to  stand  before  testing,  or  to  disease.  Moleschott,  however,  found  that  in  two  cases, 
cow's  milk  (stall-fed)  which  had  just  been  drawn  was  acid.  Elsasser  examined  385 
different  specimens  of  human  milk,  some  diseased,  but  most  healthy ;  of  these  45  were 
neutral,  and  the  rest  alkaline.  Rattenmann,  out  of  272  specimens,  found  only 
two  acid,  and  that  probably  owing  to  some  extraneous  cause.  On  the  contrary, 
out  of  94  specimens  of  fresh,  cow's  milk,  Kueff  found  44  acid;  out  of  46  specimens 
of  mare's  milk,  19  acid ;  sheep's  milk  as  often  acid  as  alkaline  or  neutral ;  and  the 
milk  of  carnivorous  animals  (dogs  and  cats)  always  acid.  Dumas  remarked  that 
dog's  milk  coagulates  by  heat  like  turned  cow's  milk.  Peligot  found  ass's  milk 
always  acid  (15  cases).  The  reaction  of  the  milk  seems  in  some  measure  to  depend 
upon  the  nature  of  the  food.  According  to  D'Arat  and  Petit,  the  milk  of 
stall-fed  animals  is  always  acid,  and  becomes  alkaline  only  when  they  are  turned 
out  to  grass.  Hermbstadt  found  milk  that  had  remained  long  in  the  udder,  acid. 
Fraas  caused  a  cow  to  be  milked  six  times  in  a  day,  and  found  the  milk  in  each  case 
feebly  alkaline ;  after  an  interval  of  24  hours,  the  cow  was  again  milked,  when  the  first 
portion  of  the  milk  was  found  to  be  alkaline,  the  last  acid.  Schlossberger,  how- 
ever, found  the  milk  of  a  cow  which  had  not  been  milked  for  14  days,  alkaline.  In 
some  experiments  the  milk  was  as  often  acid  as  alkaline,  but  that  drawn  in  the  morn- 
ing was  more  often  acid  than  evening  milk. 

When  milk  has  stood  for  some  time,  a  thick  yellowish-white  stratum,  rich  in  fat, 
collects  on  its  surface  (cream) ;  while  the  lower  portion  becomes  bluish- white,  and 
poorer  in  fat,  and  at  the  same  time  increases  in  specific  gravity.  If  the  surrounding 
temperature  be  not  too  low,  the  milk,  when  previously  alkaline,  acquires  an  acid  reac- 
tion, but  remains  homogeneous  for  a  time.  It  then  coagulates,  fresh  milk  more  quickly 
than  boiled,  and  more  rapidly  if  the  temperature  be  rather  elevated,  and  the  atmosphere 
charged  with  electricity.  Milk  is  immediately  coagulated  by  rennet.  If  it  be  rapidly 
evaporated,  a  dense  white  film  forms  on  its  surface. 

The  spontaneous  coagulation  of  milk  appears  to  be  caused  by  part  of  the  milk-sugar 
undergoing  acid  fermentation,  and  thus  yielding  lactic  acid,  which  precipitates  the 
casein.  A  solution  of  pure  casein  is  not  precipitated  in  10  hours  by  rennet,  and  milk 
rendered  alkaline  by  addition  of  alkali  is  not  coagulated  by  rennet  (Denis).  Selmi, 
however,  coagulated  alkaline  milk  in  ten  minutes  with  rennet,  and  the  mother-liquor 
waa  still  alkaline  after  the  precipitation  of  the  casein.  (See  CASEIN.) 
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Viewed  under  the  microscope,  fresh  milk  appears  as  a  clear  liquid  in  which  the 
so-called  milk-globules  are  suspended.  They  vary  considerably  in  size  (diameter  = 
between  0-0012"  and  0-0018"),  and  rarely  in  fresh  milk  attain  the  diameter  of  0-0038". 
Without  the  addition  of  reagents,  they  appear  merely  as  globules  of  fat. 

Henle  first  proved  the  existence  of  an  external  envelope  ;  he  added  acetic  acid  to  the 
milk,  and  found  that  the  shapes  of  the  globules  were  thereby  distorted.  Mitscherlicb 
found  that  the  globules  were  not  dissolved  when  milk  was  shaken  up  with  ether,  which 
would  have  been  the  case  if  they  were  a  simple  emulsion  of  fat ;  if,  however,  caustic  potash 
or  carbonate  of  potassium,  which  dissolves  the  envelope,  was  previously  added,  the  fat 
was  then  dissolved  by  ether.  Lehmann  also  repxarked  that  the  surface  of  the 
globules  in  milk  merely  treated  with  ether,  appeared  less  transparent,  turbid,  and 
wrinkled,  as  if  it  had  been  coagulated ;  the  ether  took  up  the  fat  on  the  addition  of 
phosphate  of  sodium.  Moleschott  acted  on  the  coagulum,  obtained  by  adding 
alcohol  to  milk,  with  acetic  acid,  and  extracted  the  fat  with  ether ;  there  remained 
many  unbroken  fat  envelopes  in  the  form  of  little  vesicles,  which  he  was  able  to  fill 
with  an  ethereal  solution  of  chlorophyll;  they  contained  no  fat.  From  this  he  not  only 
proved  the  existence  of  the  fat  envelopes,  but  concluded  also  that  they  are  organised. 
(Zcitschr.fr.  Physiol.  Heilk.  xi.  p.  696-708.) 

Another  kind  of  morphological  elements,  the  so-called  granular  bodies  (corps 
granulcux,  ColostrumJcorpercheri),  occurs  in  the  colostrum  (the  milk  secreted  during 
the  first  two  or  three  days  after  parturition).  They  consist  of  irregular  conglomerations 
of  very  small  fat-vesicles,  united  by  an  amorphous  and  somewhat  granular  substance. 
Their  diameter  =  about  O'O 111"  (Henle),  but  varies  between  0-0063"  and  0-0232". 
Their  fat  is  much  more  easily  dissolved  by  ether  than  that  of  milk-globules.  They  are 
destroyed  by  potash  or  by  acetic  acid ;  iodine-water  imparts  an  intensely  yellow 
colour  to  them ;  hence  they  consist  of  very  small  globules  of  fat  imbedded  in  an 
albuminous  substance.  They  are  found  in  human  milk  up  to  the  third  or  fourth  day 
after  child-birth,  sometimes,  however,  as  late  as  20  days  after.  Moleschott  found  in 
the  colostrum  of  cows,  together  with  milk-globules,  five  different  kinds  of  granular 
bodies  and  globules  (loc.  cit.). 

Human  colostrum  is  at  first  yellow,  on  the  first  and  second  day ;  it  then  becomes 
lighter,  and  on  the  third  or  fourth  day  becomes  white.  According  to  Gr.  Veit,  in  the 
passage  of  colostrum  to  milk,  the  milk-globules  (which  cohere  in  the  colostrum)  lose 
this  property,  and  the  largest  (above  0-00166"  in  diameter)  disappear,  when  a  richer 
secretion  is  formed,  and  albumin  ceases  to  be  present  in  the  milk.  The  secretion  of 
normal  milk  begins  on  the  fourth  day  at  the  earliest,  but  generally  between  the  sixth, 
and  tenth  day. 

Epithelium- cells  and  mucus-globules  are  of  only  accidental  occurrence  in  milk. 

Fibrin  occurs  only  when  the  milk  contains  blood. 

Sometimes  infusoria  or  plants  low  in  the  scale  of  organisation  are  found  in  blue 
cow's  milk,  and  in  that  of  women  (Vogel).  T.  Fuchs  ascribes  the  blue  colour  of 
milk  to  an  infusorium  which  he  calls  Vibrio  cyanogeneus  ;  B ai  11  eul  ascribes  it  to  a 
Byssus. 

ANAXYSIS. — The  analysis  of  milk  is  attended  with  considerable  difficulties.  It  is 
almost  impossible  to  obtain  a  perfectly  dry  residue  by  evaporation,  since  the  casein, 
saturated  with  fat,  forms  crusts  which  are  impermeable  to  steam,  and  these  are  often 
burst  asunder,  thereby  occasioning  loss.  The  casein  is  not  completely  precipitated  by 
acetic  acid,  part  remaining  in  solution ;  neither  does  dried  casein  part  with  all  its  fat 
to  ether. 

The  casein  may  be  approximately  estimated  by  evaporating  milk  on  a  water-bath  or 
in  vacuo,  almost  to  dryness,  adding  acetic  acid,  and  extracting  the  dried  residue  succes- 
sively with  ether,  alcohol,  and  water  (Schererand  Dumas) — or  one-fifth  of  its  weight 
of  powdered  gypsum  is  stirred  up  with  the  milk  before  evaporation,  whereby  spirting  is 
avoided,  the  .casein  becomes  insoluble  in  all  solvents,  and  the  dried  residue  is  rendered 
easily  pulverisable.  The  fat  may  then  be  extracted  by  ether  and  alcohol.  The  solid 
residue  is  determined  by  evaporating  1  to  3  grammes  of  milk  in  vacuo,  or  in  a  water- 
bath,  and  drying  the  residue  in  an  air-bath,  or  in  vacuo  at  120°.  In  order  to  determine 
the  ash,  the  dried  substance  must  be  ignited  in  oxygen  gas.  (Haidlen.) 

Sugar. — The  milk  for  this  purpose  must  not  be  acid.  To  determine  the  sugar,  the 
liquid  may  be  employed  which  is  left  when  casein  is  precipitated  by  sulphate  of 
magnesium  or  chloride  of  calcium,  and  the  excess  of  base  precipitated  by  potash ;  or  the 
alcoholic  extract  obtained  in  Haidlen's  method  of  estimating  casein  may  be  used.  The 
amount  of  sugar  is  determined  by  Fehling's  sugar-test,  or  by  polarised  light. 

Baumhauer  (J.  pr.  Chem.  Ixxxiv.   145;   Jahresb.   1861,  p.  873)  evaporates  the 
milk  in  paper-filters  nearly  filled  with  pure  sand  or  pulverised  quartz,  previously  well- 
washed  with  hydrochloric  acid  and  ignited.     The  filters  are  first  dried  by  exposing, 
them  to  a  current  of  air  at  110°,  on  a  stand  of  peculiar  construction  which  allows  the 
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entire  surface  of  the  paper  to  be  exposed  to  the  action  of  the  air ;  10  c.  c.  of  each 
sample  of  milk  is  then  poured  upon  them,  taking  care  to  distribute  the  milk  uniformly 
over  the  surface  of  the  sand  and  not  to  wet  the  outer  edge.  The  stand  with  the  filter 
is  then  exposed  in  the  drying  chamber  to  a  current  of  air  heated  to  60° — 70°,  till  the 
escaping  air  no  longer  deposits  moisture,  after  which  the  temperature  is  gradually 
raised  to  105°  and  kept  at  that  point  for  half  an  hour,  and  the  filters  are  finally  left  to 
cool  for  an  hour  over  chloride  of  calcium,  and  weighed :  this  determines  the  total 
amount  of  solid  constituents  in  the  milk.  To  estimate  the  fat,  the  dried  filters  are 
drenched  with  anhydrous  ether  in  funnels  closed  at  top  with  glass  plates  and  having 
their  beaks  provided  with  spring-clamps ;  the  ether  after  half  an  hour's  digestion  is 
allowed  to  run  by  opening  the  spring-clamps, this  operation  being  twice  repeated ;  and  the 
filters  are  rinsed  two  or  three  times  with  ether,  then  dried  and  weighed  ;  the  loss  gives 
the  quantity  of  fat.  The  sugar  and  soluble  salts  are  next  dissolved  out  in  a  simi- 
lar manner  with  warm  water  (about  90  c.  c.),  and  the  total  quantity  of  matter  thus 
removed  is  determined  by  again  drying  and  weighing  the  filter.  The  quantity  of  sugar 
in  the  aqueous  solution  is  then  determined  by  titration  with  a  standard  cupric  solu- 
tion, and  the  difference  gives  the  amount  of  soluble  salts.  The  sum  of  the  amounts 
of  fat,  sugar,  and  soluble  salts,  deducted  from  the  total  quantity  of  solid  matter 
previously  determined,  gives  the  quantity  of  insoluble  salts  and  casein  (the  casein  is, 
however,  slightly  soluble).  To  determine  the  total  quantity  of  inorganic  constituents, 
a  known  quantity  of  the  milk  (slightly  acidulated  with  acetic  acid)  is  evaporated  to 
dryness  over  the  water-bath  and  the  residue  is  concentrated. 

The  following  are  analyses  of  human  milk  at  different  periods  after  child-birth, 
also  of  the  milk  of  different  animals. 

Human  milk. 


Water 

Sugar 

Casein  and  extractive  matters  39*24 

Butter       .... 

Salts  (ash) 

Solid  constituents 

1000-00 


'ernois  and 

Clcmrn. 

Becquerel. 

4th  day  after 

Normal. 

Simon.* 

delivery. 

9th. 

l'21h. 

889-08 

883-6 

879-848 

885-818 

905-809 

43-64 

48-2 

41-135 

42-979 

31-537 

?  39-24 

34-3 

35-333 

36-912 

29-111 

26-66 

25-3 

42-968 

35-316 

33-454 

1-38 

2-3 

2-095 

1-691 

1-939 

it 

116-4 

120-152 

114-182 

94-191 

Water 
Sugar 
Casein 
Butter 
Salts  . 
Solid  constituents 


Water 
Sugar 
Casein 
Butter 
Salts  . 


L'Heritier. 

.      870-6 

63-4 

9-5 

.       62-0 

4-5 

,     129-4 


Chevallier 
and  Henry. 

Ewe. 


10-000 


Chevallier  and  Henry, 
llicr                                         x                      ~~ 

[enry. 
•8 

•o 

•2 
•5 
t-5 

)-2 

Simoi 
Hume 
colostrv 

828-C 
70-( 
40-( 
60-( 
3-1 
172-( 

Cow. 
87-02 
4-77 
4-48 
3-13 
0-60 

100-00 

Fi 

i.          (  
n         South- 
m.        down. 

82-50 
>          5-35 
>          7-90 
>          3-70 
0-55 
)  (Solid  cons 

Ass. 
91-65 
6-08 
1-82 
O'll 
0-34 

Goat. 
0-52 

100-00     100-00 

Ihol  and  Joly.f 
Ewe. 

Merino. 
78-40 
4-37 
9-02 
7-60 
0-61 
tituents.) 

Laura- 
gagio. 

76-98 
4-16 
8-30 
10-40 
0-16 

Ewe's  milk  is  thus  the  richest  of  all  milks ;  that  of  the  goat  is  but  little  inferior  to  it. 
Human  and  cow's  milk  stand  pretty  close  to  one  another,  and  hence  the  last  may  be 
easily  substituted  for  the  first ;  cow's  milk  is,  however,  decidedly  richer  in  casein  and 
sugar.  The  milks  of  the  ass  and  mare  are  the  poorest  of  all ;  they  contain  very  small 
quantities  of  butter  and  of  casein,  but  are  proportionally  richer  in  sugar.  The  milk  of 
the  carnivora  differs  from  that  of  the  herbivora  by  an  almost  total  absence  of  sugar  and 
by  a  greater  proportion  of  fat. 

*  Mean  of  fourteen  analyses  made  at  different  periods,  with  the  milk  of  the  same  woman. 
•  The  insoluble  salts  were  weighed  with  the  casein,  the  soluble  with  the  sugar  :  they  amounted  to 
about  0-4  per  cent. 
$  Kopp  and  Will's,  Jahresb.  1858,564. 
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Constituents  of  Milk. 

Casein  (see  i.  810).  Simon  found  4-0  per  cent,  casein  in  human  colostrum,  and  2*15 
per  cent,  in  the  milk  six  days  after  delivery.  Milk  varies  in  composition  at  different 
times  of  the  day.  In  the  case  of  two  cows  fed  with  hay,  oat-straw,  beet-root,  oil-cake, 
and  bean-pods,  the  milk  obtained  in  the  morning  (4  A.M.)  contained  2-56  and  2'51  per 
cent,  casein;  mid-day,  2'23  and  2'38  respectively.  In  another  case,  the  milk  contained, 
in  the  morning,  2'24  and  2-25 ;  at  mid-day,  2-37  and  2'36  ;  in  the  evening  (7  P.M.),  270 
and  2*71  per  cent,  casein  respectively  (Struckmann  and  Bodeker).  Heynsius 
found  the  first  portion  of  cow's  milk  richer  in  casein  than  the  last  portions.  Accord- 
ing to  Vernois  and  Becquerel,  the  amount  of  casein  inhuman  milk  varies  directly 
with  the  quantity  yielded ;  in  cow's  milk,  inversely  as  the  quantity.  The  milk  of 
brunettes  contains  about  0'3  per  cent,  more  casein  than  that  of  blondes.  Women  of 
feeble  constitution  yield  almost  normal  milk,  while  those  of  vigorous  constitution  yield 
milk  poorer  in  casein.  In  acute  diseases,  out  of  19  cases,  the  average  percentage  of 
casein  was  5'040  per  cent.  (3-291 — 5-671) ;  and  in  27  cases  of  chronic  diseases,  3-257 
per  cent.  (2'521 — 3*989)  (Vernois  and  Becquerel).  The  milk  of  nurses  between 
15  and  20  years  old  contains  5-574  per  cent,  casein  and  extractive  matter ;  20 — 25, 
3-873  per  cent. ;  25—30,  3'653  per  cent. ;  30—35,  4-233  per  cent. ;  35—40,  4-207  per  cent. 

An  albuminous  substance  has  been  met  with  in  milk,  and  especially  in  colostrum, 
which  is  not  coagulated  by  rennet,  but  is  precipitated  by  boiling.  This  is  supposed  to 
be  albumin.  Gr.  Veit  remarked  that  the  colostrum  of  women,  up  to  the  third  day 
after  delivery,  coagulated  entirely  or  in  part  on  heating.  It  afterwards  lost  this  pro- 
perty. The  filtrate  obtained  from  the  acid  colostrum  of  the  cow,  after  adding  chloride 
of  sodium,  gave  no  turbidity  with  acetic  acid,  but  yielded  a  precipitate  with  tannin, 
with  alcohol,  and  by  heat ;  on  adding  ammonia  and  boiling,  an  abundant  precipitate 
was  formed,  but  the  liquid  remained  unchanged  when  treated  in  the  same  way  with 
acetic  acid.  Hence  albumin  must  have  been  present  (Moles chott).  Vernois  and 
Becquerel  found,  in  the  milk  of  the  buffalo-cow  and  of  the  goat,  1'3  per  cent,  albumin. 
Heynsius  found  0'5  per  cent,  albumin  in  cow's  milk  previously  coagulated  with  acetic 
acid ;  it  was  precipitated  by  boiling  ;  but  if  the  milk  was  previously  boiled  and  coagu- 
lated by  acetic  acid  at  40°  C.,  no  turbidity  was  produced  in  the  filtrate  by  acetic  acid 
or  by  boiling.  Albumin  is  also  found  in  milk  in  inflammatory  diseases  of  the  mammary 

§  lands,  and  when  it  contains  blood  and  pus.     Nevertheless,  it  must  be  remarked  that 
cherer  prepared  a  kind  of  casein  from  normal  milk,  which  coagulated  by  heat; 
while  canine  milk  sometimes  becomes  thick  on  heating,  but  returns  to  its  previous  state 
on  cooling.     (Dumas.) 

Fat.  The  fat  of  human  milk  has  not  been  examined  qualitatively  with  any  degree 
of  exactness.  The  butter  of  cow's  milk  has  however  been  more  particularly  investi- 
gated. Pure  milk-fat  is  a  colourless  or  very  pale  yellow  substance,  solidifying  at 
26-5°,  whereupon  the  temperature  rises  to  32°.  It  is  soft  and  sticky  above  18°. 
Dissolves  in  28'9  pts.  of  boiling  alcohol  of  specific  gravity  0'822.  It  readily  becomes 
rancid  on  exposure  to  the  air,  yielding  volatile  fatty  acids,  and  then  decidedly  reddens 
litmus.  It  may  be  completely  saponified,  and  then  yields,  together  with  glycerin,  mar- 
garic,  oleic,  capric,  caprylic,  caproic,  and  butyric  acids,  or  instead  of  the  two  last, 
vaccinic  acid  (Lerch),  or,  according  to  Heintz,  oleic  and  butic  (C20H400,  melting-point 
=  60*75°  C.),  stearic,  palmitic,  and  myristic  acids  (Chevreul,  Sur  les  Corps  ffras, 
1822  ;  Bromeis,  Ann.  Ch.  Pharm.  xlii.  46,  &c. ;  Heintz,  Ann.  Ch.  Pharm.  Ixxxviii. 
300,  304 ;  Pogg.  Ann.  xc.  137).  Bromeis  reckons  the  composition  of  butter  according 
to  the  quantities  of  acid  found  =  68  per  cent,  margarin,  30  per  cent,  elain,  and 
2  per  cent,  peculiar  butter  fat ;  but  the  components  of  butter  seem  to  vary  considerably. 


Percentage  of  Fat  in  different  kinds  of  Milk. 


Human* 

2-53—3-88  (Simon). 
t4-297— 3-532— 3-345  (Clemm). 
3-55  (Chevallier  and  Henry). 
2-666     (0-666—5-642)     (Vernois   and 
Becquerel). 

Cow. 

3-80—5-10  (Simon). 
3-13  (Chevallier  and  Henry). 


3-90  (Boussingault). 

4-38  (Poggiale).  (Average  of  10  analyses.) 
8-4  (Buffalo  cow.)  >  (Vernois  and 
3-61  (Paris  cow.)    J   Becquerel). 

Mare. 

6-952  (Clemm). 
2-44  (Vernois  and  Becquerel). 


*  Four  days,  nine  days,  and  twelve  days  after  birth  respectively. 

t  Schlossberger  (Ann.  Chem.  Pharm.  cviii.  64)  found  in  the  milk  from  the  enlarged  breast  ol  a 
woman,  the  enormous  amount  of  28'5  per  cent,  fat- 
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Ass. 

1-21  (Simon). 
1-29  (Peligot). 
1-85  (Vernois  and  Becquerel). 

Ewe. 

4-20  (Chevallier  and  Henry). 
5-13  (Vernois  and  Becquerel). 


1-93  (H.  Scheven). 


Goat. 

4-08  (Payen). 

3-32  (Chevallier  and  Henry). 
5 '69  (Vernois  and  Becquerel). 


Bitch. 

13-3  (Simon). 

7-32—12-40  (Dumas). 

8*80  (Vernois  and  Becquerel). 


Sim  on  found  5*00  per  cent,  fat  in  human  colostrum,  and.  as  well  as  Boussingault, 
2*60  per  cent,  in  the  colostrum  of  the  cow.  According  to  L'Heritier,  the  milk  of 
brunettes  contains  5'63 — 6'48  per  cent,  fat,  while  that  of  blondes  contains  only  3'55 — 
4-05.  Vernois  and  Becquerel  found  the  contrary.  According  to  them,  the  percent- 
age of  fat  varies  with  age  ;  the  milk  of  women  from  15 — 20  contains  3738  per  cent. ; 
20-  25,  2-821  per  cent. ;  25—30,  2-348  per  cent. ;  30—35,  2'864  per  cent. ;  and  from 
35 40,  2-233  per  cent.  It  increases  by  nearly  0'3  per  cent,  during  the  period  of  men- 
struation. The  percentage  of  butter  varies  inversely  as  the  quantity  of  milk  produced. 
It  decreases  with  imperfect  nutrition. 

Milk  contains  different  proportions  of  fat  according  to  the  time  of  day  at  which  it 
is  obtained.  The  milk  of  a  cow  contained  in  the  morning  2*17  per  cent. ;  at  midday, 
2'63  per  cent.,  and  in  the  evening,  5-42  per  cent.  (Struckmann  and  Bodeker).  It 
has  been  remarked  that  the  first  portions  of  milk  are  less  rich  in  fat  than  the  last  por- 
tions, from  which  it  is  concluded  that  milk  deposits  cream  in  the  udder,  and  that  the 
fat -globules  adhere  to  the  sides  of  the  milk-passages  in  the  smaller  glandular  canals  of 
the  udder  and  teats.  This  difference  has  not  been  observed  in  human  milk.  Par  m  e  n- 
tier  found  the  first  portion  of  cow's  milk  three-fourths  poorer  in  butter  than  the  last. 
According  to  Vernois  and  Becquerel,  the  amount  of  fat  in  human  milk  increases 
during  the  first  two  months  after  delivery,  but  decreases  between  the  fifth  and  sixth,  as 
well  as  between  the  tenth  and  eleventh  mouth.  The  kind  of  food  has  also  a  considerable 
influence  on  the  percentage  of  fat  in  milk.  The  milk  of  a  cow  fed  upon  ordinary  food 
contains  3-53  per  cent,  fat ;  on  sesame  bran,  4'87  per  cent.  Dumas  found  that  canine 
milk  was  on  the  whole  richer  in  fat  when  the  animal  was  fed  with  vegetable  than  with 
animal  food.  In  disease,  Vernois  and  Becquerel  found  that  the  percentage  of  fat 
was  sometimes  increased,  sometimes  diminished.  A  consumptive  cow  yielded  1073 
per  cent,  butter.  In  enteritis,  human  milk  was  found  to  contain  3-153  per  cent,  fat; 
in  pleurisy,  2'77  per  cent. ;  in  colitis,  5*412  per  cent.;  in  delirium  and  fever,  0'514 
cent. ;  typhus,  0-909  per  cent. 

Sugar  of  Milk  (Lactin) : 

Percentage  of  Sugar  in  different  kinds  of  Milk. 
Human.  Goat. 


3-2 — 6-24  (Simon,  Clemm,  Haidlen). 
4-364  (2-522 — 5*955)  (Vernois  and 
Becquerel). 

Cow. 

3-4 — 4'3  (Simon,  &c.). 

4-26 — 4-61  (Struckmann  and  Bodeker). 

5'28  (average ;  Poggiale). 

3 '80  (Vernois  and  Becquerel). 

Ass. 

5-05  (Vernois  and  Becquerel). 
4-5  (Simon,  &c.). 

Mare. 

87  (Simon,  &c.). 
3-28  (Vernois  and  Becquerel). 


4*4  (Simon,  &c.). 

3 '69  (Vernois  and  Becquerel). 

Ewe. 

4-2  (Simon,  &c.). 
3-94  (Vernois  and  Becquerel). 


Sow. 
3-02—3-04  (Scheven). 


Canine. 

1-53  (Vernois  and  Becquerel). 
2-40  (Poggiale). 


The  milk  of  brunettefi  contains  7'00  and  7"! 2  per  cent,  milk-sugar,  that  of  blondes 
6-85  and  6-40  per  cent.  (L'Heritier).    According  to  Vernois  and  Becquerel,  that  of 
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brunettes  contains  4-56 ;  blondes,  4*47.  Simon  found  7  per  cent,  milk-sugar  in  human 
colostrum;  in  the  milk  six  days  after  birth,  6*24  percent. ;  afterwards  the  quantity  de- 
creased. The  kind  of  food  influences  the  percentage  of  milk-sugar  to  a  certain  extent. 
Bensch  found  that  it  almost  disappeared  from  canine  milk  when  the  animal  was  fed 
exclusively  with  meat ;  on  substituting  vegetable  food,  the  quantity  of  milk-sugar 
increased  considerably.  Poggiale  found  in  the  milk  of  a  bitch  fed  with  meat 
and  bread,  2'89  per  cent,  milk-sugar,  but  after  the  animal  had  been  fed  exclusively 
on  meat  for  21  days,  only  1-82  per  cent.  According  to  the  observations  of  Simon 
and  of  Vernois  and  Becquerel,  rich  or  poor  nourishment  does  not  sensibly  affect 
the  percentage  of  lactin ;  it  varies  as  the  quantity  of  milk.  The  milk  of  women  from 
15  to  20  years  old  contains  3'523  per  cent,  milk-sugar ;  from  20—25,  4-472  per  cent. ; 
25 — 30,  4-577  per  cent. ;  30 — 35,  3'953  per  cent. ;  35—40,  3*960  percent.  In  the  first 
month  after  birth,  the  quantity  of  sugar  in  the  milk  decreases,  but  it  increases  con- 
siderably from  the  eighth  to  the  tenth  month  (Vernois  and  Becquerel).  The  milk 
of  a  cow  yielded  in  the  morning  4*30  per  cent,  sugar ;  at  midday,  4-72  per  cent. ;  in  the 
evening,  4'19  (Struckmann  and  Bodeker).  Heynsius  found  that  the  last 
portions  of  cow's  milk  contained  less  sugar  than  the  first.  According  to  Simon, 
D on  u £  and  others,  the  percentage  of  sugar  does  not  sensibly  vary  in  disease.  Accord- 
ing to  Vernois  and  Becquerel,  this  is  the  case  only  with  chronic  diseases,  whereof 
in  27  cases  the  average  amount  was  4*337  per  cent. ;  in  acute  diseases,  only  3-310 
(19  cases). 

Salts.  The  soluble  salts  of  milk  consist  of  chloride  of  sodium,  chloride  of  potassium, 
alkaline  phosphates,  and  soda  and  potash  combined  with  the  casein;  the  inso- 
luble, of  phosphates  of  calcium  and  magnesium,  chiefly  combined  with  casein ;  sulphuric 
acid  and  ammonia-salts  are  not  contained  in  fresh  milk.  Haidlen,  Scheven,  and 
others  have  found  a  little  ferric  oxide  in  milk. 

Percentage  of  Ash  in  different  kinds  of  Milk. 

Human. 
0-16 — 0'25  (most  chemists). 


0-138  (0-055—0-338)   (Vernois  and 
Becquerel). 

Cow. 

0-55—0-85 
0-66  (Vernois  and  Becquerel). 


1-2—1-5 


0-78  (Vernois  and  Becquerel). 
1-63— 208  (Poggiale). 

Groat. 
0-62  (Vernois  and  Becquerel). 


1-09  (Scheven). 


Ass. 


0-52  (Vernois  and  Becquerel). 


mch'  Mare. 


0-52  (Vernois  and  Becquerel). 

Sheep. 
0-72  (Vernois  and  Becquerel). 


Vernois  and  Becquerelfoundin  the  milk  of  women  from  15 — 20yearsold,  0-180 
per  cent,  ash;  20—25,  0-143;  25—30,  0-146;  30—35,  0*144;  35—40,  0-106  per 
cent. 

The  milk  of  a  cow  yielded  in  the  morning  0-83  per  cent,  ash  ;  at  midday,  072 ;  and 
in  the  evening  078  (Struckmann  and  Bodeker).  Hey  nsius  found  slightly  less  ash 
in  the  last  than  in  the  first  portion  of  cow's  milk ;  but  the  soluble  and  insoluble  salts 
remained  in  the  same  relations  to  one  another.  The  first  portions  contained  078 
percent,  salts;  the  last,  0*69  percent.  Vernois  and  Becquerel  found  that  the 
percentage  of  salts  increased  both  in  chronic  and  in  acute  diseases  (0*173  and 
0-153  per  cent.);  in  acute  enteritis,  0*174  per  cent,;  acute  pleurisy,  0'079;  typhus^. 
0*220. 

The  quantity  of  soluble  salts  is  generally  nearly  the  same  as  if  insoluble.  In  human 
milk  were  found  0*4 — 0'9  per  cent,  soluble  salts ;  in  cow's  milk,  0*21  per  cent,  soluble,  and 
0'28  per  cent,  insoluble  salts.  According  to  Weber's  analysis,  the  ash  of  cow's  milk  con- 
tains 14-18  per  cent,  chloride  of  potassium,  4*74  per  cent,  chloride  of  sodium,  23 -46  per 
cent,  potash,  6'96  per  cent,  soda  (combined  with  phosphoric,  sulphuric  (?)  and  carbonic 
acids),  28*4  per  cent,  phosphoric  acid,  17*34  per  cent,  lime,  and 2*20  per  cent,  magnesia. 
Almost  all  the  phosphoric  acid  is  tribasic.  Vernois  and  Becquerel  found  in  the 
ash  of  human  milk  6*9  per  cent,  carbonate  of  calcium,  70*6  per  cent,  phosphate  of  cal* 
cium,  9*8  per  cent,  chloride  of  sodium,  7'4  per  cent,  sulphate  of  sodium,  and  5*3  per 
cent,  of  other  salts. 
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Milk,  at  least  that  of  the  cow,  contains  alkaline  carbonates.  When  milk  is  treated 
with  acetic  acid,  it  evolves  more  gas  (carbonic  acid)  in  vacuo  than  the  same  milk  with- 
out acid.  (Lehmann.) 

The  amount  of  extractive  matter  in  milk,  as  well  as  its  nature,  is  unknown. 

Lactic  acid  is  not  supposed  to  exist  in  fresh  milk.  Whether  the  milk  owes  its 
occasionally  acid  reaction  to  lactic  or  butyric  acid,  or  to  acid  phosphates,  is  uncertain. 

Kees  found  urea  in  the  milk  of  a  woman  suffering  from  albuminuria  ;  also  Picard, 
in  the  milk  of  a  woman  whose  urine  contained  no  albumin. 

Free  gases,  especially  carbonic  acid,  are  always  present  in  fresh  milk.    (Lehmann.) 

Lehmann  considers  albumin  to  be  an  abnormal  constituent  of  milk. 

Marchand  found  Juematin  dissolved  in  the  milk  of  a  sick  cow,  but  no  blood  cells. 

Glucose  appears  to  pass  into  the  milk  from  the  blood,  but  converted  into  lactin ; 
iodide  of  potassium  and  free  iodine  pass  into  the  milk. 

Milk  is  coagulated  by  acids,  alum,  and  various  other  salts ;  also  by  tannin,  alcohol, 
and  wood-spirit. 

Colostrum  generally  forms  a  turbid,  yellowish  liquid  resembling  soap-suds,  of  sticky 
consistence  and  strongly  alkaline  reaction.  It  undergoes  lactic  fermentation  more  easily 
than  milk,  and  contains  more  solid  constituents  ;  in  the  milk  of  cows,  asses,  and  goats, 
casein  is  chiefly  in  excess ;  in  human  milk,  lactin.  It  contains  albumin  to  a  consider- 
able amount.  Vernois  and  Becquerel  found  in  human  colostrum  1 — 5  days  after 
delivery,  12*28  percent,  solid  residue  (4*54  per  cent,  casein,  3*58  per  cent,  fat,  4-01  per 
cent,  lactin,  and  0'16  per  cent,  salts).  Simon  found  16  per  cent,  solid  residue  in 
the  colostrum  of  a  cow,  and  14  to  15  per  cent,  in  the  milk.  Crusius  found  in  the 
colostrum  of  a  cow  immediately  after  calving,  38*4  per  cent,  dry  residue ;  the  next 
day,  30-1  per  cent.;  the  second  day,  23'1  per  cent.;  and  afterwards  in  the  milk,  12-5 
per  cent. 

Human  milk  is  more  bluish  than  cow's  milk  and  has  a  sweeter  taste,  reacts  strongly 
alkaline,  and  acidifies  less  easily  than  other  milks.  Specific  gravity  =  between  1-030 
and  1-034  (1*02561  and  1-04648,  Vernois  andBecquerel).  It  contains  from  11  to 
13  per  cent,  solid  constituents.  It  is  less  easily  and  completely  coagulated  by  rennet, 
the  coagulum  is  not  so  gelatinous,  nor  so  firm  and  solid  as  that  of  cow's  milk,  and  it 
is  also  more  digestible.  Its  fat  contains  more  elain  than  common  butter.  Healthy 
children  of  both  sexes  discharge  from  the  seventh  to  the  twelfth  day  of  their  birth  a 
white  secretion  from  the  breast  (HexenmilcK),  either  alkaline  or  neutral,  and  containing 
milk,  but  no>  colostrum-globules.  According  to  Guillot,  this  secretion  has  pretty  much 
the  composition  of  human  milk. 

Cow's  milk  has  generally  a  pure  white  or  yellowish- white  colour.  Its  specific  gravity 
varies  between  1-030  and  1-039  (Simon),  1-0302  and  1-0396  (V.  and  B.).  It  contains 
on  an  average  between  13  and  14  per  cent,  solid  matter  (12'29 — 16'5). 

Mare's  milk  is  white.  Specific  gravity  =  between  1*034  and  1-045  (1-0203,  Clemm; 
1-0337,  V.  and  B.).  It  yields  16'2  per  cent.  (9'57,  V.  and  B.)  solid  residue. 

Ass's  milk  is  white;  sweeter  than  cow's  milk.  Specific  gravity  between  1'023 
and  1-035  (  =  1-0346,  V.  and  B.).  Contains  between  9*16  and  9*53  per  cent,  solid 
matter  (10-99,  V.  and  B.).  It  readily  turns  acid,  and  easily  undergoes  alcoholic  fer 
mentation. 

Goafs  milk  is  white,  of  insipid  sweetish  taste  and  peculiar  odour.  Specific  gravity 
about  1'036  (1-0325,  V.  and  B.).  Contains  between  13'2  and  14-5  per  cent,  solid 
residue  (15*51,  V.  and  B.).  On  coagulation,  its  casein  forms  thick  clots. 

Ewe's  milk  is  thickish,  white,  of  agreeable  taste  and  smell.  Specific  gravity  = 
between  1-035  and  1-041.  Contains  14*38  per  cent.  (16-77  per  cent.,  V.  and  B.)  solid 
constituents. 

Sow's  milk  contains  between  14-51  and  11-83  solid  matter. 

Canine  milk  is  rather  thick,  and  becomes  thicker  on  warming  when  it  does  not  co- 
agulate. Specific  gravity  =  between  1-033  and  1-036.  Contains  between  22-48  and 
27*46  solid  residue.  On  evaporation,  the  latter  is  converted  into  grape-sugar,  and  the 
solid  residue  absorbs  much  oxygen  from  the  air.  (Bensch.) 

The  milk  of  women  confined  for  the  first  time,  contains  more  water  than  the  milk  of 
women  who  have  had  several  children.  The  milk  of  cows  varies  much  according  to  the 
locality;  that  of  cows  in  the  neighbourhood  of  Paris  contains  from  3*6  to  3*7  per  cent, 
fat ;  of  Tyrolean,  Swiss  and  Dutch  cows,  between  7*0  and  9*8  per  cent.  The  compo- 
sition of  cow's  milk  in  the  first,  third,  fourth,  fifth  and  sixth  months  is  pretty  much 
the  same,  varying  between  12*27  and  14'20  per  cent,  solid  matter.  In  the  first" month 
it  contains  13*29  per  cent,  residue,  4*80  per  cent,  casein,  4*25  percent,  butter,  3-57  per 
cent,  lactin,  and  0*66  per  cent,  salts;  in  the  second  month,  17 -32  per  cent,  solid  residue, 
5*81  per  cent,  casein,  7*06  per  cent,  butter,  3'87  per  cent,  lactin,  and  0'57  per  cent. 
ealts  ;  in  the  eighth  month,  24*73  per  cent,  residue,  11*50  percent,  casein,  4*41  per  cent, 
butter,  7-67  per  cent,  lactin,  and  1-16  per  cent,  salts.  (Vernois  and  Becquerel.) 
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The  milk  of  a  consumptive  cow  yielded  a  large  quantity  of  cream,  but  did  not  coagu- 
late either  by  rennet  or  on  boiling.  It  contained  24*97  per  cent,  solid  residue,  10-13 
per  cent,  casein  and  insoluble  salts,  10'73  per  cent,  butter,  4' 09  per  cent,  lactin,  and 
soluble  salts. 

Milk  is  the  most  indigestible  of  all  uncoagulated  albuminoids  ;  its  solubility  in  the 
gastric  juice  depends  upon  the  consistence  of  its  coagulum.  Human  milk  is  more 
readily  digested  than  cow's  milk.  Frerichs  found  that  2£  hours  after  he  had  fed  a  dog 
with  milk,  all  had  disappeared  from  the  stomach  except  a  few  flakes,  very  rich  in 
fat.  Milk  introduced  into  the  stomach  was  instantly  coagulated,  and  the  serum  was 
rapidly  absorbed,  while  the  coagulum  formed  bulky  and  more  or  less  hard  clots.  The 
digestion  of  milk  does  not  begin,  properly  speaking,  until  the  liquid  portion  has  been 
absorbed. 

Thomson  has  shown  that  the  percentage  of  fat  in  milk  is  in  no  way  dependent 
upon  the  amount  of  sugar  in  the  food. 

Bensch  has  remarked,  and  his  experiments  have  been  confirmed  byPoggiale, 
that  the  milk  of  bitches  fed  exclusively  on  meat  still  contained  milk-sugar,  showing 
that  sugar  is  formed  in  the  organism  from  albuminoids. 

Cow's  milk  contains  30  pts.  unnitrogenised  substances  for  every  10  plastic ;  human 
milk  40  pts.  unnitrogenised  for  every  10  plastic  (Liebig).  Cow's  milk  contains  3'78 
per  cent,  nitrogen;  human  milk  T59  per  cent.  A  cow  yields  in  24  hours  about  5£ 
litres  or  about  6  kgr.  of  milk. 

With  respect  to  the  generation  of  milk,  Lehmann  and  others  do  not  suppose  that 
the  constituents  of  milk  are  derived  directly  from  the  blood.  Neither  casein  nor  lactin 
has  been  detected  in  blood.  The  sugar  of  blood  is  fermentable.  Fat  might  transude 
from  the  blood,  but  it  is  not  probable  that  it  does  so ;  since  cholesterin,  which  tran- 
sudes with  much  facility,  is  not  found  in  milk,  and  little  if  any  butyrin  is  found  in 
blood.  The  composition  of  the  milk-salts  also  differs  widely  from  that  of  the  salts  of 
blood-serum. 

Tests  for  milk :  adulterations. — Fresh  milk  ought  not  to  change  its  appearance  on 
boiling.  Sour  milk  deposits  clots,  or  partly  coagulates  on  boiling.  A  simple  instru- 
ment, called  a  lactometer,  for  roughly  estimating  the  amount  of  cream  in  milk, 
has  been  constructed  by  Banks.  It  consists  of  a  glass  tube  having  an  internal  diame- 
ter of  4  centimetres,  and  about  17  centimetres  high.  A  circular  ring  scratched  on  the 
glass  indicates  a  capacity  of  two  decilitres.  Above  this  line  30  small  divisions  are 
made,  each  indicating  ^th  of  the  total  capacity  of  the  vessel  up  to  the  highest  division 
marked  0°.  The  vessel  is  filled  up  to  0°  and  allowed  to  stand  for  24  hours ;  the  thickness  of 
the  stratum  of  cream  may  then  be  read  off.  Another  method  is  that  of  D  o  n  n  e.  He  has 
invented  an  instrument  called  a  galactoscope,  which  measures  the  opacity  of  milk; 
the  greater  opacity  indicating  more  fat-globules,  and  thus  a  greater  amount  of  butter. 
It  consists  of  a  tube  with  a  glass  plate  fitted  at  one  end,  and  at  the  other  a  movable 
glass  plate.  The  milk  is  introduced  by  means  of  a  small  funnel,  and  the  tube  is  length- 
ened by  screwing  out  the  movable  plate  until  the  liquid  no  longer  transmits  the  light 
of  a  lamp  placed  at  a  certain  distance.  The  plate  is  then  screwed  in  until  the  light  of 
the  lamp  is  rendered  just  visible.  According  to  Donne,  milk  which  removes  the 
plate  by  27°,  indicates  3-527  per  cent,  butter;  31°,  2-89  per  cent,  butter.  40°  to  35°  of 
the  galactoscope  =  5  per  cent,  cream  (poor  milk) ;  35°  to  30°  ==  5'10  per  cent,  cream 
(common  milk);  30°  to  25°  =  10  to  15  per  cent,  cream  (good  milk);  25°  to  20°  = 
(15  to  20  per  cent,  cream  (very  rich  milk) ;  and  20°  to  15°  indicates  an  exceedingly 
rich  milk,  the  last  portion  from  the  cow. 

The  most  common  adulterations  of  milk  are  the  following : — Milk  obtained  the  day 
before  is  creamed,  in  order  to  sell  the  cream  separately ;  sometimes  the  creamed  milk 
is  mixed  with  fresh  milk,  and  about  half  its  own  volume  or  more  of  water  is  added  to 
the  mixture.  Sometimes  a  colouring  matter,  such  as  brown  extract  of  chicory,  caramel, 
&c.,  is  added  to  disguise  the  bluish  colour  of  milk  thus  adulterated.  The  colouring 
matter  remains  in  the  serum  when  the  milk  is  coagulated,  and  may  then  be  detected 
(Pay en).  Flour,  starch,  and  finely-powdered  chalk  are  also  used  to  adulterate  milk. 
As  the  chalk  readily  subsides,  it  may  then ,  be  recognised  by  its  effervescing  with  hy- 
drochloric acid.  The  starch-granules  may  be  readily  detected  under  the  microscope, 
and  distinguished  from  the  milk-globules  ;  if  a  polarising  apparatus  be  adjusted  to  the 
microscope,  each  of  the  granules  will  appear  marked  with  a  black  cross.  The  addition 
of  tincture  of  iodine  will  also  indicate  the  presence  of  starch,  by  imparting  to  it  the 
characteristic  blue  colour.  The  macerated  brains  of  sheep  and  other  animals  are  said 
to  be  sometimes  added  to  milk.  In  this  case,  the  microscope  would  readily  detect  the 
presence  of  fragments  of  nerve  and  other  organised  structures,  which  are  not  present  in 
pure  milk.  The  addition  of  water  is  not  so  easily  detected,  since  if  cream  has  been 
taken  from  the  milk,  its  specific  gravity  will  increase,  while  the  addition  of  water 
again  lowers  it.  It  may  however  be  detected  by  the  galactoscope,  if  no  starch  or 
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brains  have  been  added.  The  milk  of  diseased  animals  is  sometimes  sold.  It  generally 
has  a  disagreeable  taste  and  smell,  as  well  as  a  slightly  viscid  appearance.  Pus  or 
mucus  globules  will  be  detected  in  it  under  the  microscope. 

According  toBaumhauer  (loc.  cit.)  all  determinations  of  the  comparative  purity 
of  milk  by  instruments  like  those  above  described,  are  very  inaccurate  ;  he  gives  as  the 
result  of  determinations  made  by  his  own  method  above  described  (p.  1016),  that  all 
milk  may  be  regarded  as  adulterated  with  water,  which  gives  less  than  110  grms.  of  solid 
residue  per  litre  (or  1928  grs. — about  3  oz.  troy — per  quart).  The  minimum  quantity 
of  butter  in  normal  cow's  milk  is  22  grms.  per  litre  (or  395  grs.  per  quart).  Milk  may 
be  regarded  as  creamed,  when  the  proportion  of  butter  is  less  than  |th  of  the  total  weight 
of  solid  matter. 

Further  information  will  be  found  in  the  following  works : 

G-melin,  Handb.  d.  Chemie,  viii.  [2]  pp.  246-273;  Lehmann,  Lehrb.  d.  Phys. 
Chem.  1863,  ii.  pp.  287-301,  the  same  translated  by  G.  Day,  vol.  ii.  pp.  332-348  ; 
Scherer,  Handwbrterb.  d.  Physiol.n.  449-475 ;  Simon,  Die  Frauenmilch,  $c.,  Berlin, 
1838  ;  Vernois  and  A.  Becquerel,  Ann.  d'hygiene,  April,  1853,  and  Dulait  chez  la 
femmedans  Fetat  de  sante  et  dans  Hetat  de  maladie,  Paris,  1853;  Pay  en.  Substances 
alimcntaires ;  Bowman,  Medical  Chemistry;  Pelouze  et  Fremy,  Traite  de  Chimie 
Generate,  2me.  ed.  Paris,  1857,  p.  195.  See  also  the  several  volumes  of  Kopp's 
Jahresbericht.  C.  E.  L. 

IVXIZ,K   QUARTZ.      See  QuAKTZ. 

MILK-SUGAR.  CI2H220U. — Called  Lactin  by  Pasteur,  Lactose  by  Dumas. 
Pasteur,  on  the  other  hand,  applies  the  term  lactose  to  a  product  of  the  decomposition 
of  milk-sugar  (see  p.  1022). 

This  compound,  the  saccharine  constituent  of  milk,  was  first  prepared  byFabrizio 
Bartholetti,  in  1619,  from  whey,  thence  called  Manna  or  Nitrum  scrilactis, 
and  afterwards,  Galacticum  Bartholetti.  It  has  been  chiefly  examined  by  Bouillon 
LagrangeandVogel(J.Phys.  Ixxii.  208),  Berzelius  (Ann.  China,  xcv.  67),  Bensch 
(Ann.  Ch.  Pharm.  Ixi.  221),  Vohl  (ibid.  Ixx.  360),  Winckler  (Kepert.  Pharm.  xlii. 
46),  Krause  and  Stadeler  (Mitth.  d.  naturf.  Gesellsch.  in  Zurich,  1854,  p.  473), 
Lieben  (J.  pr.  Chem.  Ixviii.  407),  Pasteur  (ibid.  Ixviii.  427),  Dubrunfraut  (ibid. 
Ixviii.  422),  Luboldt  (ibid.  Ixxvii.  282),  and  Berthelot  (Ann.  Ch.  Phys.  [3]  liv.  82  ; 
Ix.  98);  see  also  G-m.  xv.  217  ;  G-erh.  ii.  553. 

Milk-sugar  has  been  found  only  in  the  milk  of  mammalia ;  it  may,  however,  have 
been  confounded  in  some  cases  with  glucose,  the  presence  of  which  has  been  detected 
in  the  blood,  in  the  liver,  and  in  the  eggs  of  birds.  It  has  not  yet  been  formed 
artificially  from  any  other  compound. 

It  is  extracted  by  treating  milk  with  dilute  sulphuric  acid,  or  calf's  rennet,  to  pre 
cipitate  the  curd,  then  filtering,  and  evaporating  the  whey  to  the  crystallising  point. 
This  product  is  purified  by  treatment  with  animal  charcoal  and  repeated  crystallisation ; 
finally,  according  to  Krause  and  Stadeler,  by  repeatedly  precipitating  the  aqueous 
solution  with  alcohol.  In  some  localities,  especially  in  Switzerland,  milk-sugar  is  pre- 
pared on  the  large  scale  from  the  whey  obtained  in  the  fabrication  of  cheese. 

Milk-sugar  is  deposited  from  its  aqueous  solution  in  hemihedral  trimetric  crystals, 

exhibiting  the  combination  oofoo  .  -  .  oP  .  2?  oo  .    Angle  oP:  2?o>  =  109°  39';  oP  :  - 

=  101°  41'.  Eatio  of  axes,  a  :  b  :  c  =  0'6215  :  1  :  0*2193  (Schabus).  It  is  white, 
semi-transparent,  hard,  and  grates  between  the  teeth.  The  crystals,  which  contain 
C13HM0U.±FO,  do  not  give  off  any  water  at  100°,  but  the  whole,  amounting  to  5'08 
per  cent.  (1  at.  =  5'00  per  cent.)  at  130°,  or  more  quickly  between  140°  and  150°, 
The  anhydrous  milk-sugar  which  remains,  forms  a  colourless  melted  mass,  which  soli- 
difies in  the  crystalline  state  on  cooling. 

Crystallised  milk-sugar  is  slightly  hygroscopic,  and  dissolves  in  5  or  6  pts.  of  cold,  and 
2£  pts.  of  boiling  water.  The  saturated  solution  produced  by  prolonged  contact  of 
water  with  excess  of  milk-sugar  at  10°,  has  a  density  of  T055,  contains  14'55  per 
cent,  crystallised  milk-sugar,  and  when  left  to  evaporate,  begins  to  deposit  crystals  as 
soon  as  it  attains  the  density  of  T063  and  contains  21'64  per  cent,  milk-sugar.  The 
aqueous  solution  turns  the  plane  of  polarisation  to  the  right.  Dextro-rotatory  power 
for  the  transition-tint,  [a]  =  59'3°  (Berthelot);  60'280  (Biot).  According  to 
Poggiale,  20 T9  pts.  of  milk-sugar  produce  the  same  deviation  as  1647  pts.  cane-sugar. 
The  dextro-rotatory  power  of  a  recently  prepared  solution  of  milk-sugar  is  greater  in 
the  ratio  of  8  :  5,  than  that  of  the  same  solution  after  standing  for  some  time  or  after 
being  heated.  The  rotatory  power  diminishes  slowly  at  0°,  more  quickly  on  heating, 
and  at  the  boiling  heat  it  diminishes  in  two  minutes  to  56-4°  for  crystallised  milk- 
sugar.  (E.  0.  Erdmann,  Jahresb.  1856,  p.  671.) 
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Milk-sugar  is  insoluble  in  alcohol  and  in  ether,  but  dissolves  readily  in  distilled 
vinegar,  crystallising  out  unaltered  on  evaporation. 

Decompositions. — I.  Dry  milk- sugar  turns  brown  when  heated  to  about  160°,  without 
fusing,  and  at  175°  gives  off  water,  and  yields  lactocaramel,  CV2~R'°0™.  At  203°  it 
melts,  and  at  a  higher  temperature  yields  humus-like  substances. — 2.  Milk-sugar  boiled 
with  dilute  sulphuric  acid  is  converted  intolactose(  vid.  inf. ) ;  the  same  transformation 
appears  also  to  be  produced  by  prolonged  boiling  with  water. — 3.  Strong  sulphuric 
or  hydrochloric  acid,  and  alkalis,  decompose  it,  especially  when  heated,  with  for- 
mation of  brown  or  black  products. — 4.  Milk-sugar  is  easily  decomposed  by  oxidising 
agtnts.  It  reduces  metallic  silver  from  silver-solutions  (Liebig,  Ann.  Ch.  Pharm. 
xcviii.  132).  A  solution  of  milk-sugar  mixed  with  potash  dissolves  cupric  hydrate,, 
forming  a  deep  blue  solution  which  deposits  cuprous  oxide,  even  in  the  cold.  From  a 
solution  of  potass  io-cupric  tartrate,  it  throws  down  a  smaller  quantity  of  cuprous  oxide 
(about  j^),  than  glucose  (ii.  860).  Distilled  with  oxidising  mixtures,  such  as  sulphuric 
acid  and  peroxide  of  manganese,  it  yields  formic  acid.  With  nitric  acid,  it  forma 
mucic,  saccharic,  tartaric,  and  a  small  quantity  of  racemic  acid,  and  finally  oxalic  acid. 

Very  strong  nitric  acid  or  a  mixture  of  nitric  and  sulphuric  acids  converts  milk-sugar 
into  a  substitution-product  called  nitro-lactin,  which  is  precipitated  from  the  acid 
solution  by  water,  and  crystallises  from  alcoholic  solution  in  nacreous  laminae  deton- 
ating when  heated.  (Keinsch;  Vohl,  Jahresb.  1849,  p.  470.) 

When  milk-sugar  is  heated  to  100°  for  some  hours  with  bromine  and  water,  there  is 
formed,  probably  by  direct  addition  of  bromine,  a  brominated  compound,  which  when 
decomposed  by  bases,  yields  isodiglycolethylenic  or  lactonic  acid  (p.  414). 

Milk-sugar  is  not  brought  immediately  by  yeast  into  the  state  of  alcoholic  fermen- 
tation ;  but  when  it  is  left  for  some  time  in  contact  with  yeast,  fermentation  gradually 
sets  in.  When  cheese  or  gluten  is  used  as  the  ferment,  the  milk-sugar  is  converted  into 
lactic  acid  (ii.  631  ;  iii.  455).  Alcohol  is,  however,  always  formed  at  the  same  time, 
especially  if  no  chalk  is  added  to  neutralise  the  acid  as  it  forms;  the  quantity  of  alcohol 
formed  is  greater  also  as  the  solution  is  more  dilute. 

Combinations. — Milk-sugar  unites  with  bases,  but  the  compounds  have  not  been 
much  examined.  It  differs  from  glucose,  in  not  forming  a  definite  compound  with 
chloride  of  sodium.  It  absorbs  about  12*5  per  cent,  ammonia-gas,  which,  however, 
it  again  gives  up  on  exposure  to  the  air.  It  dissolves  in  strong  caustic  potash,  forming 
a  thick  liquid  from  which  alcohol  throws  down  white  flocks  containing  12 '4  per  cent. 
IPO.  The  compound  is  easily  decomposed  by  acids,  even  by  carbonic  acid,  the  milk- 
sugar  separating  from  it  unaltered.  With  soda  a  similar  compound  is  formed,  con- 
taining 8 '3  per  cent.  soda. 

Milk-sugar  dissolves  easily  in  milk  of  lime,  forming  a  solution  in  which  alcohol  pro- 
duces turbidity,  and  if  the  liquid  is  concentrated,  throws  down  a  white  precipitate  con- 
taining, when  washed  and  dried,  from  1T2  to  15'7  per  cent.  lime.  Baryta  forms  a 
similar  compound  containing  40'1  pure  baryta. 

Milk-sugar  gently  heated  with  oxide  of  lead,  gives  off  water.  On  digesting  the 
aqueous  solution  with  lead-oxide,  at  a  temperature  below  50°,  part  of  the  oxide 
dissolves,  and  an  insoluble  compound  remains  suspended,  containing  when  dried  63'5 
per  cent,  lead-oxide.  The  dissolved  portion  evaporated  in  a  vacuum  leaves  a  gummy 
soluble  mass,  containing  18'1  per  cent,  lead-oxide  :  ammonia  added  to  the  solution 
throws  down  an  insoluble  compound. 

Estimation  of  Milk-Sugar.  Milk-sugar  may  be  estimated  like  glucose  (ii.  865). 
Poggiale  (Compt  rend,  xxviii.  505)  prepares  the  test-liquor  by  dissolving  10  grms. 
of  cupric  sulphate,  10  grms.  of  cream  of  tartar,  and  30  grms.  caustic  potash  in 
200  grms.  distilled  water.  The  filtered  liquid,  which  has  a  deep  blue  colour,  is  titrated 
by  determining  the  amount  of  pure  milk-sugar  required  to  decolorise  a  given  volume 
of  it.  To  determine  the  quantity  of  sugar  in  milk,  it  is  necessary,  in  the  first  place,  to 
separate  the  fat  and  the  casein  (p.  1016).  Milk-sugar  may  also  be  estimated  by  its 
rotatory  power. 

Products  of  the  Transformation  of  Milk-sugar. 

1.  LACTOSE  or  GALACTOSE,  C6H1206  (Pasteur,  Compt.  rend.  xlii.  347).  A  kind  of 
sugar  isomeric  with  glucose,  and  bearing  considerable  resemblance  to  it,  produced  by 
boiling  milk-sugar  for  several  hours  with  4  pts.  of  water  and  2  per  cent,  sulphuric 
acid,  neutralising  with  chalk,  evaporating  the  filtrate  to  a  syrup,  and  then  leaving  it  to 
crystallise. 

Lactose  crystallises  more  readily  than  grape-sugar,  in  nodules  consisting  of  micro- 
scopic, limpid,  rectangular  prisms  acuminated  at  the  ends, — more  generally  of  six- 
sided,  round-edged  laminae  having  a  pen-shaped  protuberance  in  the  middle.  Dextro- 
rotatory power  for  the  transition  tint,  [.a]  =  83-22°  at  15°;  in  the  recently  prepared 
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solution  it  is  stronger,  [a]  =  139  66°,  but  sinks  to  the  former  magnitude  slowly  at 
ordinary  temperatures,  instantly  on  boiling. 

Lactose  dissolves  in  water,  does  not  combine  with  chloride  of  sodium,  and  dissolves 
but  very  sparingly  in  cold  alcohol. 

Lactose  yields  with  nitric  acid  twice  as  much  mucic  acid  as  milk-sugar.  From  an 
alkaline  solution  it  reduces  as  much  cupric  oxide  as  grape-sugar.  It  ferments  in  con- 
tact with  yeast.  If  the  fermentation  be  interrupted  before  it  is  complete,  the  liquid 
still  contains  unaltered  lactose,  which  therefore  has  not  undergone  any  division  or  fur- 
ther alteration  during  the  fermentation.  In  this  fermentation  the  same  products  are 
formed  as  in  the  fermentation  of  cane-sugar.  (Pasteur,  Ann.  Ch.  Phys.  [3]  Iviii. 
356.) 

2.  LACTOCARAMEL,  C6H1005.     Produced  when  milk-sugar  is  heated  for  some  time  to 
180°.   It  is  a  dark  brown  substance,  soluble  in  water,  insoluble  in  alcohol,  and  capable  of 
combining  with  the  oxides  of  lead  and  copper.     (Lieben,  Wien.  Akad.  Ber.  xviii. 
180  ;  Gm.  xv.  227.) 

3.  GAXLACTIC  and  PECTOLACTIC  ACIDS.     These  names  are  given  by  Bodeker  and 
Struckmann    (Ann.  Pharm.  c.  264)  to  two   acids  produced  when   milk-sugar  is 
oxidised  in  alkaline  solution  by  cupric  oxide.     Both  are  syrupy,  and  form  uncrystallis- 
able  salts,  respecting  the  supposed  composition  of  which,  see  Gm.  xv.  229. 

4.  NITBOLACTIN  is  best  prepared  by  treating  milk-sugar  with  a  mixture  of  nitric 
and  sulphuric  acid,  and  precipitating  with  water.   It  crystallises  from  alcoholic  solution 
in  nacreous  laminae,  which  detonate  when  heated. 

MILLERITE.    Native  sulphide  of  nickel     (See  NICKEL.) 

2VHIiIjIl>JGTOroZA.  The  bark  of  Millingtonia  hortensis  L.,  used  in  Java  as  a 
remedy  against  fever,  contains,  according  to  E.  Hollandt  (Jahresb.  1861,  p.  767) 
— besides  starch,  gum,  sugar,  fat,  wax,  and  an  iron-greening  tannin — a  small  quantity 
of  a  bitter  substance,  and  certain  bodies  described  as  humic  acid,  to  which  the  for- 
mulas C**H*0™  and  C"2T-70*6  are  assigned. 

raiXiOSCKICT.  A  compact  chromiferous  mineral,  probably  a  mechanical  mixture, 
containing,  according  to  Kersten  (Pogg.  Ann.  xlvii.  485),  27'50  per  cent,  silica,  45-01 
alumina,  3'61  chromic  oxide,  0'30  lime,  0'20  magnesia,  and  23*30  water  (=  99'92). 
Colour  indigo-blue  to  celandine-green.  Hardness  =  2.  Specific  gravity  =  2*1 3. 
Yields  water  when  heated  in  a  tube.  Infusible  before  the  blowpipe ;  partly  dissolved 
by  hydrochloric  acid.  Found  at  Rudniak  in  Servia,  associated  with  quartz  and  brown 
iron  ore. 

aiXXVEETESXTF.  Mivnetene.  Mimetite.  Green  Lead-ore.  Traubenblei.  Varieties : 
Kampylite,  Hedyphane. — This  name  is  applied  to  several  minerals,  isomorphous  with 
pyromorphite,  consisting  either  of  pure  arsenato-chloride  of  lead,  or  of  isomorphous 
mixtures  of  this  compound  with  the  corresponding  phosphate-chloride,  and  with  the 
analogous  calcium-compounds.  The  crystals  are  hexagonal  prisms,  exhibiting  the 
combinations  P  .  oP(fy.  239,  ii.  739),  P  .  ooP  .  oP  {Jig.  240),  o>P  .  oP .  2P2  (fig.  241), 
and  P  .  oP  .  ooP  .  <xP2.  Length  of  principal  axis  =07392.  Angle  P :  P;  (terminal) 
=  142°  7';  (lateral)  =  80°  25'.  Cleavage  imperfect  parallel  to  P  and  ooP.  Hard- 
ness =  3'5.  Specific  gravity  =  7*19  to  7'35,  mimetene;  5*3  to  5'5,  hedyphane;  6-8  to 
6-9,  kampylite.  Lustre  resinous.  Colour  pale  yellow  passing  into  brown,  sometimes 
orange-yellow  (kampylite)  from  the  presence  of  chromate  of  lead ;  sometimes  whitish 
when  containing  much  calcic  phosphate  (hedyphane).  Streak  v/hite  or  nearly  so. 
Subtransparent  to  subtranslucent.  Sectile.  Melts  before  the  blowpipe  on  charcoal, 
but  less  easily  than  pyromorphite ;  exhibits  a  crystalline  surface  on  cooling,  and  is 
easily  reduced  to  lead-globules  with  evolution  of  arsenical  fumes.  Soluble  in  nitric 
acid  and  in  potash. 

Analysis. — a.  From  the  Azulaques  mine  near  La  Blanca,  Zacatecas,  Mexico  :  yellow 
needle-shaped  crystals  on  wulfenite  (Bergemann,  Pogg.  Ann.  Ixxx.  401). — b.  Phcenix- 
ville,  Chester  County,  Pennsylvania:  colourless  or  yellow  crystals  (Smith,  Sill.  Am. 
J.  [2]  xx.  342). — c.  Johann-Georgenstadt :  yellow  crystallised  (Wo hie r,  Pogg.  Ann. 
iv.  161). — d.  Caldbeck-fell,  Cumberland  (Breithaupt's  kampylite')  (Kammelsberg, 
ibid.  xci.  316). — e.  Horrhausen  in  Saxony  (Dufrenoy,  Traite  de  Min.  iii.  46). — 
/.Cornwall  (Dufrenoy,  loc.  cit.}.—g.  Preobrajansk  mine,  Siberia:  crystals  yellow 
within,  but  black  on  the  outside,  from  a  coating  of  pyrolusite  (Struve,  Eammehberg's 
Miner  alchemic,  p.  382). — h.  Langbanshytta,  Sweden  (Breithaupt's  hedyphane} :  mas- 
sive, greyish-white  (Kersten,  Schw.  J.  Ixii.  1). — i.  Mina  Grande,  near  Arqueros  in 
Chile;  yellow,  earthy.  (Domeyko,  Ann.  Min.  [4]  xiv.  145.) 

L  Containing  only  Arsenic  Acid. 

Cl.  As-'O*.  Pl>(). 

a.     2-44         23-06         74'96     =      1()0'46. 
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II.  Containing  Arsenic  and  Phosphoric  Acids. 

100-28 


Cl. 

As2O5. 

P2Q5. 

PbO. 

b.       2-39 

23-17 

0-14 

74-58 

c.   not  deter- 

21-19 

not  deter- 

75-56 

mined 

mined 

d.       2-41 

18-47 

3-34 

76-47 

e.       2-65 

22-20 

0-38 

74-62 

/.       2-31 

21-65 

079 

73-87 

g.      2-38 

19-58 

2-44 

76-14 

0-50  =     101-19 

=  99-85 

=  98-62 

=  100-54 

III.  Containing  Lime. 

Cl.  As2Os.  P2Q5.  V2Q3.          PbO.  CaO.  CuO. 

h.     2-66         22-78     not  determined    .     .         51-03         14-09 
«.      2-41         12-06  5-36  T94         68-46  8'31         0'96   =   99-50.* 

The  mineral  I.  is  a  compound  of  chloride  of  lead  and  pure  tri plumbic  arsenate, 
PbCl2.3Pb3As208. 

Those  included  under  II.  are  isomorphous  mixtures  of  true  mimetesite  and  pyro- 

morphite  (phosphato-chloride  of  lead)  represented  by  the  formula  PbCP.3Pb3(As ;  P)208. 

In  the  two  minerals  included  under  III.,  the  lead  is  partly  replaced  by  calcium ;  the 

composition  of  h  may  be  nearly  represented  by  the  formula  PbCl2.3[|^  I   j  fp   j 2()8T 

The  earthy  mineral  from  Chile  appears  to  be  hedyphane  mixed  with  a  little  vanadate 
of  lead. 

MIMOSA  or  ACACIA  GUM.     See  GUM  (ii.  953). 
MIMOTANNIC  ACID.     Syn.  with  CATECHU-TANNIC  ACID  (i.  817). 
MINDERERI  SPXRXTUS.     Acetate  of  Ammonium  (i.  13). 

MXNERAXi.  This  term,  in  its  widest  sense,  denotes  any  substance  not  formed 
by  the  processes  of  organic  life  ;  in  its  more  restricted  and  more  usual  sense,  it  signifies 
any  homogeneous  solid  or  liquid  inorganic  body,  formed  by  natural  processes,  without 
the  concurrence  of  ar*.  Minerals  understood  in  this  sense,  constitute  the  essential  part 
of  the  earth's  crust.  It  is  usual,  however,  to  include  under  the  same  general  denomi- 
nation, several  substances  which  are  evidently  the  remains  of  organised  beings,  chiefly 
vegetables,  which  lived  upon  the  earth  in  former  ages,  e.g.  coal,  lignite,  amber,  and  the 
several  varieties  of  fossil  resins  and  bitumens.  Such  bodies  should  perhaps  in  strict- 
ness be  called  fossils,  but  they  are  more  usually  classed  with  minerals,  and  described 
as  such  in  works  on  Mineralogy. 

MINERAXi  ACIDS  are  acids  of  inorganic  origin,  either  existing  ready  formed 
.in  natural  minerals,  or  formed  from  inorganic  materials  by  artificial  processes.  The 
term  is  chiefly  applied  to  the  stronger  acids,  sulphuric,  nitric,  phosphoric,  hydro- 
chloric, &c. 

MINERAXi   AXiXAXiX.    An  old  name  of  Soda.     (See  ALKALI,  i.  115.) 

MINER AXi  BXiUE.  A  term  sometimes  applied  to  Prussian  blue  when  mixed 
with  certain  white  substances,  such  as  clay,  heavy  spar,  gypsum,  &c.,  which  give  it  a 
light  blue  colour. 

MINERAX.   CAOUTCHOUC.     Syn.  with  ELATERITE  (ii.  374). 

MXNERAXi  CHAMJEXiEON.    Manganate  of  potassium  (p.  818). 

MINERAXi  GREEN.     Scheele's  green.     (See  GREEN  PIGMENTS,  ii.  914.) 

MINERAXi  INDIGO.  A  term  applied  by  Keller  to  the  blue  oxide  of  molyb- 
denum, formed  by  the  reducing  action  of  tin  or  staunous  chloride  on  recently  precipi- 
tated molybdic  acid.  (See  MOLYBDENUM,  p.  1036.) 

MINERAXi  XLERMES.     Amorphous  Trisulphide  of  ANTIMONY  (i.  330). 

MINERAX.  Oil.  PITCH,  RESIN.     (See  PETROLEUM.) 

MINERAXi  PURPXiE.     Gold-purple  or  Purple  of  Cassius  (ii.  938). 

MXNERAXi  TAXiXiOW.     Syn.  with  HATCHETTIN  (p.  14). 

MINERAXi  TURPETHUM.     Mercuric  sulphate.     (See  SULPHATES.) 

MXNERAX.  -WATERS.     See  WATER. 

MXNERAXi  YELLOW.  A  term  sometimes  applied  to  the  yellow  oxychlorides 
of  lead,  used  as  pigments  (p.  556). 

*  After  deduction  of  1-1  alumina  and  ferric  oxide,  2  clay,  ana  1T2  water. 
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MZNETTE.     An  eruptive  rock  occurring  in  the  Vosges,  where  it  forms  small  veins 
chiefly  in  granite  and  syenite.      It  consists  of  mica  (the  characteristic  constituent) 
varying  in  colour  from  brownish-black  to  greenish,  and  orthoclase  imbedded  in  a  fel- 
spathic  ground-mass.     It  is  usually  fine-grained,  often  porphyroidal,  when  the  felspar 
crystals  are  well  developed.     The  ground-mass  frequently  also  contains  greyish-green 
or  dark  green  hornblende  already  far  advanced  in  decomposition.     The  rock  also  con- 
tains quartz  (in  very  small  quantity),  triclinic  felspar,  chlorite,  calcspar,  &c.,  often  also 
crocidolite.    A  specimen  from  the  Ballon  d' Alsace,  gave  by  analysis : 
SiO".       Al*0*.    Mn"Q3.  FeO".    CaO.      MgO.    K'O.  Na«O.»     H"O.     CO". 
56-96     12-95     0'65     7'58     4-63     6'62     4-35     2-22     1'44     1-94  =  99'34 

(Delesse,  Ann.  Min.  [5]  x.  517  ;  Jahresb.  1857,  p.  705).  A  rock  of  similar  constitu- 
tion, from  Mittershausen  in  the  Odenwald,  has  been  analysed  by  Bun  sen  (Jahresb. 
1861,  p.  1068). 

MZXrZUIK.     Ked  oxide  of  lead  (p.  551). 

MIETJAC-T  ATTICA  WATI  or  TXNXAWAW.  A  solid  vegetable  fat  obtained 
from  the  fruit  of  a  tree  growing  in  Borneo  and  Sumatra.  The  principal  portion  of  it, 
insoluble  in  cold  alcohol,  consists,  like  cacao-fat,  of  stearin,  palmitin  and  olein ;  a  smaller 
portion,  soluble  in  cold  alcohol,  contains  free  stearic  acid,  palmitic  acid,  and  traces  of  a 
volatile  fatty  acid.  (E.  Kuge,  Jahresb.  1862,  p.  506.) 

XKXRABKLIiES.     See  FRUIT  (ii.  714). 

ITCIRABILITE.     Syn.  with  Glauber  salt.     (See  SULPHATES.) 

MXSENXTS.  Acid  sulphate  of  potassium,  KHSO4,  occurring  in  white  silky  fibres 
in  a  hot  tufa  cavern  near  Misene.  (Scacchi,  Mem.  Greol.  sulla  Campania,  1849,  p.  98.) 

MZSPZCKEX..  Fe2As2S2,  Arsenical  pyrites,  Arsenopyrite,  Danaite,  Plinian,  Fer 
arsenical,  prismatischer  Arsenikkies. — This  mineral  occurs  in  trimetric  crystals,  in 
which  the  ratio  of  the  axes  a  :  b  :  c  =  0*676  :  1  :  1-189.  Angle  o>P  :  ooP  =  68°  7' ; 
£  Poo  :  £  Poo  in  the  baaal  principal  section  =  34°  34'.  Ordinary  combination 
ooP  .  £  Poo  .  Cleavage  rather  distinct,  parallel  to  ooP.  Occurs  almost  columnar,  com- 

Eict  granular,  or  impalpable.  Hardness  =  5 '5  to  6.  Specific  gravity  =  6  to  6'4. 
ustre  metallic.  Colour  silver-white  inclining  to  steel-grey.  Streak  dark  greyish- 
black.  Fracture  uneven.  Brittle.  Heated  in  a  tube,  it  first  yields  a  red  or  brown 
sublimate  of  sulphide  of  arsenic,  then  a  black  sublimate  of  metallic  arsenic.  On  charcoal 
before  the  blowpipe,  it  melts  to  a  black  magnetic  bead,  which  sometimes  exhibits  the 
reactions  of  cobalt  as  well  as  those  of  iron.  According  to  Berthier,  when  heated  in  a 
closed  crucible,  it  gives  off  half  its  sulphur,  and  a  fourth  of  its  arsenic.  Nitric  acid 
decomposes  it,  with  separation  of  sulphur  and  arsenious  acid ;  nitro-muriatic  acid,  with 
separation  of  sulphur  alone,  which  may  be  completely  dissolved  by  prolonged  digestion. 
Analyses,  a.  Freiberg  (Behnke,  Pogg.  Ann.  xcviii.  184). — b.  Ehrenfriedersdorf : 
Plinian  (Plattner,  ibid,  bcxvii.  127,  Ixxix.  430). — c.  Eeichenstein  (Weidenbusch, 
Rammdsberg 's  Mineralchemie,  p.  58). — d.  Melchiorstollen  near  Jauernick  in  Austrian 
Silesia:  massive  (F rei tag,  ibid.). — e.  Sala  in  Sweden  (Behnke,  loc. cit.). — /.  Altenberg, 
near  Kupferberg  in  Silesia:  large  crystals  of  specific  gravity  6 '043  (Behnke). — g. 
Rothzechau,  near  Landshut  in  Silesia:  specific  gravity  6-067  (Behnke). — h.  Wettin: 
small  twin-crystals,  of  specific  gravity  5'365  and  5'637  (Bantsch,  Zeitschr.  f.  d.  ges. 
Natunr.  vii.  372) : 


Sulphur 
Arsenic 
Antimony 
Iron 

20-38 
44-83 

34-32 

b. 
20-08 
45-46 

34-46 

19-17 
45-94 

3*3-62 

d. 
21-14 
41-91 

36-95 

e. 
18-52 
42-05 
1-10 
37-65 

/. 
20-25 
43-78 
1-05 
34-35 

g> 
19-77 
44-02 
0-92 
34-83 

h. 
22-63 
39-86 

37-51 

99-53 

100-00 

98-73 

100-00 

99-32 

99-43 

99-54 

100-00 

Mispickel  is  also  found  in  beds  at  Breitenbrunn  and  Raschau,  Andreasberg  and 
Joachimsthal ;  at  Tunaberg  in  Sweden ;  and  at  Huel-Maudlin  and  Unanimity  in  Corn- 
wall ;  also  at  Franconia,  Jackson  and  Haverhill  in  New  Hampshire,  and  several  other 
localities  in  the  United  States.  (Dana,  ii.  63.) 

Dana'ite  (ii.  303)  and  Glaucodote  (ii.  846)  are  varieties  of  mispickel  in  which  the 
iron  is  partly  replaced  by  cobalt,  to  the  amount  of  one-sixth  in  the  former  and  one- 
third  in  the  latter.  (Dana,  ii.  62. ) 

ivnSTLETOE.  Viscum  album. — The  chemical  constitution  of  this  plant  has 
been  examined  by  P.  Reinsch  (Jahresb.  1860,  p.  541),  who  has  found  in  it  two  viscous 
substances  called  viscaoutchin  and  viscin  (q.  v.). 

*  With  a  little  liihia  ;  a  trace  of  copper  was  also  found. 
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MIST.  An  impure  ferric  sulphate  found  at  Rammelsberg,  near  Goslar  in  the 
Harz.  (See  SULPHATES.) 

iviiTiS-GREEltf.  Arsenate  of  copper,  2CuO.As205.  (See  GBEEN  PIGMENTS, 
ii.  944.) 

ZVHZZOirXTE.     Syn.  with  MEIONITE  (p.  865). 

MOCHA  STONE  or  Moss  Agate.     (See  AGATE,  i.  62.) 

1VTODUMITE  or  Skutterudite.  An  arsenide  of  cobalt,  Co2 As6,  found  at  Skutterud, 
near  Modumin  Norway  (i.  1042). 

MOHSXBTE.  Syn.  with  Leucopyrite  or  native  proto-arsenide  of  iron,  FeAs 
(p.  368). 

TCOHSITE.     Native  titanate  of  iron.     (See  TITANIUM.) 

MOXiECUXiE.  This  term,  in  its  strict  chemical  sense,  denotes  the  smallest  quantity 
of  a  compound  body  that  can  take  part  in  any  chemical  reaction.  Thus,  as  explained 
in  the  article  ATOMIC  WEIGHTS  (i.  457-469),  the  molecule  of  water  is  assumed  to  be 
H20  =  18  and  not  HO  —  9,  because,  in  the  great  majority  of  cases,  18  pts.  by  weight 
(H  =  1)  is  the  smallest  quantity  of  water  that  can  be  taken  up  by,  or  eliminated  from, 
any  group  of  elements  concerned  in  a  reaction.  For  a  similar  reason,  the  molecule  of 
ammonia  is  assumed  to  be  NH3  =17,  and  not  any  multiple  or  submultiple  thereof. 
(See  Odling,  Chem.  Soc.  Qu.  J.  xi.  107.) 

To  enter  into  all  the  considerations  by  which  the  molecular  weights  of  bodies  are  de- 
termined, would  be  to  repeat  what  has  already  been  treated  in  some  detail  in  other 
articles  of  this  work,  especially  that  above  referred  to  (see  also  CLASSIFICATION,  i.  1007). 
It  may  therefore  suffice  to  point  out  in  this  place  that,  among  the  purely  chemical  con- 
siderations which  enter  into  the  determination  of  this  point,  a  prominent  place  must 
be  assigned  to  the  manner  in  which  the  elements  of  a  compound  are  replaced  by  other 
radicles,  simple  or  compound.  Thus,  in  the  four  typical  molecules, 

HC1,  H20,  H3N,  H4C, 

the  hydrogen  in  the  first,  viz.  hydrochloric  acid,  must  be  either  wholly  replaced  or  not  at 
all ;  whereas  in  water,  either  the  half  or  the  whole  of  the  hydrogen  may  be  thus  re- 
placed, but  no  other  fraction  ;  and  in  ammonia,  the  substitution  takes  place  by  thirds  ; 
and  in  marsh-gas,  by  fourths.  Again,  sulphuric  acid  is  regarded  as  dibasic,  and  repre- 
sented by  H'-'SO4 ;  phosphoric  acid  as  tribasic,  and  denoted  by  H3P04 ;  tartaric  acid  as 
tetrabasic,  by  H'.C4H206,  for  similar  reasons. 

Physical  considerations  likewise  enter  largely  into  the  determination  of  molecular 
weights.  Thus,  in  compound  gases  and  all  compounds  whose  specific  gravities  can  be 
determined  in  the  state  of  vapour,  the  molecule  is  assumed  to  be  so  constituted  that 
its  weight  is  double  of  the  specific  gravity,  that  is  to  say,  of  the  weight  of  a  unit- volume 
of  the  vapour.  This  assumption  cannot  at  present  be  said  to  rest  on  any  physical 
basis  ;  but  it  is  found  to  be  true  in  numerous  cases  in  which  the  weight  of  the  molecule 
can  be  fixed  independently  of  it  by  purely  chemical  considerations ;  and  hence  it  is  ex- 
tended to  others  in  which  such  verification  cannot  be  obtained.  Other  physical  con- 
siderations which  enter  into  the  determination  of  molecular  weights  are  specific  heat, 
boiling  point,  isomorphism,  &c.  (See  ATOMIC  WEIGHTS,  i.  466-473  ;  HEAT,  iii.  30-40 
and  89-91;  ISOMORPHISM,  iii.  423-432.) 

The  term  molecule,  as  applied  to  elements,  must  be  understood  in  a  somewhat 
different  sense  from  that  which  it  bears  when  applied  to  compounds.  The  smallest 
quantity  of  an  elementary  body  that  can  enter  into  a  reaction  is  called,  not  a  molecule, 
but  an  atom;  and  the  molecule  of  an  element  is  the  smallest  quantity,  or  group  of 
atoms,  that  can  exist  in  the  free  state.  Many  considerations  lead  us  to  suppose  that  in 
the  majority  of  cases,  this  group  consists  of  two  elementary  atoms,  the  molecule  of 
hydrogen,  for  example,  being  HH.  (See  ATOMIC  WEIGHTS,  i.  466 ;  and  CHEMICAL, 
AFFINITY,  i.  857.)  There  are  also  certain  compound  radicles,  viz.  the  alcohol-radicles 
methyl,  ethyl,  &c.,  whose  molecules  in  the  free  state  are  generally  supposed  to  be  the 
doubles  of  those  by  which  they  enter  into  combination ;  e.g.,  free  methyl  ==  CH3.CHS; 
but  recent  investigations  on  the  relations  between  these  radicles  and  their  hydrides 
(pp.  182,  198),  have  thrown  considerable  doubt  on  the  existence  of  these  particular 
compound  molecules.  e 

MOLYBDENUM.  Symbol,  Mo.  Atomic  Weight,  92. — A  metal  occurring  in 
small  quantity  as  a  sulphide  (molybdenite},  and  as  molybdate  of  lead  (wulfenite}.  The 
native  sulphide  was  first  distinguished  from  plumbago,  which  it  much  resembles,  by 
Scheele  in  1778  ;  the  metal  was  first  prepared  from  the  trioxide  by  Hjelm  in  1782. 

The  most  complete  investigations  of  the  properties  and  combinations  of  this  metal 
have  been  made  by  Berzelius  (Pogg.  Ann.  iv.  153;  vi.  361,  369;  vii.  261); 
Svanberg  and  Struve  (J.  pr.  Chem.  xliv.  257;  Jahresb.  1847-48,  p.  408);  Struve 
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(J.  pr.  Chem.  Ixi.  449  ;  Jahresb.  1854,  p.  346) ;  Bio m  strand  (J.  pr.  Chem.  Ixxi.  449 ; 
Ixxvii.  88;  Ixxxii.  433;  Jabresb.  1857,  p.  191;  1859,  p.  164;  1861,  p.  239) ;  and  H. 
Sch ultze  (Ann.  Ch.  Pharm,  cxxvi.  49;  Jahresb.  1863,  p.  217).  Tbe  name  molybdenum 
is  derived  from  /Lco,\«//35otj'a  or  molybdcena,  applied  by  Dioscorides  and  Pliny  to  galena 
and  other  lead-compounds.* 

Preparation.— Metallic  molybdenum  is  prepared : — 1.  By  exposing  either  of  the 
oxides,  ormolybdate  of  ammonium,  or  acid  molyb'date  of  potassium,  to  a  full  white  heat 
in  a  crucible  lined  with  charcoal.  The  reduction  is  easily  effected,  and  may  even  be 
performed  on  charcoal  before  the  blowpipe  with  carbonate  of  sodium ;  but  to  obtain  a 
fused  button  of  the  metal,  a  very  strong  heat  is  required  (Berzelius). — 2.  By  passing 
dry  hydrogen  gas  over  either  of  the  oxides  of  molybdenum  heated  to  whiteness  in  a 
porcelain  tube.  (Berzelius.) 

Properties. — Molybdenum  reduced  by  hydrogen  is  a  grey  pulverulent  mass  which 
acquires  a  metallic  lustre  by  trituration,  and  conducts  electricity.  By  fusion  in  a 
Deville's  blast-furnace,  it  is  obtained  as  a  white  mass,  with  nearly  silvery  lustre,  harder 
than  topaz,  and  of  specific  gravity  8*6.  (Debray,  Compt.  rend.  xlvi.  1098.) 

Molybdenum  is  unalterable  in  the  air  at  ordinary  temperatures,  but  when  slowly 
heated  it  acquires,  first  a  brownish-yellow,  then  a  blue  tarnish,  and  finally  takes  fire 
(?  the  pulverulent  metal)  and  burns  to  molybdic  trioxide  (Berzelius).  It  is  rapidly  oxi- 
dised by  fusion  with  nitre,  slowly  by  hydrate  of  potassium,  and  it  is  not  dissolved  by 
boiling  potash-lye.  It  dissolves  in  nitric  acid  with  evolution  of  nitrous  fumes,  and  in 
hot  strong  sulphuric  acid  with  evolution  of  sulphurous  anhydride.  If  the  acids  are 
used  in  small  quantity  only,  the  metal  is  converted  into  molybdic  oxide ;  with  a  larger 
proportion  of  sulphuric  acid,  the  blue  oxide  is  formed ;  and  with  a  larger  proportion  of 
nitric  acid  the  product  is  molybdic  acid,  which  is  also  partially  deposited  in  the  solid 
state.  Molybdenum  is  likewise  oxidised  and  dissolved  by  chlorine-water  and  by  a  mixture 
of  nitric  with  sulphuric  or  hydrochloric  acid.  It  is  dissolved  by  boiling  aqueous  arsenic 
acid,  slightly  also  by  phosphoric  and  boric  acids ;  not  by  hydrochloric  or  dilute  sulphuric 
acid.  It  reduces  the  oxides  of  silver  and  mercury  when  triturated  with  them.  Ignited 
in  a  stream  of  aqueous  vapour,  it  is  oxidised,  with  separation  of  hydrogen. 

Combinations. — Molybdenum  enters  into  combination  as  a  diatomic,  tetratomic,  hex- 
atomic,  and  sometimes  also  as  a  tri-atomic  radicle :  thus  it  forms  the  oxides  Mo"0, 
Mo"02,  Mo^O3,  the  chlorides,  Mo"Cl«  and  MolTCl4;  the  bromides,  Mo"Br2,  Mo'"Br3, 
the  bromo-chloride,  MoyiBr4Cl2,  the  oxychloride,  MolTCl20,  &c.  Its  exact  position  in 
the  metallic  series  is  not  yet  exactly  ascertained,  inasmuch  as  its  specific  heat  has  not 
been  determined,  and  those  of  its  compounds  which  are  volatile,  assume  the  gaseous 
state  at  too  high  a  temperature  to  allow  of  the  determination  of  their  vapour-densities 
(see  page  968). 

IVSOIYBBSNUM,  AZiZiOYS  OF.  Molybdenum  unites  with  tin,  lead,  iron, 
copper,  silver,  gold,  and  platinum,  rendering  them  less  fusible,  more  brittle,  and,  except 
in  the  case  of  silver,  whiter.  Molybdide  of  copper  is  of  a  pale,  copper-red  colour, 
malleable  if  the  molybdenum  is  not  in  excess.  With  2  pts.  of  gold,  molybdenum  forms 
a  black,  brittle  glofeule. — Molybdide  of  iron  constitutes  the  so-called  "  bears  "  found  on 
the  hearths  of  copper-furnaces  (p.  368).  Equal  parts  of  molybdenum  and  platinum 
yield  a  hard,  brittle,  shapeless  lump,  having  a  light  grey  colour  and  metallic  lustre, 
and  appearing  compact  on  the  fractured  surface.  4  pts.  platinum  with  1  pt.  molybde- 
num form  a  hard,  brittle,  bluish-grey  alloy,  having  a  granular  fracture  (Hjelm). — 
The  alloy  of  1  pt.  silver  and  2  pts.  molybdenum  is  grey,  granular,  and  brittle. 

Molybdide  of  Aluminium,  AlPMo,  is  obtained  by  dissolving  molybdic  acid  in  hydro- 
fluoric acid,  evaporating  to  dryness,  and  fusing  the  residue  with  a  mixture  of  30  pts. 
cryolite,  30  pts.  of  a  mixture  of  the  chlorides  of  sodium  and  potassium  in  equivalent 
proportions,  and  15  pts.  aluminium,  at  a  strong  red  heat.  On  treating  the  resulting 
regulus  with  soda-lye,  there  remains  a  crystalline  powder  coloured  black  by  a 
film  of  metallic  molybdenum,  but  assuming  an  iron-grey  colour  when  treated  with 
nitric  acid,  and  appearing  under  the  microscope  to  consist  of  rhombic  prisms.  It  acquires 
a  steel-blue  tarnish  when  ignited  in  the  air,  and  dissolves  easily  in  hot  nitric  and 
hydrochloric  acids.  (Wohler,  Ann.  Ch.  Pharm.  cxv.  102.) 

MOLYBDENUM,  BROMIDES  OP.  (Bloms.tr and,  J.  pr.  Chem.  Ixxvii.  88; 
Ixxxii.  433;  Jahresb.  1859,  p.  164;  1861,  p.  239.)  When  bromine-vapour  is  passed 
over  strongly  heated  molybdenum,  an  oxybromide  is  first  formed,  then  a  greyish-green 
sublimate  of  tribromide  close  to  the  heated  part  of  the  tube,  the  metal  at  the  same  time 
acquiring  a  yellowish-red  colour  and  being  at  last  completely  converted  into  dibroraide  ; 
between  these  two  products  there  are  also  found  isolated  shining  needles  of  the  tetra- 
bromide,  of  a  pure  black  colour. 

*  "  Est  et  molybdasna,  quam  alio  loco  galcnam  vocavimus,  vena  argenti  plumbique  coramunis." 
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The  Dibromide  or  Molybdous  bromide^o'TS?1,  is  produced,  as  just  stated,  by 
direct  combination  of  its  elements,  also  by  heating  the  tribromide.  It  is  a  non-  volatile, 
amorphous,  reddish-yellow  body,  which  is  not  perceptibly  attacked  by  hydrochloric, 
nitric,  or  even  boiling  nitromuriatic  acid,  but  dissolves  easily  and  completely  when  heated 
•with  dilute  caustic  alkalis,  forming  a  yellow  solution  containing  molybdous  oxybromide  • 

3MoBr2  +   2KHO     =     2KBr  +  H20  +  MoWO. 

Concentrated  solutions  of  caustic  alkalis  decompose  the  bromide  completely,  with  pre- 
cipitation of  a  black  hydrated  oxide. 

The  yellow  solution  above  mentioned,  when  exposed  to  the  air,  gradually  deposits 
small  shining  golden  yellow  crystals  of  a  hydrated  molybdous  oxybromide, 

MosBr40.9H20  ;  but  when  neutralised  with  an  oxygen-acid,  it  yields  a  dark  yellow, 
floeculent  or  granular  precipitate  of  the  same  oxybromide  with  a  smaller  quantity  of 

water,  Mo3Br40.3H20.  The  oxybromide  dissolves  with  yellow  colour  in  alkalis  and  in 
the  stronger  oxygen-acids,  and  from  the  acid  solutions  thus  obtained,  the  bromine  is  not 
precipitated  by  silver  salts.  —  The  solution  of  the  oxybromide  in  dilute  aqueous  alkalis 
forms  with  hydrobromic,  hydrochloric,  or  hydriodic  acid,  a  yellow  precipitate,  insoluble 

in  acids,  but  soluble  in  alkalis,  and  consisting  of  Mo3Br6.3H20,  Mo3Br4CF.3H20  or 

Mo3Br4I2.3H20.  —  Blomstrand  regards  all  these  compounds  as  containing  the  diatomic 
radicle,  bromomolybdenum,  MoBr4,  e.g.,  the  oxybromide,  (MoBr4)"0,  the  chlorobromide, 
(MoBr')"Cl2,  &c.  (See  page  1030.) 

The  Tribromide,  Mo'"Br3,  or  Molybdoso-molybdic  bromide,  MoBr2.MoBr4,  is 
produced  as  above  mentioned,  by  direct  combination,  or  with  greater  facility  by  passing 
bromine-vapour  over  a  heated  mixture  of  molybdic  oxide  and  charcoal.  It  is  sometimes 
obtained  in  separate  crystals,  but  more  frequently  in  blackish-green  masses  consisting 
of  delicate,  capillary,  interlaced  needles.  It  is  difficult  to  sublime,  and  at  a  bright  red 
heat  is  resolved  into  the  dibromide  and  free  bromine.  It  is  not  even  wetted  by  water, 
and  not  attacked  by  boiling  hydrochloric  acid  or  by  cold  dilute  nitric  acid.  Dilute 
alkalis  act  upon  it  slowly,  and  at  the  boiling  heat  decompose  it  completely,  with 
separation  of  black  molybdic  hydrate. 

The  Tetrabromide  or  Molybdic  bromide,  MotTBr4,  formed  also  by  direct  com- 
bination (p.  1028),  is  fusible  and  volatile,  forming  a  brown  -red  vapour;  it  deliquesces 
in  the  air  to  a  black  liquid  ;  and  forms  with  water  a  yellow-brown  solution,  from  which 
alkalis  throw  down  molybdic  hydrate  of  a  rusty  yellow  colour.  It  is  easily  resolved  by 
heat  into  the  dibromide  and  free  bromine,  the  temperatures  at  which  it  is  formed  and 
decomposed  being  very  close  together. 

The  hexbromide,  MoviBr6,  has  not  been  obtained,  but  the  corresponding  oxybro- 
mide, MoviBr202,  is  produced  by  passing  bromine-  vapour  over  heated  molybdic  oxide, 
MoO2,  or  by  heating  molybdic  trioxide  with  boric,  or  phosphoric  anhydride,  and  fusing 
the  pulverised  mass  with  bromide  of  potassium,  e.  g.  : 

MoO3    +  B203  +    2KBr     =     2KB02  +  MoBr202. 

When  quickly  sublimed,  it  forms  indistinct  crystalline  scales  ;  but  by  slow  sublimation 
it  may  be  obtained  in  more  distinctly  developed  crystalline  plates  of  yellow-red  colour 
and  fatty  lustre,  which  deliquesce  in  contact  with  the  air,  and  forma  colourless  solution 
in  water. 


CHX.ORIDES  OP.  Molybdenum  forms  three  chlorides, 
analogous  to  the  bromides.  The  tri-chloride  and  tetrachloride  were  first  prepared  by 
Berzelius,  who  also  obtained  the  dichloride  in  solution  ;  these  compounds  have  been 
more  fully  examined  by  Blomstrand,  who  has  also  obtained  the  anhydrous  dichloride 
and  several  oxychlorides. 

Dichloride  or  Molybdous  Chloride,  Mo"Cl2.  —  This  compound  is  formed, 
together  with  the  other  chlorides,  by  passing  chlorine-gas  over  heated  molybdenum.  It 
may  be  prepared,  though  not  in  a  state  of  purity,  by  exposing  the  trichloride  to  a 
moderate  heat  in  an  atmosphere  of  carbonic  anhydride,  or  other  gas  which  does  not  act 
upon  it,  or  by  heating  metallic  molybdenum  with  calomel  ;  also,  though  in  very  small 
quantity,  by  passing  chlorine-gas  largely  diluted  with  carbonic  anhydride  over  mode- 
rately heated  molybdenum;  it  is  likewise  formed  in  small  quantity,  together  with  the 
tetrachloride,  by  passing  chlorine  over  a  heated  mixture  of  molybdic  oxide  and  char- 
coal when  the  temperature  is  very  high.  (Blomstrand.) 

Molybdous  chloride  is  obtained,  in  solution,  by  saturating  hydrochloric  acid  with  mo- 
lybdous hydrate.  The  dark-brown  solution  yields  on  evaporation  a  black  mass  which 
redissolves  almost  entirely  in  water,  but  on  evaporation  in  vacuo,  gives  off  hydrochloric 
acid  and  water,  and  is  converted  into  a  black  pulverulent  oxy  chloride.  (Berzelius.) 
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The  anhydrous  dichloride  is  an  amorphous  powder  of  dull  yellow  colour,  inclining 
to  greenish  from  the  presence  of  impurities.  It  behaves  with  alkalis  like  the 
dibromide,  but  dissolves  easily  and  completely  in  hydrochloric,  hydrobromic,  and 
hydriodic  'adds.  The  alkaline  solution  when  exposed  to  the  air,  deposits  molybdous 

oxychloride,  Mo3Cl40,in  combination  with  water,  sometimes  in  very  small  crystals, 
but  generally  as  an  amorphous  gummy  precipitate.  Acids  (especially  acetic  acid) 

added  to  the  same  solution,  throw  down  the  hydrated  oxychloride,  Mo3Cl40.3H20,  in 
the  form  of  light  yellow  flocks,  which  when  recently  precipitated,  and  washed  with 
water,  dissolves  easily  in  the  stronger  acids.  (Blomstrand.) 

The  hydrated  oxychloride  boiled  with  hydrobromic,  hydriodic  and  hydrochloric  acids, 
yields  solutions  which  deposit  compounds  of  exactly  analogous  constitution,  having  the 
oxygen  replaced  by  an  equivalent  quantity  of  bromine,  iodine  or  chlorine.  With 
hydrobromic  acid,  the  chlorobromide,  Mo9Cl4Br2. 3H20,  is  obtained,  in  thin  reddish- 
yellow  scales,  insoluble  in  water,  but  soluble  in  alcohol ;  the  alcoholic  solution  highly 

concentrated  at  100°,  deposits  short  prismatic  crystals  containing  Mo3Cl4Br2.6H20, 
easily  soluble  in  water  and  forming  a  solution  which,  after  a  while,  becomes  turbid 
unless  it  contains  a  large  quantity  of  free  acid),  and  deposits  a  granular  powder. 

Similarly  with  hydriodic  acid,  the  compound  Mo3Cl4I2.3H20  is  obtained,  as  a  scaly 

crystalline  substance,  insoluble  in  water ;  also  Mo3Cl4I2.6ED-'0,  which  resembles  the 
corresponding  bromine-compound,  but  forms  darker-coloured  crystals.  The  cor- 
responding chlorine-compounds,  Mo3Cl6.3H20  and  Mo3Cl«.6H20  (or  MoCl2.H20  and 

MoCl2.2H'-0),  are  obtained  in  like  manner,  the  former  in  thin  scales  insoluble  in  water, 
the  latter  in  light  yellow  slender  needles  or  prisms,  which  also  dissolve  in  water, 
forming  a  solution  which  soon  becomes  turbid.  The  acid  solutions  of  these  compounds 
may  be  repeatedly  evaporated  to  dryness,  even  in  contact  with  the  air  without  percep- 
tible decomposition.  The  solid  compounds  heated  in  an  atmosphere  of  carbonic 
anhydride,  first  give  off  nothing  but  water ;  but  afterwards,  if  the  heat  be  quickly 
raised,  a  certain  quantity  of  acid  is  given  off,  so  that  the  residue  always  contains  more 
or  less  of  the  corresponding  oxychloride,  or  even  molybdous  oxide,  e.g. 

Mo3Cl4Br2   +   H20     =     Mo3Cl40   +    2HBz? 
and  Mo3Cl4Br2   +    3H20  =       3MoO     +    2HBr  +  4HC1. 

The  same  decompositions  take  place,  but  to  a  greater  extent,  when  these  compounds 
are  heated  in  contact  with  moist  air. 

The  haloid  molybdous  compounds  just  described  unite  with  the  haloid  salts  of  potassium 
and  ammonium,  forming  double  salts  having  the  composition  Mo8Cl6.KCl ;  Mo3Cl4Brs. 
2NH4Br,  Mo3CPBr2.2KBr,  &c.,  which  crystallise  out  almost  completely  from  their 
acid  solutions  on  cooling.  These  double  salts  vary  in  colour  from  shining  straw- 
yellow  (the  chlorine-salts),  to  deep  yellowish-red  (the  iodine-salts);  they  are  of 
various,  usually  prismatic  form  ;  are  decomposed  by  pure  water,  the  alkali-metal  salt 
dissolving,  while  the  molybdous  compound  (Mo3Cl4Br2,  for  example)  separates  in 
combination  with  3H2O  ;  but  dissolve  without  decomposition  in  water  containing  free 
acid.  Alcohol  dissolves  some  of  them  (Mo"Cl4Br2.2NH4Br,  for  example)  without 
decomposition,  whereas  from  others  (as  Mo3Cl4Br2.2KBr)  it  dissolves  the  molybdous 
compound,  and  leaves  the  salt  of  the  alkali-metal.  Nitrate  of  silver  added  to  the 
solutions  of  these  double  salts,  throws  down  only  half  the  amount  of  halogen  contained 
in  them  (e.g.  from  MosCl4Br2.2KBr,  only  the  4  at.  bromine,  and  from  Mo8Clfi.2KCl,  or 
Mo3Cl4012.2KCl,  only  4  at.  chlorine) ;  moreover  their  acid  solutions  are  not  decomposed 
by  sulphydric  acid,  even  after  a  day's  contact  (in  the  alkaline  solutions  it  produces  a 
slow  decomposition),  and  they  are  not  precipitated  by  ferro-cyanide  of  potassium. 
From  these  reactions,  and  from  the  composition  of  the  double  salts,  Blomstrand  infers 
that  all  these  compounds  contain  the  diatomic  radicle,  chloromolybdenum  MosCl4,  that 
molybdous  chloride  is  (Mo3Cl4)"Cl2,  the  oxychloride  (Mo3Cl4)"0,  the  chlorobromide 
(Mo3Cl4)Br2,  &c. 

Trichloride,  Mo'"Cls,  or  Molybdoso-molybdic  chloride,  MoCP.MoCl4.  This 
compound  is  obtained,  though  not  in  the  pure  state,  by  passing  the  vapour  of  molybdic 
chloride,  MpCl4,  over  heated  molybdenum.  Berzelius,  who  prepared  it  in  this  manner, 
but  does  not  appear  to  have  analysed  it,  regarded  it  as  the  dichloride ;  but  according  to 
Blomstrand' s  analysis,  the  compound  thus  obtained  has  nearly  the  composition  Mod3. 
The  trichloride  is  more  easily  obtained  by  passing  hydrogen  gas  over  the  tetrachloride 
heated  in  a  glass  tube  by  a  spirit-lamp  ;  or  better,  by  passing  the  vapour  of  the  tetra- 
chloride mixed  with  carbonic  anhydride,  through  a  tube,  one  part  of  which  ia 
very  strongly  heated ;  the  trichloride  then  collects  behind  this  portion,  as  a  thick  homo- 


MOLYBDENUM:  DETECTION.  1031 

geneous  crust  (B  lorn  strand).  It  has  a  dark  copper-red  colour,  and  when  heated  to 
the  melting  point  of  glass,  in  a  vessel  which  does  not  allow  access  of  air,  it  volatilises 
and  forms  a  confusedly  crystalline,  dark  brick-red  sublimate  (Berzelius).  It  is  in- 
soluble in  water,  but  colours  that  liquid  reddish  when  suspended  in  it ;  insoluble  also 
in  dilute  hydrochloric  acid.  When  digested  with  potash  it  yields  chloride  of  potassium 
and  an  insoluble  blackish-brown  hydrated  oxide  of  molybdenum.  (Berzelius.) 

Tetrachloride  or  Molybdic  chloride,  MoiTCP.  This  compound,  discovered  by 
Berzelius,  is  produced  when  chlorine  gas,  free  from  air,  is  passed  over  gently  heated 
molybdenum.  The  metal  then  takes  fire  and  burns  on  the  surface  for  a  few  seconds ; 
but  this  effect  soon  ceases  and  a  dark  red  gas  is  formed,  which  condenses  on  the  cold 
parts  of  the  vessel  in  dark  coloured  metallic-shining  crystals  having  very  much  the 
aspect  of  iodine.  Blom  strand  prepares  it  by  the  action  of  chlorine  on  strongly  heated 
molybdic  sulphide  (the  native  sulphide).  The  crystals  are  very  fusible  (Berzelius), 
somewhat  difficult  of  fusion  (Blomstrand),  and  sublime  at  a  moderate  heat.  When 
exposed  to  the  air,  they  fume  at  the  first  instant,  and  then  deliquesce,  the  original  black 
colour  of  the  liquid  passing  through  blue-green,  greenish-yellow,  and  dark  red  into 
yellow.  When  kept  in  a  vessel  containing  air,  they  absorb  oxygen  and  yield  a  subli- 
mate consisting  of  an  oxychloride. 

Molybdic  chloride  when  thrown  into  water,  dissolves  with  such  violence  that  the 
liquid  effervesces  and  boils,  as  if  a  gas  were  given  off,  which  however  is  not  the  case. 
A  small  quantity  of  the  chloride  drenched  with  a  large  quantity  of  water  forms  a  solu- 
tion which  soon  turns  green  or  blue  from  the  oxidising  action  of  the  air ;  a  stronger 
solution  is  more  permanent,  and  may  be  evaporated  to  dryness  at  a  gentle  heat  without 
decomposition,  the  tetrachloride  then  remaining  as  a  black  mass.  Molybdic  chloride 
may  also  be  obtained  in  solution  by  digesting  the  metal  in  hydrochloric  acid,  and  add- 
ing nitric  acid  from  time  to  time  till  the  liquid  acquires  a  red-brown  colour,  or  by 
digesting  molybdic  anhydride  and  pulverised  molybdenum  (or  metallic  copper)  in 
hydrochloric  acid,  till  all  the  molybdic  anhydride  is  dissolved  and.  the  liquid  has  become 
red.  In  all  these  solutions,  ammonia  forms  a  precipitate  of  molybdie  hydrate. 

Ammonio-molybdic  chloride  is  obtained,  according  to  Berzelius,  by  mixing  a  solution 
of  molybdic  chloride  with  ammonia,  till  the  precipitate  just  begins  to  be  permanent,  and 
leaving  the  solution  to  evaporate,  the  double  salt  then  separating  in  small  brown 
crystals  which  decompose  in  contact  with  air. 

A  solution  of  molybdic  chloride  saturated  with  sal-ammoniac  and  left  to  evaporate 
over  oil  of  vitriol,  first  deposits  brown  crystals  of  sal-ammoniac ;  and  the  mother-liquor 
ultimately  yields  green  octahedrons  of  the  double  salt  3MoCl4.2NH4C1.6H20,  which 
Boon  deliquesce  in  moist  air  to  a  black  liquid  becoming  reddish-yellow  when  diluted, 
and  yielding  with  ammonia  a  yellowish-red  precipitate  of  molybdic  hydrate.  (Blom- 
strand.) 

MOLYBDENUM,  CHLOItOBROlttlDES  OF.     This  compound,  Mo3Br4Cl2,  is 

obtained  by  the  action  of  hydrochloric  acid  on  molybdous  oxybromide,  and  Mo3Cl4Br2 
by  that  of  hydrobromic  acid  on  molybdous  oxychloride.  (Blomstrand,  pp.  1029, 
1030.) 

IVTOiLYBDENinVI,  DETECTION  AND  ESTIMATION'  OF.  1.  Slow- 
pipe,  reactions. — Molybdic  trioxide  heated  on  charcoal  in  the  outer  flame  is  volati- 
lised and  forms  a  white  crystalline  sublimate  on  the  charcoal ;  in  the  inner  flame  it  may 
be  reduced  (even  without  carbonate  of  sodium)  to  metallic  molybdenum,  which  is  sepa- 
rated as  a  grey  powder  on  levigating  the  charcoal.  With  borax,  all  the  oxides  of 
molybdenum  give,  in  the  outer  flame,  a  bead  which  is  yellow  while  hot,  and  colourless 
on  cooling  ;  in  the  inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molyb- 
denum is  present.  By  long  continued  heating,  the  molybdic  oxide  may  be  separated 
in  dark  brown  flakes,  floating  in  the  clear  yellow  glass.  With  microcosmic  salt  in  the 
outer  flame,  all  oxides  of  molybdenum  give  a  bead  which  is  greenish  while  hot,  and 
colourless  on  cooling ;  in  the  inner  flame,  a  clear  green  bead  from  which  molybdic  oxide 
cannot  be  separated  by  continued  heat. 

2.  Reactions  in  Solution. — a.  Solutions  of  molybdous  salts  obtained  by  dis- 
solving molybdous  oxide  in  acids  are  opaque  and  almost  black.  They  yield  with  sul- 
phydric  acid  a  brown-black  precipitate,  and  with  sulphide  of  ammonium  a  yellowish- 
brown  precipitate  of  sulphide  of  molybdenum  easily  soluble  in  sulphide  of  ammonium. 
Alkalis  and  alkaline  carbonates  produce  a  brownish-black  precipitate  of  molybdous 
hydrate  insoluble  in  caustic  alkalis,  slightly  soluble  in  the  neutral  carbonates,  easily 
soluble  in  acid  carbonate  of  potassium  or  carbonate  of  ammonium.  Ferrocyanide  and 
ferricyanide  of  potassium  form  dark  brown  precipitates  insoluble  in  excess.  Phosphate 
of  sodium  forms  a  white  precipitate. 

/3.  Solutions  of  molybdic  salts  have  a  reddish -brown  colour.  When  heated  in 
VOL.  III.  3  U 
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the  air,  they  have  a  tendency  to  become  blue  by  oxidation.  In  contact  with  metallic 
zinc,  they  first  blacken  and  then  yield  a  black  precipitate  of  molybdous  hydrate. 
Their  reactions  with  alkalis,  sulphydric  acid,  &c.,  are  similar  to  those  of  the 
molybdous  salts,  excepting  that  the  precipitates  are  lighter  in  colour. 

7.  Molybdates  are  colourless  unless  they  contain  a  coloured  base.  Solutions  of  the 
alkaline  molybdates  yield  with  acids  a  precipitate  of  molybdic  acid,  soluble  in  excess 
of  the  precipitant.  They  are  coloured  yellow  by  sulphydric  add,  from  formation  of  a 
sulphomolybdate  of  the  alkali-metal  R'^MoS4,  and  then  yield  with  acids  a  brown 
precipitate  of  trisulphide  of  molybdenum.  This  is  an  extremely  delicate  test  for 
molybdic  acid.  They  form  white  precipitates  with  the  salts  of  the  earth-metals,  and 
precipitates  of  various  colours  with  salts  of  the  heavy  metals  ;  e.  g.  white  with  lead  and 
silver  salts  ;  yellow  with  ferric  salts ;  and  yellowish- white  with  mercurous  salts. — Stan- 
nous  chloride  produces  immediately  a  greenish-blue  precipitate,  soluble  in  hydrochloric 
acid,  forming  a  green  solution,  which  turns  blue  on  the  addition  of  a  very  small 
quantity  of  the  tin-solution.  Mercurous  nitrate  forms  a  yellowish- white  precipitate,  soluble 
in  nitric  acid,  blackened  by  ammonia.  When  tribasic  phosphoric  acid,  or  a  liquid 
containing  it,  is  added  to  the  solution  of  molybdate  of  ammonium,  together  with  an 
excess  of  hydrochloric  acid,  the  liquid  turns  yellow,  and  after  a  while  deposits  a  yellow 
precipitate  of  molybdic  acid  combined  with  small  quantities  of  phosphoric  acid  and 
ammmonia.  This  precipitate  is  soluble  in  ammonia  and  likewise  in  excess  of  the  phos- 
phate. The  reaction  is  therefore  especially  adapted  for  the  detection  of  small 
quantities  of  phosphoric  acid.  The  dibasic  and  monobasic  phosphates  do  not 
produce  the  yellow  precipitate.  Arsenic  acid  gives  a  similar  reaction. 

3.  Quantitative  Estimation,  and  Separation.  When  molybdenum  occurs  in 
the  form  of  trioxide  or  molybdic  anhydride  (MoO3),  the  best  mode  of  estimating  it 
is  to  convert  it  into  the  di-oxide,  MoO2,  by  ignition  in  an  atmosphere  of  hydrogen.  This 
oxide,  which  is  not  at  all  volatile,  may  then  be  weighed.  When  molybdic  acid  exists 
in  solution  in  ammonia  or  in  other  acids,  the  solution  must  be  carefully  evaporated  by 
dryness  and  the  residue  treated  as  above. 

Molybdenum  is  separated  from  most  metals  by  its  solubility  in  sulphide  of  ammonium. 
The  filtered  solution  containing  sulphomolybdate  of  ammonium  is  then  treated  with  an 
excess  of  very  dilute  nitric  acid,  to  precipitate  the  trisulphide ;  the  precipitate  is  col- 
lected on  a  weighed  filter  and  its  weight  determined,  after  which  a  known  quantity  of 
it  is  ignited  in  an  atmosphere  of  hydrogen,  to  convert  it  into  the  disulphide,  MoS, 
from  the  weight  of  which  the  amount  of  molybdenum  is  calculated. 

From  arsenic,  molybdenum  may  be  separated  by  converting  the  arsenic  into  arsenic 
acid,  and  precipitating  it  by  a  magnesium-salt  (i.  367).  Antimony  may  be  separated 
from  molybdenum  by  the  same  process  which  serves  to  separate  it  from  arsenic  and 
tin  (i.  369),  the  alkaline  molybdates,  like  the  arsenates  and  stannates,  being  soluble 
in  water.  For  the  separation  of  molybdenum  from  tungsten,  see  TUNGSTEN. 

Molybdic  acid  is  separated  from  the  earths,  by  fusing  the  compound  with  carbonate 
of  sodium,  and  digesting  the  fused  mass  in  water,  which  dissolves  molybdate  of  sodium 
and  leaves  the  earth  as  carbonate. 

From  the  fixed  alkalis,  molybdic  acid  maybe  separated  by  precipitation  with  mer- 
curous nitrate.  The  precipitate  is  thoroughly  washed  with  a  dilute  solution  of  the 
mercurous  nitrate,  then  dried  and  ignited  at  a  moderate  heat  in  a  stream  of  hydro- 
gen, whereby  it  is  reduced  to  molybdic  oxide. 

4.  Atomic  Weight  of  Molybdenum.  Berzelius,  in  1818  (Schw.  J.  xxii. 
61),  endeavoured  to  determine  the  atomic  weight  of  this  metal  by  the  quantity 
of  molybdate  of  lead,  PpbMO4,  obtained  by  precipitation  from  a  known  weight  of  the 
nitrate;  in  this  way  he  obtained  for  molybdenum  the  number  96,  which  however  he 
regarded  as  only  an  approximation. 

Svanberg  and  Struve  (Ann.  Ch.  Pharm.  Ixviii.  209),  from  an  extensive  series  of 
experiments,  considered  that  the  most  accurate  results  were  obtained  by  roasting  the 
disulphide,  MoS2,  in  air.  They  found  in  ten  experiments,  that  the  artificially  prepared 
disulphide  lost  by  roasting,  from  9'929  to  10'356  per  cent,  of  its  weight;  whence, 
taking  the  atomic  weight  of  sulphur  at  32,  they  obtained,  as  a  mean  result,  the  number 
92*14 ;  but  the  results  of  the  individual  experiments  (even  excluding  the  three  which 
differed  most  widely  from  the  rest)  varied  from  80'88  to  97 '15,  so  that  no  great  depen- 
dence can  be  placed  on  the  mean  result. 

Berlin,  in  1850  (Ann.  Ch.  Pharna.  Ixxvi.  272),  analysed  the  ammonium- salt, 

(NH4)2Mo8017.3H20  or  2NH40.5Mo03.3H20, 

and  found  the  quantity  of  molybdic  anhydride,  MoO8,  left  on  igniting  it,  to  vary  in  four 
experiments,  only  between  81-555  and  81*612 :  mean  81,681,  whence  he  obtains  for 
molybdenum  the  number  92,  nearly  the  same  as  that  found  by  Svanberg  and  Struve. 
On  the  other  hand,  Dumas  (Ann.  Ch.  Phys.  [3]  Ix.  129),  by  reducing  crystallised 
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molybdic  anhydride  in  a  current  of  hydrogen,  obtained  in  six  experiments,  values  of 
Mo  between  95'2  and  96-2 :  mean  957  ;  he  regards  96  as  the  true  atomic  weight  of 
molybdenum,  which  is  the  same  as  that  originally  found  by  Berzelius. 

MOI.Y3DENUIW:,  FLUORIDES  OP.  a.  Molybdous  Fluoride.— 'M.oly'bdons 
oxide  dissolves  in  hydrofluoric  acid,  forming  a  purple-red  liquid  which  dries  up  at  a 
gentle  heat  to  a  varnish  of  the  same  colour ;  this  residue  when  more  strongly  heated 
becomes  darker  in  colour,  and  partly  insoluble  in  water. 

Potassio-molt/bdous  fluoride  is  precipitated  in  pale  red  flocks  on  mixing  a  solution  of 
molybdous  fluoride  with  fluoride  of  potassium.  It  is  dissolved  by  water  containing  a 
little  free  acid,  and  separates,  during  evaporation  or  on  cooling,  as  a  dark  rose-coloured 
powder,  which  becomes  lighter  when  dry.  The  ammonium-salt  is  exactly  similar ;  the 
sodium-salt  is  more  soluble. 

£.  Molybdic  Fluoride. — The  solution  of  molybdic  hydrate  in  aqueous  hydrofluoric 
acid  is  red,  unless  the  acid  is  in  very  large  excess,  in  which  case  it  is  almost  colourless. 
After  gentle  evaporation,  whereby  it  is  soon  rendered  blue  if  the  acid  is  not  in  excess, 
it  leaves  a  black  crystalline  residue  (of  molybdic  fluoride  ?),  which  redissolves  perfectly 
in  water,  forming  a  red  solution;  but  if  somewhat  more  strongly  heated,  loses  acid, 
and  when  dissolved  in  water,  leaves  a  residue  of  molybdic  oxide.  (Berzelius.) 

Double  salts  of  molybdic  fluoride  are  obtained  by  mixing  the  solution  just  described 
with  the  fluorides  of  the  alkali-metals.  They  are  rusty  yellow  powders,  somewhat 
soluble  in  water. 

The  blue  oxide  of  molybdenum  yields  with  hydrofluoric  acid  a  deep  blue  solution 
which  does  not  crystallise.  (Berzelius.) 

7.  Hexfluoride.  Molybdic  tri oxide  dissolves  readily  and  abundantly  in  aqueous  hy- 
drofluoric acid.  The  colourless  solution  has  a  sour  and  disagreeable  metallic  taste,  and 
yields,  on  evaporation,  a  yellowish  syrup  which  exhibits  no  signs  of  crystallisation  ; 
assumes  a  greenish  or  bluish  tint  when  heated,  in  consequence  of  minute  organic  par- 
ticles falling  into  it ;  redissolves  but  imperfectly  in  water  after  evaporation  to  complete 
dryness ;  and  leaves  an  insoluble  compound  of  molybdic  trioxide  with  a  small  proportion 
of  hydrofluoric  acid,  or  of  molybdic  trioxide  with  hexfluoride  of  molybdenum,  which, 
though  soluble  to  a  certain  extent  in  pure  water,  is  precipitated  from  it  by  the  first- 
mentioned  acid  solution. 

Several  combinations  exist  of  hexfluoride  of  molybdenum  with  the  more  basic  metal- 
lic fluorides ;  they  are  not,  however,  known  in  the  free  state,  but  only  in  combination 
with  salts  of  molybdic  acid :  e.  g.,  K2Mo04.K2MoF8.  (Berzelius.) 

TYIOLYBDEIJUrvi  GLAltfCE.     Native  sulphide  of  molybdenum  (p.  1043). 

IVIOI.YEDENUTVE,  IODIDES  OF.     Molybdenum  and  iodine  do  not  act  on  one 

another,  even  at  a  red  heat.  By  dissolving  molybdous  hydrate  in  hydriodic  acid,  a  so- 
lution of  molybdous  iodideis  obtained  resembling  that  of  molybdous  chloride  (p.  1029). 

Molybdic  iodide  is  obtained  in  solution  by  saturating  hydriodic  acid  with  molybdic 
hydrate.  The  solution  is  red,  and  yields  by  evaporation  in  contact  with  the  air,  a 
crystallised  salt,  which  is  red  by  transmitted,  brown  by  reflected  light.  It  decomposes 
at  a  high  temperature,  giving  off  hydriodic  acid  and  leaving  molybdic  oxide.  The 
residue  left  on  spontaneous  evaporation  redissolves  in  water.  (Berzelius.) 

IKOIiYBDXHNTUIK,  IODOBK.O3VSIDE  and  lODOCHXiORIDE  OF. 
Mo3Br4!2  and  Mo3Cl4!2. — These  compounds  are  obtained  by  the  action  of  hydriodic 
acid  on  molybdous  oxy bromide  and  oxychloride  respectively  (pp.  1029,  1030). 

IKOIiYBDEarinMC,  NITRIDES  and  AMIDES  OF.  (Tuttle,  Ann.  Ch.  Fharm. 
ci.  285.  Uhrlaub,  Pogg.  Ann.  ci.  605  ;  Jahresb.  1857,  p.  194.) — These  compounds, 
which  have  not  been  very  exactly  investigated,  are  obtained  by  passing  ammonia-gas 
over  molybdic  trioxide,  or  the  chlorides  of  molybdenum,  at  high  temperatures. 
Tuttle,  by  heating  molybdic  chloride  in  ammonia-gas  till  the  resulting  chloride  of 
ammonium  was  volatilised,  obtained  a  black  sintered  mass  containing  82'8  per  cent, 
molybdenum,  probably  consisting  of  2MoN.MoH'N2. 

Uhrlaub  has  also  obtained  compounds  of  similar  constitution  by  the  action  of  dry 
ammonia-gas  on  molybdic  chloride.  The  action  takes  place  even  at  ordinary  tempera- 
tures, and  is  attended  with  sufficient  evolution  of  heat  to  partially  fuse  the  mass  and 
drive  off  chloride  of  ammonium.  On  subsequently  applying  a  gentle  heat,  the  product 
becomes  viscid,  and  soon  solidifies  to  a  black  tumefied  mass,  exhibiting  stellate  groups 
of  brownish  crystals  on  the  colder  parts ;  when  completely  freed  from  sal-ammoniac  by 
rapid  washing  with  water,  and  then  dried  in  a  vacuum  over  oil  of  vitriol,  it  exhibited  a 
composition  expressible  by  the  formula  Mo5H4N10  or  4MoN2.  MoN2H4.  This  compound 
burrs  brightly  in  oxygen  gas,  with  formation  of  water,  and  gives  off  ammonia  when 
ignited  in  hydrogen  gas,  or  fused  with  hydrate  of  potassium.  A  compound  resembling 
the  preceding  in  external  appearance,  but  consisting  of  8MoN.MoH4N2.  was  obtained 
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by  heating  molybdic  chloride  in  ammonia-gas,  the  heat  being  at  last  raised  to  low 
redness.  Molybdic  chloride  gradually  heated  to  redness  in  a  stream  of  ammonia-gas, 
yielded,  but  not  always,  the  compound  Mo3N2,  which  resembled  the  two  preceding  in  most 
respects,  but  had  a  greyer  colour ;  sometimes,  however,  nitrides  were  obtained,  interme- 
diate in  composition  between  Mo3N2  and  Mo><!N2.  All  these  compounds,  when  heated 
to  whiteness  in  ammonia-gas,  yield  metallic  molybdenum. 

Molybdous  chloride  treated  with  ammonia-gas  yields  the  same  compounds,  together 
with  another,  which,  according  to  Uhrlaub,  is  analogous  in  composition  to  some  of  the 
platinum-bases. 

Nitrides  and  amides  of  molybdenum  are  likewise  obtained  by  the  action  of  ammonia- 
gas  on  molybdic  anhydride.  The  reaction  appears  to  be  very  complicated,  the  products 
MoN2,  MoH4N2,  Mo':N2,  and  Mo3N2,  being  obtained  in  different  proportions  according 
to  the  temperature,  and  often  uniting  together  to  form  compounds  varying  greatly  in 
composition. 

MOXilTBDENETM,  OXIDES  OP.  Molybdenum  forms  three  oxides,  having  the 
following  composition : 

Protoxide  or  Molybdous  oxide  ....    MoO 

Dioxide  or  Molybdic  oxide         .....     MoO2 
Trioxide  or  Molybdic  anhydride        ....     MoO3 

The  first  two  are  basylous  and  form  salts  with  acids ;  the  third  also  unites  loosely 
with  some  of  the  stronger  acids,  but  it  is  decidedly  of  a  chlorous  character,  uniting 
readily  with  the  more  basylous  metallic  oxides,  and  forming  definite  crystallisable  salts 
called  Molybdates.  There  is  also  an  oxide  (or  perhaps  more  than  one)  interme- 
diate between  the  di-  and  tri-oxide,  which  may  be  regarded  as  a  molybdic  molybdate. 

Protoxide  or  Molybdous  oxide,  MoO.  This  oxide  is  produced  by  bringing  the 
di-  or  tri-oxide,  in  presence  of  one  of  the  stronger  acids,  in  contact  with  any  of  the 
metals  which  are  capable  of  decomposing  water.  Thus,  when  zinc  is  immersed  in  a 
concentrated  solution  of  an  alkaline  molybdate  mixed  with  a  quantity  of  hydrochloric 
acid  sufficient  to  redissolve  the  molybdic  acid  which  is  at  first  thrown  down,  the  liquid 
becomes  first  blue,  then  reddish-brown,  and  finally  black,  and  contains  chloride  of 
zinc  and  molybdous  chloride.  To  separate  the  molybdenum  from  the  zinc,  ammonia 
is  then  added  to  the  liquid  in  quantity  just  sufficient  to  precipitate  the  molybdenum, 
as  black  molybdous  hydrate,  while  the  zinc  remains  in  solution.  The  precipitate, 
however,  carries  down  with  it  a  certain  quantity  of  zinc-oxide,  from  which  it  may  be 
freed  by  washing  with  ammonia ;  but  it  is  difficult  in  this  way  to  obtain  molybdous 
hydrate  quite  free  from  zinc.  A  better  mode  of  preparation  is  to  agitate  the  acidulated 
solution  of  the  molybdate  with  an  amalgam  of  potassium  containing  only  a  very  small 
quantity  of  potassium,  and  precipitate  the  resulting  solution  of  molybdous  chloride  with 
ammonia  as  before. 

Anhydrous  molybdous  oxide  may  be  obtained  by  drying  the  hydrate  over  oil 
of  vitriol  in  a  vacuum,  and  then  igniting  it  out  of  contact  with  the  air  ;  or  directly 
by  digesting  the  fused  or  sublimed  trioxide  for  a  considerable  time  with  hydrochloric 
acid  and  zinc. 

Anhydrous  molybdous  oxide  is  perfectly  black  by  ordinary  daylight ;  but  that  pre- 
pared by  the  last  method  exhibits  a  dark  brass-yellow  colour,  when  exposed  to  the 
direct  rays  of  the  sun ;  it  also  exhibits  the  crystalline  form  of  the  trioxide  from  which 
it  has  been  prepared,  and  oxidises  in  the  air  more  rapidly  than  that  which  is  obtained 
by  igniting  the  hydrate.  The  anhydrous  oxide,  when  heated  nearly  to  redness,  emits 
a  vivid  but  momentary  light,  indicating  its  passage  into  another  modification.  It  is 
insoluble  in  acids,  but  the  hydrate  dissolves  slowly,  forming  th  e  m  o  1  y  b  d  o  u  s  salts,  the 
solutions  of  which  are  black  or  purple,  and  nearly  opaque,  except  when  largely  diluted, 
in  which  case  they  are  transparent,  and  have  a  greenish-brown  colour ;  their  taste  is 
astringent  but  not  metallic;  when  exposed  to  the  air,  they  oxidise,  but  not  so  rapidly  as 
the  molybdic  salts. 

Dioxide  or  Molybdic  Oxide.  MoO2. — This  oxide  is  obtained  :  1.  By  igniting 
molybdic  hydrate  in  a  vacuum  (Berzelius). — 2.  By  exposing  the  trioxide  in  a  stream 
of  hydrogen  to  a  heat  not  greater  than  that  of  an  ordinary  spirit-lamp  (Svanberg). 
It  is  also  said  to  be  produced  by  igniting  molybdate  of  ammonium  in  a  close  vessel, 
or  by  igniting  a  mixture  of  potassic  or  sodic  molybdate  with  sal-ammoniac,  and 
dissolving  out  the  soluble  chloride  with  water  ;  but  the  oxide  thus  obtained  appears 
to  be  contaminated  with  nitrate  of  molybdenum. 

Molybdic  oxide  is  red-brown.  It  is  not  attacked  by  aqueous  hydrofluoric  or 
hydrochloric  acid,  or  by  hydrochloric  acid  gas  at  a  red  heat.  Sulphuric  acid  or 
solution  of  acid  tartrate  of  potassium  takes  up  only  traces  of  it,  even  on  continued 
digestion,  and  the  residue  left  after  decanting  the  liquid  is  not  attacked  by  fresh 
quantities  of  sulphuric  acid  or  solution  of  cream  of  tartar.  Molybdic  oxide  is  further 
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oxidised  by  ignition  in  the  air,  or  by  treatment  with,  nitric  acid.  Caustic  potash- 
solution  neither  oxidises  nor  dissolves  it. 

Molybdic  hydrate  is  obtained  by  precipitating  a  solution  of  molybdic  chloride  or 
other  molybdic  salt  with  ammonia,  which  must  be  added  in  excess,  as  otherwise  a 
soluble  basic  salt  will  be  formed,  especially  with  the  chloride.  The  hydrate  itself  is 
also  somewhat  soluble  in  pure  water,  so  that,  in  very  dilute  solutions,  ammonia  does  not 
form  any  precipitate  until  sal-ammoniac  is  added.  For  the  same  reason,  the  washing 
must  not  be  carried  too  far,  and  is  best  finished  with  water  containing  alcohol.  The 
washed  hydrate  may  be  pressed  between  paper  and  dried  in  a  vacuum.  It  has  a 
rusty  brown  colour,  just  like  that  of  ferric  hydrate  precipitated  by  ammonia.  When 
exposed  in  the  moist  state  to  the  air  on  filtering  paper,  it  acquires  a  darker  colour  and 
shining  surface,  and  begins  to  deliquesce,  passing  into  a  higher  and  much  more  soluble 
oxide.  It  dissolves,  as  already  observed,  in  a  largo  quantity  of  water,  forming  a  dark 
red  solution,  which  gelatinises  when  kept  for  three  or  four  weeks  in  a  closed  vessel, 
reddens  litmus,  a  property  likewise  retained  by  the  hydrate  precipitated  from  it  by 
sal-ammoniac,  and  has  a  somewhat  astringent  taste,  with  metallic  after-taste.  This 
solution,  when  left  to  evaporate  spontaneously,  first  gelatinises  and  then  dries  up  to  a 
dark  brown,  nearly  black  mass,  green  and  blue  on  the  edges,  which  is  no  longer 
soluble  in  water.  The  hydrate  is  insoluble  in  caustic  potash,  but  dissolves  in  aqueous 
neutral  carbonate  of  potassium,  and  more  easily  in  the  acid  carbonate,  from  which  solu- 
tion it  is  partially  precipitated  on  boiling.  It  dissolves  also  in  carbonate  of  ammo- 
nium, and  is  completely  precipitated  therefrom  by  boiling ;  the  precipitate  is  denser 
and  of  a  lighter  yellow  colour  than  that  obtained  with  caustic  ammonia,  but  dissolves, 
like  the  latter,  when  washed  with  water.  A  solution  of  molybdic  oxide  in  an  alkaline 
carbonate  is  converted  by  atmospheric  oxidation  into  a  molybdate  of  the  alkali-metal. 

Molybdic  hydrate  dissol ves  in  acids,  forming  the  molybdic  salts.  These  salts  may 
also  be  obtained  by  digesting  an  excess  of  metallic  molybdenum  with  the  acid  in 
which  it  is  to  be  dissolved,  and  adding  nitric  acid  drop  by  drop  till  the  other  acid  is 
saturated  with  molybdic  oxide;  or  by  digesting  an  excess  of  molybdenum  with 
molybdic  anhydride,  and  the  acid  which  is  required  to  dissolve  the  resulting 
molybdic  oxide — hydrochloric  acid,  for  example — till  the  blue  colour  first  produced 
changes  to  reddish-brown  ;  or  lastly,  by  digesting  molybdic  anhydride  with  copper  and 
an  acid,  which  in  that  case  dissolves  cupric  and  molybdic  oxides  together.  The 
molybdic  salts,  in  the  anhydrous  state,  are  almost  black,  but  when  hydrated  they  are 
re<l,  and  yield  reddish-brown  solutions  in  water.  They  have  a  rough,  somewhat 
astringent  and  subsequently  metallic  taste.  Their  solutions  when  heated  in  contact 
with  the  air,  have  a  tendency  to  become  blue  by  oxidation.  [For  their  behaviour  with 
reagents,  see  p.  10^9.] 

The  oxides  intermediate  between  the  di-  and  tri-oxides  will  be  described  as 
molybdic  molybdates  (p.  1039). 

Trioxide.  Molybdic  Anhydride,  Anhydrous  Molybdic  acid,  MoO8. —  This  oxide 
occurs  native,  as  molybdic  ochre  or  molybdin,  forming  an  earthy  coating  on  the 
native  sulphide,  sometimes  also  independently ;  at  Altenberg  in  Saxony  it  occurs  in 
rhombic  prisms  of  136°  48'  (Breithaupt,  Jahresb.  1858,  p.  683).  It  may  be  formed 
artificially  by  exposing  molybdenum  or  its  lower  oxides,  or  molybdic  sulphide,  to  long- 
continued  heat  in  contact  with  the  air,  by  fusing  the  same  substances  with  nitre,  or  by 
heating  the  metal  or  its  oxides  in  an  atmosphere  of  aqueous  vapour,  or  with  hydrate  of 
potassium. 

Preparation,  a.  From  Molybdic  Sulphide. — The  precipitated  sulphide,  or  the  native 
mineral  finely  pulverised,  is  roasted,  with  continued  stirring,  in  an  open  crucible  placed 
in  a  slanting  position,  so  that  the  air  may  easily  play  upon  its  surface.  The  native 
sulphide,  however,  generally  contains  alumina,  oxide  of  copper,  and  phosphoric  acid, 
the  separation  of  which  from  the  product  is  very  troublesome.  Hence  it  is  better  t« 
heat  the  mineral  in  lumps  in  an  open  glass  tube,  through  which  a  stream  of  air  is 
drawn  by  an  aspirator ;  the  trioxide  then  sublimes  in  crystals  in  a  state  of  perfect 
purity.  (Wohler,  Ann.  Ch.  Pharm.  c.  376.) 

ft.  From  native  Molybdate  of  lead. — The  mineral  finely  pounded  and  freed  from  car- 
bonates of  zinc,  iron,  and  calcium,  by  digestion  in  dilute  hydrochloric  acid,  and  thoroughly 
washed  by  decjintation,  is  heated  with  lj  pt.  strong  sulphuric  acid,  with  constant  stir- 
ring, till  the  sulphuric  acid  begins  to  evaporate.  It  is  then  allowed  to  cool,  a  considerable 
quantity  of  water  is  added,  and  the  insoluble  sulphate  of  lead  is  filtered  off.  The 
filtrate  is  mixed  with  nitric  acid  and  evaporated,  with  constant  stirring,  in  a  porcelain 
basin,  till  the  acid  begins  to  evaporate ;  the  molybdic  anhydride  then  separates  as  a 
white  powder,  which  may  be  freed  from  phosphoric  acid  by  washing  with  water, 
mixed  at  the  last  with  a  few  drops  of  nitric  acid. — Or  the  mineral,  after  treatment  with 
dilute  hydrochloric  acid,  may  be  evaporated  to  dryness  with  strong  hydrochloric  acid, 
the  dry  residue  (containing  oxychloride  of  lead  and  molybdic  anhydride)  exhausted 
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with  ammonia;  the  ammoniacal  solution  crystallised,  or  evaporated  as  before  with 
nitric  acid;  and  the  residue  treated  with  water.  Or  again,  the  mineral  is  fused  with 
its  own  weight  of  calcined  cream  of  tartar;  the  fused  mass  is  exhausted  with  water ; 
the  aqueous  solution  exaporated  to  dryness,  after  saturation  with  nitric  acid ;  and  the 
nitrate  of  potassium  is  dissolved  out  of  the  residue  with  water :  trioxide  of  molybdenum 
thon  remains  behind. 

Properties. — Trioxide  of  molybdenum,  as  usually  prepared,  forms  a  white,  light, 
porous  mass,  which  when  thrown  into  water,  separates  into  small  thin  scales  having  a 
silky  lustre  and  glistening  in  sunshine.  Specific  gravity  =  3*49.  At  a  red  heat  it  melts 
to  a  dark  yellow  liquid,  which  on  cooling  forms  a  straw-yellow  mass,  breaking  up  into 
crystalline  scales.  By  slow  cooling  of  the  melted  mass,  slender, needles  are  obtained 
belonging  to  the  trimetric  system  and  exhibiting  the  faces  coPoo ,  ooPf ,  §  Poo  &c. 
(referred  to  the  prism  coP,  observed  by  Breithaupt  on  molybdinX  Ratio  of  secondary 
axes  to  principal  axis  =  1  :  0\3S72  :  0'4792  (Nordenskiold,  Pogg.  Ann.  cxii.  160). 
In  close  vessels  it  bears  a  strong  red  heat  without  volatilising ;  but  in  open  vessels  or  in 
a  current  of  air,  it  sublimes  at  its  melting  point  in  colourless  laminae. 

Decompositions. — 1.  Molybdic  trioxide  is  reduced : — 1.  To  the  metallic  state  by  ignition 
with  potassium  or  sodium  (with  vivid  incandescence)  or  with  charcoal ;  also  when 
strongly  heated  in  a  stream  of  hydrogen. — 2.  To  molybdous  oxide,  by  digestion  with  hydro- 
chloric acid  and  amalgam  of  potassium,  or  zinc,  or  other  metal  capable  of  decomposing 
water. — 3.  To  molybdic  oxide,  by  ignition  in  combination  with  ammonia,  or  by 
digestion  with  hydrochloric  acid  and  molybdenum  or  copper ;  also,  according  to  Buff 
(Ann.  Ch.  Phann.  ex.  257),  by  subjecting  it  in  the  fused  state  to  the  action  of  the 
electric  current;  the  molybdic  oxide  thus  separated  unites  with  the  excess  of  trioxide, 
forming  the  compound  Mo02.2Mo03  or  Mo308,  which  separates  in  crystalline  laminae 
and  gradually  forms  a  conducting  communication  between  the  poles. — 4.  To  the  state 
of  blue  oxide,  by  a  small  quantity  of  sulphydric  acid,  in  presence  of  water,  or  on  exposure 
to  heat,  with/separation  of  sulphur ;  by  sulphurous  acid,  with  production  of  sulphuric 
acid ;  by  aqueous  hydriodic  acid,  with  separation  of  free  iodine,  and  formation  of  a 
liquid  which  at  first  is  green,  but  afterwards  blue  ;  by  boiling  hydrochloric  acid,  with 
disengagement  of  chlorine ;  by  nitric  oxide  in  presence  of  water,  with  formation  of 
nitrous  acid  (K  a s tn er,  Kastn.  Arch.  xxvi.  465) ;  by  stannous  chloride,  with  formation  of 
stannicchloride;  also  by  digestion  with  water  and  metallic  molybdenum. — 5.  To  sulphideof 
molybdenum,  by  sulphydric  acid  in  excess,  in  presence  of  water,  or  when  aided  by  heat. 
Molybdic  trioxide  is  not  affected  by  fusion  with  metallic  molybdenum.  (Berze'lius.) 

Combinations.  1.  "With  Water. — Molybdic  trioxide  is  but  slightly  hygroscopic. 
It  dissolves,  according  to  Bucholz,  in  500  parts  of  cold  water,  and  in  a  much  smaller 
quantity  at  a  higher  temperature :  according  to  Hatch ett,  it  requires  960  parts  of  hot 
water.  The  solution  has  a  faint  metallic  taste,  reddens  litmus-paper,  yields  a  red 
precipitate  with  ferrocyanide  of  potassium,  but  not  till  one  of  the  stronger  acids  is 
added.  Graham  (Chem.  Soc.  J.  xvii.  326),  by  dialysing  a  solution  of  sodic  molybdate 
mixed  with  a  large  excess  of  hydrochloric  acid,  has  obtained  a  solution  of  molybdic 
acid  (containing  about  60  per  cent,  of  the  quantity  present  in  the  original  solution), 
having  a  yellow  colour,  astringent  to  the  taste,  acid  to  test-paper,  and  capable  of 
decomposing  carbonates  with  effervescence.  Evaporated  to  dryness  at  100°,  it  leaves 
molybdic  trioxide  in  scales  like  gum  or  gelatin,  and  still  soluble  in  water.  It  -does 
not  appear  possible  to  obtain  molybdic  acid  in  the  solid  state. 

2.  With  Acids.  The  affinity  of  molybdic  acid  for  other  acids  is  very  feeble.  After 
ignition,  it  is  but  slightly  soluble  in  a  boiling  aqueous  solution  of  cream  of  tartar; 
before  ignition,  however,  it  dissolves  in  some  of  the  stronger  acids,  e.  g.  in  boric,  phos- 
phoric, sulphuric,  nitric,  and  hydrochloric  acids,  forming  compounds  which  may  be 
called  permolybdic  salts.  The  solutions  thus  obtained  are  sometimes  colourless, 
sometimes  yellow  or  brownish.  By  metallic  zinc  or  tin,  they  are  first  turned  blue,  then 
green,  and  lastly  black,  molybdous  oxide  being  precipitated;  by  digestion  with  copper, 
they  become  dark  red.  Stannous  chloride  produces  a  greenish-blue  precipitate,  which 
dissolves  in  hydrochloric  acid,  forming  a  green  solution.  Sulphydric  acid,  in  small 
quantities,  colours  them  blue;  in  larger  quantities  it  produces  a  blackish-brown 
precipitate  (a  mixture  of  disulphide  of  molybdenum  with  sulphur,  according  to 
Berzelius).  Sulphide  of  ammonium  behaves  in  a  similar  manner  to  sulphydric  acid 
(Bucholz,  Berzelius).  Ferrocyanide  of  potassium  produces  a  dense,  reddish-brown 
precipitate,  soluble  in  excess  of  the  reagent,  and  also  in  ammonia  (Berzelius). 
Ferricyanide  of  potassium  gives  a  somewhat  lighter  coloured  precipitate,  which  is 
likewise  soluble  in  ammonia  (H.  Hose).  Tincture  of  galls  throws  down  a  green 
precipitate.  (S  m  i  t  h  s  o  n. ) 

Permolybdic  Borate.  Molybdic  trioxide  dissolves  in  boiling  aqueous  borio  acid,  and 
the  filtered  solution  yields  by  evaporation  colourless  crystals,  decomposible  by  alcohol 
uito  a  yellow  powder  and  boric  acid.  (Berzelius.) 


MOLYBDATES.  1037 

Permolybdic  Nitrate.  The  solution  of  molybdic  trioxide  in  nitric  acid  is  reddish- 
brown,  has  a  feebly  acid  and  subsequently  bitter,  metallic,  astringent  taste,  and  gives 
off  nitric  acid  when  evaporated. 

Permolybdic  Phosphate  or  Phosphomolybdic  Acid.  Molybdic  trioxide  digested  while 
still  moist  with  a  small  quantity  of  aqueous  phosphoric  acid,  yields  a  lemon-yellow 
salt  insoluble  in  water  (Berzelius).  With  a  larger  proportion  of  phosphoric  acid, 
this  yellow  salt  dissolves  on  the  application  of  heat,  forming  a  colourless  liquid,  which 
yields  by  evaporation,  a  tenacious,  uncrystallisable,  transparent  mass,  having  a  very 
rough  taste,  and  very  soluble  in  water  and  in  alcohol.  The  alcoholic  solution  is  yellow, 
but  turns  blue  on  evaporation,  and  leaves  a  brown,  opaque  residue,  which  redissolves 
in  water,  forming  a  blue  solution.  (Berzeliug;  see  also  Svanberg  and  Struve, 
Ann.  Ch.  Pharm.  Ixviii.  209,  293.) 

The  yellow  precipitate  formed  on  adding  molybdate  of  ammonium  to  the  solution  of 
a  tribasic  phosphate  (p.  1032)  appears  to  vary  in  composition  according  to  the  circum- 
stances of  its  formation  ;  at  all  events  the  formulae  (all  very  complicated)  assigned  to 
it  by  different  chemists  do  not  agree  with  one  another  (see  Nutzinger,  Jahresb.  1855, 
p.  274. — Seligsohn,  ibid.  1856.  p.  375. — Eggertz,  ibid.  1860,  p.  620). — [For  the 
modes  of  applying  phosphomolybdic  as  a  test  for  the  alkaloids,  see  i.  127.] 

Permolybdic  Sulphate.  By  boiling  dilute  sulphuric  acid  with  an  excess  of  molybdic 
trioxide,  a  turbid,  milky  liquid  is  obtained,  which  gelatinises  on  cooling,  and  deposits 
pale  yellow  flakes  of  a  basic  compound,  sparingly  soluble  in  water  but  not  in  alcohol, 
though  the  latter  colours  it  green,  (Berzelius.) 

A  solution  of  molybdic  trioxide  (not  in  excess)  in  dilute  sulphuric  acid  has  a  light 
yellow  colour,  and  dries  up  to  a  lemon-yellow  crystalline  mass,  which  deliquesces  in 
the  air,  but  is  only  partially  soluble  in  water  (Berzelius).  According  to  Ander- 
son (Berz.  Jahresb.  xxiii.  161),  the  solution  of  molybdic  acid  in  sulphuric  acid  does 
not  yield  crystals  on  evaporation  ;  but  when  molybdate  of  barium  is  decomposed  by 
excess  of  dilute  sulphuric  acid,  and  the  clear  somtion  evaporated  over  oil  of  vitriol, 
crystals  are  obtained. 

Permolybdic  Tartrate.  The  solution  of  molybdic  trioxide  in  aqueous  tartaric  acid, 
yields  by  evaporation  a  blue  non-crystalline  mass,  perfectly  soluble  in  water  and  in 
alcohol.  A  boiling  solution  of  acid  tartrate  of  potassium  easily  dissolves  molybdic  tri- 
oxide, even  after  ignition.  The  solution  dries  up  to  a  gummy  mass  of  potassio-per- 
molybdio  tartrate.  (B erz e li u  s.) 

3.  With  Bases,  forming  the  MOLYBDATES.  Molybdic  trioxide  exhibits  with  most 
metallic  oxides  the  characters  of  an  anhydrous  acid,  or  anhydride,  forming  neutral 
molybdates  containing  R'^O.MoO3  or  R2Mo04 ;  acid  and  double  molybdates, 
which  may  be  represented  by  the  general  formula  K2nMo"04n,  the  molecule  R2n  being 
made  up  of  two  or  more  metals,  including  hydrogen ;  and  anhydro-molybdates, 
expressible  by  the  general  formula  E'2nMon04n.wzMo03,  the  letters  m  and  n  represent- 
ing whole  numbers.  The  neutral  molybdates  of  the  alkali-metals  are  easily  soluble 
in  water,  and  are  obtained  by  digesting  molybdic  anhydride  with  the  aqueous  alkalis 
or  alkaline  carbonates.  They  are  decomposed  by  the  stronger  acids,  with  precipitation 
either  of  a  less  soluble  acid  salt,  or  of  molybdic  anhydride.  Their  behaviour  with  other 
reagents  has  been  already  described  (p.  1032).  The  molybdates  of  the  other  metals  are 
insoluble,  and  are  obtained  by  precipitation.  They  are  colourless  unless  they  contain 
a  coloured  base. 

Molybdate  of  Aluminium.    White  precipitate,  insoluble  in  water. 

Molybdates  of  Ammonium.  The  neutral  salt,  (NH4)2Mo04,  is  obtained  by 
treating  molybdic  anhydride  in  excess  with  strong  aqueous  ammonia  in  a  closed  vessel, 
precipitating  the  solution  with  alcohol,  and  drying  over  quicklime. 

Acid  salts. — These  are  obtained  by  evaporating  a  solution  of  molybdic  anhydride 
in  excess  of  ammonia.  If  the  evaporation  takes  place  quickly,  a  crystalline  powder  is 
precipitated,  which,  according  to  Svanberg  and  Struve,  is  an  anhydro-molybdate, 
(NH4)20.2Mo03  or  (NH4)'Mo04.MoOs.  It  is  probable,  however,  that  the  salt  thus 
prepared  contains  1  at.  water,  [(NH4)20.2Mo03.H20],  in  which  case  it  may  be  regarded 

as  an  ammonio-hydric  molybdate,      -rr  [  MoO4.     A  salt  having  this  composition  is  in 

fact  described  by  v.  Eath(Pogg.  Ann.  ex.  18)  as  crystallising  in  monoclinic  prisms, 
ooP  .  ooP3  .  [  ooP  co]  .  ooPoo  .  —  P  .  +  2P,  and  having  the  ratio  of  the  axes 
a  :  b  :  c  =  0-6297  :  1  :  0*2936  ;  the  angle  of  the  inclined  axes  =  91°  12';  and 
perfectly  cleavable  parallel  to  [  ooPoo  ]. 

c.    A  tetrammonio-hexhydric-molybdate,    ^      -JL> Mo5020,  separates  from  a  solution 

of  molybdic  anhydride  in  ammonia,  when  concentrated  to  the  crystallising  point  or  left 

to  evaporate  in  the  air,  in  large  transparent  six-sided  prisms.    (Svanberg  and  Struve.) 

When  a  solution  of  this  salt  is  boiled  with  aluminic,  chromic,  ferric  or  manganic 
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hydrate,  and  then  evaporated  to  the  crystallising  point,  double  salts  are  obtained, 
the  composition  of  which  may  be  represented  by  that  of  the  aluminic  salt,  viz. 

(NH4)3) 
3[(NH4)20.2MoO»]  +  Al2Os.6Mo03  +  20H20  or        Al'"  \  Mofi024.7H20.      This    salt 

crystallises  in  small,  white,  shining,  quadratic  plates,  less  soluble  in  water  than  the  cor- 
responding potassium-salt  (which  dissolves  in  40-67  pts.  water  at  17°).  The  crystals 
give  off  3  £  at.  water  when  exposed  to  the  air,  and  3f  at.  more  (the  remaining  water  of 
crystallisation)  between  100°  and  120°,  without  losing  their  lustre;  the  remaining  3  at. 
(which  are  basic)  at  a  higher  temperature  only  ;  when  strongly  heated,  they  yield  a 
yellowish  residue  of  alumina  and  molybdic  anhydride,  retaining  the  form  of  the  ori- 
ginal crystals. 

-  The  ammonia-chromic  salt  crystallises  in  small  rose-red  quadratic  plates,  which  giro 
off  5  at.  water  at  100°  and  2  at.  more  at  120°,  and  when  heated  to  redness,  leave  a  mix- 
ture of  chromic  oxide  and  molybdic  anhydride ;  the  ammonio-ferric  salt  forms  yellowish- 
white  crystals  of  the  same  form,  but  difficult  to  obtain  pure  in  any  considerable  quantity. 
The  ammonia-manganic  salt,  5[(NH4)20.2Mo03]   +    Mn203.6MoOs  +    12H20,  or 


(Mn)'"  K  Mo8032.2H20,  is  isomorphous  with  the  corresponding  potassium-salt  (p.  1049) ; 

H8J 

dissolves  in  10T7  pts.  water  at  17° ;  is  permanent  in  the  air ;  and  gives  off  three-fourtha 
of  its  total  quantity  of  water  at  1 00°.     (Struve.) 

Molybdates  of  Barium.  The  monobarytic  salt,  Ba"Mo04,  is  precipitated  as  a 
sparingly  soluble  crystalline  powder,  on  adding  chloride  of  barium  to  a  solution  of 
molybdic  acid  in  excess  of  ammonia.  (Svanberg  and  Struve.) 

Schultze  by  fusing  together  2  pts.  molybdate  of  sodium,  6  pts.  chloride  of  barium, 
and  2  pts.  chloride  of  sodium,  obtained  the  same  salt  in  distinct  quadratic  pyramids  ; 
with  4  pts.  sodic  chloride  it  was  obtained  as  a  crystalline  powder. 

The  salts  Ba"H4Mos012JI20  and  B"a2H6Mo5020.3H2p  are  obtained  by  precipitating 
the  corresponding  potassium-  and  ammonium-salts  with  chloride  of  barium  ;  and  by 
decomposing  monobarytic  molybdate  with  dilute  nitric  acid,  an  anhydro-salt  is  formed 
containing  Ba"Mo04.8Mo03.4H20,  crystallised  in  small  six-sided  prisms,  fusible  and 
insoluble  in  water.  (Svanberg  and  Struve.) 

Molybdate  of  Cadmium,  Cd"Mo04,  if  obtained  in  shining  yellow  laminae  by 
melting  together  2  pts.  molybdate  of  sodium,  7  pts.  chloride  of  cadmium,  and  6  pts. 
common  salt.  (Schultze.) 

Molybdate  of  Calcium,  Ca"Mo04,  is  obtained  by  fusing  together  2  pts.  molyb- 
date of  sodium,  6  pts.  chloride  of  calcium,  and  4  pts.  common  salt,  in  white,  well- 
developed  quadratic  pyramids.  (Schultze.) 

Cerous  Mo  lybdateis  obtained  by  precipitation,  in  white  flakes  insoluble  in  water, 
but  soluble  in  several  acids.  (Berzelius.) 

Molybdates  of  Chromium.  Ammonio-  and  potassio-chromic  molybdates  are 
obtained,  as  above  described,  by  dissolving  chromic  hydrate  in  the  acid  molybdates  of 
ammonium  and  potassium. 

M  o  lybdateof  Cobaltia  obtained  in  greyish -green  indistinct  crystals,  by  fusing  1  pt. 
molybdate  of  sodium  with  2  pts.  chloride  of  cobalt  and  2  pts.  common  salt.  (Schultze.) 

Cup  ric  Mo  lybdate.  Yellowish-green  precipitate  sparingly  soluble  in  water,  decom- 
posed by  acids  and  by  alkalis  (Berzelius).  Acid  molybdate  of  ammonium  added  to  a 
boiling  solution  of  cupric  sulphate  throws  down  a  heavy  green  amorphous  powder,  con- 
sisting of  a  basic  cupric  molybdate,  4Cu"0.3Mo03.5H20,  or  3Cu"Mo04.Cu"H202.4H20. 
By  adding  molybdate  of  ammonium  in  excess  to  a  cold  solution  of  cupric  sulphate, 
an  ammonio-cupric  salt  is  formed  consisting  of  Cu"(NH4)2Mo208.3Mo03.9H20  or 
[GV'(NH4)2H6]Mo5020.6H20,  It  is  a  white-blue  crystalline  powder  which  gives  off 
4  at.  water  at  100°  and  4  at.  more  at  200°.  (Struve.) 

Molybdates  of  Iron.  Monoferrous  molybdate,  Fe"Mo04,  is  obtained  in  dark 
brown  monoclinic  prisms  by  fusing  1  pt.  molybdate  of  sodium  with  3  pts.  ferrous  chloride 
and  2  pts.  common  salt  (Schultze).  Ferrous  sulphate  added  to  a  solution  of  potas- 
sic  molybdate  reduces  the  molybdic  acid  to  a  lower  stage  of  oxidation  ;  but  if  chlorine 
be  passed  through  the  solution  at  the  same  time,  a  bulky  precipitate  is  formed,  which, 
when  dried  in  the  air,  forms  a  light  yellow  powder  consisting  of  Fe'-'03.5Mo03.16H20 
(Struve).  A  solution  of  acid  molybdate  of  ammonium  mixed  with  a  neutral  solution 
of  ferric  chloride  immediately  produces  a  bulky  sulphur-yellow  precipitate,  which  when 
dried  contains  Fe203.4Mo03.7H20.  (Stein acker,  Jahresb.  1861,  p.  238.) 

A  mineral  from  Nevada  city  in  California,  described  by  Owen  (Jahresb.  1852,  p. 
887)  as  a  ferric  molybdate,  is,  according  to  Genth  (Sill.  Am.  J.  [2]  xxviii.  241),  very 
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variable  in  composition,  and  appears  to  be  merely  a  mixture  of  molybdic  ochre  and 
brown  haematite. 

Ammonio-ferric  and  Potass io -ferric  molybdates  are  obtained  in  the  manner  already 
mentioned  (p,  1037). 

Molybdate  of  Lead.  PbO.MoO3  =  PVMoO4.  This  salt  occurs  native  as  Wulf- 
enite  or  Yellow  Lead  ore  (Gelbbleierz)  in  modified  square  tables  and  octahedrons  belong- 
ing to  the  dimetric  system,  the  most  frequent  forms  being  P  and  P .  oP.  Length  of 
principal  axis  =  1'574.  Angle  P  :  P  in  the  terminal  edges  =  99°  40';  in  the  lateral 
edges  =«  131°  35'.  Cleavage  indistinct  parallel  to  P.  It  occurs  also  granularly  massive, 
coarse  or  fine,  firmly  coherent.  Hardness  =  275  to  3.  Specific  gravity  =  6'3  to  6'9. 
Lustre  resinous  or  adamantine.  Colour  wax-yellow  passing  into  orange-yellow,  also 
siskin-  and  olive-green,  yellowish-grey,  greyish-white  and  brown.  Streak  white.  Sub- 
transparent  to  subtranslucent.  Fracture  subconchoi'dal.  Brittle.  When  heated,  it 
decrepitates  strongly,  and  assumes  a  darker  colour,  disappearing  however  on  cooling, 
and  fuses  to  a  yellow  mass.  When  fused  on  charcoal  before  the  blowpipe,  it  sinks  into 
the  charcoal,  leaving  globules  of  lead,  the  charcoal  at  the  same  time  becoming  impreg- 
nated with  molybdenum  and  molybdide  of  lead.  It  dissolves  easily  in  borax  and  in 
microcosmic  salt,  exhibiting  the  reactions  of  molybdenum  already  mentioned  (p.  1032). 
It  dissolves  in  hot  nitric  acid,  with  separation  of  yellowish-white  permolybdic  nitrate, 
(p.  1037).  Strong  hydrochloric  acid  dissolves  it.  forming  a  green  solution,  together 
with  chloride  of  lead,  which  separates  more  completely  on  addition  of  alcohol.  It  dis- 
solves also  in  caustic  potash. 

Molybdate  of  lead  occurs,  with  other  lead  ores,  in  veins  of  limestone,  at  Sehwarzen- 
buch,  Bleiberg,  and  Windish-Kappel,  in  Carinthia ;  it  is  also  found  at  Ketzbanya,  in 
Hungary,  and  at  Moldawa  in  the  Bannat,  where  the  crystals  are  red,  and  bear  con- 
siderable resemblance  to  chromate  of  lead ;  in  small  quantities  also  at  the  Southampton 
lead  mine,  Massachusetts,  and  in  fine  reddish  orange  crystals,  containing  a  trace  of 
chromic  acid,  at  Wheatley's  lead  mine  near  Phcenixville,  Pennsylvania.  The  specimens 
from  these  several  localities  are  nearly  pure,  the  proportion  of  molybdic  anhydride 
found  by  analysis  varying  from  37'65  to  40'5  per  cent.,  and  that  of  lead-oxide  from 
59-0  to  62-3  per  cent.,  while  the  formula  PbO.MoO3  requires  38'5  per  cent.  MoO3  and 
61  '5  PbO.  The  Bleiberg  mineral  contains  a  small  quantity  of  vanadium. 

Molybdate  of  lead  is  f&rmed  artificially  by  precipitating  nitrate  of  lead  wi'th  neutral 
molybdate  of  ammonium;  also,  according  to  Schulze,  by  fusing  2  pts.  molybdate  of 
sodium  with  6  pts.  chloride  of  lead  and  4  pts.  common  salt.  As  thus  prepared,  it 
forms  crystals,  white  when  pure,  yellow  if  they  contain  a  little  phosphoric  acid.  Mix- 
tures, in  varying  proportions,  of  molybdate  of  sodium,  chromate  of  potassium,  chloride 
of  lead,  and  common  salt,  yield  crystallised  salts,  which,  when  they  contain  not  more 
than  42  per  cent,  chromate  of  lead,  are  quadratic  like  those  of  pure  molybdate  of  lead, 
but  with  a  deep  red  colour ;  with  from  42  to  90  per  cent,  chromate  of  lead,  they  are 
monoclinic  and  yellow. 

A  molybdate  of  lead  from  Pampluna,  in  South  America,  was  found  by  Boussing- 
ault  (Ann.  Ch.  Phys.  [3]  xlv.  325)  to  contain  73'8  per  cent.  PbO,  lO'O  MoO3,  2'9 
CO2,  1-3  HC1,  1-3  P^O5,  1-2  Cr203,  17  FeO3,  2'2  AFO3  and  37  quartz  (=  98'1);  he 
regards  it  as  a  basic  salt,  3PbO.Mo03  or  Pb"Mo04.2Pb"0. 

Molybdate  of  Magnesium,  Mg"Mo04.5H20,  is  obtained  in  distinct  crystals 
by  boiling  molybdic  acid  and  magnesia  alba  with  water,  and  evaporating  the  filtrate ; 
it  gives  off  3  at.  water  at  100°.  (Struve.) 

Molybdate  of  Manganese  is  obtained  as  a  heavy,  white,  crystalline  powder, 
containing  Mn"Mo04.H'-0,  by  treating  carbonate  of  manganese  with  tri molybdate  of 
potassium  or  sodium;  it  gives  off  its  water  above  100°,  dissolves  sparingly  in  boiling 
water,  and  when  boiled  for  some  time  with  the  acid  molybdate  of  potassium  or  sodium, 
yields  double  salts  (Struve).  Schultze,  by  fusing  1  pt.  molybdate  of  sodium  with 
3  pts.  mauganous  chloride,  and  2  pts.  common  salt,  obtained  the  anhydrous  salt 
Mn"Mo04,  in  large  dingy  yellow  crystals  having  the  aspect  of  bitter  spar,  and  ap- 
pearing under  the  microscope  as  small  monoclinic  [?]  tablets.  Together  with  this  salt 
there  are  often  formed  large  red-brown  laminae  of  indeterminate  form. 

Ammonio-  and  potassio-manganic  molybdates  are  prepared  by  boiling  the  acid  molyb- 
dates of  ammonium  and  potassium  with  manganic  hydrate  (pp.  1037,  1040). 

Molybdates  of  Mercury.  On  adding  mercurous  nitrate  to  a  solution  of 
trimolybdate  of  potassium,  a  yellowish-white  flocculent  precipitate  is  formed,  which,  if 
immediately  collected  on  a  filter,  and  washed  till  the  wash-water  leaves  no  residue 
on  evaporation  and  ignition,"consists  of  mercurous  dimolybdate  or  anhydro-molybdatc, 
Hg-0.2Mo03  or  Hg-Mo04.Mo03.  It  is  yellowish-white  and  non-crystalline,  but  is 
converted  by  prolonged  washing,  or  more  quickly  by  boiling  in  the  mother-liquor,  into 
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golden-yellow  needle-shaped  crystals  of  neutral  mercurous  molybdate,  Hg'MoO4. 
(Struve.) 

Molybdates  of  Molybdenum.  There  are  several  oxides  of  molybdenum,  inter- 
mediate in  composition  between  the  di-  and  tri-oxides,  which  are  probably  molybdates 
containing  molybdenum  as  their  base.  When  a  solution  of  molybdate  of  ammonium  is 
mixed  with  a  solution  of  molybdic  chloride,  a  blue  precipitate  is  formed  having  the 
composition  of  a  molybdic  molybdate,  Mo"02.4Movl03  or  Mo6014.  The  precipitate 
thus  formed  is,  however,  a  hydrate,  which  becomes  nearly  black  when  ignited.  The 
same  blue  hydrate  is  formed  by  the  oxidation  of  molybdic,  or  the  reduction  of  permolyb- 
dic  salts  (pp.  1035,  1036).  It  is  very  sparingly  soluble  in  sal-ammoniac,  somewhat 
more  in  water,  slightly  also  in  alcohol.  The  aqueous  solution  has  a  dark  blue  colour, 
remains  unaltered  at  ordinary  temperatures,  but  bleaches  more  and  more  by  oxidation 
when  evaporated  by  heat.  A  concentrated  solution  is  resolved  by  alkalis  immediately, 
a  dilute  solution  on  warming,  into  molybdic  hydrate  and  molybdic  anhydride. 

Another  molybdic  molybdate,  supposed  by  Berzelius  to  have  the  composition 
Mo02.2Mo08  —  Mo808,  is  formed  when  a  mixture  of  the  preceding  compound  with 
molybdic  chloride  is  precipitated  by  ammonia,  also  when  the  blue  oxide  is  digested 
with  pulverised  molybdenum,  or  when  2  pts.  of  the  pulverised  metal  and  1  pt.  molybdic 
trioxide  are  digested  with  a  large  quantity  of  water  in  a  closed  vessel,  the  colour  of  the 
liquid  then  changing  from  blue  to  green.  From  these  solutions  pulverised  sal-ammo- 
niac throws  down  the  compound  as  an  olive-green  precipitate,  which  redissolves  when 
washed  with  water.  From  the  product  obtained  by  the  first  method,  water  dissolves, 
first  the  compound  Mo02.4Mo03,  and  afterwards  molybdic  hydrate.  (Berzelius.) 

Molybdate  of  Nickel  forms  as  a  light  apple-green  precipitate.  Schultze,  by 
fusing  molybdate  of  sodium  with  chloride  of  nickel,  obtained  it  in  leek-green  mono- 
clinic  prisms,  together  with  lemon-yellow  crystals  of  indeterminate  form. 

M o lybdates  of  Potass iu m. — a.  The  neutral  or  monomolybdate,  K2O.MoOs,  or 
K2Mo04,  is  obtained  by  agitating  the  trimolybdate  with  alcoholic  potash ;  it  then 
separates  as  an  oily  mass,  which,  when  dried  over  lime  and  oil  of  vitriol,  crystallises 
in  four-sided  prisms  containing  2K2Mo04.H20.  It  is  also  produced  by  mixing  a  so- 
lution of  molybdate  of  ammonium  with  excess  of  carbonate  of  potassium,  and  evapo- 
rating to  a  syrup. 

)8.  When  a  solution  of  molybdic  acid  in  carbonate  of  potassium  is  mixed  with  strong 
nitric  or  hydrochloric  acid,  till  a  slight  permanent  precipitate  appears,  the  liquid,  after 
awhile,  yields  crystals  of  a  salt  containing  4K20.9Mo03.6H20,  or  (K*Hl»)Mo*0*.H*0  ; 
and  this  salt  is  decomposed  by  water  into  the  monomolybdate,  which  dissolves  readily, 
and  the  trimolybdate,  which  is  sparingly  soluble : 

2(4K20.9MoOs)    =    3(K2O.Mo03)  +   5(K20.3Mo08). 

The  trimolybdate  dissolves  easily  in  boiling  water,  and  separates  as  a  milky- white 
precipitate  when  the  solution  is  quickly  cooled  ;  but  by  slow  cooling  it  is  obtained  in 
beautiful  silky  needles  containing  K20.3Mo03.3H20,  or  (K2H4)Mo3012.IPO. 

Nitric  acid  added  in  excess  to  a  solution  of  molybdic  acid  in  carbonate  of  potassium, 
throws  down  a  white  precipitate,  consisting  sometimes  of  K20.4Mo03,  sometimes  of 
K20.5Mo03,  both  anhydrous.  (Svanberg  and  Struve.) 

Potassio-aluminic  Molybdate,  Al'"  lMo6024.7H20. — This  salt,  analogous  in  cbmpo- 
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sition  to  the  ammonio-aluminlc  molybdate  already  described  (p.  1037),  is  prepared 
either  by  prolonged  boiling  of  a  solution  of  trimolybdate  of  potassium  with  aluminic 
hydrate ;  or  by  precipitating  a  solution  of  alum  with  a  neutral  molybdate,  that  of  mag- 
nesium, for  example,  and  boiling  the  washed  precipitate,  consisting  of  aluminic  hydrate, 
sulphate,  and  molybdate  (mixed  perhaps  with  a  little  potash),  with  a  solution  of  potassic 
trimolybdate,  and  evaporating  the  filtrate  to  the  crystallising  point.  It  crystallises  in 
groups  of  small  white  square  tablets,  soluble  in  407  pts.  water  at  17°;  is  permanent  in 
air  at  ordinary  temperatures ;  gives  off  6  at.  water  at  100°  ;  melts  when  more  strongly 
heated,  and  solidifies  on  cooling  to  a  yellowish  crystalline  mass,  very  slowly  soluble  in 
water  and  even  in  acids.  (Struve.) 

The  potassio-chromic  salt  of  similar  constitution,  crystallises  in  rose-coloured  tablets 
soluble  in  38-51  per  cent,  water  at  17°,  permanent  in  the  air,  giving  off  10  at.  water  at 
100°,  and  behaving  at  higher  temperatures  like  the  aluminic  salt.  (Struve.) 

The  potassio- ferric  salt  forms  yellowish-white  crystals  of  the  same  form  as  the  pre- 
ceding salts ;  difficult  to  obtain  in  any  considerable  quantity.  (Struve.) 

The  potassio-manganic  salt,  5K2O.Mn2OM6Mo03.12H20  or  Mn"'  [Mo'032.2H20, 

H«J 
is  prepared,  either  by  boiling  manganic  hydrate  with  trimolybdate  of  potassium,  or 
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better,  by  passing  chlorine  through  a  hot  solution  of  potassic  trimolybdate,  and 
gradually  adding  small  quantities  of  manganous  sulphate,  as  long  as  the  solution  is 
thereby  rendered  darker  in  colour.  The  filtered  liquid  yields  the  double  salt,  aft^r 
cooling  or  concentration,  in  shining  orange-coloured  rhombohedrons,  having  the  angle 
of  their  terminal  edges  =  107°  45'.  It  dissolves  in  384-3  pts.  water  at  17°,  more 
easily  in  boiling  water,  by  which  however  it  is  partially  decomposed.  It  gives  off  9  at 
water  at  100°,  2  at.  more  at  160°,  acquiring  at  the  same  time  a  darker  colour;  melts 
at  a  higher  temperature,  and  solidifies  on  cooling  into  a  brownish-red  crystalline  mass. 
With  nitrate  of  silver,  it  forms  a  precipitate  containing  molybdic  acid,  manganic  oxide, 
and  silver-oxide,  which  decomposes  during  washing.  (Struve.) 

Molybdates  of  Silver.  —  a.  Neutral  argentic  molybdate,  Ag2Mo04,  is  obtained  by 
precipitating  the  neutral  potassium-salt  with  nitrate  of  silver  as  a  yellowish-white,  floc- 
culent  precipitate,  which  darkens  on  exposure  to  light,  dissolves  sparingly  in  water, 
easily  in  dilute  nitric  acid.  —  j8.  Trimolybdate  of  potassium  forms  with  nitrate  of  silver 
a  yellowish-  white  flocculent  precipitate,  of  somewhat  variable  composition,  but  agreeing 
best  with  the  formula  2Ag2Mo04.3Mo03.  (S  vanberg  and  Struve.) 

Argentous  molybdate,  Ag40.2MoOs  =  Ag^MoO7,  is  produced  by  the  action  of  hydro- 
gen gas  at  ordinary  temperatures  on  the  neutral  argentic  salt  ;  or  better,  by  passing 
hydrogen  gas  through  a  tube  having  a  narrow  aperture,  into  a  saturated  solution  of 
the  argentic  salt  in  moderately  strong  aqueous  ammonia  ;  the  reduction  then  also  takes 
place  at  ordinary  temperatures,  but  much  more  quickly  at  90°  (at  higher  temperatures 
some  of  the  silver  may  be  reduced  to  the  metallic  state).  By  the  first  method  it  is 
obtained  as  an  amorphous  mass  ;  by  the  second,  as  a  black,  shining,  crystalline  powder, 
consisting  of  regular  octahedrons.  It  is  dissolved  by  nitric  acid,  with  evolution  of 
nitric  oxide,  and  decomposed  by  potash  (not  by  dilute  ammonia)  with  separation  of 
black  argentous  oxide.  (Wohler,  Ann.  Ch.  Pharm.  cxiv.  119.) 

Molybdates  of  Sodium.  —  The  neutral  or  disodic  molybdate,  Na2Mo04.H20 
(commonly  called  the  monomolybdate),  is  obtained  by  fusing  molybdic  anhydride  with 
an  equivalent  quantity  of  crystallised  carbonate  of  sodium.  It  is  easily  soluble  in  water, 
and  crystallises  in  small  octahedrons,  which  melt  and  give  off  their  water  at  a  moderate 
heat.  Sodio-hydric  molybdate,  NaHMoO4  (or  dimolybdate,  Na20.2Mo03.H'-'0),  ob- 
tained in  a  similar  manner,  crystallises  in  needles,  and  dissolves  sparingly  in  cold, 
readily  in  boiling  water.  The  disodio-tetrahydric  molybdate,  Na2H4Mo3012.5H20  (or 
trimolybdate,  Na20.3Mo03.7H20),  is  obtained,  by  adding  nitric  acid  to  a  solution  of 
molybdic  acid  in  carbonate  of  sodium,  as  a  bulky  white  precipitate,  more  soluble  than 
the  corresponding  potassium-salt.  Nitric  acid,  added  in  excess  to  a  solution  of 
molybdate  of  sodium,  throws  down  nothing  but  molybdic  anhydride.  (S  vanberg  and 
Struve.) 

Trimolybdate  of  sodium  boiled  with  alumina,  chromic  oxide,  &c.,  forms  double  salts 
analogous  to  the  potassium-salts  above  described. 

Molybdate  of  Strontium  is  obtained  in  well-developed  square  pyramids  by 
fusing  together  1  pt.  molybdate  of  sodium,  2  pts.  chloride  of  strontium  and  2  pts. 
common  salt.  (Schultze.) 

Molybdate  of  Zinc,  Zn"Mo04,  is  obtained  by  fusing  2  pts.  molybdate  of  sodium 
with  3  pts.  chloride  of  zinc  and  6  pts.  common  salt,  in  white  needles,  with  a  tinge  of 
yellow,  appearing  under  the  microscope  as  square  prisms,  also  exhibiting  the  combi- 
nation P  .  «>P;  fusible  without  decomposition  before  the  blowpipe.  (Schultze.) 


OXYBROIYIIDES  OP.  Molybdous  Oxybromide,  Mo3Br40, 
is  produced  by  heating  molybdous  bromide  with  dilute  solutions  of  caustic  alkalis; 
when  treated  with  hydrochloric,  hydriodic  and  hydrobromic  acid,  it  yields  molybdous 
chlorobromide,  &c.  (Blomstrand,  seep.  1029.) 

Permolybdic  Oxybromide,  MoTlBr202,  is  produced  by  passing  bromine  vapour  over 
the  heated  dioxide,  or  by  fusing  molybdic  trioxide  with  boric  or  phosphoric  anhydride, 
and  heating  the  pulverised  mass  with  bromide  of  potassium: 

MoO8  +  B203   +   2KBr     =     2KB02  +  MoBrW 

When  quickly  sublimed,  it  forms  indistinct  crystalline  scales  ;  by  slow  sublimation, 
more  fully  developed  crystalline  plates.  It  has  a  yellowish-red  colour  and  fatty  lustre,' 
deliquesces  in  the  air,  and  forms  a  colourless  solution  with  water.  (Blomstrand.) 

MOLYBDENUM,    OXYCHLORIDES    OF.     Molybdous    Oxy  chloride, 

MosGl40,  is  produced  in  the  same  manner  as  the  corresponding  oxybromide,  and 
reacts  in  a  similar  manner  with  hydrochloric  acid,  &c.     (Blomstrand,  p.  1039'.) 
Permolybdic  Oxychlorides.    a.  MoTiCl207  or  Mod6.  2Mo03.—  Discovered  by 
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Berzelius,  first  correctly  analysed  by  H.  Kose  (Pogg.  Ann.  xl.  399).  It  is  produced 
in  the  amorphous  state,  when  any  other  chlorine-compound  of  molybdenum  is  heated 
in  contact  with  the  air,  and  when  the  same  compounds  are  exposed  to  moist  air,  even 
at  ordinary  temperatures  (Blomstrand,  Jahresb.  1857,  p.  193).  In  the  crystal- 
line state  it  is  obtained  by  the  following  processes :  1.  By  passing  chlorine  over 
the  heated  dioxide  (Berzelius). — 2.  By  pouring  strong  sulphuric  acid  on  a  mixture 
of  molybdic  trioxide  and  potassic  sulphate,  evaporating  the  excess  of  acid  in  a  retort  as 
completely  as  possible,  then  adding  chloride  of  sodium,  and  heating  again,  whereupon 
the  oxychloride  sublimes ;  but  this  process  does  not  yield  so  pure  a  product  as  the 
first  (H.  Eose). — 3.  By  repeated  sublimation  of  the  brown  oxychloride  (Blom- 
strand).— 4.  By  subliming  a  mixture  of  this  brown  compound  and  the  amorphous 
modification  of  o  (Blomstrand).  It  forms  yellowish- white,  delicate,  crystalline  scales 
(Berzelius);  thin,  translucent,  nearly  square  plates  of  pale-reddish  colour,  or  if 
obtained  by  the  fourth  method,  thicker  crystals  of  honey-yellow  colour  and  scarcely 
translucent  (Blomstrand).  Tastes  sharp  and  astringent,  with  sweetish  after-taste  ; 
volatilises,  without  fusing,  at  a  heat  below  redness ;  and  is  resolved  by  water  into 
molybdic  and  hydrochloric  acids,  both  of  which  remain  dissolved ;  it  is  soluble  also 
in  alcohol. 

A  hydrate  of  the  preceding  compound,  MoCF02.H20,  which  may  also  be  regarded 
as  a  hydrochlorate  of  molybdic  trioxide,  Mo03.2HCl,  is  obtained  by  passing  hydrochloric 
acid  gas  over  the  trioxide  heated  to  150° — 200°,  as  a  white  crystalline,  very  volatile 
substance,  which  is  resolved  by  heat  into  hydrochloric  acid  and  trioxide  of  molyb- 
denum, but  may  be  volatilised  without  decomposition  in  hydrochloric  acid  gas.  It 
dissolves  easily  in  water,  but  the  solution  when  evaporated  leaves  nothing  but 
molybdic  trioxide  (Debray,  Ann.  Ch.  Pharm.  cviii.  250).  The  permolybdic  sulphate, 
nitrate,  &c.,  described  at  p.  1037,  are  perhaps  analogous  in  constitution  to  the  compound 
just  mentioned,  but  they  have  not  been  analysed. 

0.  MoT!Cl40  or  2MoCl6.MoOs  ?.  This  is  a  green,  easily  fusible  oxychloride, 
obtained  by  passing  chlorine  over  an  intimate  mixture  of  molybdic  oxide  and  charcoal 
(or  even  imperfectly  reduced  molybdenum  still  containing  oxygen)  heated  by  a 
common  spirit-lamp.  The  bulky  amorphous  oxychloride  which  first  forms  is  to  be 
removed,  and  the  sublimate  which  forms  when  the  vapour  has  acquired  a  permanent 
blood-red  colour  is  to  be  collected.  It  is  indistinctly  crystallised  in  dark  green  tufts ; 
if  formed  at  a  somewhat  stronger  heat,  in  light  green  metallic-shining  scales.  It 
melts  and  volatilises  below  100°,  forming  a  dark  red-brown  vapour,  and  is  decomposed 
by  water,  yielding  hydrochloric  acid  and  blue  oxide  of  molybdenum.  Hence,  and 
from  the  results  of  analysis,  Blomstrand  regards  it  as  Mo9CP-'08  or  2(MoClV2MoCF)  + 
Mo02.2MoOs,  but  observes  that  the  analytical  numbers  do  not  differ  much  from  those 
required  by  the  simpler  formula  above  given. 

7.  Mo4ClI005  =  (MoCl4.MoCl6).(Mo02.Mo03).  This  is  a  brown,  easily  fusible  sub- 
stance, produced  by  the  action  of  chlorine  on  a  mixture  of  charcoal  and  sesquioxide  of 
molybdenum  (formed  from  the  trioxide  by  the  prolonged  action  of  hydrogen  at  a  red- 
heat,  or  by  the  reducing  action  of  zinc  in  the  wet  way).  The  latter  part  of  the 
product  is  collected  apart  and  purified  by  fractional  sublimation  in  an  atmosphere  of 
hydrogen.  "When  very  slowly  sublimed,  it  forms  large  brown  or  black-brown  crystals. 
(Blomstrand.) 

5.  Mo'2Cl603  =  MoCl6.Mo08.  Produced,  though  only  occasionally  and  in  small 
quantity,  by  the  action  of  chlorine  at  a  moderate  heat  on  a  mixture  of  molybdic  oxide 
and  charcoal,  accompanying  the  green  oxychloride  )8,  which  is  formed  towards  the  latter 
part  of  the  process.  It  may  be  freed  from  the  latter,  and  from  any  other  compounds  that 
may  be  present,  by  its  inferior  volatility.  It  forms  well-defined  prismatic  crystals  of  a 
dark  violet  colour  by  reflected,  ruby-red  by  transmitted  light ;  it  volatilises  with 
difficulty,  but  without  previous  fusion.  Water  first  dissolves  it  with  slight  rise  of 
temperature,  and  then  throws  down  a  white  precipitate,  soluble  in  a  larger  quantity  of 
Irater. 

JVtOLYBDEltfUltt,  PHOSPHIDE  OP.  Mo2?2.— A  mixture  of  1  pt.  yellow  tri- 
oxide of  molybdenum  containing  phosphoric  acid,  and  2  pts.  fused  phosphoric  acid 
containing  lime,  is  exposed  for  an  hour  in  a  charcoal  crucible  to  the  heat  of  a  very 
strong  coke  fire,  whereby  a  grey  blistered  mass  is  formed,  consisting  of  small  metallic- 
shining  crystals  of  phosphide  of  molybdenum,  mixed  with  calcic  phosphate,  and  having 
its  Cavities  lined  with  the  same  crystals. 

Phosphide  of  molybdenum  forms  a  powder  of  specific  gravity  6-167.  The  crystals 
conduct  electricity.  t  It  is  very  difficult  to  fuse ;  oxidises  gradually  in  the  air  without 
burning,  but  with  incandescence  on  melting  nitre.  By  hot  nitric  acid  it  is  converted 
into  phosphoric  and  molybdic  acids,  and  dissolved.  When  gently  heated  in  chlorine 
gas,  it  is  converted,  without  visible  combustion,  into  chloride  of  molybdenum  and 
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chloride  of  phosphorus.  Tn  contact  with  zinc  it  eliminates  hydrogen  from  hydrochloric 
acid,  and  on  addition  of  a  copper-salt,  reduces  copper  on  its  surface.  (Wohler  and 
Rautenberg,  Ann.  Ch.  Pharm.  cix.  374.) 

MOLYBDENUM,  SULPHIDES  OF.  Molybdenum  unites  with  sulphur  in 
three  proportions,  forming  the  compounds  MoS2,  MoS:i,  and  MoS4.  The  last  two 
are  sulphur-acids.  Our  knowledge  of  these  sulphides  and  their  salts  is  almost  wholly 
due  to  the  researches  of  Berzelius. 

Bisulphide  or  IWColybdic  Sulphide.  MoS2. — This  compound  occurs  native  as 
Molybdenite  ( Molybdanglanz,  Wasscrblei),  generally  in  crystallo-laminar  masses,  more 
rarely  in  tabular  crystals,  ooP  .  oP,  belonging  to  the  hexagonal  system,  cleavable 
parallel  to  oP.  Hardness  =  1  to  To;  easily  impressed  by  the  nail.  Specific 
gravity  —  4'44  to  4'S.  The  mineral  has  a  strong  metallic  lustre  and  pure  lead-grey 
colour  ;  streak  similar,  but  slightly  inclined  to  green  ;  it  forms  a  grey  trace  on  paper, 
and  a  greenish  trace  on  porcelain.  It  is  opaque,  sectile,  and  almost  malleable ;  laminae 
highly  flexible  and  elastic. 

Molybdenite  is  of  frequent  occurrence  in  primitive  rocks,  being  sometimes  found  in 
metalliferous  veins,  especially  of  magnetic  iron  ore  and  tin  ores.  It  is  found  in 
Cornwall,  at  Caldbeck  Fell  in  Cumberland,  in  Saxony,  Bohemia,  Sweden,  Norway, 
and  Greenland,  and  at  numerous  localities  in  the  United  States.  It  occurs  nearly 
pure,  but  according  to  Svanberg  and  Struve,  generally  contains  a  small  quantity  of 
phosphoric  acid  (or  phosphorus),  a  fact  which  must  be  borne  in  mind  when  the 
mineral  is  used  for  the  preparation  of  molybdate  of  ammonium. 

Bisulphide  of  molybdenum  is  produced  artificially  by  heating  either  of  the  higher 
sulphides,  also  by  igniting  the  trioxide  with  sulphur.  The  artificial  sulphide  is  a  black 
shining  powder. 

The  disulphide  heated  in  closed  vessels,  sustains  a  high  temperature  without  fusing 
or  undergoing  any  change,  and  according  to  H.  Eose,  is  not  decomposed  by  ignition  in 
dry  hydrogen  gas.  When  heated  in  the  air,  it  is  converted  into  molybdic  anhydride, 
with  evolution  of  sulphurous  anhydride.  Before  the  blowpipe  on  charcoal  it  gives 
off  sulphurous  anhydride,  covering  the  charcoal  with  a  yellowish-white  incrustation ; 
but  it  burns  with  great  difficulty,  and  the  combustion  is  but  imperfect.  On  platinum 
wire  it  colours  the  outer  blowpipe  flame  green.  It  colours  a  bead  of  borax  mixed 
with  nitre,  dark  brown  in  the  inner  flame,  and  light  brown  in  the  outer. 

It  decomposes  vapour  of  water  at  a  red  heat  slightly,  but  at  a  higher  temperature 
with  greater  facility.  It  detonates  with  nitre,  forming  a  molybdate  of  potassium  ;  dis- 
solves readily  in  warm  nitromuriatic  acid,  producing  molybdic  and  sulphuric  acids,  is 
easily  oxidised  by  nitric  acid;  dissolves  in  boiling  oil  of  vitriol  with  evolution  of 
anhydride,  and  forms  a  blue  solution. 

Trisulphide.  Sidphomolybdic  acid.  MoS3. — This  compound,  the  analogue  of 
the  trioxide,  is  formed  by  decomposing  that  compound  with  sulphydric  acid,  viz. 
(1)  by  passing  the  gas  into  a  concentrated  solution  of  an  alkaline  molybdate  and 
precipitating  with  an  acid ;  or  (2)  by  adding  sulphide  of  ammonium  to  the  solution 
and  then  hydrochloric  acid,  both  in  excess.  The  whole  of  the  molybdenum  is  then 
precipitated  as  trisulphide,  which  settles  down  quickly,  and  must  be  rapidly  washed  on 
a  filter  with  water  containing  sulphydric  and  hydrochloric  acids,  to  prevent  oxidation. 
As  thus  obtained  it  is  a  black-brown  powder  which  makes  a  dark  brown  streak  on 
porcelain.  When  heated  it  gives  off  sulphur,  and  is  converted  into  the  disulphide.  It 
dissolves,  but  not  readily,  in  caustic  alkalis,  more  easily  at  the  boiling  heat,  under- 
going partial  decomposition  at  the  same  time.  It  is  most  easily  dissolved  by  alkaline 
monosidphides  and  sulphydratcs,  forming  sulphur-salts  called  sulphomolybdates; 
the  alkaline  disulphides  do  not  dissolve  it. 

The  sulphomolybdates  are  the  analogues  of  the  molybdates,  most  of  them 
being  constituted  according  to  the  formula  R^S.MoS3  or  E2MoS4.  There  are  also  a 
few  containing  2  or  3  at.  of  the  sulphur-acid.  The  sulphomolybdates  of  the  alkali- 
metals,  alkaline  earth-metals,  and  magnesium,  are  soluble  in  water;  the  rest  are  insoluble. 
The  alkali-metal  salts  are  obtained  by  passing  sulphydric  acid  gas  into  concentrated 
solutions  of  the  corresponding  molybdates  ;  the  insoluble  salts  by  precipitating  a 
neutral  oxygen-salt  of  the  metal  with  a  soluble  sulphomolybdate. 

The  aqueous  solutions  of  neutral  sulphomolybdates  have  a  fine  red  colourwhen  pure, 
changing  to  brown,  however,  if  they  contain  a  small  quantity  of  iron  or  an  excess  of 
the  sulphur  acid.  During  evaporation,  they  emit  a  constant  odour  of  sulphydric  acid. 
When  exposed  to  the  air,  they  remain  unaltered,  if  they  contain  an  excess  of  the  sul- 
phur-acid; in  the  contrary  case,  the  solutions — and  likewise  the  diy  salts— are  rapidly 
oxidised,  the  sulphide  of  the  alkali-metal  being  converted  into  hyposulphite,  while  the 
trisulphide  of  molybdenum  is  partly  precipitated  as  such,  partly  converted  into  trioxide 
and  blue  oxide  of  molybdenum.  The  sulphomolybdates  are  decomposed  by  acids, 
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with  evolution  of  sulphydric  acid  and  precipitation  of  molybdic  trisulphide.  When 
heated  to  redness,  they  yield  molybdous  sulphide  and  a  disulphide  of  the  base,  or  give 
off  1  at.  sulphur. 

Sulphomolybdate  of  Ammonium,  ( NH4)2MoS4,  separates  from  a.  concentrated 
aqueous  solution  mixed  with  alcohol  in  cinnabar-coloured  scales,  becoming  dark  brown 
on  exposure  to  the  air.  The  aqueous  solution,  if  left  to  evaporate,  yields  at  the 
edges  a  number  of  crystals  which  are  green  by  reflected  light,  while  in  the  middle  it 
dries  up  to  a  black  amorphous  mass.  The  salt  is  sparingly  soluble  in  alcohol. 

Bodenstatt  (J.  pr.  Chem.  Ixxviii.  186;  Jahresb.  1859,  p.  163),  by  passing  sulphy- 
dric acid  gas  to  supersaturation  into  a  solution  of  impure  molybdic  acid  in  hydro- 
chloric acid,  mixed  with  a  large  quantity  of  sal-ammoniac  and  previously  supersaturated 
with  ammonia,  obtained  deep  red  crystals  of  a  sulphoxymolybdate,  (NH')2Mo02S2. 

Sulphomolybdates  of  Barium. — The  neutral  salt,  Ba"MoS4,  is  obtained,  as  a 
dark  red  amorphous  mass,  from  the  mother-liquor  of  the  following  salt.  The  trisul- 
phomolybdate,  Ba"S.3MoS3  or  B;i/'MoS4.2MoS3,  is  obtained  by  boiling  sulphide  of 
barium  with  an  excess  of  molybdic  trisulphide,  and  separates  from  the  hot  filtrate  on 
cooling,  in  small  yellow  shining  crystals,  which,  when  laid  on  paper,  crumble  to  a 
shining  powder  of  the  same  colour.  They  give  off  water,  and  turn  red  when  heated, 
and  are  decomposed  by  dilute,  but  not  by  concentrated  hydrochloric  acid. 

The  cadmium- salt  is  a  dark  brown  precipitate  insoluble  in  water. 

An  acid  calcium-salt,  probably  Ca"MoS4.2MoS3,  is  obtained  like  the  correspond- 
ing barium- salt,  and  crystallises  in  short,  shining,  vermilli on-coloured,  needle-shaped 
crystals,  permanent  in  air  even  at  100°  ;  hydrochloric  acid  blackens  them  by  separating 
the  sulphide  of  molybdenum.  The  mother-liquor  of  this  salt,  when  evaporated,  leaves 
the  neutral  calcium-salt  in  the  form  of  a  dark  red  varnish. 

Cerous  sulphomolybdate  is  a  dark  grey  precipitate.  On  adding  an  alkaline 
sulphomolybdate  to  the  solution  of  a  eerie  salt,  only  a  slight  precipitate  is  formed,  but 
ammonia  throws  down  from  the  resulting  yellow  solution  a  basic  salt  in  the  form  of  a 
brown  gummy  mass. 

The  chromic  salt  is  a,  dark  brown  precipitate,  which  turns  green  in  drying.  The 
cobalt-  and  copper-salts,  are  dark  brown  precipitates,  the  former  soluble  in  sulphide 
of  potassium. 

The  gold-salt  (auric)  is  soluble  in  water,  whence  it  separates  after  some  time  as  a 
dark  brown  powder,  becoming  black  when  dry. 

Iron-salts. — The  ferrous  salt  is  soluble  in  water,  forming  a  wine-red  solution, 
which  becomes  darker  and  nearly  black  on  exposure  to  the  air ;  when  evaporated  in  a 
shallow  vessel,  together  with  sulphomolybdate  of  potassium,  it  ultimately  separates 
from  the  latter  as  a  black  jelly,  which,  as  well  as  the  dilute  solution,  deposits  a  pale 
red-yellow  powder  by  spontaneous  evaporation.  The  ferric  salt  is  a  dark  red  precipi- 
tate which  dissolves,  with  black  colour,  in  excess  of  sulphide  of  potassium,  but  gener- 
aDy  separates  again  after  24  hours.  When  dry  it  is  black  and  yields  a  brown  powder. 

The  lead-salt  is  a  black  precipitate,  which  when  dry,  forms  a  lead-grey,  metallic- 
shining  streak  on  paper. 

Magnesium-salts. — By  boiling  molybdic  trisulphide  with  sulphydrate  of  magne- 
sium, and  cooling,  a  dark  brown  powder  is  obtained,  consisting  of  an  acid  sulphomolyb- 
date of  magnesium.  The  supernatant  liquid  contains  the  neutral-salt  and  dries  up  to 
a  dark  red  varnish. 

Manganese-salts. — By  digesting  sulphide  of  manganese  in  excess  with  molybdic 
trisulphide,  a  brownish-yellow  liquid  is  obtained,  which  dries  up  to  a  transparent 
varnish.  Ammonia  throws  down  from  the  solution  a  red  basic  salt,  which  is  decomposed 
by  a  larger  quantity  of  ammonia.  Sulphide  of  manganese  digested  with  excess  of 
molybdic  trisulphide  forms  an  insoluble  compound. 

Mercury-salts. — Mercurous  sulphomolybdate  is  a  nearly  black,  the  mercuric  salt 
a  light  brown  precipitate.  The  nickel-salt  resembles  the  cobalt-salt.  The  platinum- 
salt  is  a  dark  brown  precipitate,  black  after  drying. 

Potassium-salt  s. — a.  The  neutral  salt,  K2MoS4,  is  produced  by  heating  a  mixture  of 
potassic  carbonate,  sulphur,  charcoal  powder  and  excess  of  molybdic  trisulphide  in  a  cru- 
cible, gently  at  first,  afterwards  very  strongly.  The  black  unfused  mass  yields  with  water, 
after  cooling,  a  dark  red  opaque  solution.  A  similar  solution  is  obtained  by  saturating  a 
solution  of  potassic  molybdate  with  sulphydric  acid.  When  evaporated  in  a  cylindrical 
vessel  at  40°,  it  yields  four  and  six-sided  prisms,  with  dihedral .  summits,  which  are 
dark  red  by  transmitted,  but  of  a  fine  dark  green  colour  by  reflected  light,  and  yield  a 
dark  red  powder,  becoming  green  and  shining  by  pressure.  Alcohol  added  to  the 
red  aqueous  solution,  throws  down  a  cinnabar-coloured  powder,  and  the  mixed 
liquid  deposits  scales  of  the  same  colour  which  acquire  a  green  metallic  lustre  by 
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drying.  The  salt  heated  in  an  atmosphere  of  hydrogen  is  only  partially  decomposed 
into  disulphide  of  potassium  and  molybdous  sulphide. — #.  Another  salt  containing  a 
larger  proportion  of  molybdic  trisulphide,  is  precipitated  as  a  brown-yellow  powder, 
when  the  solution  of  the  neutral  salt  is  mixed  with  a  quantity  of  acetic  acid  sufficient 
to  give  it  an  acid  reaction.  It  is  black  after  drying,  and  dissolves  easily  in  boiling, 
slowly  in  cold  water,  forming  a  yellow  solution.  A  solution  of  the  neutral  salt,  mixed 
with  a  small  quantity  of  any  other  acid,  becomes  darker,  in  consequence  of  the  formation 
of  this  compound,  but  does  not  yield  a  precipitate. 

A  compound  of  sulphomolybdate  and  nitrate  of  potassium  is  obtained  when  a 
solution  of  equal  parts  of  the  two  salts  is  left  to  evaporate.  It  then  separates  in 
green  metallic-shining  scales,  very  much  like  sulphomolybdate  of  potassium,  which 
burn  away  like  gunpowder  when  heated. 

The  silver-salt  resembles  the  lead-salt  in  colour  and  streak. 


i- salts. — The  neutral  salt  forms  small  dark  red  granular  crystals,  much 
more  soluble  in  alcohol  than  the  potassium-salt.  It  is  almost  completely  reduced  by 
ignition  in  hydrogen  gas.  There  is  also  an  acid  sulphomolybdate  of  sodium,  much 
less  soluble  than  the  neutral  salt,  and  resembling  the  corresponding  potassium-salt  in 
all  its  properties. 

The  strontium-salts  resemble  the  barium-salts. 

The  uranium-  and  zi nc -salts  are  dark  brown  precipitates  ;  the  stannous 
salt  is  a  black  precipitate  ;  the  stannic  salt,  a  translucent  brown  precipitate  becoming 
grey-brown  when  dry. 

Tetrasulphide  of  Molybdenum.  Persulphomolybdic  acid,  MoS4. — This  sulphide 
is  thrown  down  by  hydrochloric  acid  from  the  solutions  of  alkaline  persulphomolybdates, 
as  a  flocculent  translucent  precipitate  of  a  fine  dark  red  colour,  shrinking  together  when 
dry,  into  a  coarse-grained  mass,  possessing  a  dark  green  metallic  lustre,  and  yielding  a 
dark  red  powder  when  triturated  with  water.  It  is  insoluble  in  water  and  in  acids. 
When  heated  in  a  retort,  it  gives  off  water  and  a  small  quantity  of  sulphurous 
anhydride,  then  a  large  quantity  of  sulphur,  and  leaves  disulphide  of  molybdenum. 

Persulphomolybdates.  Tetrasulphide  of  molybdenum  unites  with  basic  metallic 
sulphides,  forming  salts  represented  by  the  formula  R2S.MoS4  =  E2MoS5.  Most  of 
them  are  dark  red  and  retain  their  colour  unaltered  when  dry.  The  persulphomolyb- 
dates of  the  alkali-metals  are  soluble  in  water,  and  their  solutions  yield  with  acids  a 
precipitate  of  molybdic  tetrasulphide. 

The  ammonium-salt  is  obtained  by  drenching  moist  molybdic  tetrasulphide  with 
sulphydrate  of  ammonium,  to  which  a  little  caustic  ammonia  may  be  advantageously 
added.  A  yellow  powder  is  then  formed,  which  becomes  dark  red  when  dry,  is 
insoluble  in  alkaline  liquids,  sparingly  soluble  in  cold,  easily  in  hot  water. 

Barium-salt. — Yellow  or  red  precipitate,  insoluble  in  water,  and  not  decomposed 
by  dilute  hydrochloric  acid.  The  calcium-salt  is  precipitated  after  some  time  by 
alcohol  from  a  mixture  of  the  potassium-salt  with  chloride  of  calcium,  as  a  cinnabar- 
coloured  powder  slightly  soluble  in  water. 

The  copper-salt  is  a  precipitate  dark  coloured  at  first,  but  becoming  red  inclining 
to  brown  after  it  is  collected.  The  gold-salt  (auric)  is  a  brown  precipitate  which 
turns  yellow  and  decomposes  in  drying,  and  when  heated  in  contact  with  the  air,  burns, 
gives  off  sulphurous  anhydride,  assumes  a  golden-yellow  colour,  and  when  very  strongly 
heated,  yields  a  sublimate  of  molybdic  trioxide. 

Iron-salt. — Red  precipitate  formed  on  adding  the  potassium-salt  to  an  excess  of 
a  ferrous  salt. 

The  lithium-salt  resembles  the  potassium-salt.  The  magnesium-salt  is  an 
insoluble  red  precipitate. — The  mercurous  salt  is  a,  dark  almost  brown  precipitate. 

Potassium-salts. — When  sulphomolybdate  of  potassium  is  boiled  with  molybdic 
trisulphide  (such  a  mixture  is  obtained  by  decomposing  an  acid  molybdate  of 
potassium  with  sulphydric  acid),  the  boiling  being  continued  for  several  hours  in  a  retort, 
a  large  quantity  of  sulphydric  acid  is  given  off  with  the  watery  vapours,  and  a  copious 
precipitate  is  formed.  On  collecting  the  precipitate  after  cooling  on  a  filter  and 
washing  till  the  wash -water  gives  a  dark  red  flocculent  precipitate  with  hydrochloric 
acid,  a  residue  is  obtained  from  which  water  extracts  persulphomolybdate  of  potassium, 
leaving  disulphide  of  molybdenum  behind.  The  resulting  solution  is  red,  and 
generally  yields  the  salt  on  evaporation  in  the  form  of  a  red  mass,  having  the 
consistence  of  an  extract.  On  one  occasion,  however,  Berzelius  observed  the  salt 
to  separate  from  the  boiled  mixture  on  cooling,  in  small  ruby-coloured  crystalline 
granules  which  could  be  separated  from  the  rest  of  the  precipitate  by  levigation. 
They  appeared  under  the  microscope  as  transversely  striated  rectangular  scales ;  were 
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insoluble  in  cold  water,  hydrochloric  acid,  and  potash,  but  soluble  in  hot  water.  At 
a  low  red  heat,  they  decrepitated,  gave  off  water,  a  small  quantity  of  sulphur,  and 
tmlphydric  acid,  after  which  water  extracted  sulphide  of  potassium  from  them,  leaving 
disulphide  of  molybdenum. 

When  a  dilute  solution  of  sulphomolybdate  of  potassium  containing  an  excess 
of  tnolydic  trisulphide  is  exposed  to  a  heat  of  60 D — 80°,  it  becomes  turbid  and 
gradually  yields  a  lighter  coloured  deposit  of  persulphomolybdate  of  potassium,  which, 
after  drying,  forms  a  yellow  coherent  mass  consisting  of  small  crystalline  particles 
having  a  silky  lustre.  The  same  mass  is  obtained  by  drenching  molybdic  tetra- 
sulphide  with  sulphydrate  of  potassium.  It  is  insoluble  in  cold,  but  soluble  in  hot 
water. 

Persulphomolybdate  of  silver  is  a  dark  brown  precipitate,  black  when 
collected. 

The  sodium-  and  strontium-salts  resemble  the  potassium- and  barium-salts 
respectively. 

Tin-salts. — The  stannous  salt  is  obtained  from  stannous  chloride  by  double 
decomposition,  as  a  dark  brown  precipitate.  If  the  mixture  be  left  for  several  days  in 
an  open  vessel,  the  stannic  salt  is  formed  and  the  supernatant  liquid  becomes  red. — • 
The  stannic  salt  is  only  partially  precipitated,  the  rest  remaining  dissolved  with  the 
same  colour. 

IKOXiYBDXXT.     Syn.  with  molybdic  ochre,  or  native  trioxide  of  molybdenum. 

IttOMORDICA.  According  to  Lepine  (J.  Pharm.  [3]  xl.  16),  Momordica 
charantia  yields  a  solid  fat  melting  at  65°. — On  the  amount  of  elaterin  contained  in 
the  fruit  of  Momordica  Elaterium  at  different  seasons,  see  Walz  (N.  Jahrb.  Pharm. 
xi.  21). 

XKOIVXORDXCXlff.     Syn.  with  ELATEBIN  (ii.  373). 

XKOHTARD.A.,  OIL  OP.  The  essential  oil  of  an  American  Labiate  plant,  the 
Monarda  punctata.  It  easily  separates  into  a  liquid  oil  and  a  camphor.  The  oil  or 
essence  is  a  yellowish-red  liquid,  having  an  odour  of  thyme,  becoming  light  yellow 
after  rectification  with  water,  boiling  at  224°,  and  easily  resinising  by  oxidation.  The 
camphor  or  stearoptene,  when  purified  by  pressure  and  distillation,  forms  shining  crys- 
tals, melting  at  48°  and  solidifying  again  at  38°.  Its  composition,  according  to  Arppe's 
analysis,  is  C'°H140  ;  that  of  the  oil  separated  from  the  stearoptene  appears  to  be 
(C10H14)30.  The  crystals  absorb  2  or  3  per  cent,  hydrochloric  acid  gas.  (Arppe, 
Ann.  Ch.  Pharm.  Iviii.  41 ;  Handw.  d.  Chem.  v.  377.) 

1MONA.Z.ITE.  Edwardsite,  Mengite,  Eremite. — A  phosphate  of  cerium  and  lan- 
thanum, also  containing  thorinum  according  to  some  authorities,  occurring  in  monoclinic 
prisms,  usually  small  and  flattened.  Ratio  of  axes,  a  :  b  :  c  :  —  T0265  :-l  :  0-94715. 
Angle  of  b  and  c  =  76°  14'.  Observed  planes,  ooPoo  [  ooPoo  ],  +Poo,  —Poo,  +P, 
—  P,  oo P,  [  a>P2],  and  others.  Cleavage  basal,  very  distinct  and  brilliant.  Hardness 
=  5  to  5'5.  Specific  gravity  =  4'9  to  5'25.  The  crystals  have  a  brownish-red, 
hyacinth-red,  or  yellowish-brown  colour,  and  resinous  lustre ;  they  are  substransparent 
to  subtranslucent  and  rather  brittle.  The  mineral  is  infusible  before  the  blowpipe  ; 
dissolves  slowly  in  borax,  forming  a  bead  which  is  yellowish-green  or  yellowish-red 
while  hot,  colourless  when  cold. 

Analysis. — a.  From  Slatoust  in  the  Ural;  Brooke's  Mengite  (Kersten,  Pogg.  Ann. 
xlvii.  385). — b.  The  same  (Hermann,  J.  pr.  Chem.  xxxiii.  90).— c.  Eio  Chico, 
Antioquia,  in  New  Granada : 

PaO\             ThO.             CeO.             LaO.         •  CaO.          MgO.          Mnp.          SnO«. 
28-50         17-95         24-78         23-40         1'68         .      .         1'86         2-10     =     100'27* 
28-05          •      .          37-36         27-41         1-46         0'80         .      .         1'75     =       96-83 
29-1  .      .          46-4  24-5  =      lOO'OO 

The  presence  of  thorinum  in  monazite  has  been  confirmed  by  Berzelius  and  Wohler. 
Hermann,  on  the  contrary,  denies  it,  and  is  of  opinion  that  a  basic  sulphate  of  cerium 
formed  in  the  analyses  has  been  mistaken  for  sulphate  of  thorinum.  The  analytical 
results  may  be  represented  by  the  formula  (Ce;  La)8P208  or  (Ce;  La;  Th)3P-08 ;  but 
new  analyses  are  required  to  fix  the  formula  with  certainty. 

Monazite  was  first  obtained  from  Slatoust.  It  occurs  also  at  Norwich  and  Water- 
town  in  Connecticut ;  at  Yorktown,  Chester  County,  New  York ;  and  near  Crowder's 
Mountain,  North  Carolina. 

nxONAZITOXD.  The  name  given  by  Hermann  (J.  pr.  Chem.  xl.  20)  to  a 
variety  of  monazite  from  the  Ural,  distinguished  by  its  brown  colour,  higher  specific 

*  With  traces  of  titanic  acid  and  potash. 
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gravity  (  =  5'281),  and  by  the  presence  of  tantalum.  Hermann  found  in  it  17-94  per 
cent.  P-'O5,  49-35  CeO,  21'30  LaO,  1'50  CaO,  1-36  H20,  and  6-27  TaO2.  It  gives  off 
a  small  quantity  of  chlorine  when  treated  with  hydrochloric  acid,  and  dissolves,  leaving 
a  considerable  yellow  residue. 


A  compound  resembling  saponin,  contained  in  an  extractive  substance 
called  Monesia,  which  appears  to  be  obtained  from  the  bark  of  Chrysophyllum  qlycy- 
pkceum,  a  Brazilian  plant  of  the  sapotaceous  order.  (Desrone,  Henry  and  Pay  en, 
Ann.  Ch.  Pharm.  xxxvii.  352.) 

IVIOlvrHEIlVTITE.     Syn.  with  KAPNITE  (p.  445). 

XVXONO-COMPOUia'DS.  This  term  is  applied  to  compounds  containing  1  at.  of 
the  element  specified,  e.  g.,  C2H3G102,  monochloracetic  acid,  C6H5.H2.N,  monophenyl- 
amine,  &c. 


Syn.  with  EPISTILBITE  (ii.  491). 

nXOCTOTROPA.  According  to  F.  L.  Win  elder  (N.  Jahrb.  Pharm.  viii.  322),  the 
herb  of  Monotropa  hypopitys,  gathered  when  the  flowers  are  almost  fully  expanded, 
yields  by  distillation  with  water,  a  volatile  oil  identical  with  that  of  Gaultheriaprocufni- 
bcns  (ii.  825).  The  residue  of  the  distillation  contained  an  acid. 

XVEONRADXTE.  A  magnesio-ferrous  silicate  from  Bergen  in  Norway,  where  it 
occurs  massive  granular  ;  also  foliated,  with  one  distinct  and  another  imperfect  cleavage 
inclined  at  130°.  Hardness  =  6  nearly.  Specific  gravity  =  3-2673.  It  has  a  pale 
yellow  colour  inclining  to  red,  and  a  strong  vitreous  lustre.  Contains  56-17  per  cent. 
silica,  31-63  magnesia,  8'56  ferrous  oxide,  and  4'04  water  (=  100'40,  agreeing  nearly 
with  the  formula  4(fMg.iFe)"Si03.H*0.  (Erdmann,  K.  Vet.  Acad.  Handl.  1842; 
Dana,  ii.  280.) 

Syn.  with  KYANITE  (p.  449).' 

An  alkaloid  said  by  Van  Mons  to  exist  in  China  montana,  the 
bark  of  Exostemma  floribundum.    Winckler  was  not  able  to  find  it. 

XttOHTTXCEXiXiXTS.     A  variety  of  chrysolite  (i.  958). 

TVKONTIVIORIIiXiONITE.  A  rose-red,  fragile,  argillaceous  substance  found  at 
Montmorillon  near  Confolens  in  Charente,  and  near  St.  Jean  de  Colle  in  Dordogne. 
Contains  50'04  per  cent,  silica,  20'16  alumina,  0'68  ferric  oxide,  1'46  lime,  0'23  mag- 
nesia, 1-27  potash,  and  26'0  water.  (Dam  our,  Bull.  Soc.geol.  de  France  [2]  iv.  464.) 

BSOOUSTOKTS,  A  variety  of  translucent  felspar  from  Ceylon.  (See  FELSPAR, 
ii.  620.) 

MORDANTS.     See  DYEING  (ii.  352). 

XttORDENXTE.  A  fibrous  zeolite  from  the  trap  of  the  Bay  of  Fundy,  Nova  Scotia, 
the  name  being  derived  from  Morden,  a  village  near  which  it  is  found.  It  occurs  in 
small  concretions  or  geodes  of  white,  yellowish  or  pinkish  colour,  and  strong  silky 
lustre,  weathering  dull  ;  cleaves  readily  in  directions  parallel  to  the  fibres  ;  is  translu- 
cent on  the  edges.  Hardness  a  little  above  5.  Specific  gravity  =  2-  08.  Kather 
brittle.  Before  the  blowpipe  it  fuses  at  a  strong  heat  to  a  glassy  bead,  without  intu- 
mescence ;  with  hydrochloric  acid  it  does  not  gelatinise  but  yields  slimy  silica.  Contains 
(mean  of  analyses)  68'40  per  cent,  silica,  1277  alumina,  3-46  lime,  2'35  soda,  and  13'02 
water  (  =  100),  agreeing  very  nearly  with  the  formula,  ^Na4<Ja")O.Al203.9Si02.6H20, 
which  is  reducible  to  that  of  a  metasilicate,  li%R*)*lH18Si»027.B?O.  (How,  Chem.  Soc. 
J.  xvii.  104.) 

XKORXC  ACID,  Morin.  (R.  Wagner,  J.  pr.  Chem.  Ii.  82  ;  Hlasiwetz  and 
Pfaundler,  ibid.  xc.  445.)  —  An  acid  existing  in  old  fustic  (Morus  tinctoria),  and  de- 
posited as  a  calcium-salt,  together  with  morintanuic  acid,  from  an  infusion  of  the  wood 
on  cooling.  To  extract  it,  the  deposit  (sometimes  called  morin)is  treated  several  times 
with  boiling  alcohol  ;  the  alcoholic  liquor  is  diluted  with  six  times  its  bulk  of  water, 
which  precipitates  the  morate  of  calcium  in  the  form  of  a  yellow  crystalline  powder, 
while  the  whole  of  the  morintannic  acid  remains  dissolved.  The  calcium-salt  is  then 
dissolved  in  boiling  alcohol,  the  calcium  precipitated  by  oxalic  acid,  and  the  moric  acid 
is  separated  from  the  hot  filtrate  by  water,  purified  by  re-solution  in  alcohol  and  re- 
precipitation  by  water,  and  finally  dried  over  the  water-bath  out  of  contact  with  air 
(Wagner).  Hlasiwetz  and  Pfaundler  treat  the  deposit  above  mentioned  twice  with 
boiling  water,  after  pressing  it,  and  thereby  obtain  a  solution  of  morintannic  acid 
(p.  1049),  and  a  residue  consisting  of  crude  moric  acid  and  nitrate  of  calcium.  This 
residue  is  heated  with  water  and  a  little  hydrochloric  acid  (to  decompose  the  calcium- 
salt),  then  washed  with  water  and  dissolved  in  hot  alcohol.  The  filtrate  mixed  with 
two-thirds  of  its  volume  of  hot  water,  deposits  the  greater  part  of  the  moric  acid 
in  yellow  crystals,  which  may  be  purified  by  solution  in  weak  alcohol  (using  filters 
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free  from  lime  and  iron),  and  formation  of  a  small  quantity  of  lead- sulphide  in  the 
solution,  to  carry  down  resinous  matters. 

Moric  acid  is  a  white  crystalline  powder,  which  gradually  turns  yellow  in  contact  with 
the  air.  According  to  Hlasiwetz  and  Pfaundler,  it  crystallises  in  needles  several  lines 
long,  mostly  grouped  in  tufts.  It  is  very  sparingly  soluble  in  water,  requiring  4000 
pts.  at  20°  and  1060  pts.  at  100°  to  dissolve  it ;  very  soluble  in  alcohol  and  in  ether 
(Wagner),  sparingly  soluble  in  ether,  insoluble  in  sulphide  of  carbon  (Hlasiwetz 
and  Pfaundler).  The  solutions  have  a  deep  yellow  colour,  and  slight  acid  reaction. 
Dried  at  120°,  it  contains,  according  to  Wagner,  55*2  per  cent,  carbon,  and  3-2  hydro- 
gen, numbers  which  may  be  represented  by  the  formula  C18H1409.H20.  This  compo- 
sition differs  but  little  from  that  of  morintannic  acid;  indeed  D elf fs(Zeitschr.  Chem. 
Pharm.  1862,  p.  143)  concludes,  from  his  own  experiments,  that  Wagner's  moric  acid 
is  nothing  but  morintannic  acid  contaminated  with  colouring  matter.  On  the  other 
hand,  Wagner  (Chem.  Centr.  1862,  p.  399)  still  maintains  the  distinctness  of  moric 
from  morintannic  acid,  inasmuch  as  the  former  is  colourless,  much  less  soluble  in  water 
than  the  latter,  and  reacts  differently  with  alkalis.  The  difference  between  the  two 
acids  is  further  established  by  the  experiments  of  Hlasiwetz  and  Pfaundler. 

Moric  acid  bears  a  rather  high  temperature  without  decomposing.  At  300°  it 
blackens  and  gives  off  a  considerable  quantity  of  carbonic  anhydride,  together  with  a 
yellow  oil  which  partly  concretes  on  cooling,  and  consists  of  a  mixture  of  phenol  and 
oxyphenic  acid  (pyrocatechin).  It  dissolves  in  weak  acids  without  coloration ;  in 
strong  sulphuric  acid  with  brown-yellow  colour,  and  is  precipitated  by  water  in  its. 
original  state.  The  sulphuric  acid  solution  decomposes  when  heated,  giving  off  sul- 
phurous anhydride  and  phenol.  Strong  nitric  acid  converts  moric  acid  into  oxypicric 
acid.  With  caustic  alkalis  and  their  carbonates,  moric  acid  form  solutions  of  a  fine 
yellow  colour :  paper  impregnated  with  it  affords  a  delicate  test  for  free  alkalis.  The 
solution  does  not  precipitate  gelatin,  but  it  stains  animal  skin  yellow.  Ferric  chloride 
colours  the  solution  garnet-red  ( W  a  g  n  e  r),  deep  olive-green  (H  1  a  s  i  w  e  t  z  and  Pf  a  u  n  d- 
1  e  r).  A  solution  of  moric  acid  boiled  with  cupric  sulphate  or  acetate,  after  addition  ot 
potash,  yields  a  precipitate  of  cuprous  oxide.  From  an  ammoniacal  solution  of  silver- 
nitrate,  it  immediately  reduces  metallic  silver. 

Morate  of  Barium  is  produced  by  boiling  the  acid  with  recently  precipitated  car- 
bonate of  barium :  the  resulting  solution  when  evaporated  yields  the  salt  in  the  form 
of  a  red-brown  powder,  apparently  containing  3C18H13Ba09.C18HH09.H-p.  The  cal- 
cium-salt exists  ready  formed  in  fustic,  and  is  deposited  from  its  alcoholic  solution  in 
sulphur-yellow  crystals  which  apparently  contain  C18H13Ca09.H2O,  and  give  off  their 
water  at  100°.  (Wagner.) 

MORITTOIW.  A  substance  obtained  by  Anderson  (Ed.  Phil.  Trans,  xvi.  [6] 
435;  Ann.  Ch.  Pharm.  Ixxi.  216)  from  the  root  of  Morinda  citrifolia,  the  "Al"  root  of 
the  Hindoos,  frequently  used  as  a  dye-stuff  in  the  Madras  Presidency.  When  this 
root  is  exhausted  with  boiling  alcohol,  the  first  decoctions  deposit  brown  flocks  of 
morindin  contaminated  with  a  red  colouring  matter,  but  the  last  portions  vield  it  in 
email  radiated  yellow  crystals.  The  whole  is  purified  by  repeated  crystallisation  from 
dilute  alcohol  slightly  acidulated  with  hydrochloric  acid. 

Morindin  forms  crystals  having  a  fine  yellow  colour  and  satin  lustre.  It  is  spar- 
ingly soluble  in  cold,  more  soluble  in  boiling  alcohol,  especially  when  dilute ;  in  abso- 
lute alcohol  it  is  less  soluble,  and  quite  insoluble  in  ether.  Cold  water  dissolves  it  but 
sparingly,  sufficiently  however  to  acquire  a  yellow  colour;  boiling  water  dissolves  it 
easily,  and  deposits  it  on  cooling  as  a  gelatinous  mass,  destitute  of  crystalline  structure. 

Morindin  dried  at  100°  gives  by  analysis  55'4  per  cent,  carbon  and  5-1  hydrogen, 
whence  Anderson  deduces  the  formula  6'28Z?15015  or  C28HS0015  (requiring  55'4  percent. 
C,  4-9  H,  and  39'6  0).  Eochleder  regards  it  as  identical  with  the  ruberythric  acid 
(54-5  C,  5-2  H,  40-3  0),  which  he  obtained  from  madder. 

Morindin  dissolves  in  alkalis,  forming  orange-red  solutions.  Strong  sulphuric  acid 
colours  it  deep  purple,  or  violet  in  thin  layers ;  the  solution,  if  diluted  with  water  after 
24  hours,  deposits  yellow  flocks  of  unaltered  substance,  quite  insoluble  in  cold  water, 
and  forming  with  ammonia,  not  an  orange-red,  but  a  violet  solution. 

Nitric  acid  of  specific  gravity  1'38  dissolves  morindin  slowly  in  the  cold,  acquiring 
a  deep  red  colour ;  on  heating  the  liquid,  a  brisk  reaction  takes  place ;  the  solution 
boiled  with  nitric  acid  and  neutralised  with  ammonia  does  not  precipitate  calcium-salts. 

Basic  acetate  of  lead  precipitates  morindin  in  crimson  flocks,  which  are  not  very 
stable  and  cannot  be  washed  without  loss  of  colouring  matter.  Solutions  of  baryta, 
strontia  and  lime  form  bulky  precipitates  sparingly  soluble  in  water. 

Ferric  chloride  produces  a  brown  coloration,  but  no  precipitate.  An  ammoniacal 
solution  of  morindin  forms  with  alum  a  reddish  liquid,  and  with  ferric  chloride  a  pre- 
cipitate having  the  colour  of  ferric  oxide. 

Morindin  heated  in  a  close  vessel  melts  and  boils,  giving  off  orange-coloured  vapours, 
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which    condense  in  long  slender  yellowish-red  needles  of    alizarin   (Anderson's 
morindcne). 

When  powdered  morinda-root  is  boiled  with  moderately  dilute  sulphuric  acid,  as  in 
the  ordinary  garancin  process,  its  morindin  is  converted  into  alizarin  ;  but  the  large 
quantity  of  brown  matter  produced  at  the  same  time,  greatly  diminishes  the  value  of 
the  dye-stuff  obtained,  as  it  renders  the  colours  dull  and  the  whites  difficult  to  clear. 
The  "  Al"  root  is  therefore  never  likely  to  compete  successfully  with  madder,.  at  least 
in  Europe  ;  nevertheless  it  affords  the  best  known  source  of  pure  alizarin,  this  sub- 
stance, when  prepared  from  it,  being  quite  free  from  purpurin,  which,  as  is  well  known, 
is  very  difficult  to  separate  completely  from  the  alizarin  prepared  from  ordinary 
madder.  (Stenhouse,  Chem.  Soc.  J.  xvii.  334.)* 

See  the  last  article. 


IVXORXNGXC  ACXD.  C15H2802.—  An  oily  acid,  homologous  with  oleic  acid, 
obtained,  together  with  stearic,  palmitic  and  benic  acids,  by  the  saponification  of  oil  of 
ben  (Moringa  aptcra).  It  is  colourless  or  faintly  yellow,  has  a  density  of  0'908,  a 
mawkish  taste,  which  irritates  the  throat,  and  a  faint  odour.  It  reddens  litmus  paper; 
is  very  soluble  in  common  alcohol,  even  in  the  cold  ;  solidifies  at  the  freezing  point  of 
water;  is  decomposed  by  heating  with  sulphuric  acid.  Walter  found  in  it  75  '0  per 
cent,  carbon,  and  11*7  hydrogen,  the  above  formula  requiring  74'9  C,  11'8  H,  and 
13-3  0.  (Crerhardt's  Traite  de  Chim.  org.  ii.  882.) 

IKORXXTTANNXC  ACXD.  Maclurin.  C13H10Ofl.  (R.  Wagner,  J.  pr,  Chem. 
li.  82.  Hlasiwetz  and  Pfaundler,z"fo'd.  xc.  445  ;  Jahresb.  1863,  p.  594.)  —  A  variety 
of  tannic  acid  which  constitutes  the  chief  colouring  matter  of  old  fustic  (Morus  tinctoria, 
or  according  to  Hlasiwetz  and  Pfaundler,  Madura  tinctoria').  It  forms  a  largp  portion 
of  the  deposits  found  in  the  interior  of  faggots  of  that  wood,  and  may  be  obtained  by 
treating  these  deposits  with  boiling  water  and  leaving  the  extract  to  cool.  The  acid  is 
then  deposited  in  the  form  of  powder  and  may  be  purified  by  crystallising  it  several 
times  from  pure  water,  and  dissolving  the  crystalline  deposit  in  water  slightly  acidulated 
with  hydrochloric  acid,  to  separate  a  resinous  substance,  and  filtering  the  solution  when 
it  is  no  longer  turbid.  (Wagner.) 

A  strongly  concentrated  aqueous  decoction  of  fustic  left  to  itself  for  some  days  yields 
an  abundant  crystalline  deposit,  which  when  pressed  and  twice  boiled  with  water 
yields  a  residue  consisting  of  crude  moric  acid  and  morate  of  calcium,  and  a  solution  of 
morintannic  acid,  which  deposits  a  portion  of  the  acid  on  evaporation,  the  rest  on  addi- 
tion of  hydrochloric  acid.  It  may  be  freed  from  resinous  impurities,  first  by  crystal- 
lisation from  water  acidulated  with  hydrochloric  acid,  and  finally  by  adding  to  the 
solution  a  small  quantity  of  acetate  of  lead,  and  precipitating  with  sulphydric  acid  in 
presence  of  free  acetic  acid.  (Hlasiwetz  and  Pfaundler.) 

Morintannic  acid  is  deposited  from  its  solution  as  a  light  yellow  crystalline  powder, 
composed  of  microscopic  prisms.  It  dissolves  in  64  pts.  of  cold,  and  2*14  pts.  of  boiling 
water,  the  solution  having  a  slight  acid  reaction,  and  sweetish  astringent  taste  ;  easily  also 
in  alcohol,  wood-spirit,  and  ether  ;  but  is  insoluble  in  oil  of  turpentine  and  in  fixed 
oils.  The  ethereal  solution  is  greenish  by  reflected  and  brown  by  transmitted  light. 
(Wagner.) 

The  composition  of  morintannic  acid  is  shown  by  the  following  analyses  and 
calculations  : 

At  130°_140°.   '  At  100°. 

Calculation.  Hlasiwetz  and  Calculation.  Wagner.        Delffg. 

Pfaundler.  mean. 

C13         59-54        59-36        59'25  C"  5o71         55-17        54'1 

H10  3-81  4-13  4-18  H12  4-29  4'41  4'4 

O6  36-65         36-51         36'57  O7  40-00         40-42         41-5 


100.00       100.00       100.oo     CI3H'°06.H*0  100-00       100-00       100-0 

Delffs  regards  the  compound  dried  at  100°  as  identical  with  moric  acid;  but  as 
already  observed  (p.  1047),  the  difference  between  the  two  acids  may  be  considered  as 
completely  established  by  the  recent  researches  of  Hlasiwetz  and  Pfaundler. 

Morintannic  acid  melts  at  200°,  blackens  and  gives  off  water  and  acid  vapours  at 
250°,  and  undergoes  complete  decomposition  at  270°,  yielding  a  large  quantity  of  car- 
boni-2  anhydride,  and  an  oily  distillate  which  partly  solidifies  on  cooling,  and  leaving  a 
bulky  cinder.  The  distilled  oil  is  a  mixture  of  phenol  and  pyrocatechin.  (Wagner.) 

The  aqueous  solution  of  morintannic  acid  is  not  precipitated  by  hydrochloric,  sulphu- 
ric, phosphoric  or  arsenic  acid,  but  completely  by  gelatin  and  softened  animal  bladder. 

Morintannic  acid  dissolves  in  cold  strong  sulphuric  acid,  forming  a  yellow  solution 
from  which  it  is  precipitated  by  water;  on  heating  the  solution,  it  blackens  and  gives  off 
sulphurous  anhvdride  and  phenol.  The  solution  in  cold  sulphuric  acid,  if  left  to  itself  for 

3  x  2 
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eomedays,  yields  a  brick-red  deposit  of  rufimoric  acid.  This  acid  is  also  deposited 
after  a  while  from  the  solution  of  morintannic  acid  in  boiling  dilute  hydrochloric  acid. 
By  boiling  concentrated  hydrochloric  acid,  and  by  oxidising  agents,  morintannic  acid  is 
decomposed,  giving  off  the  odour  of  phenol.  With  peroxide  of  manganese  and  sul- 
phuric acid,  it  gives  off  a  large  quantity  of  carbonic  anhydride,  together  with  formic 
acid.  Strong  nitric  acid  converts  it  into  styphnic  (oxypicric)  acid.  Chromic  acid  de- 
composes it  easily  and  completely.  Chlorine  passed  into  its  aqueous  solution  throws 
down  yellow  resinous  flocks.  (Wagner.) 

The  acid  mixed  with  a  solution  of  3  pts.  hydrate  of  potassium  and  evaporated  in  a 
silver  dish  till  it  has  become  pasty  is  resolved  into  phloroglucin  and  protoca- 
techuicacid.  (Hlasiwetz  and  JPfaundler): 

Ci3Hio0«     +     H20     =     C6H«03     +     C7H604 
Morintannic  Phloro-  Protocate- 

acid.  glucin.  choir  acid. 

Morintannates.  Morintannic  acid  unites  directly  with  caustic  alkalis  and  decom 
poses  the  alkaline  and  earthy  carbonates  when  boiled  with  them ;  the  solutions  ol 
the  alkaline  morintannates  are  yellow,  but  quickly  turn  brown  or  black  in  contact  with 
the  air,  so  that  these  salts  cannot  be  obtained  pure  in  1;he  solid  state.  A  solution  of 
the  acid  forms  a  greenish  precipitate  with  ferroso-ferric  sulphate,  yellow  with  acetate 
of  lead,  brown  with  potassio-antimonic  tartrate,  yellowish-brown  with  cupric  sulphate, 
yellowish-red  with  stannous  chloride,  yellow  and  flocculent  with  platinic  chloride.  It 
does  not  immediately  precipitate  a  solution  of  alum,  but  on  adding  carbonate  of  potas- 
sium, a  yellow  lake  is  thrown  down. 

A  moderately  concentrated  solution  of  morintannic  acid  mixed  at  the  boiling  heat 
with  a  dilute  solution  of  neutral  lead-acetate,  and  quickly  filtered,  deposits  small,  yellow 
laminar  crystals  containing,  when  dried  at  110°,  which  temperature  they  sustain  with- 
out alteration,  33*09  per  cent,  carbon,  2'00  hydrogen,  and  4576  lead-oxide,  agreeing 
with  the  formula  C2fiHlsPb"0".Pb"IFO*,  which  requires  32-84  C,  2'10  H,  and  46-00 
PbO  (Hlasiwetz  and  Pfaundler).  Wagner  found  in  the  lead-salt  dried  at  100°, 
32-01  per  cent.  C,  2-17  H.  and  44'27  PbO,  which  agrees  nearly  with  the  formula 
C26H'8Pb"Gl8.Pb"H20-  +  H-0. 

HXOROXITE.  A  greenish-blue  variety  of  apatite,  found  at  Arendal  in  Norway, 
and  Pargas  in  Finland. 

niOROXTXilC  ACID.  A  volatile  crystalline  acid,  said  by  Klaprothto  exist 
as  a  calcium-salt  in  the  stems  of  the  mulberry  tree  (Morus  alba).  Land erer  found 
the  same  calcium-salt  in  the  so-called  Lachryma  Mori,  which  exude  from  mulberry 
stems.  (Handw.  d.  Chem.  v.  142.) 

1VIORPHETIWE.     A  product  of  the  oxidation  of  morphine  (p.  1052). 

MORPHINE,  or  MORPHIA..  C17HI9N08.— This  alkaloid,  the  most  important 
of  the  opium-bases,  was  known  in  an  impure  state,  as  Magisterium  opii,  in  the  seven- 
teenth century  ;  but  it  was  not  obtained  as  a  well-defined  organic  base  till  1816,  when 
Sertiirner  published  a  series  of  important  researches  upon  it  (Gilb.  Ann.  iv.  61 ;  Ivii. 
192;  lix.  50).  It  has  been  further  examined  byKobiquet  (Ann.  Ch.  Phys.  [2]  v.  275  • 
li.  232);  Pelletier  and  Caventou  (ibid.  xii.  122);  Dumas  and  Pelleti.er  (ibid. 
xxiv.  182);  Lassaigne(ifo'd  xxv.  102)  ;Dublanc  (ibid,  xxvii.  84);  Liebig  (ibid. 
xlvii.  105;  Ann.  Ch.  Pharm.  xxvi.  41);  Merck  (Ann.  Ch.  Pharm.  xviii.  79  ;  xxi.  202; 
xxiv.  46);  Eegnault  (Ann.  Ch.  Phys.  [2]  Ixviii.  131);  Laurent  (ibid.  [3]  xix.  361); 
Lefort(J.  Pharm.  [3]  xl.  97);  and  G-uibourt  (ibid.  xli.  97,  177).  Good  Smyrna 
opium  generally  contains  from  10  to  15  per  cent,  morphine.  Egyptian  opium  from 
5'8  to  6'6  per  cent. ;  East  Indian  from  5*3  to  77  per  cent. 

Preparation. — 1.  Opium  is  exhausted  with  cold  water ;  the  extract  after  evaporation 
to  a  syrup  at  a  gentle  heat,  is  heated  while  yet  warm  with  a  large  excess  of  carbonate 
of  sodium  as  long  as  ammonia  continues  to  escape  ;  the  resulting  precipitate  is  collected 
after  twenty-four  hours,  and  washed  with  cold  water ;  and  when  the  wash-water  is  no 
longer  coloured,  the  precipitate  is  treated  with  alcohol  of  85  per  cent.,  again  dried,  and 
exhausted  in  the  cold  with  very  dilute  acetic  acid,  care  being  taken  not  to  add  too  much 
acid  at  once,  and  to  wait  till  each  portion  is  neutralised  before  adding  more.  The  so- 
lution is  then  filtered,  decolorised  with  animal  charcoal,  and  precipitated  by  ammonia, 
care  being  taken  to  avoid  an  excess ;  and  the  precipitate,  after  being  well- washed,  is  dis- 
solved in  boiling  alcohol.  The  liquid  on  cooling  deposits  crystals  of  morphine,  and  an 
additional  quantity  may  be  obtained  by  concentrating  the  mother-liquors.  (Merck.) 

2.  Twenty  pts.  of  opium  cut  in  slices  are  boiled  in  sixty  pts.  water  for  half  an  hour, 
or  until  all  the  slices  are  opened  out ;  the  liquid  is  then  strained,  and  the  residue  is 
squeezed  and  again  twice  treated  with  fresh  water  in  the  same  way.  The  united  ex- 
tracts are  boiled  down  to  half  their  bulk,  then  stirred  into  a  boiling  lime-lye  composed 
of  3  pts.  slaked  lime  and  40  pts.  water ;  the  liquid  is  boiled  for  a  quarter  of  an  hour, 
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and  then  strained  ;  and  the  calcareous  residue  is  pressed  and  again  twice  boiled  in  50 
pts.  water.  The  whole  of  the  calcareous  liquors  are  now  boiled  down  to  40  pts.  and 
mixed  at  boiling  heat  with  2  pts.  sal-ammoniac  ;  the  heat  is  kept  up  for  an  hour,  or  as 
long  as  ammonia  is  given  off;  the  liquid  is  then  allowed  to  cool  ;  and  after  eight  days  the 
morphine,  which  separates  in  the  form  of  brown  granules,  is  collected:  the  mother-liquor 
yields  another  crop  if  further  boiled  down  and  left  to  itself.  The  product  may  be  purified 
by  washing  in  cold  water,  solution  in  hydrochloric  acid,  repeated  boiling  with  excess  of 
milk  of  lime,  and  precipitation  with  sal-ammoniac.  (Mohr,  Ann.  Ch.  Pharm.  xxxv.  120.) 

3.  The  process  most  generally  employed  is  that  of  Robertson,  modified  by 
Robiquet  and  Gregory  (Ann.  Ch.  Pharm.  v.  87  ;  vii.  261).  —  Opium  is  macerated  in 
water  of  38°,  till  all  the  soluble  principles  are  extracted  ;  the  solution  is  evaporated 
with  carbonate  of  calcium,  which  neutralises  the  free  acids  ;  and  when  the  liquid  is 
sufficiently  concentrated,  chloride  of  calcium  is  added,  whereby  a  precipitate  of  meco- 
nate  of  calcium  is  formed,  which  carries  down  with  it  a  considerable  quantity  of 
colouring  matter.  The  opium  bases  remain  in  the  solution  as  hydrochlorates,  and  the 
liquid,  when  again  concentrated,  first  deposits  more  meconate  of  calcium,  and  afterwards 
crystals  of  hydrochlorate  of  morphine  mixed  with  hydrochlorate  of  codeine.  These 
salts  are  easily  purified  by  repeated  crystallisation,  with  addition  of  animal  charcoal. 

The  two  hydroehlorates  are  next  dissolved  in  water  and  treated  with  ammonia, 
which  precipitates  the  morphine,  leaving  the  codeine  dissolved.  The  morphine  is 
finally  purified  by  crystallisation  from  alcohol. 

Morphine  prepared  by  either  of  the  preceding  processes  is  often  contaminated  with  nar- 
cotine,  from  which  however  it  may  be  freed  by  either  of  the  following  processes  :  —  1.  By 
digestion  in  ether,  which  dissolves  narcotine  much  more  easily  than  morphine.  —  2.  By 
dissolving  the  mixed  bases  in  hydrochloric  acid,  evaporating  to  the  crystallising  point,  and 
pressing  the  crystals,  which  consist  entirely  of  hydrochlorate  of  morphine,  the  narcotine- 
salt  remaining  in  the  uncrystallisable  mother-liquor.  —  3.  By  mixing  the  hydrochloric 
acid  solution  with  common  salt,  which  renders  the  liquid  milky,  and  throws  down  the 
narcotine  after  some  days  in  crystalline  agglomerations  ;  the  morphine  may  then  be 
precipitated  by  ammonia.  —  4.  By  pouring  a  weak  solution  of  caustic  potash  into  the 
dilute  solution  of  the  hydrochlorates  ;  the  morphine  then  dissolves  in  a  slight  excess  of 
potash,  while  the  narcotine  is  deposited  as  a  curdy  precipitate,  which  may  be  separated 
by  filtration. 

For  a  full  account  of  the  various  methods  used  for  the  preparation  and  purification 
of  morphine,  see  Grineliri's  Handbook,  xvi.  416-423. 

Properties.  —  Morphine  crystallises  in  colourless  transparent  prisms  usually  very  short, 
belonging  to  the  trimetric  system.  Observed  combination:  ooP  .  oofoo  .Poo.  Angle 
ooP  :  ooP  =  127°  30';  ooP  :  ooPoo  j=  116°  20'  ;  Poo  :  ooPoo  =  132°  20';  Poo  :  Pop 
=  95°  20'.  Cleavage  parallel  to  coPoo  .  It  is  inodorous  but  has  a  persistently  bitter 
taste,  and  is  extremely  poisonous,  exerting  a  strong  narcotic  action.  In  small  doses  it 
is  much  used  in  medicine  as  a  sedative. 

Morphine  is  but  very  slightly  soluble  in  cold  water;  boiling  water  dissolves  about  jjR  of 
it,  depositing  the  greater  part  of  it  in  the  crystalline  form  as  it  cools.  Cold  alcohol 
dissolves  but  little  of  it  ;  boiling  alcohol  a  larger  quantity.  It  is  insoluble  in  ether,  and 
may  thus  be  easily  separated  from  narcotine,  which  is  dissolved  by  ether.  Morphine  is 
likewise  insoluble  in  volatile  oils.  Aqueous  alkalis,  even  lime-water,  dissolve  it  readily  ; 
ammonia,  however,  but  sparingly. 

Morphine  turns  the  plane  of  polarisation  of  a  luminous  ray  to  the  left.  In  the  state 
of  concentrated  solution  in  water  acidulated  with  hydrochloric  acid,  its  molecular  rota- 
tory power  is  expressed  by  [a]  —  —  88*04.  It  has  likewise  about  the  same  amount  of 
rotatory  power  when  dissolved  in  alcohol. 

The  crystals  of  morphine  melt  when  heated,  giving  off  5  '94  per  cent.  (=1  at.) 
water  of  crystallisation  ;  at  a  high  temperature  they  become  carbonised. 

The  composition  of  morphine  dried  at  120°  is  expressed  by  the  formula  C17HI9N08, 
as  seen  from  the  following  results  of  analysis  : 

Liebig.*  Regnault.f 

Calculation.  ,  ----  *•  -  —  .         ,  ----  *  -  •  -  >,          Will.t  Laurent.^ 

O17  204  71-58  71-35  71-38  71'87  71-41  71'66  71'40  71'63  71'59 
H19  19  6-66  6-69  677  6-86  6-84  6'86  672  6'58  6-66 
N  14  4-91  4-99  .  .  5'01 

Q«          48       16-85       16-97 


285     100-00 

The  base  called  pseudomorphineorphormine,  occasionally,  found  by  Pelletier 
in  the  aqueous  extract  of  opium  containing  a  large  quantity  of  narcotine,  and  the  m  e  t  a  - 
morphine  of  Wittstein,  found  on  one  occasion  only  in  the  residue  of  the  preparation 

»  Ann.  Ch.  Pharm.  xxvi.  41.  t  Ann.  Ch.  Phys.  Ixyiii.  131. 

t  Ibid.  xxvi.  44.  §  Ibid.  [3]  xix.  369. 
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of  opium-tincture,  were  probably  nothing  but  impure  morphine.     (See  Gmelin's  Hand- 
book, xvi.  440.) 

Reactions. — Morphine  and  its  salts  are  very  sensitive  to  the  action  of  oxidising  agents. 
1.  lodic  acid  is  reduced  by  morphine  either  free  or  combined,  the  liquid  turning  brown 
and  emitting  an  odour  of  iodine.  This  reaction  will  indicate  the  presence  of  1  pt.  of 
morphine  in  7000  pts.  of  liquid  (Serullas).  Periodic  acid  acts  in  the  same  manner. 
Ammonia  deepens  the  colour  of  a  solution  of  iodic  acid  and  morphine  (J.  Lefert, 
J.  Pharm.  [3]  xL  97).  When  solid  morphine  or  a  morphine-salt  is  moistened  with  a 
solution  of  1  pt.  iodic  acid  in  15  pts.  water,  and  a  solution  of  1  pt.  starch  in  400  pts. 
water  is  added,  a  blue  colour  is  produced,  by  which  g^th  of  a  grain  may  be  detected ; 
if  a  drop  of  the  starch-solution  be  previously  evaporated  with  the  morphine,  the  reac- 
tion will  suffice  for  the  detection  of  fo^th  of  a  grain.  If  a  layer  of  very  dilute  ammo- 
nia be  poured  upon  a  solution  of  morphine  mixed  with  iodic  acid  and  starch,  then, 
even  if  only  ^^  pt.  of  morphine  is  present,  two  coloured  rings  will  be  formed  at  the 
surface  of  contact,  the  tipper  being  blue,  the  lower  brown ;  in  more  dilute  solutions  only 
the  brown  ring  is  produced.  Other  substances  capable  of  reducing  iodic  acid  may  like- 
wise produce  the  blue  ring,  but  not  the  brown  ring  at  the  same  time.  (A.  Dupr&, 
Chem.  News,  viii.  267;  Jahresb.  1863,  p.  704.) 

2.  Morphine  and  its  salts  slowly  reduce  nitrate  of  silver. 

3.  Chloride  of  gold  colours  them  blue,  from  reduction  of  the  metal. 

4.  They  reduce  permanganate  of  potassium,  which  acquires  a  green  colour 

5.  Ferric  salts  impart  to  morphine  and  its  solutions  a  blue  colour,  which  however  is 
not  permanent,  and  is  destroyed  by  excess  of  acid,  by  heat,  or  by  contact  with  alcohol. 
This  reaction  is  characteristic  of  morphine  (Robinet).     A  solution  of  morphine  in 
sulphuric  acid  previously  heated  is  coloured  deep  red  by  ferric  chloride,  the  colour 
changing  after  awhile  to  dirty  green.     (Husemann,  Ann.  Ch.  Pharm.  cxxviii.  305.) 

6.  When  sulphate  of  morphine  mixed  with  dilute  sulphuric  acid  is  boiled  with  per- 
oxide of  lead,  till  the  liquid  is  no  longer  precipitated  by  ammonia,  the  excess  of  sulphuric 
acid  then  removed  by  carbonate  of  lead,  and  the  lead  by  sulphuretted  hydrogen,  the 
filtered  liquid  yields  on  evaporation  a  brown  amorphous  slightly  bitter  substance  (mor- 
phetine),  which  reddens  litmus,  is  soluble  in  water,  sparingly  soluble  in  strong  alcohol, 
acquires  a  darker  colour  by  contact  with  alkalis,  and  is  not  precipitated  by  acetate  of 
lead.     By  continued  action  of  the  peroxide  of  lead,  it  is  converted  into  a  yellow  deli- 
quescent acid  body. 

7.  Nitric  acid  communicates  to  morphine  an  orange-red  colour  gradually  changing  to 
yellow.     In  this  reaction,  an  acid  body  is  produced  which  when  boiled  with  potash 
gives  off  a  volatile  oil.     (Anderson,  Ann.  Ch.  Pharm.  Ixxv.  80.) 

8.  Warm  dilute  sulphuric  acid  converts  morphine  into  sulphomorphide. 

9.  Morphine  dissolved  in  strong  sulphuric  acid  containing  a  little  nitric  acid  forms 
a  violet-red  solution  (J.  Erdmann,  Ann.  Ch.  Pharm.  cxx.  88).     According  to  A. 
Husemann  (ibid,  cxxviii.  305),  this  reaction  maybe  rendered  much  more  certain  and 
delicate  by  first  dissolving  the  base  in  strong  sulphuric  acid,  in  the  proportion  of 
0-002  to  0-004  grm.  to  6  or  8  drops  of  the  acid,  and  then  adding  a  drop  of  nitric  acid, 
whereupon,  if  the  morphine-solution  has  been  recently  prepared,  a  rose-colour  is  pro- 
duced, changing  after  a  few  seconds  to  yellow,  then  to  greenish,  and  finally  to  brown. 
If  a  small  quantity  of  water  be  added  to  the  solution  of  the  morphine  in  sulphuric  acid, 
so  that  the  mixture  becomes  hot,  the  colouring  produced  by  the  subsequent  addition  of 
nitric  acid  is  of  a  much  deeper  carmine-red,  and  much  more  durable.    If  the  solu- 
tion be  heated  for  a  few  miuutes  to  100° — 150°,  the  addition  of  a  drop  of  nitric  acid 
produces,  after  cooling,  a  splendid  deep  violet  colour,  which  gradually  disappears  from 
the  centre  ^outwards,  passing  through  blood-red.     If  the  temperature  be  raised  above 
150°,  the  liquid  acquires  of  itself  at  a  certain  moment,  a  violet-rose  colour;  at  still 
higher  temperatures,  a  dirty  green  colour  is  produced.     On  adding  a  drop  of  nitric 
acid,  after  cooling,  the  liquid  immediately  turns  red,  without  passing  through  violet. 
A  solution  of  morphine  in  sulphuric  acid,  left  to  itself  for  12  to  24  hours  at  ordinary 
temperatures,  behaves  as  if  it  had  been  heated  to  100°— 150°. 

Hypochlorite  of  sodium,  chlorine-water,  and  chlorate  of  potassium  exhibit  with  mor- 
phine the  same  reactions  as  nitric  acid. 

With  regard  to  the  sensibility  of  these  reactions,  Husemann  finds  that|th  of  a  milli- 
gramme of  morphine  is  sufficient  to  produce  a  very  bright  carmine  colour ;  ^th  mgr.  gives 
a  very  distinct  reaction,  and  ^th  mgr.  still  gives  a  perceptible  tint  afte/half  a  minute. 

10.  When  chlorine  is  passed  into  water  containing  morphine  in  suspension,  the  mor- 
phine first  acquires  an  orange  colour,  then  dissolves  completely ;  and  if  the  passage  of 
the  chlorine  be  continued,  the  liquid  turns  yellow,  and  deposits  flakes  partly  soluble  in 
alcohol.     (Pe  lie  tier.) 

1J.  Iodine  unites  with  morphine,  forming  the  so-called  iodomorphine  (p.  1056). 
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Morphine  heated  to  200°  with  excess  of  hydrate  of  potassium,  yields  an  alkaline  dis- 
tillate containing  methylamine. 

12.  Morphine  heated  with  the  iodides  of  methyl  and  ethyl,  yields  hydriodate  of 
methyl-morphine  or  of  ethyl-morphine. 

To  detect  the  presence  of  morphine  when  mixed  with  animal  matter,  the  substance 
Is  mixed  with  alumina,  dried  between  100°  and  110°,  then  well  pulverised  and  mace- 
rated in  cold  water  acidulated  with  acetic  acid.  The  solution  treated  with  ammonia, 
deposits  morphine,  which  may  then  be  recognised  by  the  characters  above  described, 
especially  by  its  reactions  with  iodic  acid,  ferric  salts,  and  nitric  acid. 

Estimation  of  Morphine  in  Opium. — 15  grms.  of  opium  cut  in  pieces  are  triturated 
with  60  grms.  alcohol  of  71  per  cent.;  the  solution  is  strained  through  linen;  and  the 
residue,  after  being  pressed,  is  again  treated  in  the  same  way  with  40  grms.  alcohol. 
The  alcoholic  tincture  mixed  with  4  grms.  of  aqueous  ammonia  yields  in  12  hours 
crystals  of  morphine  and  narcotine,  which  are  collected,  washed  several  times  with 
water,  and  stirred  up  in  the  water  ;  the  crystals  of  morphine  then  sink  to  the  bottom, 
while  those  of  narcotine,  being  lighter,  remain  longer  suspended  and  may  be  separated 
by  decantation  (Gruillermond,  J.  Pharm.  [3]  xvi.  17).  Eiegel  (Jahrb.  pr.  Pharm. 
xxiii.  202)  removes  the  narcotine  precipitated  together  with  the  morphine,  by  washing 
with  ether  or  with  chloroform.  According  to  Re  veil  and  Gruibourt,  the  quantity  of 
alcohol  employed  byGuillermondis  not  sufficient  for  the  exhaustion  of  the  opium,  and 
1 2  hours  is  not  time  enough  for  complete  cry stallisation.  Gf  u  i  b  o  u  r  t  therefore  treats  dry- 
powdered  opium,  or  the  aqueous  extract  of  opium,  with  alcohol,  either  warm  or  cold, 
allowing  it  in  either  case  to  stand  in  the  cold  for  24  hours,  to  permit  the  separation  of 
the  resin,  the  wax,  and  a  portion  of  the  narcotine.  The  tincture  is  drawn  off  with  a 
pipette,  the  residue  washed  with  alcohol,  and  the  entire  liquid  precipitated  by  a  slight 
excess  of  ammonia.  After  evaporation  of  the  excess  of  ammonia,  the  morphine  is 
allowed  to  crystallise  out  completely,  then  collected  and  washed  with  alcohol  of  50  per 
cent,  afterwards  with  alcohol  of  40  per  cent.,  and  finally  with  ether.  The  extract 
prepared  with  cold  water  from  20  to  30  grms.  of  opium  may  also  be  redissolved  in  cold 
water ;  the  solution  precipitated  by  ammonia ;  and  the  precipitate  collected  after  36 
hours,  washed  with  cold  water,  then  with  alcohol  of  40  or  50  per  cent.,  and  crystallised 
from  boiling  alcohol  of  85  per  cent.  (Gruibourt.) 

F.  F.  Mayer  (Am.  J.  Pharm.  xxxv.  28)  has  given  a  volumetric  process  for  estimat- 
ing morphine  and  other  alkaloids  founded  on  their  precipitability  by  potassio-mercuric 
iodide.  The  standard  solution  contains  13 '546  grms.  (^  at.)  mercuric  chloride  and 
49-8  grms.  iodide  of  potassium  in  a  litre ;  it  is  to  be  added  to  the  solution  to  be  tested 
(and  not  the  contrary),  and  gives  a  perceptible  precipitate  with  1  pt.  of  morphine  in  2500 
pts.  water.  The  formation  of  the  precipitate  is  not  interfered  with  by  extractive 
matters,  but  is  prevented  by  alcohol,  ammonia,  and  acetic  acid ;  to  obtain  greater 
accuracy,  the  excess  of  the  precipitant  may  be  estimated  by  a  standard  silver-solution. 

On  the  estimation  of  morphine,  see  further: — For  do  s  (Compt.  rend.  xliv.  1256; 
Kopp's  Jahresb.  1857,  603);  Meurein  (J.  Pharm.  [3]  xxiii.  176  and  262);  L. 
Kieffer  (Ann.  Ch.  Pharm.  ciii.  271) ;  A.  Petit  (J.  Pharm.  [3]  xliii.  45) ;  on  an  older 
process  by  Gruillermond,  see  J.  Pharm.  xiv.  436. 

On  the  detection  and  identification  of  morphine  in  cases  of  poisoning,  seeLassaigne 
(Ann.  Ch.  Phys.  [2]  xxv.  102);  Mermer  (J.  Chim.  xxiii.  12);  Stas  (J.  Pharm. 
[3]  xxii.  281);  Flandin  (Compt,  rend,  xxxvi.  517);  Otto  (Ann.  Ch.  Pharm.  c.  46); 
v.  Uslar  and  J.  Erdmann  (Ann.  Ch.  Pharm.  cxx.  121);  J.  Erdmann  (Ann. 
(Ch.  Pharm.  cxxii.  360);  Helvig,  Das  Mikroscop  in  der  Toxicologie,  Maintz,  1864, 
p.  6  ;  also  the  article,  ALKALOIDS,  in  this  Dictionary,  i.  126. 

Salts  of  Morphine. — Morphine  dissolves  easily  even  in  dilute  acids,  forming 
perfectly  neutral  salts.  It  decomposes  certain  salts  of  lead,  iron,  copper,  and  mercury, 
combining  with  their  acids.  Most  morphine-salts  are  crystallisable,  inodorous,  bitter, 
and  very  poisonous ;  they  are  soluble  in  water  and  in  common  alcohol,  insoluble  in  ether, 
and  in  amylic  alcohol.  The  solutions  exhibit  the  reactions  above  described  for 
morphine.  According  to  Lassaigne  and  Feneulle,  they  deposit  in  the  circuit  of  the 
voltaic  battery,  needles  of  morphine  at  the  negative,  and  the  acid  at  the  positive  pole. 
Their  aqueous  solutions  mixed  with  ammonia,  potash,  soda,  baryta,  lime,  or  magnesia 
deposit  morphine  as  a  crystalline  powder  soluble  in  excess  of  the  precipitant  except 
In  the  case  of  magnesia,  difficultly  soluble  in  excess  of  ammonia.  According  to 
Anderson  (J.  Pharm.  [3]  xiii.  143),  the  precipitate  formed  by  ammonia  is  composed 
of  microscopic  rhombohedral  crystals.  Morphine-salts  are  precipitated  by  the  neutral 
carbonates  of  the  alkali-metals,  and  the  precipitate  is  not  soluble  in  excess.  The  acid 
carbonates  of  the  alkali-metals  precipitate  only  a  portion  of  the  morphine  from  neutral 
morphine-salts ;  and  do  not  form  any  precipitate  in  cold  acid  solutions.  Tartaric  acid 
prevents  the  precipitation  of  morphine  by  the  acid  carbonates  of  the  alkali-metals. 
(Opp^rmann,  Compt.  rend.  xxi.  210.) 
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With  fluosilicic  alcohol  (a  saturated  alcoholic  solution  of  fluoride  of  silicium)  morphine- 
salts  yield  a  crystalline  precipitate ;  with  phosphomolybdic  acid  (p.  1037),  a  pale  yellow 
flocculent  precipitate ;  they  are  also  precipitated  by  phosphotungstic  acid  (a  mixture  of 
Bodic  tungstate  and  phosphoric  acid),  and  by  phosphantimonic  acid  (prepared  by 
dropping  pentachloride  of  antimony  into  aqueous  phosphoric  acid),  not,  however,  when 
the  solution  is  diluted  1000  times.  (F.  Schultze.) 

Acetate  of  Morphine  crystallises  by  spontaneous  evaporation  in  tufts  of 
needles  very  soluble  in  water,  less  soluble  in  alcohol.  Its  solution  when  evaporated 
by  heat,  is  partly  decomposed,  giving  off  acetic  acid  and  depositing  crystals  of 
morphine ;  by  rapid  evaporation,  however,  a  varnish-like  residue  is  obtained. 

Aspartate  of  Morphine  is  a  gummy  mass  containing  shining  crystals,  very 
soluble  in  water. 

Bromomercurate. — Resembles  the  iodomercurate  (p.  1055)  and  is  obtained  in  a 
similar  mann er.  (Groves.) 

Carbonate. — Morphine  dissolves  in  water  strongly  charged  with  carbonic  acid 
tinder  pressure ;  and  the  solution  cooled  to  a  low  temperature  deposits  carbonate  of 
morphine  in  shortened  prisms  soluble  in  4  pts.  water,  and  decomposed  by  heat. 
Alkaline  carbonates  added  to  solutions  of  morphine  throw  down  the  free  base. 

Chlorate  of  Morphine  forms  long  slender  needles  which  decompose  suddenly 
when  heated,  swelling  up  and  carbonising. 

Chlorhydrate  or  Hydrochlorate  of  Morphine,  C17H19N08.HC1.3H20,  crys- 
tallises in  silky  fibres,  soluble  in  20  pts.  of  cold  water,  in  1  pt.  boiling  water  and 
still  more  soluble  in  alcohol. 

The  chloromercurate,  C17H19N03.HC1.2Hg"Cl2,  separates  as  a  white  crystalline 
precipitate,  on  mixing  the  solutions  of  its  component  salts,  and  the  filtered  liquid 
deposits,  after  a  while,  tufts  of  silky  crystals,  having  the  same  composition.  'It  is  very 
sparingly  soluble  in  water,  alcohol  and  ether  at  ordinary  temperatures,  more  soluble 
in  boiling  alcohol,  which  deposits  it  in  the  crystalline  form.  Hydrochloric  acid 
dissolves  it  easily  and  deposits  it  by  spontaneous  evaporation  in  large  crystals. 

The  chloroplatinate,  2(C17H!9N03.HCl).PtCl4,  is  obtained  as  a  yellow  curdy 
precipitate ;  a  certain  quantity,  however,  remains  dissolved  and  may  be  crystallised  by 
evaporation  at  a  gentle  heat. 

Croeonate  of  Morphine  is  a  dark  yellow  uncrystallisable  bitter  mass,  soluble  in 
water  and  in  alcohol. 

Cynoplatinate  of  Morphine,  2(C17Hl9N03.HCy).PtCy2.— Cyanide  of  platinum 
and  potassium  throws  down  from  the  aqueous  solution  of  acetate  of  morphine,  an 
amorphous  curdy  precipitate  which  soon  becomes  crystalline,  causing  the  liquid  to 
solidify  into  a  brilliant  white  mass.  It  forms  shining  globules  and  funnel-shaped 
depressed  discs  consisting  of  small  microscopic  needles  having  a  silky  lustre  when 
dry ;  becomes  dark-yellow  when  heated  and  white  again  on  cooling ;  melts  partially  at 
150°  to  a  brownish-yellow  mass,  and  when  further  heated,  swells  up,  gives  off 
cyanogen,  and  burns  with  a  sooty  flame.  It  does  not  give  off  any  water  of  crystallisa- 
tion at  125°.  (Schwartzenbach,  Chem.  Centr.  1860,  p.  304.) 

Cyanurate  of  Morphine  forms  tufts  of  long  needles  mixed  with  crystals  of 
cyanuric  acid,  even  when  morphine  is  present  in  excess.  It  is  decomposed  by  recrys- 
tallisation,  with  formation  of  a  white  amorphous  mass. 

Fluorhydrate  or  Hydrofluate  of  Morphine  forms  long  colourless  prisms 
sparingly  soluble  in  water,  insoluble  in  alcohol  and  ether. 

Formate. — Small  bitter  prisms  fusible  and  easily  soluble  in  water. 

Gallotannate. — Morphine-salts  form  with  gallptannie  acid,  or  tincture  of  galls, 
a  white  precipitate  sparingly  soluble  in  water,  freely  in  acetic  acid,  gallic  acid,  and 
mineral  acids,  soluble  also  in  alcohol. 

Hippurate. — Transparent  amorphous  mass. 

Hydroferricyanate. — Aqueous  ferricyanide  of  potassium  added  to  aqueous 
hydrochlorate  of  morphine  forms,  after  a  while,  a  crystalline  easily  decomposible 
precipitate  (Dollfus);  according  toNeubaner,  on  the  other  hand,  no  precipitate 
is  formed. —  Hydroferrocyanate. — Hydroferrocyanic  acid  throws  down  from  an 
alcoholic  solution  of  morphine,  after  long  standing,  small,  white,  easily  decomposible 
needles.  (Dollfus.) 

lodhydrate  or  Hydriodate,  C17HI9N08.HI.|H20?— On  mixing  the  solutions 
of  1  pt.  iodide  of  potassium  and  2  pts.  acetate  of  morphine,  small  shining 
prisms  are  obtained,  moderately  soluble  in  water,  and  containing  28*8  per  cent, 
iodine.  (Winckler.) 
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Io  dottier  curates. — lodomercurate  of  potassium  throws  down  from  aqueous  sulphate 
or  hydrcchlorate  of  morphine,  a  pulverulent  precipitate,  which  soon  becomes  gelatinous, 
and  is  insoluble  in  hydrochloric  acid  (v.  Planta,  De  Iff  s).  When  morphine,  mercuric 
chloride,  and  iodide  of  potassium  are  brought  together  in  aqueous  solution,  a  double 
salt,  C17H'sN03.HgI3  [or  C1;NH1903.HI.Hg"l2  ?]  is  precipitated,  sparingly  soluble  in 
water,  more  soluble  in  alcohol.  It  is  crystallisable,  free  from  water  of  crystallisation, 
not  decomposed  by  dilute  acids,  even  on  boiling,  or  on  addition  of  iodide  of  potas- 
sium; decomposed  by  caustic  alkalis.  (Groves,  Chem.  Soc.  J.  xi.  97.) 

Kinate  of  Morphine  is  a  transparent  gum  exhibiting  traces  of  crystallisation. 

Meconate  of  Morphine  is  uncrystallisable.  very  soluble  in  water  and  in  alcohol; 
reddens  ferric  salts.  This  salt  is  contained  in  aqueous  extract  of  opium. 

Mellitate.  C17H  9N03.C4H-04.— The  solution  of  morphine  in  hot  concentrated 
aqueous  mellitic  acid  soon  deposits  white,  microscopic,  needle-shaped  crystals,  which 
give  off  2  per  cent,  of  their  weight  at  110°.  They  are  rather  more  soluble  in  cold 
than  in  hot  water,  freely  in  aqueous  ammonia  and  potash,  not  in  alcohol  or  in  ether 
(Karmrodt,  Ann.  Ch.  Pharm.  Ixxxi.  171).  A  dibasic  mcllitate  appears  to  be  formed, 
as  a  brown  amorphous  brittle  mass,  when  cold  aqueous  mellitic  acid  is  saturated  with 
morphine,  and  the  solution  is  evaporated.  (Karmrodt.) 

Nitrate  of  Morphine  forms  stellate  rays  soluble  in  \\  pt.  water. 

Pectate. — Eecently  precipitated  pectic  acid  dissolves  morphine,  even  in  the  cold, 
forming  a  thick  gum  which,  after  dilution  with  water,  is  thickened  again  by  acids. 
(Braconnot.) 

Phosphates. — Two  phosphates  of  morphine  appear  to  exist,  the  neutral  salt  crystal- 
lising in  cubes,  the  acid  salt  in  tufts.  Phosphate  of  sodium  added  to  solutions  of  mor- 
phine-salts, forms  a  crystalline  precipitate  very  soluble  in  hydrochloric  acid. 

Picrate. — Picric  acid  forms  with  morphine-salts  a  sulphur-yellow  pulverulent  pre 
cipitate  (v.  Planta) ;  no  precipitate  with  the  acetate.  (Merck.) 

Pyrotartrate. — Fissured  gum,  soluble  in  water  and  in  alcohol.    (Arppe.) 

Rhodizonate. — Hyacinth-red;  soluble,  with  reddish  colour,  in  water  and  in 
alcohol.  (Heller.) 

Sulphates.— The  neutral  salt  (CI7H19N03)2.H2S04.10H20,  crystallises  in  tufts  of 
colourless  prisms,  very  soluble  in  water  and  having  a  silky  lustre.  They  give  off  11*87 
per  cent.  (=10  at.)  water  at  130°.  There  appears  also  to  exist  an  acid  sulphate  of 
morphine,  which  is  obtained  by  supersaturating  the  preceding  salt  with  sulphuric  acid, 
evaporating  to  dryness,  and  removing  the  excess  of  acid  with  ether. 

When  morphine  is  dissolved  in  dilute  sulphuric  acid,  the  solution  evaporated  till  it 
begins  to  decompose,  and  cold  water  then  poured  into  it,  a  substance  called  sulpho- 
morphide  is  precipitated,  having  a  constitution  similar  to  that  of  an  amide — that  is 
to  say,  it  may  be  regarded  as  produced  from  sulphate  of  morphine  by  elimination  of 
water : 

(CI7HI9NOS)2H2S04     -     2HC0     =     CS4HS6N208S. 

Sulphate  of  morphine.  Sulphomorphide. 

Sulphomorphide  recently  prepared  is  white  and  amorphous,  but  soon  turns  green 
even  in  sealed  tubes.  It  dissolves  in  dilute  acid  and  alkaline  liquids.  Strong  acids 
and  alkalis  decompose  it,  forming  a  brown  substance. 

Sulphocyanate,  C17H19N03.CyHS. — An  alcoholic  solution  of  morphine  saturated 
with  moderately  concentrated  sulphocyanic  acid  yields  small,  shining,  limpid  needles 
which  melt  at  100°. 

Neutral  solutions  of  morphine  are  not  precipitated  by  sulphocyanate  of  potassium. 

Tartrates.  a.  Neutral,  C17H1BN03.C4H606.3H-0.— When  a  solution  of  cream  of 
tartar  is,neutralised  with  morphine,  cream  of  tartar  crystallises  out  first,  then  nodules 
of  the  morphine-salt,  which  must  be  removed  in  time,  so  as  to  keep  them  separate  from 
the  neutral  tartrate  of  potassium  which  afterwards  crystallises  out.  The  salt  may 
also  be  obtained  by  slow  evaporation  of  an  aqueous  solution  of  tartaric  acid  neutralised 
with  morphine.  It  forms  nodular  groups  of  crystals  consisting  of  closely  aggregated 
needles ;  effloresces  on  the  surface  at  20°  ;  loses  on  the  average  6'54  per  cent,  water  at 
130°  (3  at.  =  6-8  per  cent.),  no  more  at  145°.  Exhibits  crystal-electricity  (ii.  411) 
when  heated  to  130°  or  140°,  and  retains  it  for  an  hour  after  cooling.  Soluble  in  alcohol. 
The  easily  formed  aqueous  solution  is  not  precipitated  by  caustic  alkalis,  alkaline  carbo- 
nates, chloride  of  calcium,  or  ammonio-chloride  of  calcium.  (Arppe,  J.  pr.  Chem. 
iii.  332.) 

ft.  Acid  salt,  CI7H19N03.C4H606.£H20.— Obtained  by  mixing  the  solution  of  the 
neutral  salt  with  as  much  tartaric  acid  as  it  already  contains.  Crystallises  by  spon- 
taneous evaporation  in  tufts  of  long  rectangular  flattened  prisms.  The  air-dried  salt 
gives  off  1-99  per  cent,  (£  at.)  water  at  140°. 
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Urate  of  Morphine  is  obtained  by  boiling  uric  acid  and  morphine  with  water,  and 
crystallises  on  cooling  from  a  solution  saturated  at  the  boiling  heat,  in  short  brownish 
prisms  which  decompose  when  recrystallised.  (Elderhorst.) 

Valerate  of  Morphine  forms  fine  large  crystals  having  a  fatty  lustre  and 
smelling  strongly  of  valerianic  acid.  The  crystals  belong  to  the  trimetric  system,  and 

are  always  hemihedraL  Observed  combination  ooP .  ooP  oo  .  £  oo .  — .    Angles  measured 

approximately,  ooProoP  =  100°;  P  :  Poo  =  125°  47'; Poo  :  |  =  148°  28';  |-  :  ooP 
=  130°.    (Pasteur,  Ann.  Ch.  Phys.  [3]  xxxviii.  455.) 

Derivatives  of  Morphine. 

IODOMOEPHINB,  4C17H19N03.3P  (?). — A  mixture  of  equal  pts.  of  iodine  and  mor- 
phine dissolves  completely  at  the  boiling  heat,  forming  a  brown  liquid,  which  by  spon- 
taneous evaporation  deposits  this  compound  in  the  form  of  a  brown-red  substance,  the 
mother-liquor  retaining  hydriodate  of  morphine.  The  same  compound  is  obtained  by 
heating  a  solution  of  sulphate  of  morphine  with  iodine.  It  dissolves  in  acid  and  alkaline 
liquids  when  heated  therein.  It  gives  by  analysis  35'34  per  cent,  iodine,  the  formula 
requiring  39-87  per  cent. 

lodomorphine  triturated  with  metallic  mercury  and  a  little  alcohol  gives^  up  part  of 
its  iodine  to  the  mercury,  and  is  converted  into  a  yellow  amorphous  mass,  insoluble  in 
cold  water,  sparingly  soluble  in  boiling  water,  moderately  soluble  in  alcohol,  very 
soluble  in  alkaline  liquids,  insoluble  in  acids.  Treated  with  nitrate  of  silver  it  yields  a 
large  quantity  of  iodide  of  silver.  It  melts  when  heated,  giving  off  ammonia,  without 
any  trace  of  iodine.  (Pelletier,  Ann.  Ch.  Phys.  Ixiii.  185.) 

METHYL  AND  ETHYL-MOBPHINE.  The  iodides  of  ethyl  and  methyl  act  upon 
morphine,  producing  hydriodates  of  bases  in  which  1  at.  of  the  hydrogen  of  morphine 
is  replaced  by  ethyl  or  methyl. 

Hydriodate  of  Methyl-morphine,  C17H18(CH3)N08.HI.H20,  is  very  soluble  in  hot 
water,  and  is  deposited  on  cooling  in  colourless  rectangular  needles,  containing  4-04 
per  cent,  water  (=1  at.).  The  solution  treated  with  oxide  of  silver  yields  a  brown 
amorphous  mass,  which  is  quickly  attacked  by  iodide  of  methyl. 

Hydriodate  of  Ethyl-morphine,  C17H18(C2H5)N03.HLH2O,  produced  by  heating 
morphine  with  iodide  of  ethyl  and  a  small  quantity  of  absolute  alcohol,  in  a  sealed 
tube,  is  very  soluble  in  boiling  water,  and  crystallises  on  cooling  in  slender  needles, 
containing  1*98  per  cent,  water.  It  is  sparingly  soluble  in  absolute  alcohol,  more 
soluble  in  ordinary  spirit,  permanent  in  the  air.  The  aqueous  solution  is  not  precipi- 
tated by  potash  or  ammonia.  Hence  this  salt  is  probably  analogous  to  iodide  of  tetre- 
thyl-ammonium,  and  the  group  C17H1903  in  morphine  appears  to  be  equivalent  to  3  at. 
hydrogen. 

The  hydriodate  is  decomposed  by  oxide  of  silver,  yielding  a  very  caustic  liquid  which 
when  evaporated  leaves  a  dark  brown  amorphous  mass.  (H.  How,  Chem.  Soc.  Qu. 
J.  vi.  125.) 

1VIORPHIUIVT.    Syn.  with  MOBPHINE. 

MORPHOXiXTES.  Earthy  concretions  found  in  Sweden,  consisting  of  marl  with 
between  47  and  49  per  cent,  carbonate  of  calcium  ;  they  have  a  slaty  structure  with 
laminae  of  unequal  thickness  and  dissimilar  colours.  (See  IMATEA  STONES,  p.  245.) 

MORTAR.     See  Ure's  Dictionary  of  Arts,  Manufactures,  and  Mines,  iii.  199. 

IVIORVEWITE.  A  brilliant  variety  of  baryta-harmotome  found  at  Strontian  in 
Argyleshire  (p.  13). 

MOSAIC  GOLD.  Or  molu.  An  alloy  of  copper  and  zinc  in  equal  parts.  (See 
COPPEB,  ALLOYS  OF,  ii.  49.) 

MOSAlffX>RXTE.  A  silico-titanate  of  cerium,  calcium,  &c.,  found  in  radiate 
masses  and  imperfectly  developed  (monoclinic  ?)  prisms,  imbedded,  together  with  lecuo- 
phane,  titaniferous  iron,  fluor-spar,  &c.,  in  the  syenite  forming  the  islet  of  Lammarsk- 
jaret,  at  the  entrance  of  the  Langesundfjord,  near  Brevig  in  Norway.  It  has  a  dark 
red-brown  colour,  vitreous  to  fatty  lustre,  and  is  usually  more  or  less  weathered.  Hard- 
ness =  4.  Specific  gravity  =  2'93  to  2'98.  Contains  29-93  per  cent,  silica,  9'90 
Jtanic  anhydride,  26-56  oxides  of  cerium,  lanthanum,  and  didymium,  1 '8 3  ferric  oxide, 
0*75  magnesia,  19-07  lime,  0-52  potash,  2'87  soda,  and  8-90  water  (  =  100-33). 
(Erdmann,  Berz.  Jahresb.  xxi.  178.) 

MOSS  AGATE.     See  AGATE  (i.  62). 

MOTHER-LIQUOR  or  Mother-water.  The  portion  of  a  mixed  solution  which 
remains  after  the  less  soluble  salts  or,  other  bodies  have  crystallised  out. 
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MOTHER-OF-PEARIi.  The  hard  silvery  brilliant  internal  layer  of  several 
kinds  of  shells  especially  oyster  shells,  often  exhibiting  brilliant  iridescence  arising 
from  the  striated  structure  of  its  surface  (see  LIGHT,  p.  608).  It  contains  about  66  per 
cent,  carbonate  of  calcium,  2'5  organic  matter,  and  31*5  water. 

MOUNTAIN  CORK  or  MOUNTAIN  LEATHER.  A  variety  of  asbestos 
in  which  the  fibres  are  so  interlaced  that  the  fibrous  structure  is  not  apparent. 

MOUNTAIN-  BLUE.     Syn.  with  AzuuiTE.  (See  CABBONATES,  i.  783.) 

MOUNTAIN  GRSEN.    Syn.  with  MALACHITE.   (See  CAEBONATES,  i.  783.) 

MOUNTAIN   SOAP.      See  STEATITE. 


MUCAMIDE.     C6HI2N209  =  (C6H^02)V|  I2.   (Malaguti,  Compt.    rend.  xxii. 

854.)  —  Produced  by  the  action  of  ammonia  on  mucic  ether.  It  is  white,  very  slightly 
soluble  in  boiling  water,  and  separates  on  cooling  in  microscopic  crystals  having  the 
form  of  an  octahedron  with  rhombic  base,  truncated  on  both  summits,  and  looking  like 
bevelled  plates.  It  is  tasteless  and  insoluble  both  in  alcohol  and  in  ether.  Specific 
gravity  1-589  at  13'5°.  Heated  with  water  to  136°-140°,  it  is  converted  into  mueat« 
of  ammonium  : 

C8H12N206  +  2H20  =  C6H8(NH4)208. 

A  boiling  solution  of  mucamide  mixed  with  ammoniacal  acetate  of  lead  forms  a  pre- 
cipitate of  ammoniacal  mucate  of  lead  or  mucate  of  lead  and  plumbammonium, 
C12H16Pb"(N'-iH6Pb")016.6H-0.  A  boiling  saturated  solution  of  mucamide  forms  with 
ammoniacal  nitrate  of  silver  a  specular  deposit  of  metallic  silver. 

Mucamide  turns  brown  when  heated  a  few  degrees  above  200°,  and  yields  by  dry 
distillation,  water,  dipyromucamide,  a  small  quantity  of  pyromucic  acid,  carbonic 
anhydride,  and  carbonate  of  ammonium  ;  the  residue  contains  carbon  and  para- 
cyanogen. 


IttUCiC  ACID.     C6HI009  =  (C6HJ02)*08.—  This  acid,  isomeric  with  saccharic 

EP 

acid,  was  discovered  by  Scheele  in  1780,  and  has  been  examined  chiefly  by  Laugier 
(Ann.  Chim.  xli.  79);  Berzelius(£fo'd.  xcii.  141;  xciv.  5  ;  xcv.  31);  Malaguti 
(Ann.  Ch.  Phys.  [2]  Ix.  195  ;  Ixiii.  86);  Liebig  and  Pelouze  (Ann.  Ch.Pharm.  xix. 
258)  ;  Liebig  (ibid.  xxvi.  16)  Hagen  (Pogg.  Ann.  Ixxi.  531);  Johnson  (Ann.  Ch. 
Pharm.xciv.  225);  and  Schwanert(z'W.  cxvi.  227);  see  also  Gm.  xi.  502;  Grerh.ii.  143. 

It  is  dibasic,  and  was  formerly  represented  by  the  diatomic  formula       jp         [  0-,but 

from  its  relation  to  the  sugars,  it  is  now  regarded  as  derived  from  the  hexatomic  alcohol 
6,  by  the  substitution  of  2  at.  0  for  4  at.  H,  being  accordingly  represented  by 


) 
f-  O6, 


the  formula  (C'H'O8)*1  f-  O6,  the  number  of  its  basic  hydrogen-atoms  being,  as  in  other 


similar  cases,  equal  to  the  number  of  oxygen-atoms  which  have  entered  into  it  by 
substitution.     (Kekule,  Lehrbuch,  ii.  237.) 

Mucic  acid  is  formed  by  the  oxidation  of  milk-sugar,  lactose  or  galactose  (p.  1023), 
melitose,  dulcite,  and  various  kinds  of  gum  (viz.  gum-arabic,  tragacanth,  &c.).  It  is 
prepared  by  heating  milk-sugar  with  moderately  dilute  nitric  acid.  According  to 
Guckelberger  (Ann.  Ch.  Pharm.  Ixiv.  348),  the  best  proportions  are  1  pt.  milk- 
sugar  to  2  pts.  nitric  acid  of  specific  gravity  T42,  the  vessel  being  warmed  till  the 
reaction  begins,  then  cooled,  and  afterwards  gently  wanned  towards  the  end  of  the 
process.  The  product  thus  obtained,  amounts  to  60  —  65  per  cent,  of  the  milk-sugar 
employed.  According  to  Pasteur,  lactose  treated  with  nitric  acid  yields  twice 
as  much  mucic  acid  as  milk-sugar.  Gum-arabic  may  also  be  used  for  the  prepara- 
tion of  mucic  acid,  1  pt.  of  it  being  heated  with  4  pts.  nitric  acid  of  specific  gravity  1*35  ; 
but  the  acid  thus  obtained  contains  calcium-salts. 

Crude  mucic  acid  is  purified  by  recrystallisation  from  boiling  water,  or  better,  espe- 
cially if  it  has  been  prepared  from  gum,  by  dissolving  it  in  ammonia,  repeatedly 
crystallising  the  ammonium-salt  from  boiling  water,  and  finally  precipitating  the 
mucic  acid  from  the  solution  by  nitric  acid  at  the  boiling  heat. 

Mucic  acid  crystallises  in  colourless  tables  with  square  base.  It  is  sparingly  soluble 
in  cold  water,  soluble  in  6  pts.  of  boiling  water,  and  insoluble  in  alcohol.  Sulphuric 
acid  dissolves  it  with  crimson  colour. 

Mucic  acid  boiled  for  some  time  with  water  undergoes  an  isomeric  transformation, 
and  is  converted  into  an  acid  (paranaucic  acid)  more  soluble  and  more  energetic 


1058  MUCIC  ACID. 

than  mucic  acid  :  its  salts  are  also  more  soluble  than  the  mucaten,  but  their  solutions 
in  boiling  water  deposit  mucates  on  cooling. 

Mucic  acid  heated  per  se  first  melts,  and  then  decomposes,  yielding,  among  other 
products,  pyromucicacid  and  carbonic  anhydride: 

=     csH403   +   CO2  +  3H20. 


When  oxidised  by  boiling  with  nitric  acid,  it  yields  racemic  and  oxalic  acids  (Carlet). 
Distilled  with  sulphuric  acid  and  peroxide  of  manganese,  it  gives  off  formic  acid.  By 
heating  with  caustic  potash,  it  is  converted  into  a  mixture  of  acetate  and  oxalate  : 

C8H1009     =     2C2H402  +   C2H204. 

Mucic  acid  is  converted  by  pentachloride  of  phosphorus  into  a  peculiar  dibasic 
chlorinated  acid,  C8H4C1204,  which  has  not  been  thoroughly  investigated,  but  evidently 
stands  to  mucic  acid  in  the  same  relation  as  chloromaleic  acid,  C4H3C104,  to  tartaric 
acid,  C4H808  (Lies-Bodart,  Ann.  Ch.  Pharm.  c.  325).  Mucic  acid  heated  with  hy- 
driodic  acid  is  converted  into  an  acid  having  the  composition  of  adipic  acid,  C10H'°04. 
(Crum  Brown,  Ann.  Ch.  Pharm.  cxxv.  19.) 

ZVZucates.  Mucic  acid  is  dibasic.  Its  salts  are  for  the  most  part  neutral,  of 
the  form  C8H8M208  ;  but  a  few  acid  mucates  of  the  alkali-metals  are  also  known. 
The  alkali-metal  mucates  are  very  soluble  in  water  ;  the  rest  are  mostly  insoluble. 
The  soluble  mucates  are  decomposed  by  acids,  with  deposition  of  mucic  acid.  The 
mucates  when  heated  give  off  the  odour  of  caramel. 

Mucates  of  Ammonium.—  The  neutral  salt,  C6H8(NH4)208,  is  obtained  by  super- 
saturating the  hot  solution  of  the  acid  with  ammonia,  and  repeatedly  crystallising  the 
salt  which  forms  on  cooling.  The  crystals  are  colourless  flat  four-sided  prisms, 
which  become  soft  and  yellow  at  220°,  and  between  220°  and  240°  are  resolved  into 
water,  carbonic  anhydride,  carbonate  of  ammonium,  pyromucic  acid,  and  dipyro- 
mucamide,  while  small  quantities  of  charcoal  and  parayanogen  remain  behind  : 
C8H8(NH4)20«  =  C5H403  +  C03(NH4)2  +  2H20 

Mucate  of  Pyromucic  Carbonate  of 

ammonium.  acid.  ammonium. 

and  C6H8(NH4)209     =     C5H6N20  +        CO2  +     5H20. 

Dipyromucamide. 

Possibly  the  pyromucic  acid,  formed  as  in  the  manner  represented  by  the  first  equation, 
is  converted  into  dipyromucamide  by  the  action  of  the  carbonate  of  ammonium  formed 
at  the  same  time. 

Mucate  of  ammonium  dissolves  sparingly  in  cold,  more  freely  in  hot  water: 
according  to  Malaguti,  it  is  more  soluble  than  the  corresponding  paramucate. 

Acid  mucate  of  ammonium,  G8H9(NH4)0S.H20,  prepared  by  neutralising  1  pt.  of 
mucic  acid  with  ammonia,  and  then  adding  an  equal  portion  of  the  acid,  crystallises  in 
colourless  needles  or  thin  prisms  which,  after  drying  over  oil  of  vitriol,  give  off  7  '3  2 
per  cent,  water  (=1  at.)  at  100°.  It  is  more  soluble  in  water  than  the  neutral  salt 
and  when  distilled  yields  the  same  products,  together  with  a  small  quantity  of  a  yellow 
oil,  which  is  soluble  in  water,  appears  to  boil  below  100°,  and  quickly  turns  brown 
when  exposed  to  the  air. 

The  mucates  of  barium,  strontium,  and  calcium  are  precipitated  on  adding  muc.ate  of 
ammonium  to  the  chlorides.  The  barium-salt  dried  at  100°  is  2C6H8Ba"08.3H20  ;  the 
calcium-salt  dried  at  100°,  has  a  similar  composition. 

Cupric  mucate,  C8H9Cu"08.H2O  (at  100°),  is  a  bluish-white  precipitate. 

Ferrous  mucate,  C6H8Fe"Os.2H20  (at  100°),  is  a  yellow  powder  precipitated  by 
alkaline  mucates  from  femms  sulphate.  It  is  permanent  at  ordinary  temperatures,  but 
takes  fire  between  150°  and  160°. 

Mucates  of  Lead.  —  A  hexbasic  (?)  salt  is  obtained  by  precipitating  basic  acetate 
of  lead  with  mucate  of  ammonium.  The  neutral  salt,  C6H8Pb"08.H20,  is  obtained  by 
precipitating  nitrate,  chloride,  or  neutral  acetate  of  lead,  with  mucic  acid  or  mucate 
of  ammonium.  It  gives  off  its  water  at  130°. 

Mucates  of  Potassium.  —  The  neutral  salt  forms  white  granular  crystals,  con- 
taining 2C8H8K208.H20,  which  remain  unaltered  at  100°,  but  turn  yellow  and  give  off 
1  at.  water  at  150°.  The  salt  dissolves  in  8  pts.  of  hot  water,  and  separates  almost 
completely  on  cooling  ;  it  is  insoluble  in  alcohol.  The  acid  salt,  prepared  like  the  acid 
ammonium-salt,  forms  transparent  crystals,  which  when  dried  in  the  air  or  at  100° 
contain  C6H9K08.H20. 

Mucate  of  Silver,  C8H8Ag208,  is  obtained  by  precipitating  nitrate  of  silver  with 
mucic  acid  or  a  soluble  mucate.  It  does  not  give  off  anything  at  100°. 

Mucates  of  Sodium.  —  The  neutral  salt  forms  large  transparent  crystals  con- 
taining 2C8H8Na208.9H2O  which  give  off  8  at.  water  at  100°,  and  obstinately  retain 
the  last  atom.  The  solution,  if  rapidly  boiled  down,  deposits  a  white  powder 
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containing  2C3HsNa208.H20. — The  acid  sodium-salt,  colourless  shining  prisms,  con- 
taining 2C8H9Na08,7H80:  they  give  off  their  water  at  100°. 

XtttTCic  ETHERS.  Amyl-mucic  acid,  C6H9(C5H")08,  is  produced  by  the  action 
of  sulphuric  acid  on  a  mixture  of  amylic  alcohol  and  mucic  acid.  It  is  crystallisable, 
dissolves  in  boiling  water  and  in  alcohol. 

Muc  ates  of  Ethyl.  The  neutral  compound,  C10HI809  =  C6H8(C2H5)208,  commonly 
called  mucic  ether,  is  prepared  by  gently  heating  1  pt.  of  mucic  acid  with  4  pts.  of 
sulphuric  acid  till  it  turns  black,  then  leaving  it  to  cool,  and  adding  4  pts.  of  alcohol  of 
specific  gravity  0-814.  The  mixture  left  to  itself  for  24  hours  solidifies  in  a  maes, 
which  must  be  shaken  up  with  alcohol,  thrown  on  a  filter,  washed  with  alcohol,  and 
purified  by  repeated  crystallisation  from  boiling  alcohol. 

Mucate  of  ethyl  crystallises  in  transparent  four-sided  prisms,  terminated  by  a  single 
perpendicular  face.  It  is  insipid  at  first,  but  leaves  a  bitter  aftertaste.  It  melts  at 
150°,  and  solidifies  in  a  crystalline  mass  at  135°.  At  a  higher  temperature  it  is  re- 
solved into  alcohol,  water,  carbonic  anhydride,  acetic  acid,  carburetted  hydrogen,  pyro- 
mucic  acid,  and  charcoal.  It  is  insoluble  in  ether,  very  soluble  in  boiling  alcohol,  very 
sparingly  in  cold  alcohol ;  very  soluble  also  in  boiling  water,  which  deposits  it  in  well- 
defined  crystals  on  cooling.  The  alkaline  hydrates  decompose  it  like  other  ethers : 
ammonia  converts  it  into  mucamide. 

Ethylmucic  acid  or  Mucovinic  acid,  C8H1408  =  CBH9(C2H5)08.  In  the  preparation  of 
neutral  ethylic  mucate,  it  sometimes  happens  that  an  aqueous  solution  of  that  com- 
pound not  yet  pure,  gives  off  all  at  once  a  very  decided  alcoholic  odour,  and  yields  by 
evaporation  a  substance  totally  different  in  appearance  from  the  neutral  ether.  It  is 
purified  by  treatment  with  alcohol,  which  removes  the  neutral  ether,  and  the  residue  is 
crystallised  two  or  three  times  from  water.  The  product  is  pure  when  its  solution  is 
no  longer  rendered  turbid  by  ammonia. 

Ethylmucic  acid  is  white,  of  asbestos-like  aspect,  the  form  oHts  crystals  being  that 
of  a  right  prism  with  rhombic  base.  It  is  moderately  soluble  in  water,  very  slightly 
in  alcohol.  It  has  a  pure  acid  taste,  and  melts  at  190°,  with  decomposition^  The 
melted  mass  assumes  a  vitreous  aspect  on  cooling,  but  after  a  considerable  time  it 
softens  and  again  becomes  opaque. 

Ethylmucate  of  ammonium,  C8H13(NH4)08,  is  very  soluble,  tasteless,  and  has  a  slight 
acid  reaction.  Its  solution  precipitates  the  salts  of  lead,  silver,  copper,  barium,  and 
strontium,  very  slightly  those  of  calcium,  and  forms  no  precipitate  with  salts  of  zinc, 
magnesium,  &c.  All  the  precipitates  are  soluble  in  acetic  acid. 

When  a  solution  of  ethylmucic  acid  is  boiled  with  oxide  of  silver,  carbonic  anhydride 
is  evolved,  a  portion  of  the  oxide  is  reduced,  and  a  silver-compound  is  formed,  which 
explodes  when  slightly  heated. 

Mucate  of  Methyl,  C8H1408  =  C6H8(CH3)808,  is  prepared  like  mucate  of  ethyl, 
and  crystallises  from  water  or  alcohol  in  laminae,  or  in  flattened  six-sided  prisms, 
colourless,  non-volatile,  and  tasteless.  It  is  very  soluble  in  boiling  water,  very  little  in 
boiling  alcohol.  It  decomposes  at  163°  without  melting,  and  then  changes  to  a  black 
liquid,  which  swells  up,  and  gives  off  gases  containing  carbon. 

IVEUCEDITTEJE.  From  experiments  on  the  growth  of  these  fungi  (Ascophora 
nigrans],  Kanlin  (Compt.  rend.  Ivii.  771)  concludes  that  they  require  for  their  normal 
development  the  elements  of  phosphate  and  sulphate  of  ammonium  and  of  the  carbo- 
nates of  potassium,  magnesium  and  manganese,  but  that  these  elements  are^not  all  of 
equal  value  to  them.  If  20  grms.  of  the  plant  are  produced  in  a.given  time  in  a  liquid 
containing  all  the  substances  above  mentioned,  then  in  the  same  time  there  will  be 
formed,  in  the  absence  of  manganese,  5  grms. ;  of  sulphur,  2  gnrs. ;  of  potassium  and 
magnesium,  only  1  grm. ;  and  in  the  absence  of  phosphorus,  only  half  a  gramme  of  the 
plant.  Experiments  in  which  these  fungi  were  developed  in  a  confined  volume  of  air, 
showed  that  the  nitrogen  of  the  air  was  not  essential  to  their  growth.  Similar  results, 
BO  far  as  regards  the  mineral  constituents,  have  been  obtained  with  plants  of  higher 
orders,  by  Gr.  Ville  (Compt.  rend.  Ivii.  270). 

MUCZX.AGE,    The  gum  of  seeds,  roots,  &c.     (See  GUM,  ii.  955.) 

MUCIN.  The  name  of  one  of  the  constituents  of  gluten  (ii.  873)  ;  also  of  the  chief 
constituent  of  animal  mucus. 

IVIUCUS.  The  normal  secretion  of  mucous  membranes.  It  is  found  in  the  respira- 
tory, genito-urinary,  digestive,  &c.  passages  of  animal  bodies,  mingled  in  certain  situa- 
tions with  specific  fluids  furnished  by  special  glands.  It  is  very  doubtful,  however, 
whether  the  secretion  ought  to  be  considered  as  the  same  in  all  cases,  whether  in  fact 
there  is  a  one  thing,  mucus,  modified  by  the  addition  of  other  matters  from  time  to 
time,  and  not  a  different  secretion  altogether  for  each  membrane  or  organ.  When  ob- 
tained in  a  state  of  approximate  purity,  mucus  appears  as  an  alkaline  fluid  of  a  very 
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peculiarly  glairy,  ropy  nature.  Under  the  microscope  are  seen,  besides  fatty  and  othor 
granules,  epithelial  scales,  varying  in  form  and  kind  according  to  the  nature  of  the 
membrane  from  which  the  mucus  is  obtained,  and  the  so-called  mucus-corpuscles, 
which  differ  in  no  essential  respect  from  pus-corpuscles.  These  morphological  ele- 
ments vary  exceedingly  in  number  in  different  specimens,  but  are  rarely,  if  ever,  wholly 
absent 

Among  the  chemical  constituents,  the  most  important  is  mucin,  a  colloid  substance, 
existing  in  the  liquid  in  an  undissolved  condition.  To  its  presence  is  due  the  peculiar 
ropiness  of  the  secretion. 

Mucin  is  insoluble  in  water,  and  can  be  separated  from  it  by  filtration,  though  Scherer 
found  on  one  occasion  a  mucus  which  was  soluble  in  water  and  readily  passed  through 
the  filter.  Heat  produces  no  coagulation ;  on  the  contrary,  a  real  solution  seems  to  be 
thereby  effected.  It  may  be  precipitated  by  alcohol  as  a  flocculent  stringy  mass,  which 
on  the  subsequent  addition  of  water,  will  swell  up  into  its  former  colloid  state.  Dilute 
acetic  acid  and  mineral  acids  precipitate  it ;  concentrated  acids  dissolve  it  readily ; 
alkalis,  especially  when  dilute,  also  dissolve  it.  From  its  solution  in  weak  acids  it  may 
be  precipitated  by  alkalis  added  with  caution.  Ferrocyanide  of  potassium  produces  no 
precipitate  either  in  alkaline  or  acid  solutions,  except  when  a  solution  in  strong  acetic 
acid  has  been  boiled.  Tannic  acid  and  basic  acetate  of  lead  throw  it  down  from  a 
faintly  alkaline  solution  ;  the  neutral  acetate  and  mercuric  chloride  produce  only  a 
slight  turbidity.  Concentrated  hot  nitric  acid  colours  it  yellow.  The  addition  of  a 
large  quantity  of  water  generally  coagulates  it,  probably  owing  to  some  of  the  solvent 
alkalis  being  thereby  withdrawn.  The  difficulty  of  obtaining  it  pure  detracts  from  the 
value  of  any  elementary  analysis.  According  to  Scherer,  100  parts  of  it  contain 
carbon  52'4,  hydrogen  7'0,  nitrogen  12'8,  oxygen  27*8.  It  contains  no  sulphur,  but 
gives  4  percent,  ash,  consisting  chiefly  of  phosphate  of  calcium  and  alkaline  carbonates. 
Mucin  is  found  not  only  in  ordinary  mucus,  but  also  in  synovia,  in  the  contents  of 
various  cysts,  in  the  pathological  product  known  as  "  colloid  tissue  "  and  in  the  un- 
formed connective  tissue  of  the  umbilical  cord  and  embryo. 

Besides  mucin,  mucus  contains  a  very  small  quantity  of  fat,  various  extractive 
matters,  and  salts.  Among  the  latter  are  sulphates  and  phosphates  of  the  alkali-metals, 
with  earthy  phosphates  and  especially  alkaline  chlorides.  According  toBerzelius,  100 
parts  of  nasal  mucus  contain  93-37  water,  5'33  mucin  and  '56  alkaline  chloride.  Albumin 
is  very  often  found  in  mucus,  but  may  be  regarded  as  an  abnormal  constituent.  In 
certain  pathological  states,  various  forms  of  albumin  are  poured  out  in  abundance. on 
the  surface  of  mucous  membranes,  as  transudations.  The  secretion  is  also  said  at 
times  to  change  from  mucous  into  muco-purulent  or  purulent  (see  Pus). 

It  has  been  thought  that  mucus  was  generated  by  the  breaking-up  of  the  epithelium 
of  the  mucous  membranes.  The  want  of  relationship,  however,  between  the  number  of 
uuch  epithelium  scales  and  the  amount  of  mucin  in  any  given  quantity  of  mucus,  and 
the  presence  of  mucin  in  embryonal  connective  tissue,  negative  such  an  idea.  Probably 
mucin  is  not  secreted  by  the  mucous  membrane  as  such,  but  is  developed  on  the  free 
surfaces  out  of  some  unknown  antecedents,  perhaps  in  some  such  way  as  fibrin  is 
formed  out  of  its  peculiar  antecedents. 

The  great  use  of  niucus  seems  to  be  to  lubricate  the  passages  where  it  is  found.  A 
ferment-action  has  been  largely  attributed  to  it.  The  mucus  present  in  urine  is  said 
to  be  a  chief  cause  of  the  change  which  urea  speedily  undergoes  into  carbonate  of  am- 
monium in  exposed  urine.  The  weak  power  of  converting  starch  into  sugar,  possessed 
by  many  mucus-bearing  fluids,  not  containing  saliva,  has  been  supposed  to  be  due  to 
the  mucus.  This  however  is  doubtful.  The  catalytic  action  of  urine  on  starch  cer- 
tainly does  not  reside  in  its  mucus  (Cohnheim).  In  the  mucus  of  the  respiratory 
passages  (sputa)  during  certain  pathological  states  (bronchitis),  the  alkaline  chlorides 
are  much  increased.  M.  F. 

1VIUD  ARIU.  An  extractive  matter  obtained  from  mudar-root,  the  root  of  Asclepia 
gigantca,  L.  (A.  Duncan.  Fontenelle,  Ann.  Ch.  Pharm.  xvii.  210.) 

MTTDESXC  ACID.    A  product  of  the  oxidation  of  mudesous  acid. 

1VTUDESOUS  ACID.  CI2H'°08  (?) — An  organic  acid,  which,  in  combination  with 
alumina,  forms  the  mineral  called  Pigotite,  found  coating  the  walls  of  certain  granite 
taverns  in  Cornwall.  Pigotite  is  brown  ;  yields  a  yellowish  powder ;  is  insoluble  in  water 
and  alcohol ;  gives  off  27  per  cent,  water  in  drying ;  and  decomposes  at  higher  tempera- 
tures, giving  off  empyreumatic  products,  and  leaving  alumina  mixed  with  charcoal. 
The  acid  separated  from  the  alumina  is  dark-brown,  permanent  in  the  air,  soluble  in 
•water,  forms  a  deliquescent  ammonium- salt,  and  gives  brown  precipitates  with  metallic 
salts.  Nitric  acid  converts  it  into  mudesic  acid,  a  brownish-yellow  substance,  said 
to  contain  2  at.  oxygen  more.  Mudesous  acid  is  supposed  to  have  been  formed  from 
the  remains  of  plants,  its  aqueous  solution  dissolving  the  alumina  of  the  decomposed 
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granite  as  it  percolated  through  the  cavities.  (Johnston,  Handw.  d.  Chem.  v.  406  ; 
vi.  502.) 

A  substance  from  Wicklow  in  Ireland,  probably  identical  with  Pigotite,  has  been 
examined  by  Apjohn  (Jahresb.  1852,  p,  903). 

IVIULHOUSE  BLUE,  A  blue  dye,  obtained  by  prolonged  boiling  of  an  alkaline 
solution  of  shellac  with  aniline-red.  (Schaffer  and  G-ros-Renaud,  BulL  Soc.  In- 
dustr.  de  Mulhouse,  xxxi.  238 ;  Rep.  Chim.  app.  iii  273.) 

MULLER'S  GLASS,  or  Hyalite.     A  variety  of  OPAL  (q.  v.). 

MUXiXiERXTE.    Syn.  with  SYLVANTTB. 

IVIULLICITE.     Syn.  with  VIVIANITB. 

MULTIPLIER,  or  Galvanometer  (see  ELECTRICITY,  ii.  443). 

IVfTTN'JEET.  Eubia  Munjista. — This  plant,  also  called  East  Indian  madder,  is 
extensively  cultivated  in  India,  its  root  being  used  as  a  dyestuff  for  producing  colours 
similar  to  those  obtained  from  ordinary  madder.  The  colouring  matters  contained  in 
it  are,  however,  by  no  means  identical  with  those  of  common  madder ;  in  fact. 
Stenhouse  has  shown  that  it  contains  no  alizarin,  but  that  its  colouring  matter  is  a 
mixture  of  purpurin  and  an  orange-dye,  called  munj  is  tin  (see  the  next  article).  The 
colours  which  it  produces  are  brighter  than  those  of  ordinary  madder,  but  not  so 
durable. 

The  tinctorial  power  of  munjeet  was  first  examined  by  Kungein  1835,  who  reported 
that  it  contained  about  twice  as  much  available  colouring  matter  as  ordinary  madder ; 
but  subsequent  experiments,  both  by  German  and  by  English  dyers,  have  shown  that 
this  result  was  incorrect,  and  that  the  colouring  power  of  munjeet  is  actually  much 
less  than  that  of  ordinary  madder. 

The  actual  amount  of  colouring  matter  in  munjeet  is  indeed  very  nearly  the  same 
as  in  the  best  madder.  Stenhouse  finds  that  the  garancin  from  munjeet  has  about 
half  the  tinctorial  power  of  that  made  from  the  best  madder,  viz.  Naples  roots  ;  these, 
however,  yield  only  about  30  to  33  percent,  of  garancin,  whereas  munjeet,  according  to 
the  experiments  of  Mr.  Higgin  of  Manchester,  yields  from  52  to  55  per  cent. 

The  inferiority  of  munjeet  as  a  dyestuff  results  from  its  containing  only  the  com- 
paratively feeble  colouring  matters  purpurin  and  munjistin,  only  a  small  part  of  the 
latter  being  available,  while  its  presence  in  large  quantity  appears  to  be  positively 
injurious  ;  so  much  so,  indeed,  that  munjeet-garancin,  freed  by  boiling  water  from  the 
greater  part  of  the  munjistin  which  it  contains,  yields  much  richer  shades  with 
alumina-mordants  than  before.  (Stenhouse,  Proc.  Boy.  Soc.  xiii.  148.) 

IttimjSSTIHT.  C8H603.  (Stenhouse,  Proc.  Roy.  Soc.xii.  633  ;  xiii.  86,  145.)— 
An  orange  colouring  matter  contained,  together  with  purpurin,  in  munjeet  or  East 
Indian  madder.  It  is  nearly  related  in  composition  to  purpurin,  C9H803,  and  alizarin, 
C10H603,  differing  from  the  former  by  1  at.  and  from  the  latter  by  2  at.  carbon.  It 
exists  in  munjeet  in  considerable  quantity,  and  may  be  extracted  by  the  following 
process : — 

Each  pound  of  munjeet  in  fine  powder  is  boiled  for  four  or  five  hours  with  2  pounds 
of  sulphate  of  aluminium  and  about  16  pounds  of  water,  the  operation  being  repeated 
two  or  three  times ;  the  red  liquor  thus  obtained  is  strained  through  cloth  filters  while 
still  very  hot ;  and  the  clear  filtrate  is  saturated  with  hydrochloric  acid,  whereby  a 
bright-red  precipitate  is  soon  produced,  which  goes  on  increasing  in  quantity  for 
about  twelve  hours  if  the  liquid  is  left  at  rest.  This  precipitate  is  collected  on  cloth 
filters,  and  washed  with  cold  water  till  the  greater  part  of  the  acid  is  removed ;  then 
dried,  pulverised,  and  digested  in  a  percolator  with  boiling  sulphide  of  carbon,  which 
dissolves  the  crystallisable  colouring  principles  of  the  munjeet,  and  leaves  a  considerable 
quantity  of  dark-coloured  resinous  matter.  .The  excess  of  sulphide  of  carbon  having 
been  removed  by  distillation,  the  bright-red  extract,  consisting  chiefly  of  a  mixture  of 
munjistin  and  purpurin,  is  repeatedly  treated  with  moderate  quantities  of  boiling 
water  and  filtered,  the  clear  yellow  filtrate  consisting  of  a  solution  of  munjistin,  while 
nearly  all  the  purpurin  remains  on  the  filter.  The  solution  acidulated  with  hydro- 
chloric or  sulphuric  acid  deposits  the  munjistin  in  large  yellow  flocks,  which  are 
slightly  washed  on  a  filter  with  cold  water,  then  dried  by  pressure,  and  dissolved  in 
boiling  spirits  of  wine,  slightly  acidulated  with  hydrochloric  acid,  to  remove  any  adher- 
ing alumina.  As  the  munjistin  does  not  subside  from  cold  alcoholic  solutions,  even 
when  they  are  largely  diluted  with  water,  about  three-fourths  of  the  spirit  must  be 
distilled  off,  after  which  the  munjistin  is  deposited  in  large  yellow  scales.  By  two  or 
three  crystallisations  from  spirit,  in  this  manner,  it  may  be  rendered  perfectly  pure. 

Munjistin  may  also  be  extracted  directly  from  munjeet  by  boiling  with  water,  acidu- 
lating the  dark  brownish-red  filtrate  with  hydrochloric  acid,  and  treating  the  precipi- 
tate as  above ;  but  the  process  above  described  yields  a  better  product.  The  colouring 
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matter  of  munjeet  may  also  be  extracted  by  boiling  solutions  of  alum  ;  but  sulphate 
of  aluminium  is  better  adapted  for  the  purpose,  as  the  alum,  by  its  tendency  to  crystal- 
lise, greatly  impedes  the  filtration  of  the  liquids.  E.  Kopp's  process  with  sulphurous 
acid  (p.  749),  is  not  applicable  to  munjeet. 

Properties.  —  Munjistin  crystallises  from  alcohol  in  golden-yellow  plates  of  great 
brilliancy.  It  is  but  moderately  soluble  in  cold,  but  dissolves  pretty  readily  in  boiling 
water,  forming  a  bright-yellow  solution,  from  which  it  is  deposited  in  flocks  on  cooling. 
It  dissolves  to  some  extent  in  cold  but  more  readily  in  boiling  alcohol,  and  is  not 
precipitated  therefrom  by  water.  It  dissolves,  with  bright-red  colour,  in  aqueous 
carbonate  of  sodium  ;  with  ammonia,  it  forms  a  red  solution,  having  a  slight  tinge  of 
brown  ;  with  caustic  soda,  it  produces  a  rich  crimson  colour. 

Munjistin,  in  some  of  its  properties,  bears  considerable  resemblance  to  the  rubiacin  of 
S  c  h  u  n  c  k  (madder.-orange  of  R  u  n  g  e,  p.  742)  ;  butaccording  to  S  t  o  k  e  s  (Proc.  Eoy.  Soc. 
xii.  637),  the  two  substances  are  perfectly  distinguished  by  the  colours  of  their  solutions 
in  carbonate  of  sodium,  when  a  small  quantity  only  of  each  is  used,  the  solution  of 
munjistin  being  red  inclining  to  pinkish-orange,  while  that  of  rubiacin  is  claret-red;  also 
by  the  absorption-bands  which  are  seen  on  examining  the  spectra  of  these  solutions 
(see  LIGHT,  p.  638)  ;  both  present  a  single  minimum  in  the  spectrum  ;  but  while  that  of 
rubiacin  extends  only  from  about  D  to  F,  that  of  munjistin  extends  from  a  good  way 
beyond  D  to  some  way  beyond  F.  A  further  distinction  is  afforded  by  the  characters 
of  the  fluorescent  light  of  the  ethereal  solutions  of  these  substances,  that  of  rubiacin 
being  orange-yellow,  while  that  of  munjistin  is  yellow  inclining  to  green. 

Munjistin  sublimes  more  readily  than  either  purpurin  or  alizarin,  forming  golden- 
yellow  scales  consisting  of  the  unaltered  substance.  Neither  sublimed  munjistin, 
nor  that  obtained  by  crystallisation  from  alcohol  and  drying  in  a  vacuum,  loses  any 
weight  at  100°.  When  carefully  heated  in  a  tube  it  melts,  and  crystallises  again 
on  cooling.  When  strongly  heated  on  platinum-foil,  it  readily  takes  fire,  and  burns 
away  without  residue. 

Munjistin  dissolves  readily  in  cold  sulphuric  acid,  forming  a  bright-orange  solution 
which  may  be  heated  nearly  to  boiling  without  blackening  or  evolution  of  sulphurous 
acid,  and  on  dilution  with  water,  deposits  the  munjistin  in  yellow  flocks  appa- 
rently unaltered.  By  digestion  with  moderately  strong  nitric  add,  it  is  converted  (like 
alizarin  and  purpurin)  into  phthalic  acid,  C8H604,  together  with  a  small  quantity  of 
oxalic  acid. 

Bromine-water  added  to  a  strong  aqueous  solution  of  munjistin  throws  down  a 
pale-coloured  flocculent  precipitate,  which  when  dissolved  in  hot  alcohol,  yields  tufts  of 
crystals,  evidently  a  substitution  -product. 

Baryta-water  forms  a  yellow  precipitate  with  solutions  of  munjistin.  Acetate  of 
copper  forms  a  brown  precipitate  very  slightly  soluble  in  acetic  acid.  Acetate  of  lead 
added  either  to  the  aqueous  or  to  the  alcoholic  solution,  throws  down  a  bright-crimson 
precipitate,  which  when  washed  with  alcohol  and  dried  in  a  vacuum,  contains,  on  the 
average,  34*8  percent,  carbon,  T9  hydrogen,  and  48-5  lead-oxide:  agreeing  nearly  with 
the  formula  Pb"0.5C16H10Pb"08,  analogous  to  that  of  the  lead-compound  of  purpurin, 
Pb"0.5C18H10Pb"08,  described  by  Wolff  and  Strecker  (see  PURPURIN). 

Both  the  aqueous  and  alcoholic  solutions  of  munjistin,  when  boiled  with  alumma, 
form  a  beautiful  lake  of  a  bright  orange-colour,  almost  the  whole  of  the  munjistin  being 
withdrawn  from  solution.  This  lake  is  soluble  in  a  large  excess  of  caustic  soda,  pro- 
ducing a  fine  crimson  solution.  Munjistin  dyes  cloth  mordanted  with  alumina  a  bright 
orange  ;  with  iron  mordant  it  yields  a  brownish-purple  colour,  and  with  Turkey  -red 
mordant  a  pleasing  deep  orange.  These  colours  are  moderately  permanent,  and  bear 
the  application  of  bran  and  soap  tolerably  well. 

When  an  ammoniacal  solution  of  munjistin  is  exposed  to  the  air,  in  a  warm  place. 
the  munjistin  is  gradually  but  completely  decomposed,  the  greater  part  being  changed 
into  a  brown  humus-like  substance  insoluble  in  ammonia  ;  while  the  remainder  forms  a 
non-crystalline  colouring  substance,  analogous  to  purpurein  (the  product  formed  in  like 
manner  from  purpurin,  q.v.),  and  capable  of  dyeing  unmordanted  cloth  of  a  brownish- 
orange  colour. 


MET  AXi.     An  alloy  of  copper  and  zinc  used  for  sheathing  ships,  and 
for  other  purposes  (see  COPPER,  ALLOYS  OF,  ii.  49). 

IVTURCHISONITE.       A  yellowish-grey    or  flesh-red  variety  of  felspar  from 
Heavitree,  near  Exeter. 


Dialurimide  (Laurent).  —  Discovered  by  Prout  in  1818  (Ann.  Ch. 
Phys.  xi.  48),  who  called  it  Purpuric  acid:  further  examined  loy  Kodweiss  (Pogg. 
Ann.  xix.  12),  and  byLiebig  andWohler  (Ann.  Ch.  Pharm.  xxvi.  327).  It  is 
formed  by  the  decomposition  of  murexide  by  the  stronger  acids,  sulphuretted  hydro- 
gen, or  jxrtash.  It  is  obtained  by  adding  sulphuric  or  hydrochloric  acid  to  a  boiling 
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solution  of  murexide  in  water  or  potash :  the  crystalline  precipitate  is  purified  by 
dissolving  it  in  cold  sulphuric  acid,  and  precipitating  by  water ;  or  by  dissolving  it 
in  potash,  and  precipitating  it  by  an  acid.  It  is  thus  obtained  as  a  heavy  white 
powder,  lustrous  like  uramil,  infusible,  tasteless,  and  does  not  redden  litmus.  It 
turns  red  in  air  containing  ammonia.  It  is  almost  insoluble  in  cold  water,  re- 
quiring more  than  10,000  pts. :  insoluble  in  alcohol,  ether,  dilute  sulphuric,  hydro- 
chloric, or  phosphoric  acid,  or  in  aqueous,  acetic,  tartaric,  or  citric  acid.  It  is  soluble 
in  cold  strong  sulphuric  acid,  and  reprecipitated  by  water ;  also  in  aqueous  alkalis, 
without  neutralising  them,  forming  solutions  which  are  colourless  when  air  is  ex- 
cluded. 

Murexan  is  decomposed  by  dry  distillation,  yielding  cyanic  acid  and  other  products. 
It  is  dissolved  and  decomposed  by  chlorine-water,  without  yielding  cyanic  acid. 
When  heated  with  strong  nitric  acid  it  is  dissolved  with  effervescence,  giving  off 
nitrous  and  carbonic  anhydrides,  and  yielding  on  evaporation  crystals  of  oxalate  of 
murexan  (Kodweiss).  When  heated  with  sulphuric  acid,  it  evolves  carbonic  anhy- 
dride and  a  little  nitrogen,  and  forms  a  brown  solution,  containing  ammonia,  and  not 
precipitable  by  water.  Its  colourless  solution  in  ammonia  turns  purple  when  ex- 
posed to  the  air,  and  on  evaporation  yields  crystals  of  murexide  : 

C8H7N506   +   0   +  NH3     =     C8H8N608  +  IPO. 

Murexan.  Murexide. 

The  purple  solution  is  decolorised  by  exposure  to  oxygen-gas,  oxalurate  of  ammonium 
being  formed. 

Under  certain  circumstances  murexan  appears  to  combine  with  acids.  It  dissolves 
in  warm  dilute  nitric  acid  without  effervescence,  and  yields  on  evaporation  small 
rhombohedra,  which  appear  to  be  nitrate  of  murexan.  When  dissolved  in  oxalic  acid 
containing  a  little  nitric  acid,  or  when  heated  with  strong  nitric  acid,  it  yields  crystals 
by  evaporation,  which,  according  to  Kodweiss,  are  oxalate  of  murexan. 

The  composition  of  murexan  is  very  variously  stated.  The  analyses  of  Liebig  and 
Wohler,  and  of  Kodweiss,  yield  very  conflicting  results:  the  former  agrees  toler- 
ably with  the  formula  C3H4N20-*,  which  is  accordingly  adopted  by  Liebig  and  W  6  h  1  e  E 
Gerhardt  (Chim.  org.  i.  1517)  considers  murexan  as  identical  with  dialuramide, 
C4H5N303:  a  view  which  is  advocated  by  Beilstein  (Ann.  Ch.  Pharm.  cvii.  191), 
according  to  whose  analyses  murexan  contains  29'54  per  cent,  nitrogen,  which  agrees 
tolerably  with  29-38,  the  calculated  percentage  in  C4H5N303.  Gmelin  adopts  the 
formula  C8H7N506,  which  gives  percentages  intermediate  between  the  analyses,  and 
leads  to  the  simplest  equations.  Laurent  (Compt.  rend.  xxxv.  629)  adopts  the  same 
formula,  and  regards  the  compound  as  dialurimide — N.C8H6N406.H. 

calc.  L.  and  W.  calc.  Gmelin. 

C"  96  35-69 

HT  7  2-60 

Ns  70  26-02 

O6  96  35-69 


V 

36 

33-33 

33-32 

36-58 

H4 

4 

3-70 

3-72 

2-22 

N2 

28 

25-93 

2572 

28-45 

O2* 

40 

37-04 

37-24 

32-75 

C3H4N2024  108       100-00  100-00  lOO'OO         C8H7N*06  269       100-00 

F.  T.  C. 
XVnrREXXDE.     See  PURPURATES. 

ItTUREXOXN.  A  product  formed  by  the  joint  action  of  air  and  ammonia  on 
amalic  acid,  and  crystallising  from  warm  water  or  alcohol  in  vermilion-coloured 
four-sided  prisms,  two  faces  of  which  reflect  light  with  gold-yellow  colour.  The  solu- 
tion of  this  compound  resembles  that  of  murexide,  excepting  that  it  is  decolorised 
instead  of  being  turned  blue  by  potash,  also  by  evaporation.  When  dried  at  100°, 
it  gives  by  analysis  numbers  agreeing  approximately  with  the  formula  C736^r232Vn°015. 
(Kochleder,  J.  p.  Chem.  li.  398;  Jahresb.  1850,  p.  434.) 

1VTURIACITE.    Syn.  with  ANHYDRITE  (i.  295). 

MURIATIC  ACID.     The  old  name  of  chlorhydric  or  hydrochloric  acid  (i.  390). 

MUROMON  TXTXL  A  variety  of  orthite  (q.  w.)  from  Baden  near  Marienberg  in 
Saxony. 

MUSA.  The  ripe  fruit  of  the  Banana  (Musa  paradisiacd},  grown  in  Bengal,  con- 
tains, according  to  Corenwinder  (Compt.  rend.  Ivii.  781),  73*9  per  cent,  water,  4-82 
albumin,  0'2  cellulose,  0'63  fats,  19'66  cane-sugar  and  inverted  sugar  (together  with 
organic  a<?ids,  pectose,  and  traces  of  starch),  0'06  phosphoric  anhydride,  and  07Jf 
lime,  alkalis,  iron,  chlorine,  &c.  The  ash  of  the  husk  of  the  ripe  fruit  was  found  to- 
contain  47*98  carbonate  of  potassium.  6-58  carbonate  of  sodium,  26  18  chloride  of 
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potassium,  5'66  alkaline  phosphates  (with  a  little  sulphate),  7'50  charcoal,  7'lOlime^ 
silica,  earthy  phosphates,  &c.  (=  100). 

In  the  milky  juice  of  the  flower-stem  of  the  same  plant,  Comnille  (J.  Pharm.  [3], 
xliii.  269)  found  25-27  per  cent,  potash,  9-52  soda,  15'85  lime,  5'00  magnesia,  0*87 
alumina,  with  a  trace  of  ferric  oxide,  6'30  chlorine,  0'96  sulphuric  anhydride,  0487 
phosphoric  anhydride,  0'81  silica,  and  34-17  carbonic  anhydride  (calculated  from  the 
bases). 

MUSCLE.    See  MUSCULAR  TISSUE. 

MUSCOVITE.    Potash-mica.     (See  MICA,  p.  1010.) 

MUSCUXAR  TISSUE.  A.  Striated  muscles, —  Voluntary  Muscles, — Muscles  of 
animal  life, — Muscles  taking  part  in  energetic  movements. — These  consist  of  parallel  pri- 
mitive bundles  of  fibres  bound  together  with  fatty  and  connective  tissue,  the  latter 
affording  gelatin,  not  proper  to  muscular  tissue  itself.  Each  fibre  may  be  considered 
as  a  tube  consisting  of — 1.  A  sheath  or  sarcolemma,  resembling,  physically  and  chemi- 
cally, elastic  tissue ; — 2.  Nuclei,  whose  exact  chemical  composition  is  unknown  ; — 3.  The 
muscle-substance  ot  fluid  (semifluid)  contents  of  the  sheath,  marked  with  the  transverse 
striae; — 4.  Granules,  &c.,  mostly  fatty ; — 5.  Terminations  of  nerves  &c.  (?) 

The  living  fibre  is  contractile,  and  very  extensible  (slight  but  very  perfect  elasticity) ; 
its  substance  is  transparent.  When  the  nutrition  of  a  muscle  is  arrested,  contractility 
is  lost,  and  the  condition  known  as  rigor  mortis  comes  on.  The  fibre  is  then  opaque, 
is  shorter  and  thicker  than  during  life,  and  has  lost  much  of  its  extensibility.  The 
peculiar  rigidity  thus  brought  about  passes  away  as  putrefactive  decomposition  sets  in. 

The  rapidity  with  which  rigor  mortis  appears  in  the  muscles  of  an  animal,  after 
somatic  death,  depends  upon  a  variety  of  circumstances.  An  apparently  identical 
rigidity  may  be  instantaneously  brought  about  by  plunging  muscles  in  water  or  oil,  at 
a  temperature  of  40°  (for  cold-blooded  animals,  49° — 50°  for  mammals,  53°  for 
birds ;  Kiihne,  Myolog.  Untersuch.},  or  by  injecting  into  the  blood-vessels  various  sub- 
stances, such  as  chloroform  (Kiissmaul,  Virchow  Archiv.  xiii.  p.  289).  Eigor  mortis 
has  been  considered  as  a  species  of  contraction, — "  the  last  vital  effort  of  the  dying 
muscle,"  or  the  natural  condition  into  which  a  muscle  falls,  when  no  longer  sustained 
by  life  (Bad cliff  e).  It  seems  more  probable,  however,  as  will  be  seen  below,  that  it 
is  due  to  a  spontaneous  coagulation  of  the  muscle-substance. 

The  reaction  of  the  living  fibre,  when  freed  as  far  as  possible  from  blood,  is  neutral 
or  amphichromatic.  After  death,  with  the  onset  of  rigor  mortis,  it  becomes  acid,  and 
continues  so  until  changed  by  ammoniacal  compounds  generated  in  putrefaction.  The 
acid  is  probably  formed  first  in  the  interior  of  the  fibre,  for  the  natural  surface  of  the 
muscle  remains  neutral  the  longest ;  and  if  it  be  due  to  any  process  of  oxidation,  the 
oxygen  must  be  furnished  by  the  muscle-substance  itself,  since  the  presence  of  external 
oxygen  is  wholly  unnecessary.  The  reaction  cannot  be  attributed  to  the  acid  phosphate 
of  potassium,  for  the  mark  on  litmus  is  permanent,  which  in  that  case  it  would  not  be. 
It  is  generally  supposed  to  be  due  to  lactic  (sarcolactic)  acid.  When  rigor  is  artifi- 
cially produced  by  a  temperature  of  40°  (frogs),  the  reaction  at  the  same  time 
becomes  acid.  When  muscles,  however,  are  plunged  into  water  at  75°,  they  coagulate 
immediately,  with  a  distinctly  alkaline  reaction,  and  at  intermediate  degrees  are 
neutral,  with  a  tendency  to  acidity  or  alkalinity.  The  alkaline  reaction  at  75°  is  not 
due  to  any  destruction  of  a  temporarily  formed  acid,  or  to  any  neutralisation  of  it  by 
the  alkali  set  free  by  the  coagulation  of  the  albumin ;  for  muscles  which  have  once 
become  acid  remain  so,  even  when  immersed  for  some  time  in  boiling  water.  So  also 
muscles  coagulated  by  being  plunged  into  alcohol  remain  neutral.  There  seems,  there- 
fore, to  be  no  causal  connection  between  rigor  mortis  and  the  post-mortem  acid  reaction. 
(Du  Bois-Reymond,  MoleschotL  Untersuch,  1860,  p.  i.) 

Though  rigor  mortis  may  be  considered  as  a  sign  of  death,  the  injection  of  blood 
through  the  vessels  of  a  rigid  limb  will  remove  rigidity  and  restore  contractility. 
(Stannius,  Brown-Sequard).  Kiihne,  however  (op.  cit.},  denies  that  any  such 
revival  can  take  place  when  rigidity  and  acidity  have  fairly  set  in.  The  rigidity 
nevertheless  maybe  removed  by  an  injection  of  chloride  of  sodium,  and  Kiihne  makes 
(  Untersuch.  iiber  Protoplasma)  the  interesting  observation  that  the  acid  reaction  dis- 
appears at  the  same  time  ;  and  Preyer  (Central-blatt.  med.  wissensch.  1864,  p.  769), 
states  that  if  a  blood-injection  follow  the  chloride  of  sodium  injection,  contractility 
may  be  restored. 

The  muscle-substance,  whose  fluidity  is  indicated  by  the  wave-like'  phenomena  of  its 
contractions,  by  its  movement  towards  the  negative  pole  during  the  passage  of  an 
electric  current  (Kiihne),  and  by  the  behaviour  of  living  parasites  lodged  within  the 
sarcolemma,  was  supposed  by  B  r  ii  c  k  e,  and  has  been  shown  by  K  u  h  n  e  (op.  cit. ),  to  con- 
tain a  body  whose  spontaneous  coagulation  brings  about  the  rigidity  and  opacity  of  the 
dead  fibre.  If  a  frog  be  opened,  a  1  per  cent,  solution  of  chloride  of  sodium  driven  through 
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the  blood-Tessels  until  all  blood  is  removed,  the  muscles  then  rapidly  chopped  up  and 
subjected  to  firm  pressure,  a  liquid  will  be  obtained,  which  in  a  short  time  sets  into  a 
firm  coagulum,  while  the  remaining  fragments  of  muscle  show  a  great  lack  of  rigidity. 
In  such  an  experiment,  however,  much  of  the  muscle-substance  will,  through  the  treat- 
ment, be  rendered  rigid  before  the  liquid  can  be  expressed  from  it.  In  order  to  obtain 
an  amount  of  coagulation  sufficient  to  justify  the  idea  that  the  rigidity  is  due  to  a 
coagulation  of  the  muscle-substance  itself,  and  not  of  any  lymph  or  plasma  bathing  the 
fibres,  muscles  freed  from  blood  by  the  injection  of  the  (1  per  cent.)  solution  of  chloride  of 
sodium  are  frozen,  minutely  divided,  mixed  with  four  times  their  volume  of  snow  contain- 
ing 1  per  cent,  of  chloride  of  sodium,  and  the  mass  pulverised  as  far  as  possible.  At  —  3° 
the  mixture  will  become  sufficiently  liquid  to  be  filtered  through  linen ;  at  0°  it  may 
be  rapidly  passed  through  filtering  paper.  The  filtrate  then  appears  as  a  slightly  opa- 
lescent fluid,  which,  exposed  to  ordinary  temperature,  will  speedily  set  into  a  coagulum 
so  firm,  that  the  containing  vessel  may  be  turned  over  without  any  fear  of  spilling  the 
contents.  At  a  temperature  of  40°  coagulation  takes  place  instantaneously.  On 
standing  the  coagulum  contracts,  after  the  fashion  of  a  blood-clot,  but  shows  a  great 
tendency  to  the  production  of  flocks  and  flakes,  and  leaves  the  surrounding  liquid  highly 
opalescent.  Adopting  the  phraseology  used  in  speaking  of  blood,  the  fluid  parts  of 
muscle  may  be  described  as  forming  a  muscle-plasma,  which  separates  into  the  muscle- 
clot  and  muscle-serum. 

The  act  of  coagulation  may  fairly  be  supposed  to  be,  like  that  of  blood,  the  union 
into  an  insoluble  compound  of  two  soluble  factors.  Kiihne  found  that  one  of  the 
factors  of  blood-coagulation,  viz.  globulin,  increased  and  hastened  the  coagulation  of 
muscle-plasma.  The  cause  or  determining  circumstance  of  the  coagulation  is  un- 
known. 

Myosin  (thename  given  by  Kiihne  to  the  muscle-clot)  is,  when  thoroughly  washed, 
completely  neutral,  forms  when  wet  a  white  mass  of  little  transparency,  when  dry  a 
yellow  horny  substance.  It  gives  the  usual  protein  reactions,  and  contains  sulphur. 
It  is  insoluble  in  water,  alcohol,  and  ether,  exceedingly  soluble  in  very  dilute  acids, 
and  alkalis,  and  in  solutions  of  neutral  salts  of  all  degrees  of  concentration.  In  a 
10  per  cent,  solution  of  chloride  of  sodium  it  is  especially  soluble,  and  may  by  this 
means  be  extracted  from  muscles  already  coagulated.  (Hence  in  brine  there  is  always 
to  be  found  a  considerable  quantity  of  it.)  If  such  a  solution  in  chloride  of  sodium  be 
added  drop  by  drop  to  distilled  water,  the  myosin  is  precipitated  in  flakes  or  lumps, 
sometimes  as  little  vesicles.  The  precipitate  so  formed  is  unaltered  myosin,  and 
is  readily  redissolved  in  the  chloride  of  sodium  solution.  The  precipitate  obtained, 
however,  by  the  neutralisation  of  dilute  acid  or  alkaline  solutions  of  myosin  is  no  longer 
myosin ;  it  has  changed  in  character,  is  no  longer  soluble  in  the  chloride  of  sodium 
solution,  and  exhibits  the  reactions  of  syntonin. 

In  muscle-serum  (that  is,  muscle-plasma  minus  muscle-clot  or  myosin)  Kiihne  re- 
cognises at  least  three  forms  of  albumin : — 

1.  An  albumin  whose  coagulation  depends  in  great  part  on  the  degree  of  acidity 
possessed  by  the  serum.     If  abundance  of  acid  be  present,  coagulation  will  occur  at  a 
temperature  so  low  as  30°.      In  this  body  Kiihne  recognises  the  mixture  of  potassic 
albuminate  and  sodic  phosphate  described  by  Eollett. 

2.  An  albumin  coagulating  at  45°. 

3.  A  large  quantity  of  albumin  coagulating  at  75°.     There  are  also  in  untouched 
muscle  other  forms  coagulating  at  90°.     The  first  form  had  been  previously  recognised 
by  Harless  (Henle  u.  Meissner's  Bericht,  1859,  p.  471),  and  was  regarded  by  him  as 
the  chief  cause  of  rigor  mortis.     And  even  though  the  formation  of  myosin,  which  is 
quite  independent  of  the  formation  of  acid,  be  considered  as  the  chief  part  of  rigor 
mortis,  yet  the  subsequent  coagulation  caused  or  favoured  by  the  presence  of  the  acid 
will  undoubtedly  increase  that  condition. 

Before  the  researches  of  Kiihne,  muscle  was  considered  to  consist  of  a  small 
quantity  of  albumin  and  of  a  large  quantity  of  syntonin.  Myosin  is  not  the  same 
thing  as  syntonin.  Kiihne  contends  that  syntonin  does  not  exist  as  such  in  the  un- 
touched muscle,  but  is  an  artificial  product  due  to  the  action  of  the  dilute  acid  on 
myosin  and  other  albuminoid  bodies.  He  attributes  the  rapidity  of  the  solution  of  the 
muscle-substance  to  the  conjoined  action  of  pepsin  (the  presence  of  which  in  muscles 
has  been  shown  by  Briicke),  and  affirms  that  a  formation  of  syntonin  always  precedes 
that  of  the  peptones  in  every  digestion  of  albumin,  v.  Wittich  (Konigsberg.  med. 
Jahrb.  iii.  210)  also  adopts  the  same  view  (see  SYNTONIN).  Hence  muscle-fibrin  or 
syntonin  prepared  by  Liebig's  method  would  be  regarded  as  consisting  of  myosin  and 
the  albumin  coagulating  at  30° ;  muscle-juice  as  a  mixture  of  the  other  forms  of  albumin. 

The  Heart  is  singular  in  being  an  involuntary  muscle,  and  yet  being  composed  of 
Btriated  fibres.  It  is  remarkable  for  containing  inosite,  which  is  not  found  in  other 
muscles.  The  alcoholic  extract  exhibits  that  excess  over  the  watery  extract  which  is 
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characteristic  of  muscles  actively  exercised.    Its  reaction  is  tlie  same  as  that  of  othe* 
striated  muscles.    (D  u  Bois-Keymond.) 

B.  Non-striated,  smooth  muscles, — Involuntary  muscles,— Muscles  of  organic  life, — 
Muscles  taking  part  in  slow  movements, — Contractile  fibre-cells. — These  consist  of  long 
spindle-shaped  cells,  or  riband-like  fibres,  marked  with  peculiar  rod-like  nuclei,  and 
bound  together  with  connective  tissue,  bloodvessels,  nerves,  &c.    Greater  difficulty  is  met 
with  in  the  analysis  of  this  variety,  since  the  fibres  are  but  seldom  found  in  large 
isolated  masses,  and  are  much  mixed  up  with  other  tissues.     The  "juice  "   is  less  in 
quantity  and  often  mixed  with  other  fluids.  L  e  h  m  a  n  n  found  the  reaction  of  the  j  uice  of 
the  muscular  coat  of  the  pig's  stomach  distinctly  acid,  that  of  the  middle  coat  of  arteries 
feebly  acid,  that  of  Tunica  Dartos  neutral  (Lehrbuch,  iii.  p.  62).     DuBois-Keymond 
however,  found  the  muscles  of  the  gizzard  of  fowls  and  pigeons  always  faintly  alkaline 
after  death,  as  also  the  muscular  coat  of  intestines  and  arteries  of  oxen.   Schultzetoo 
(Ann.  Ch.  Pharm.  Irai.  p.   277)  had  previously  observed  the  same  reaction.     Yet 
Siegmund  (Verh.  phys.  med.  Gesellseh.  Wurzburg,  iii.  50)  discovered  in  the  uterine 
muscles,  acetic,  formic,  and  lactic  acids.     From  the  smooth  muscles  a  substance  appa- 
rently identical  with  the  syntonin  of  striated  muscles  may  be  obtained ;  and  since  the 
former  exhibit  rigor  mortis,  they  also  probably  contain  a  form  of  albumin  capable  of 
coagulating  spontaneously.     Schultze  (op.  cit.)  obtained  from  the  smooth  muscles  of 
the  middle  coat  of  arteries  a  large  quantity,  (7  to  21  per  cent,  of  total  dry  matter)  of  a 
substance  which  he  believed  to  be  casein.     Creatine  is  found  in  small  quantities.     The 
proportion  of  potash  to  soda  is  much  less  than  in  striated  muscles — 38  :  62  in  the 
muscles  of  the  stomach,  42 :  58  in  the  middle  coat  of  the  arteries.  This  would  seem  to 
imply  a  great  mixture  of  blood-serum. 

C.  Muscles  of  Invertebrata. — These  are  in  some  classes  striated  (e.  g.  Articu- 
tata)  ;  in  others,  non-striated  (e.  g.  Mollusca),  and  yet  more  closely  allied  with  the 
striated  than  with  the  non-striated  variety  of  vertebrata. 

They  probably  agree  in  their  main  chemical  feature  with  other  muscles.  Bernstein 
(Centralblatt  fur  med.  Wissensch.  1863,  p.  437)  found  the  muscles  of  the  crab  neutral 
or  faintly  alkaline  when  living,  but  becoming  acid  with  the  onset  of  rigor  mortis.  He 
also  obtained  a  spontaneous  coagulation  of  the  expressed  muscle-juice.  Jn  bivalve 
muscles  he  found  the  foot  neutral,  the  adductors  always  acid.  Both  gave  a  spontane- 
ously coagulating  juice. 

Valenciennes  andFr^my  (Ann.  Ch.  Phys.  i.  129)  found  oleophosphoric  acid  to 
replace  the  acid  phosphate  of  potassium  in  the  muscles  of  the  crab,  and  in  molluscs  they 
ascertained  the  absence  of  creatine  and  creatinine  and  the  presence  of  taurine. 

D.  Protoplasma, — Sa rcode. — The  bodies  of  many  of  the  lower  animals  consist 
in  great  part  of  a  semifluid  substance,  capable  of  peculiar  movements.      A  similar 
matter  is  also  found  in  vegetable  cells  and  in  the  cells  of  certain  parts  of  animals  (cornea, 
connective  tissue).   From  the  researches  of  Schultze  (Das  Protoplasma}  and  Kiihne 
(op.  cit.)  it  appears  that  this  protoplasm  is  contractile,   spontaneously  coagulating, 
and  exhibits  other  reactions  which  bespeak   for  it  a  close  alliance   with  muscle- 
substance. 

Metamorphosis  of  Muscular  Tissue.— The  chemical  changes  taking  place  in 
the  living  muscle,  though  most  imperfectly  known,  may  be  generally  described  as  those 
of  oxidation.  Living  muscles  consume  oxygen  and  produce  carbonic  acid  (L  i  e  b  i  g,  G. 
Muller's  Archiv.  1850,  p.  409;  Matteucci,  Comptrend.  1856, i.  14 ;  Valentin,  Archiv. 
Physiol.  Heilk.  N.F.  i.  p.  285) ;  the  excretion  of  carbonic  acid  is  continued  when  the 
muscle  is  placed  in  hydrogen-gas.  Products  of  oxidation  of  nitrogenous  material 
are  always  present  in  muscle — creatine,  creatinine,  inosic  acid  (proteic  acid),  hypoxan thine, 
taurine,  leucine,  &c. 

On  comparing  the  chemical  composition  of  muscles  at  rest  with  that  of  muscles  at 
work,  it  is  found  that  by  the  act  of  contraction,  the  substances  soluble  in  alcohol  are  in- 
creased and  those  soluble  in  water  diminished  (Helmholtz);  the  carbonic  acid  exhaled 
and  the  oxygen  consumed  are  increased,  the  proportion  of  carbonic  acid  to  oxygen 
being  at  the  same  time  also  increased  (Matteucci,  Valentin,  op.  cit.;  Sezelkfcw, 
Zeitsch.  nat.  Med.  xvii.  p.  106) ;  the  substances  given  up  to  the  blood  are  increased, 
(Cl.  Bernard,  Med.  Times  and  Gaz.  1861,  ii.  p.  26) ;  creatinine  is  increased  partly 
at  the  expense  of  creatine.  Heidenhain  (Mechanische  Leistung,  $c.,  bei  der  Muskel- 
thatigJctit')  finds  the  amount  of  acid  produced  to  be  proportional  to  that  of  the  actual 
energy  liberated  during  the  contraction  (Sarokovr,  Virchow's  Archiv.  28,  p.  544). 
A  muscle  when  tetanised  becomes  acid  from  a  development  of  lactic  acid  (Du  Bois- 
Reymond,  op.  cit.).  It  is  uncertain  whether  this  acid  is  a  product  newly  formed 
or  a  permanent  constituent  temporarily  increased  in  amount.  Borszezow  (Wiirburg. 
natur.  Wissensca,  Zeitsch.  ii.  p.  65)  finds  no  lactic  acid  in  living  hearts;  Folwarczny 
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(Henle  u.  Meissner,  1861,  p.  295),  however,  finds  it.  With  regard  to  creatine, 
Bo rszezow  (op.  cit.)  believes  that  it  is  formed  at  the  expense  of  creatinine,  while 
Neubauer  (Zeitsch.  analyt.  Chem.  1863,  p.  22)  regards  creatinine  as  an  artificial 
production  and  no  natural  constituent  of  muscle. 

The  position  of  the  carbo-hydrates  in  muscle  is  a  very  uncertain  one.  In  the  musclea 
of  the  embryo,  glycogen  is  found  in  abundance  (Bernard,  Journal  de  Physiolog.  ii. 
p.  39;  Kouget,  ibid.  p.  333);  in  the  muscles  of  adults,  occasionally.  (McDonnell, 
Nat.  Hist.  Eev.  iii.  538.) 

Besides  inosite,  which  exists  in  the  muscles  of  the  heart,  Meissner  (Henle  u.  Meissner, 
1861,  p.  295)  has  found  in  the  muscles  of  the  system,  a  fermentable  sugar  (not  arising 
from  food),  which  presents,  as  he  thinks,  some  differences  from  hepatic  sugar,  and  is 
probably  due  to  muscular  metamorphosis.  Harley  (Brit.  For.  Med.  Chir.  Eeview,  1857) 
and  Chauveau  (Graz.  Med.  No.  23),  however,  find  reason  to  believe  in  the  destruction 
of  sugar  in  the  systemic  capillaries  (and  therefore  in  part  at  least  in  the  muscles). 

Since  exercise,  cceteris  paribus,  increases  rigor  mortis,  it  might  be  inferred  that  one  at 
least  of  the  factors  of  myosin  was  developed  during  muscular  metamorphosis.  In  the 
generally  adopted  views,  the  nitrogenous  muscle-substance,  the  '  plastic '  element,  is 
supposed  to  supply  by  its  conversion  the  force  of  muscular  movements.  Others  (Tr  a  u  b  e) 
have  maintained  that  the  hydrocarbons  and  carbo-hydrates  (of  blood  and  muscle)  are 
to  be  regarded  as  the  main  source  of  power.  M.  F. 

1WUSENA  BARK.  This  bark,  used  in  Abyssinia  as  an  anthelmintic,  contains, 
according  to  Thiel  (J.  Pharm.  [3]  xlii.  176),  a  sharp-tasting  colloidal  substance  called 
musenin,  soluble  in  water  and  in  alcohol,  insoluble  in  ether. 

MUSENITE.     Cobalt-pyrites  from  Miisen,  near  Siegen,  in  Prussia  (i.  1050). 

MUSK.  Muse,  Moschus. — An  odoriferous  resinous  substance  contained  in  a  bag 
near  the  navel  of  the  male  musk-deer,  a  small  animal  inhabiting  Tonquin  and  Thibet. 
Muse  occurs  in  commerce  in  brownish  clots,  often  mixed  with  hair,  sand,  fat,  and  resins 
It  has  a  bitter  taste,  a  persistent  odour,  is  very  inflammable,  and  partially  soluble  in 
water  and  in  alcohol.  According  to  an  analysis  by  Geiger  and  Eeimann,  it  contains 
in  100  parts,  I'l  parts  fat,  4-0  cholesterin,  5'0  bitter  resin,  7*5  alcoholic  extract  (lactic 
acid-salts),  36 '5  salts  soluble  in  water  (potash  and  ammonia,  combined  with  a  peculiar 
animal  matter),  45*5  ammonia  combined  with  lactic  acid  and  water,  and  0'4  sand. 
(Pelouze  et  Fremy,  Traite,  vi.  240.  See  also  Ure's  Diet,  of  Arts,  #c.,  iii.  211.) 

MUSSEX.-SHEI.X.S.      See  SHELLS. 

MUSSXTZ.   Syn.  with  diopside  or  white  augite  (see  AUGITE,  i.  475). 

MUSSOX-XTE.     Syn.  with  PAKISITE. 

MUST.  The  juice  of  the  grape,  expressed  for  making  wine,  but  not  yet  fermented 
(see  WINE).  The  same  term  is  also  applied  to  the  freshly-expressed  juice  of  apple, 
and  pears,  previous  to  conversion  into  cider  and  perry  by  fermentation. 

MUSTARD.  The  seeds  of  black  and  white  mustard  (Sinapis  nigra  and  8.  alba), 
when  ground  and  sifted,  furnish  the  flour  of  mustard  used  as  a  condiment. 

The  seed  of  white  mustard  yields  an  ash  containing  2578  per  cent,  potash,  0'33 
soda,  19-10  lime,  5'90  magnesia,  0!39  ferric  oxide,  2'19  sulphuric  anhydride,  1-31 
silica,  44-97  phosphoric  anhydride,  and  a  trace  of  chloride  of  sodium:  100  parts  of 
the  fresh  seeds  yielded  4'07,  and  100  parts  of  the  dried  seeds  4-45  parts  ash  ;  100 
parts  of  the  air-dried  seeds  were  found  to  contain  8*50  parts  moisture  and  1*212 
parts  sulphur.  (Way  and  Ogston,  Jahresb.  1850,  Table  B,  p.  660.) 

MUSTARD,  OIKS  OP.  a.  Fixed  Oils.  White  mustard-seed  yields  by  pressure 
about  36  per  cent,  of  a  yellow  nearly  inodorous  oil,  which  has  a  specific  gravity  of 
0-9145  at  15°,  and  is  not  solidified  by  cold.  When  saponified  with  soda,  it  yields 
glycerin  and  a  soap  which  is  perfectly  soluble  in  water,  and  when  decomposed  by 
hydrochloric  acid,  yields  a  solid  crystalline  acid,  called  erucic  acid  (ii.  501),  and  an 
oily  acid  having  nearly  the  composition  of  oleic  acid. 

Black  mustard-seed  yields  18  per  cent,  of  an  oil  similar  to  the  preceding,  having  a 
density  of  0'917°,  but  solidifyingat  temperatures  below  0°.  According  to  Darby  (Ann. 
Ch.  Pharm.  Ixix.  1),  it  yields  by  saponification,  stearic  acid,  erucic  acid,  and  an  oily  acid. 

/3.  Volatile  Oil.  When  the  flour  of  black  mustard,  after  being  freed  by  pressure 
from  the  fixed  oil,  is  moistened  with  water,  left  to  itself  for  several  hours,  and  then 
distilled  with  water,  it  yields  a  very  pungent  volatile  oil,  having  the  properties  and 

composition  of  sulphocyanate  of  allyl,  C4H5NS  =  rjsjrs  [  S.  It  is  especially  distin- 
guished by  its  behaviour  with  ammonia,  with  which  it  immediately  unites,  form- 
ing crystalline  thiosinnamine  or  sulphocyanate  of  allyl-ammonium 
H3(C»H5)N.CNS  (see  SULPHOCYANIC  ETHERS). 
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This  volatile  oil  does  not  pre-exist  in  the  seed  of  black  mustard,  but  is  produced 
from  myronic  acid  (p.  1073)  contained  in  the  seed,  under  the  influence  of  water  and 
a  peculiar  ferment  called  myrosin(p.  1075),  likewise  existing  therein.  Accordingly, 
it  is  not  produced  unless  the  mustard-flour  is  macerated  with  water  for  some  time 
previous  to  distillation.  Its  formation  is  likewise  prevented  by  drying  the  flour  at  a 
high  temperature,  or  by  heating  it  with  alcohol  or  acids,  as  by  these  processes  the 
myrosin  is  rendered  inactive. 

The  quantity  of  volatile  oil  obtained  from  black  mustard  is  but  small,  amounting  to 
only  0'2  per  cent,  according  to  Boutron  and  Robiquet,  0*55  per  cent,  according  to 
Aschoff,  and  0'5  per  cent,  according  to  Witts  tock. 

White  mustard  does  not  yield  any  volatile  oil,  because  it  does  not  contain  myronic  acid. 

l>lYCIiOCI.ONE.     Syn.  with  CEEEBROTE  (i.  830). 

IVIYCODERWIA.  A  generic  name  of  the  fungi  (also  called  Torvulce),  which, 
according  to  Pasteur  and  others,  are  essential  to  the  processes  of  vinous  and  acetous 
fermentation.  See  Pasteur  (Bull.  Soc.  Chim.  de  Paris,  1861,  p.  94;  Jahresb.  1861, 
p.  726  ;  Compt..  rend.  Iv.  28  ;  Jahresb.  1862,  p.  475)  ;  also  the  articles  FERMENTATION, 
VINEGAR,  and  WINE,  in  this  D  ictionary. 

MVCOMEIilC  ACID.  Alloxenide  (Laurent),  Alloxanamide  (G-erhardt), 
C4H4N402.|H?0.  (Liebig  and  Wohler,  Ann.  Ch.  Pharm.  xxvi.  304.)—  When 
aqueous  alloxan  is  heated  gently  with  ammonia,  it  becomes  yellow,  and  on  cooling 
deposits  a  yellow  transparent  jelly  of  mycomelate  of  ammonium  (see  ALLOXAN,  i.  137), 
from  the  hot  aqueous  solution  of  which  salt  sulphuric  acid  precipitates  inycomelic  acid. 
When  freshly  precipitated,  it  is  transparent  and  gelatinous  ;  but  when  washed  and 
dried  it  is  a  loose  yellow  powder,  which  reddens  litmus.  It  is  scarcely  soluble  in  cold 
water,  more  soluble  in  hot  ;  insoluble  in  alcohol  and  ether  ;  soluble  in  alkalis  with- 
out forming  crystallisable  salts  :  its  solution  in  potash  is  decomposed  by  boiling,  with 
evolution  of  ammonia.  It  decomposes  alkaline  carbonates. 

It  is  a  monobasic  acid.  The  only  mycomelate  known,  beside  the  ammonium-salt,  is 
the  silver-salt,  which  is  precipitated  in  yellow  flakes  when  the  ammonium-salt  is  added 
to  nitrate  of  silver. 

According  to  Liebig  and  Wohler's  analysis,  the  acid  retains  its  |  atom  of  water 
when  dried  at  100°.  Gerhardt  (Traite,  i.  514)  regards  it  as  alloxanamide  (alloxan 
+  2NHS  —  2H*0);  Laurent  (Compt.  rend.  xxxv.  629),  as  alloxanide  (alloxanic 
acid  +  2NH3  -  3H20). 

According  to  Hlasiwetz  (Ann.  Ch.  Pharm.  ciii.  211),  mycomelic  acid  is  formed 
when  uric  acid  is  heated  with  water  to  180-190°  in  a  closed  vessel.  F.  T.  C. 

MYCOSE  or  TREHAI.OSE.  C12H220U.—  Wiggers  in  1833  (Ann.  Ch.  Pharm. 
i.  173),  observed  in  ergot  of  rye  a  peculiar  kind  of  sugar,  which  was  more  exactly  in- 
vestigated in  1857  by  Mitscherlich  (ibid.  cvi.  15),  who  designated  it  as  mycose. 
Berth  elot  in  the  same  year  (Ann.  Ch.  Phys.  [3]  liii.  232,  Iv.  272,  291),  obtained 
from  trehala-manna,  the  produce  of  a  species  of  Echinops,  growing  in  the  East,  a  sugar 
which  he  called  tre  halo  se,  and  at  first  regarded  as  different  from  mycose;  but  on 
further  examination  he  was  led  to  infer  that  the  two  are  identical.  (See  Grmelin's 
Handbook,  xv.  299-301.) 

Mycose  is  obtained  from  ergot  of  rye  by  precipitating  the  aqueous  extract  of  the 
fungus  with  basic  acetate  of  lead,  removing  the  lead  from  the  filtrate  by  sulphydric  acid, 
evaporating  to  a  syrup,  and  leaving  the  liquid  to  crystallise.  Trehalose  is  obtained 
from  trehala-manna  by  exhaustion  with  boiling  alcohol. 

Mycose  (trehalose)  forms  shining  rhombic  crystals,  containing  Cl2H22On.2H2O, 
which  melt  when  quickly  heated  to  109°  ;  but  if  slowly  heated  give  off  their  water 
even  below  100°.  It  has  a  strongly  saccharine  taste,  dissolves  easily  in  water  and  in 
boiling  alcohol,  but  is  insoluble  in  ether.  The  aqueous  solution  is  dextro-rotatory. 
For  trehalose,  Berthelot  found  [a]  =  +  199°  (for  C^IFW^H'O);  the  specific  rota- 
tory power  of  mycose  is,  according  to  Mitscherlich,  [o]  =  +  192-5°. 

By  several  hours  boiling  with  dilute  sidphuric  acid,  it  is  converted  into  dextro- 
glucose.  With  strong  nitric  acid  it  forms  a  detonating  nitro-compound  ;  heated  with 
dilute  nitric  acid  it  yields  oxalic  acid.  In  contact  with  yeast  it  passes  slowly  and  im- 
perfectly into  alcoholic  fermentation.  It  is  not  altered  by  boiling  with  alkalis,  and 
does  not  reduce  cuprous  oxide  from  alkaline  cupric  solutions.  Heated  with  acetic  or 
butyric  acid,  it  yields  saccharides,  not  distinguishable  from  those  which  are  formed 
in  like  manner  from  dextro-glucose  (ii.  854,  859). 


A  kind  of  'kaolin,  found  at  Eochlitz,  of  a  yellowish  or  reddish  colour, 
and  containing,  according  to  Kersten,  37'62  per  cent/silver,  60'50  alumina,  0.82  mag- 
nesia, 0-63  manganic  oxide,  and  a  trace  of  ferric  oxide. 

The  name  my  el  in  is  also  applied  by  Kir  chow  and  Ben  eke  (Ann.  Ch.  Pharm, 
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cxxii.  249)  to  a  peculiar  fatty  substance  obtained  by  evaporating  the  alcoholic  extract 
of  hard-boiled  yolk  of  egg,  brain-substance,  crystalline  lenses,  and  other  animal  tissues. 
This  substance — which  is  especially  characterised  by  shooting  out  into  peculiar  spiral 
threads,  or  loops,  when  immersed  in  water  or  in  a  solution  of  sugar — is  found,  according 
to  Ben  eke,  in  some  of  the  lower  animals  (e.g.  in  Helix  Pomatia,  p.  140),  and  likewise 
in  plants,  viz.  in  young  chlorophyll,  in  some  flower-stalks,  in  certain  seeds,  especially 
in  peas,  and  always  accompanied  by  cholesterin.  (Jahresb.  1862,  p.  507.) 

XVIYRICA-TAIiXiOW.  Myrtle-wax. — A  solid  fat,  obtained  by  pressing  the 
berries  of  Myrica  cerifera  (or  M.cordifolia,  John)  with  water.  It  is  pale-green,  trans- 
lucent, brittle,  and  friable  in  the  cold;  of  splintery  fracture,  less  extensible  when  warm 
than  beeswax;  has  an  aromatic  taste  and  odour.  Specific  gravity  TOO 5  (Moore, 
Sill.  Am.  J.  [2]  xxxiii.  113).  Melts  at  47°  to  49°  (Moore).  When  purified  by 
treatment  with  boiling  water  and  cold  alcohol,  it  melts  at  47 '5°,  and  contains  74-03  pel 
cent.  C,  12-07  H,  and  13'70  0  (Lewy,  Ann.  Ch.  Phys.  [3]  xiii.  448).  It  containa 
a  large  quantity  of  palmitic  and  a  small  quantity  of  myristic  acid,  for  the  most  part  in 
the  free  state,  but  to  a  smaller  extent  combined  with  glycerin ;  no  oleic  nor  any  volatile 
acid.  (Moore.) 

It  dissolves  in  20  pts.  of  hot  alcohol,  a  portion  (palmitin,  according  to  Moore)  re- 
maining, however,  undissolved,  and  on  cooling  f  separates  out ;  the  solution,  formed 
with  aid  of  heat,  solidifies  on  cooling,  and  when  perfectly  cold  is  no  longer  precipi- 
table  by  water.  It  is  nearly  insoluble  in  cold  ether,  but  dissolves  in  4  pts.  of  boiling 
ether,  the  solution,  as  it  cools,  depositing  the  greater  part  of  the'tallow  without  colour, 
and  itself  retaining  a  fine  green  colour.  Cold  oil  of  turpentine  softens,  and  hot  oil  of 
turpentine  dissolves  -^  pt.  of  it,  the  solution  on  cooling  depositing  white  opaque  granules. 
It  likewise  dissolves  easily  in  fixed  oils. 

OTYRICICT.  (Brodie,  Ann.  Ch.  Pharm.  Ixxi.  244). — The  portion  of  beeswax 
which  is  insoluble  in  boiling  alcohol.  It  is  prepared  by  exhausting  beeswax  with 
boiling  alcohol  till  the  alcoholic  liquid  no  longer  gives  a  precipitate  with  acetate  of  lead. 
The  myricin  thus  obtained  melts  at  64°,  and  has  a  faint  waxy  odour.  It  consists 
chiefly  of  palmitate  of  my  ricyl,  C46H9202  =  C16H31(C30H61)02;  and  by  dissolving  it 
in  ether,  and  leaving  the  solution  to  evaporate,  the  palmitate  of  myricyl  is  obtained  in 
light  plumose  crystals,  melting  at  71  '5°  or  72°,  and  easily  saponified  by  potash, 
especially  in  alcoholic  solution,  yielding  palmitic  acid  and  hydrate  of  myricyl.  Crude 
myricin  yields,  by  saponification,  the  same  products,  together  with  small  quantities  of 
another  acid,  and  a  neutral  substance  resembling  hydrate  of  ceryl  (i.  838).  Crude 
myricin  yields  by  dry  distillation  a  number  of  fatty  acids,  of  which  palmitic  acid  forms 
the  largest  portion,  together  with  solid  and  liquid  hydrocarbons.  (See  MELENE,  p.  868). 

XKYRICYX.,  HYDRATE  OP.   Mdissic  alcohol,  Melissin,  C30H620  =  C        '°  j  0. 

(Brodie,  Phil.  Trans.  1848  ;  Ann.  Ch.  Pharm.  Ixxi.  144.)— This  compound,  which  is 
the  highest  known  alcohol  of  the  series,  CnH2n+20,  is  obtained  by  the  action  of  melting 
potash  upon  myricin.  On  dissolving  the  product  in  water,  precipitating  the  milky 
liquid,  which  contains  the  alcohol  in  suspension,  with  chloride  of  barium,  exhausting 
the  precipitate  with  ether,  and  leaving  the  solution  to  evaporate,  hydrate  of  myricyl  is 
deposited,  and  may  be  purified  by  crystallising  it  from  ether,  till  it  melts  at  85°.  A 
good  mode  of  purification  also  is  to  exhaust  the  precipitate  with  boiling  alcohol,  and 
dissolve  the  substance  which  is  deposited  from  the  alcohol  in  rock-oil  or  rectified,  coal- 
tar  oil. 

The  mother-liquor  then  retains  in  solution  a  small  quantity  of  another  substance 
which  melts  at  72°  and  gives  by  analysis  the  same  numbers  as  hydrate  of  myricyl. 
Brodie  supposes  it  to  be  an  alcohol  of  similar  constitution.  When  treated  with  potash- 
lime  it  yields  an  acid  containing  C49Ht90*.  (?) 

Hydrate  of  myricyl  is  a  crystalline  substance  having  a  silky  lustre.  It  contains,  ac- 
cording to  Brodie's  analysis,  82'02— 8277  per  cent.  C,  and  13-97— 14*25  H.  (calc, 
83-19  C,  14-15  H,  and  3'66  0.) 

When  subjected  to  dry  distillation  it  partly  sublimes  unaltered,  and  is  partly 
resolved  into  water  and  a  solid  hydrocarbon  (melene,  p.  868).  Heated  with  potash- 
lime  it  gives  off  hydrogen,  and  is  converted  into  melissate  of  potassium : 

C30H620  +  KHO  =  C30H50K08  +  H4. 

With  strong  sulphuric  acid  it  forms  acid  sulphate  of  myricyl.  Chlorine  converts  it 
into  a  resinous  body  (chloromelal),  which  gives  by  analysis  numbers  corresponding  to 
the  formula  C80H45-5C114-S0. 


IttYRISTIC   ACID.     CI4H2802  =     g     JO.       (Playfair,  Phil.  Mag.  [3]  xviii. 

202;  Ann.  Ch.  Pharm.  xxxvii.  153. — Heintz,  Pogg.  Ann.  Ixxxvii.  267;  xc.   137; 
xcii.  429  and  588. — Summary  of  the  Besults,  J.  pr.  Cheni.  Ixvi.  1. — Uricoechea,  Ann. 
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Ch.  Pharm.  xc.  369.— Schlippe,  ibid.  cv.  1. — Oudemanns,  J.  pr.  Chem.  bcxxi.  356 
and  367.— Gm.  acvi.  209).    - 

This  acid  was  discovered  by  Play  fair,  and  obtained  pure  by  Heintz.  It  occurs,  as 
myristin  (myristate  of  glyceryl),  in  nutmeg-butter  (Play fair),  in  otoba-wax  (Uri- 
coechea),  in  dika-bread  (ii.  330),  amounting  to  more  than  one-half  of  the  fatty  acids 
contained  therein ;  also  in  small  quantity,  together  with  many  other  fatty  acids,  in 
cocoanut-oil  (Gorgeu,  Ann.  Ch.  Pharm.  Ixvi.  314),  in  common  butter  (Heintz) ;  in 
croton-oil  (Schlippe);  and  in  combination  with  ethal,  or  an  analogous  body,  in 
spermaceti  (Heintz).  According  to  Heintz  and  Scharling,  it  may  be  produced 
artificially  by  heating  ethal  with  potash-lime;  but  its  formation  in  this  way  is  doubtless 
due  to  the  presence  of  methal  or  myristic  alcohol  (p.  1072)  in  the  ethal  employed. 

Preparation,  a.  From  Spermaceti. — When  the  fatty  acids  obtained,  together  with 
ethal,  by  the  saponification  of  spermaceti,  as  described  under  LAUKIC  ACID,  (p.  474), 
are  dissolved  in  alcohol,  a  mixture  of  palmitic  and  stearic  acids  crystallises  on  cooling, 
while  a  portion  of  both  these,  and  the  whole  of  the  myristic  and  lauric  acids,  remain  hi 
solution.  By  fractional  precipitation  with  acetate  of  magnesium  (at  last,  in  presence 
of  excess  of  ammonia)  the  alcoholic  solution  is  again  divided  into  two  parts,  the  stearic, 
palmitic,  and  a  portion  of  the  myristic  acid  being  thrown  down  as  magnesium-salts, 
while  the  lauric  acid  and  the  rest  of  the  myristic  acid  remain  in  solution. 

Treatment  of  the  precipitated  magnesium-salts. — The  magnesia  is  separated  from  the 
fatty  acids  by  boiling  them  with  dilute  hydrochloric  acid ;  the  melting-point  of  each 
portion  of  acid  so  obtained  is  determined ;  and  those  portions  which  melt  nearly  at 
the  same  temperature,  and  do  not  differ  essentially  in  their  mode  of  solidifying,  are 
mixed  together.  When,  now,  the  mixture  of  acids  is  repeatedly  crystallised  from 
alcohol,  and  the  melting-point  of  the  crystallising  portion  determined  every  time, 
several  successive  crops  of  crystals  are  obtained  from  each  mixture.  These  are  to  be 
considered  pure: — 1.  When  their  melting-point  remains  the  same  after  repeated  crys- 
tallisation ;  2.  When  they  solidify,  on  cooling,  in  crystalline  scales ;  and  3.  When,  on 
fractional  precipitation  of  their  alcoholic  solutions  with  acetate  of  magnesium,  portions 
having  one  and  the  same  melting-point  are  obtained.  The  several  portions  of  the 
same  acid  show  also,  when  pure,  the  same  melting-point  after  being  mixed  together  as 
when  separate.  Sometimes,  especially  in  the  preparation  of  myristic  acid,  it  is  neces- 
sary to  subject  the  single  crystallisations  anew  to  fractional  precipitation,  and  to 
repeat  the  above  treatment  and  examination  of  the  magnesium-salts  thus  obtained. 
(Heintz,  Pogg.  Ann.  xcii.  429.) 

In  this  way  Heintz  obtained,  by  the  first  precipitation  with  acetate  of  magnesium, 
nineteen  magnesium-salts,  from  each  of  which  he  separated  the  acids.  He  mixed 
together  the  first  six  portions  of  acid,  the  melting-points  of  which  varied  from  427°  to 
46°,  allowed  them  to  separate  from  alcohol,  and  repeated  the  crystallisation  fourteen 
times :  but  even  the  last  crystallisation  proved  to  be  a  mixture  of  palmitic  and  stearic 
acids,  and  in  no  case  was  a  pure  acid  obtained.  By  precipitating  the  mother-liquor 
from  the  first  nine  crystallisations  in  seven  portions  with  acetate  of  magnesium,  he 
succeeded  in  obtaining,  from  the  first,  second,  and  third  portions,  after  eight  or  nine 
times  repeated  crystallisation,  pure,  or  nearly  pure,  palmitic  acid.  The  fourth  and 
fifth  portions,  yielded  by  seven  times  repeated,  the  sixth  and  seventh  by  three  times 
repeated  crystallisation,  myristic  acid  melting  at  53'7,  which  showed  the  above 
signs  of  purity.  Of  the  remaining  acids  of  the  nineteen  magnesium-salts,  the  seventh 
and  eighth  portions  did  not  yield  a  pure  acid  by  repeated  crystallisation,  but  were 
recognised  as  mixtures  of  palmitic  and  myristic  acids.  The  9 — \1th  portions  were 
mixed  together.  The  part  which  first  separated  from  an  alcoholic  solution  did  not 
yield  a  pure  acid  on  repeated  crystallisation  ;  after  returning  it  to  the  mother-liquor, 
therefore,  a  portion  of  the  acids  present  was  precipitated  by  the  addition  of  a  little 
acetate  of  barium.  The  filtrate  mixed  with  water  deposited,  in  the  cold,  crystals 
melting  at  53'8°,  which  yielded,  on  recrystallisation,  pure  myristic  acid.  The  acid 
separated  from  the  eighteenth  and  nineteenth  portions,  proved,  after  three  crystallisations, 
to  be  also  myristic  acid.  The  quantity  of  myristic  acid  obtained  from  spermaceti 
is  but  small. 

j8.  From  common  butter. — The  mixture  of  acids  obtained  by  saponifying  butter  and 
decomposing  the  soap,  is  freed  from  volatile  acids  by  boiling  with  water,  and  from 
oleic  acid  by  treating  the  lead-salt  with  ether,  afterwards  dissolved  in  alcohol  and 
allowed  to  crystallise.  After  removing  by  recrystallisation  as  much  of  the  acid  present 
as  can  be  obtained  with  a  melting-point  of  66°  or  57°  (containing  palmitic  and  stearie 
acids),  the  collected  alcoholic  mother-liquors  are  subjected  to  fractional  precipitation 
with  acetate  of  magnesium  ;  the  myristic  acid  is  thrown  down  in  the  last  portions  of 
the  precipitate,  and  may  be  obtained  therefrom  by  recrystallisation,  removing,  if 
necessary,  the  substances  at  first  precipitable  by  acetate  of  barium.  (Heintz.) 

y.  The  acids  obtained  by  the  saponification  of  dika-fat  yield.myristic  acid  on  repeat  ed 
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crystallisation  from  alcohol,  while  a  second  portion  of  the  acid,  together  with  lauric  acid, 
remains  in  solution.  This  latter  portion  may  be  recovered  by  precipitating  tho  solution 
In  several  parts  with  acetate  of  magnesium,  separating  the  magnesia,  and  crystallising 
the  separate  portions  of  acid  until  the  melting  point  rises  to  53-8°.  (Oudemanns.) 

5.  From  Myristin.  Play  fair  saponifies  the  myristin  of  nutmeg-butter  with  strong 
caustic  potash ;  washes  the  soap  repeatedly  with  solution  of  common  salt ;  and  after- 
wards decomposes  the  hot  aqueous  solution  with  hydrochloric  acid.  The  acid,  which 
separates  as  a  colourless  oil,  solidifying  on  cooling,  when  freed  from  all  traces  of  hy- 
drochloric acid  by  washing  with  water,  yields,  on  repeated  crystallisation  from  alcohol, 
Playfair' s  myristic  acid,  having  a  melting-point  of  49P8°  (impure,  therefore,  and  con- 
taminated with  an  acid  containing  a  smaller  proportion  of  carbon).  (Heintz.) 

e.  By  saponifying  otoba  fat,  acids  are  obtained,  from  an  alcoholic  solution  of  which 
acetate  of  magnesium  precipitates  only,  or  chiefly,  myristic  acid,  while  oleic  acid 
remains  in  solution.  (Uricoechea.) 

Properties. — Myristic  acid  forms  white,  shining,  crystalline  laminae,  resembling 
palmitic  acid.  It  has  an  acid  reaction,  is  perfectly  insoluble  in  water,  but  dissolves 
easily  in  hot  alcohol,  crystallising  on  cooling ;  it  is  perfectly  insoluble  in  ether.  It 
melts  at  53-8°,  and  solidifies  on  cooling  in  crystalline  scales.  (Heintz.) 

TABLE  of  the  Melting-points  of  Mixtures  of  Lauric  and  Myristic  Acids,  according  to 

Heintz. 


A  mixture  of— 

Melts  at 

Solidifies 
at 

Mode  of  solidifying. 

Myristic 

Laurie 

acid. 

acid. 

90 

10 

51-8° 

47-3° 

Crystalline  scales. 

80 

20 

49-6 

44-5 

Very  fine  crystals,  not  distinguish- 

able as  either  needles  or  scales. 

70 

30 

437 

39 

Ditto                    ditto 

60 

40 

43 

39 

Uncrystallised,  with  isolated  lus- 

trous spots. 

60 

50 

37-4 

357 

Large  crystalline  laminae. 

40 

60 

36-7 

33-5 

Uncrystallised,  with  isolated  lus- 

trous spots. 

30 

70 

35-1 

32-3 

Uncrystallised,  wavy. 

20 

80 

38-5 

33 

Ditto                    ditto 

10 

90 

41-3 

36 

Crystalline  needles. 

It  will  be  observed  that  when  the  lauric  acid  amounts  to  40  per  cent,  or  more,  the  melt- 
ing-point of  the  mixture  lies  below  that  of  either  constituent.  This  is  generally  the 
case  in  mixtures  of  fatty  acids,  when  the  quantity  of  the  more  fusible  constituent 
exceeds  a  certain  portion  of  the  whole. 

Decompositions. — 1.  Myristic  acid  subjected  to  dry  distillation,  is  partly  decomposed 
and  partly  volatilised  unaltered. — 2.  On  boiling  with  nitric  acid,  a  part  is  converted  into 
soluble  products,  with  evolution  of  red  vapours,  the  remaining  undissolved  portion 
behaving  like  unchanged  myristic  acid  (Play  fair). — 3.  By  the  dry  distillation  of  the 
calcium-  salt,  myristone  is  produced  ( 0  v  e  r  b  e  c  k). — 4.  A  mixture  of  myristate  and  formate 
of  calcium  yields  a  repulsive-smelling  oil,  which  deposits  a  small  quantity  of  a  solid 
product.  This  last,  purified  by  recrystallisation,  forms  small,  white,  crystalline  scales 
containing  a  larger  proportion  of  carbon  and  hydrogen  than  would  be  contained  in 
myristic  aldehyde  (Limpricht,  Ann.  Ch.  Pharm.  xcvii.  371). — 5.  Myristate  of  potas- 
sium heated  with  oxychloride  of  phosphorus,  yields  myristic  anhydride;  with  chloride 
ofbenzoyl,  benzo- myristic  anhydride.  (Chiozza  and  Malerba.) 

MYRISTATES. — Myristic  acid  is  monobasic,  the  general  formula  of  the  myristates 
being  C14H27MO*  or  C28H54M"04,  according  as  they  contain  mono-  or  di-atomic  metals. 
The  myristates  of  the  alkali-metals  are  not  decomposed  by  water  (like  the  stearates) 
with  formation  of  acid  salts.  (Playfair.) 

Myristate  of  Barium,  C28H54Ba"04,  is  obtained  from  chloride  of  barium  and 
myristate  of  potassium  by  double  decomposition  (Playfair).  Heintz  precipitates  hot 
alcoholic  myristic  acid  with  a  hot  concentrated  aqueous  solution  of  acetate  of  barium,  and 
washes  the  precipitate  with  weak  alcohol  and  hot  water.  Oudemanns  precipitates  the 
ammonia  acid  with  chloride  of  barium.  It  is  a  very  light  crystalline  powder,  consisting 
of  thin  microscopic  nacreous  laminae.  It  is  very  slightly  soluble  in  water  and 
alcohol,  and  decomposes  before  melting. 
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Myristate  of  Copper,  O'"H54Cu"04,  is  obtained  by  precipitation,  as  a  very  light, 
loose,  bluish-green  powder,  consisting  of  microscopic  needles.  It  becomes  deeper- 
coloured  when  heated  above  100°,  and  cakes  together  before  melting. 

Myristate  of  Lead,  C28H54Pb"04,  obtained  by  precipitation,  is  a  white,  loose, 
amorphous  powder  which  melts  at  100° — 120°,  andsolidifies  on  cooling,  in  a  white,  opaque, 
amorphous  mass  (Heintz).  An  aceto-myristate  of  Lead,  C4H«Pb'/Ol.4C28H5'*Pb''0«, 
is  obtained  as  a  heavy  white  powder,  insoluble  in  water,  by  heating  myristin  for  several 
days  with  basic  acetate  of  lead. 

Myristate  of  Magnesium.  C28H54Mg"04. — Myristic  acid,  to  which  ammonia 
and  sal-ammoniac  have  been  added,  is  precipitated  by  sulphate  of  magnesium,  and  the 
precipitate  washed  with  water.  Very  light  powder,  consisting  of  microscopic  needles ; 
becoming  transparent  at  140°,  semi-fluid  at  150°,  and  decomposing  at  a  higher  tempera- 
ture. The  salt  dried  in  the  air  contains  9'54  per  cent,  water  (3  at.  =  10'15  per  cent, 
H20).  (Heintz.) 

Myristate  of  Potassium.  C14H27K02. —Myristic  acid  is  digested  with  concen- 
trated aqueous  carbonate  of  potassium ;  the  product  evaporated  to  dryness,  and  the 
myristate  of  potassium  extracted  by  absolute  alcohol.  It  forms  a  white  crystalline 
soap,  easily  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  (Play fair.) 

Myristate  of  Silver,  C14H"Ag02,  is  obtained  by  double  decomposition,  from 
the  sodium-salt  and  nitrate  of  silver,  as  a  white,  light,  amorphous  powder,  turning 
slightly  grey  when  exposed  to  light.  It  decomposes  above  100°,  without  melting 
(Heintz);  dissolves  in  aqueous  ammonia,  and  forms,  by  spontaneous  evaporation, 
large  transparent  crystals.  (PI ay  fair.) 

Myristate  of  Sodium,  C14H27Na02. — A  boiling  aqueous  solution  of  carbonate  of 
sodium,  quite  free  from  sulphate  and  chloride,  is  added  in  excess  to  boiling  alcoholic 
myristic  acid,  and  the  mixture  is  evaporated  completely  to  dryness  in  the  water-bath. 
The  residue  is  then  extracted  with  boiling  absolute  alcohol,  and  filtered  boiling  hot. 
The  filtrate,  which  solidifies  to  a  jelly  on  cooling,  is  liquefied  by  warming,  and  mixed 
with  water  in  the  proportion  of  one-eighth  of  the  alcohol  employed,  whereby  a  mother- 
liquor  is  formed  which  takes  up  any  foreign  salts  present.  On  again  solidifying,  the 
salt  is  collected  on  linen  and  strongly  pressed.  (Heintz.) 

/^HTTn9  ) 

1MYRISTIC  ALCOHOL.  MetJial.  C14H300  =  -g.  j  0.— This  alcohol  is  sup- 
posed to  exist  together  with  cetylic  alcohol  or  ethal,  C16H340,  and  others  of  the  same 
series,  in  commercial  spermaceti.  When  this  substance  is  saponified,  salts  of  stearic, 
palmitic,  myristic,  and  lauric  acids  are  obtained,  together  with  crude  ethal.  Now  when 
the  latter  is  recrystallised  from  alcohol,  pure  ethal  or  cetylic  alcohol  (i.  841),  crystallises 
whilst  the  homologous  compounds,  stethal  C38H:-80,  methal  C14H300,  and  lethal  C12H26O, 
remain  in  smaller  quantity  in  the  mother-liquors,  inasmuch  as  the  alcohols  obtained 
from  these  mother-liquors  (after  the  removal  of  the  admixed  fatty  acids  by  repeated 
treatment  with  alcoholic  potash  and  addition  of  water),  yield,  when  heated  with 
potash-lime  to  275° — 280°,  as  long  as  hydrogen  continues  to  escape,  stearic,  palmitic, 
myristic,  and  lauric  acids.  (Heintz,  Ann.  Ch.  Pharm.  xcii.  299;  xcvii.  271;  J.  pr. 
Chem.  Ixvi  19.) 

IVIYRISTIC  ANHYDRIDE.  C28H540S  «  (C14H270)2.0.  (Chiozza  and 
Malerba,  Gerh.  Traite,ii.  789.) — Obtained,  like  other  anhydrides  of  the  same  series, 
by  the  action  of  oxychloride  of  phosphorus  on  myristate  of  potassium.  It  is  a  fatty 
substance,  which  scarcely  exhibits  any  crystalline  texture.  Its  melting  point  is  a  few 
degress  lower  than  that  of  myristic  acid.  When  slightly  heated,  it  gives  off 
vapours  having  a  disagreeable  odour.  It  is  but  slowly  saponified  by  boiling  caustic  potash, 

IVIYRISTIC  ETHERS,  a.  Myristate  of  Ethyl,  C14H27(C2H5)02.— Dry  hy- 
drochloric acid  gas  is  passed  into  a  hot  solution  of  myristic  acid  in  absolute  alcohol,  and 
the  oil  which  separates  on  cooling  is  washed  repeatedly  with  cold,  and  afterwards  dis- 
solved in  a  small  quantity  of  warm  alcohol.  The  layer  of  oil  again  formed  on  cooling, 
after  being  separated  from  the  alcohol  and  cooled,  deposits  large,  hard,  very  easily  fusible 
crystals,  from  which  the  mother-liquor  is  to  be  decanted  (Heintz).  The  specific 
gravity  of  myristic  ether  is  0'864  (Play fair).  It  dissolves  easily  in  hot  alcohox  »sd 
in  ether. 

/8.  Myristate  of  Glyceryl.  Myririn.    C4SH8'0"  =  /^^msjo8.     (Playfair, 

loc.  cit.)— -When  nutmegs,  after  exposure  to  the  vapour  of  boiling  water,  are  pressed 
between  hot  iron  plates,  a  fatty  matter  called  nutmeg-butter  is  separated,  consisting 
of  an  oily  liquid,  which  has  not  been  examined,  and  a  solid  crystallisable  fat,  which  is 
myristin.  To  separate  the  latter,  th«  crude  fat  is  digested  with  alcohol  of  ordinary 
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strength ;  the  myristiu,  which  floats  on  the  surface  of  the  liquid,  is  dissolved  in  boiling 
ether ;  and  the  crystals  which  separate  on  cooling  are  pressed  between  bibulous  paper, 
then  redissolved,  and  submitted  to  alternate  pressure  and  crystallisation  till  they  melt 
constantly  at  31°.  (Playfair.) 

Myristin  thus  prepared  is  crystalline,  and  has  a  silky  lustre.  It  is  soluble  in  all 
proportions  in  boiling  ether,  less  soluble  in  boiling  alcohol,  insoluble  in  water.  By 
dry  distillation  it  yields  acrolein  and  a  fatty  acid.  Digested  in  the  water-bath  with  a 
solution  of  basic  acetate  of  lead,  it  yields  insoluble  myristate  of  lead  and  a  solution  ol 
glycerin. 

Myristin  contains,  according  to  Playfair's  analysis,  75-51 — 74-15  per  cent.  C,  and 
12-22— 12-36  H,  numbers  agreeing  nearly  with  the  formula  C118IP-60IS  (calc.  74*51  G, 
12-22  H,  and  13-27  0),  according  to  which  myristin  contains  the  elements  of  4  at. 
myristic  acid  and  1  at.  glycerin  minus  7  at.  water : 

Cii8H?26ois  =  8C14H2802  +   2C8H8OS  -   7H20. 

Such  a  constitution  is,  however,  not  very  probable,  no  corresponding  example  of  it 
being  found  among  glycerides  of  well-known  constitution.  The  above  formula  C^H^O6, 
proposed  by  Weltzien,  requiring  74*82  per  cent,  carbon  and  11'91  hydrogen,  agrees 
satisfactorily  with  the  results  of  Playfair's  analyses. 

The  fat  or  wax  of  the  fruit  of  Myristica  officinalis,  and  that  of  M.  sebifera,  possess 
properties  similar  to  those  of  nutmeg-butter. 

IMYIRISTICA.  A  genus  of  plants,  including  the  nutmeg  (Myristica  moschata}, 
the  fruit  and  seeds  of  several  species  of  which  yield  solid  fats  or  waxes.  Bichuhyba- 
wax  is  obtained  from  Myristica  Bicuhyba ;  Ocaba-wax  from  M.  Ocaba  or  M.  sebifera, 
Otoba-wax,  or  Otobi'te,  from  M.  Otoba  (see  WAX).  The  seeds  and  arillus  (mace)  of  M. 
moschata  also  yield  volatile  oils  by  distillation  with  water.  (See  MACE,  p.  740  ;  and 
NUTMEG.) 

ItZYRXSTXCXXr.  The  camphor  or  stearoptene  of  volatile  oil  of  nutmeg.  (See 
NUTMEG.) 

XVEYRISTIN.     See  MYRISTIC  ETHERS. 

3VE YlfciST O-BENZOIC  ANHYDRIDE.  Myristate  of  Benzoyl  or  Benzoate  of 
Myristyl.  C21H8-03  =  C14H27O.C7H50.0.  (Chiozza  and  Malerba,  loc.  cit.}— 
Produced  by  the  action  of  chloride  of  benzoyl  on  myristate  of  potassium.  Crystal-* 
lises  in  laminae  having  a  silky  lustre  and  agreeable  odour.  Melts  at  38°;  solidifies 
at  36°.  Not  very  soluble  in  ether. 

•MYRISTQNS.  C27H540  =  C14H27O.C18H27.  (Overbeck,  Pogg.  Ann.  Ixxxvi. 
691.) — A  product  obtained  by  distilling  myristate  of  calcium  by  small  portions  and  at 
a  gradually  increasing  temperature.  It  is  purified  by  repeated  crystallisation  from 
boiling  alcohol,  and  decolorised  if  necessary  by  animal  charcoal. 

Myristone  forms  colourless  nacreous  scales,  inodorous  and  tasteless;  they  become 
electrical  by  friction.  It  melts  at  75°,  and  solidifies  in  a  radiated  mass  on  cooling.  It 
gave  by  analysis  81*81  per  cent.  C,  and  14*07 — 13-95  H,  whence  Overbeck  deduces  the 
formula  C25H500  (calc.  81*96  C,  13-65  H).  Gerhardt  suggested  the  formula  above  given 
(calc.  82-23  C,  137  H,  4*07  0),  representing  the  compounds  as  the  acetone  of  myristic 
acid. 

IKYRXSTYX.,  HYDRIDE  OP.  C14H30  =  C14H29.H.— This  alcoholic  hydride, 
more  properly  called  hydride  of  tetradecatyl,  is  contained,  together  with  many 
other  hydrides  of  the  same  series,  in  American  petroleum.  It  boils  between  236°  and 
240°.  (See  PETROLEUM  and  TETRADECATYL.) 

IttYRONXC  ACXD.  C'°HI9NS2010  (from  rfpov,  a  sweet-  smelling  ointment). — An 
acid  occurring  in  the  form  of  a  potassium-salt  in  the  seed  of  black  mustard,  and  giving 
rise,  by  its  reaction  with  myrosin,  to  the  production  of  the  volatile  oil  of  black 
mustard  (sulphocyanate  of  allyl).  It  was  discovered  by  B  u  s  s  y  ( J.  Pharm.  xvi.  39)  ;  and 
its  existence,  which  was  afterwards  called  in  question  by  Thielau  (Vierteljahrsschr. 
pr.  Pharm.  vii.  161),  has  been  fully  confirmed  by  the  experiments  of  Ludwig 
and  Lange  (Zeitschr.  Chem.  Pharm.  1860,  pp.  430  and  577)  and  of  Will  and 
Korner  (Ann.  Ch.  Pharm.  cxxv.  257;  Jahresb.  1863,  p.  495).  According  to 
Winckler  (Jahresb.  1849,  p.  436),  myronate  of  potassium  likewise  exists  in  horse- 
radish. 

Preparation  of  the  Potassium-salt. — Two  pounds  of  black  mustard-seed  pulverised 
but  not  freed  from  fixed  oil  by  pressure,  are  boiled  with  2£  to  3  pounds  of  alcohol  of  80 
to  85  per  cent,  in  a  glass  flask  placed  in  a  water-bath  till  about  half  a  pound  of  the 
alcohol  has  passed  off;  the  powder  is  then  pressed,  and  the  residue  is  subjected  to  the 
same  treatment.  The  press-cake  (weighing  from  660  to  670  grms.),  after  being  well- 
dried  and  pulverised,  is  next  macerated  for  about  twelve  hours  with  3  pts.  of  cold  water  ; 
the  liquid  is  removed  by  decantation  and  pressure ;  the  residue  is  again  treated  with  2 
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pts.  water  ;  the  watery  extracts  are  evaporated  to  a  syrup,  with  addition  of  carbonate  of 
barium  (carbonate  of  lead  would  give  rise  to  the  formation  of  sulphide  of  lead)  ;  the 
syrup  is  boiled  with  3  or  4  pounds  of  alcohol  of  85  per  cent.  ;  and  the  undissolved  residue 
is  treated  in  the  same  manner  with  2  pounds  of  alcohol.  The  united  alcoholic  extracts 
are  filtered  after  standing  for  24  hours  ;  the  alcohol  is  distilled  off,  and  the  clear  residue 
left  to  crystallise  in  shallow  dishes.  Lastly,  the  crystalline  mass  which  separates  after 
a  few  days  is  stirred  up  to  a  thin  pulp  with  alcohol  of  75  per  cent,  then  strongly  pressed 
between  linen  cloths,  and  the  nearly  white  cake  thus  obtained  is  repeatedly  crystallised 
from  alcohol  of  84  to  90  per  cent.  Two  pounds  of  mustard-seed  thus  treated  yield,  on 
the  average,  from  5  to  6  grms.  of  myronate  of  potassium.  The  portion  remaining  in  the 
mother-liquors  may  be  used  for  the  preparation  of  cyanide  of  allyl  (  W  ill  and  K  6  r  n  e  r). 
This  mode  of  preparation,  and  the  similar  method  adopted  by  Ludwig  and  Lange, 
do  not  differ  in  any  essential  particular  from  that  originally  given  by  Bussy. 

Myronic  acid  may  be  obtained  from  the  potassium-salt,  either  by  mixing  the  aqueous 
solutions  of  100  pts.  of  this  salt  and  38  pts.  tartaric  acid,  evaporating  to  a  certain  ex- 
tent, and  extracting  the  myronic  acid  with  alcohol  ;  or  better,  by  converting  the  potassium- 
salt  into  a  barium-salt,  and  precipitating  its  aqueous  solution  with  an  equivalent  quan- 
tity of  sulphuric  acid.  The  colourless  aqueous  acid  thus  obtained  leaves  on  evaporation 
an  inodorous,  bitter  and  sour,  uncrystallisable  syrup,  which  reddens  litmus  strongly, 
dissolves  in  alcohol,  but  is  not  perceptibly  soluble  in  ether.  It  decomposes  when  more 
strongly  heated,  yielding  various  volatile  products.  Its  dilute  solution,  when  boiled  for 
some  time,  gives  off  sulphydric  acid.  With  an  aqueous  solution  of  mi/rosin  it  yields  sul- 
phocyanate  of  allyl.  (Bussy.) 

The  myronates  are  inodorous  and  likewise  yield  sulphocyanate  of  allyl  with 
aqueous  myrosin.  They  are  all,  even  the  barium-,  lead-,  and  silver-salts,  soluble  in  water. 
The  ammonium-,  barium-,  potassium-  and  sodium-salts  are  crystalh'sable.  (Bussy.) 

Myronate  of  Barium,  C10H18BaNS8010,  obtained  by  decomposing  the  solution  of 
the  potassium-salt  with  tartaric  acid  and  absolute  alcohol,  and  digesting  the  resulting 
aqueous  myronic  acid  with  carbonate  of  barium,  crystallises  in  easily  soluble  plates 
which  become  opaque  and  milk-white  on  exposure  to  the  air,  and  are  decomposed  by 
heat,  giving  off  cil  of  mustard  and  leaving  sulphate  of  barium.  (Will  and  Korner.) 

Myronate  of  Potassium,  C10HI8KNS2010,  crystallises  from  alcohol  in  silky 
needles  grouped  like  crystals  of  wavellite  ;  from  water,  in  short,  transparent  glassy  prisms 
of  rhombic  character.  It  has  a  cooling  bitter  taste,  dissolves  very  easily  in  water,  with 
difficulty  in  dilute  alcohol,  is  nearly  insoluble  in  absolute  alcohol,  and  quite  insoluble 
in  ether,  benzene,  and  chloroform.  The  solutions  are  neutral  and  do  not  act  on  polarised 
light.  The  salt  is  anhydrous  and  contains  the  elements  of  oil  of  mustard,  glucose  and 
acid  sulphate  of  potassium,  into  which  products  it  is  easily  decomposed  : 

C8H1206  +  KHSO*. 


The  dilute  aqueous  solution  mixed  with  myrosin,  or  with  a  recently  prepared  aqueous 
extract  of  white  mustard,  becomes  turbid  in  a  short  time,  acquiring  an  acid  reaction, 
and  giving  off  the  odour  of  oil  of  mustard.  The  solution  then  contains  sulphuric  acid 
and  dextroglucose  ;  the  turbidity  arises  from  free  sulphur  mixed  with  an  insoluble  or- 
ganic substance  probably  formed  from  the  myrosin  (Will  and  Korner).  Somewhat 
similar  results  of  the  decomposition  of  myronate  of  potassium  have  been  obtained  by 
Ludwig  and  Lange,  who  however  assign  to  it  the  improbable  formula  C*°ir9KNS*0}9. 
Myronate  of  potassium  is  not  decomposed  by  emulsin,  or  an  extract  of  sweet  almonds, 
or  by  yeast  or  saliva. 

When  myronate  of  potassium  is  heated  to  boiling  with  a  small  quantity  of  baryta- 
water,  a  precipitate  of  barytic  sulphate  is  formed,  with  copious  evolution  of  mustard-oil. 
The  same  precipitate,  containing  half  the  sulphur  in  the  original  salt,  is  likewise  formed 
when  the  solution  of  the  potassium  -salt  previously  made  alkaline  is  precipitated  by 
baryta-water  in  the  cold  ;  but  in  this  case,  the  other  elements  of  the  mustard-oil 
remain  in  the  solution  in  the  form  of  a  compound  precipitable  by  lead-salts,  and  easily 
separable  into  mustard-oil  and  glucose. 

Potash-ley  of  specific  gravity  T28,  mixed  with  dry  myronate  of  potassium,  becomes 
spontaneously  heated  to  the  boiling  point,  giving  off  the  odour  of  mustard-oil,  cyanide 
of  allyl,  and  ammonium. 

Myronate  of  potassium,  treated  with  zinc  and  hydrochloric  acid,  continually  gives 
off  sulphydric  acid,  which  is  likewise  evolved,  though  more  slowly,  by  boiling  with 
hydrochloric  acid  alone.  The  solution  then  contains  glucose,  an  ammonium-salt,  and 
half  the  sulphur  in  the  form  of  sulphuric  acid. 

A  solution  of  myronate  of  potassium,  mixed  with  neutral  acetate  of  lead,  yields  a 
yellowish-  white  precipitate,  easily  soluble  in  acetic  acid,  and  apparently  containing  all 
the  elements  of  myronic  acid.  Mercurous  nitrate  forms  a  yellowish-white  precipitate, 
which  is  decomposed  by  heat,  with  formation  of  mustard-oil. 
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When  a  moderately  concentrated  aqueous  solution  of  myronate  of  potassium  is 
mixed  with  nitrate  of  silver,  nitric  acid  is  set  free,  and  a  white  curdy  precipitate  is 
formed,  containing,  when  dried  over  oil  of  vitriol,  the  elements  of  sulphocyanate  of 
allyl  and  sulphate  of  silver  (C4HsAg2NS204  »  C4H5NS.Ag2S04).  Its  formation  is  re- 
presented by  the  equation, 

C10H18KNS2010  +  2AgNOs  =  C4H5Ag*NS204  +  C6H1208   +   KNO8  +  HNOS. 

This  silver-compound,  heated  either  alone  c<r  with  water,  is  resolved  into  sulpho- 
cyanate of  allyl,  sulphate  of  silver  and  sulphide  of  silver ;  it  is  also  decomposed,  with 
evolution  of  mustard-oil,  by  chloride  or  sulphide  of  barium,  or  by  zinc.  When  it  is 
treated  with  hydrochloric  acid,  the  liquid  filtered  from  the  chloride  of  silver  contains 
half  the  sulphur  in  the  form  of  sulphuric  acid,  but  no  sulphydric  acid  or  sulphocyanate 
of  allyl  is  produced.  The  silver-compound,  suspended  in  a  large  quantity  of  water,  is 
decomposed  by  sulphydric  acid,  with  formation  of  a  precipitate  of  sulphur  and  sulphide 
of  silver ;  and  the  strongly  acid  filtrate,  which  contains  half  the  original  quantity  of 
sulphur  in  the  form  of  sulphuric  acid,  yields  by  repeated  distillation  an  oily  layer, 
consisting  of  cyanide  of  allyl,  CSH5.CN: 

C4H5Ag2NS204    +    H2S    =    C4H5N    +  Ag2S    +    S    +   H2S04. 

The  cyanide  of  allyl  thus  produced  differs  considerably  in  its  properties  from  that 
which  Li  eke  obtained  by  the  action  of  cyanide  of  silver  en  iodide  of  allyl  (ii.  203). 
It  is  a  colourless  neutral  oil  of  agreeably  alliaceous  odour  and  burning  aromatic  taste. 
Specific  gravity  =  0*8389  at  12'8°.  Vapour-density  =  2'32  (calc.  2'31);  boiling 
point  116°  (corrected  118'3°).  Heated  with  strong  potash-ley  in  a  sealed  tube,  it  is 
resolved  into  ammonia  and  crotonic  acid,  C4Hti02.  (Will  and  Korner.) 

IVIYROSITtf.  An  emulsion-like  substance,  of  the  albuminous  or  protein  class,  con- 
tained in  the  seeds  of  black  and  white  mustard,  and  possessing  the  property  of  decom- 
posing the  myronate  of  potassium  contained  in  the  former,  with  production  of  sulpho- 
cyanate of  allyl  or  volatile  oil  of  mustard.  It  is  likewise  contained  in  the  seeds  of 
other  cruciferous  plants,  viz.  Eaphanus  sativus,  Brassica  Napus,  Br.  oleracea  and 
Br.  campestris,  Alliaria  officinalis,  Cheiranthus  Cheiri,  Draba  verna,  Cardamine 
pratensis,  C.  amara  and  Thlaspi  arvense.  (Lepage.) 

To  prepare  it,  pulverised  white  mustard  is  exhausted  with  cold  water  ;  the  filtrate 
evaporated  to  a  syrup  at  a  temperature  below  40°;  the  syrup  precipitated  by  a 
moderate  quantity  of  alcohol ;  the  precipitate  dissolved  in  water  after  the  alcohol  has 
been  poured  off;  and  the  solution  evaporated  to  dryness  at  a  temperature  below  40°. 

Myrosin,  as  thus  obtained,  resembles  other  protein-compounds.  When  incinerated, 
it  leaves  sulphate  of  calcium. 

In  the  state  of  aqueous  solution,  it  is  coagulated  by  heat  and  also  by  alcohol,  and 
loses  its  power  of  eliminating  oil  of  mustard  from  myronic  acid,  but  recovers  this 
power  after  immersion  in  water  for  twenty-four  to  thirty-six  hours.  It  does  not  eliminate 
hydrocyanic  acid  from  amygdalin. 

The  aqueous  solution  of  myrosin  is  transparent,  colourless,  and  gummy,  and  froth* 
when  agitated.  (Bussy,  J.  Pharm.  xxvi.  44  ;  Winckler,  Jahrb.  pr.  Pharm.  iii.  93.) 

XVEYROXOCARPXir.  (Stenhouse,  Ann.  Ch.  Pharm.  Ixxviii.  306.)— A  crystal- 
lisable  substance  extracted  from  white  Peru  balsam  (i.  496).  On  digesting  this  balsam 
with  alcohol  of  ordinary  strength,  a  great  part  dissolves,  and  the  solution  gradually 
•deposits  large  crystals  of  myroxocarpin  mixed  with  resin ;  they  may  be  purified  by 
recrystallisation  with  aid  of  animal  charcoal. 

Myroxocarpin  crystallises  in  large  thin,  colourless,  shining  prisms,  often  an  inch  long. 
According  to  a  determination  by  Miller,  they  belong  to  the  trimetric  system,  the  ratio 
of  the  principal  axis,  macrodiagonal  and  brachydiagonal,  for  the  primary  octahedron  P, 
being  as_l  :  0*9363  :  07553.  Observed  combination  ooP  .  oP  .  ooPoo  .  Pop  .  2Poo. 
Poo  .2Poo.  Angle  ooP  :  ooP  =  102°  12';  Poo  :  oP  =  127°  4';  2Poo  :  oP 
-=  110°  41';  Poo  :  oP  =  133°  7';  2Poo  :  oP=  115°  5'.  The  crystals  are  hard  and 
brittle,  insoluble  in  water,  very  soluble  in  hot  alcohol  and  ether,  tasteless,  and  neutral 
to  test-papers.  They  give  by  analysis  7  7'  18  per  cent,  carbon,  and  9*5  hydrogen, 
which  may  be  represented  by  the  formula  C^WO*,  or  C48H7006. 

Myroxocarpin  melts  at  115°  to  a  transparent  glass,  which  does  not  crystallise  on 
cooling,  but  if  redissolved  in  boiling  alcohol,  is  again  deposited  in  the  crystalline  form. 
Heated  considerably  above  its  melting  point,  it  yields  a  sublimate,  together  with  much 
acetic  acid,  and  an  uncrystallisable  resin. 

It  does  not  unite  with  acids,  or  with  alkalis,'  and  is  not  attacked  by  boiling 
potash-ley. 

Hot  nitric  acid  slowly  converts  it  into  oxalic  acid  and  an  uncrystallisable  resin. 
Chlorine,  with  aid  of  heat,  likewise  converts  it  into  an  amorphous  resin. 
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ACID.  The  name  given  by  Plantamour  to  a  product  of  the 
decomposition  of  cinnamem  (i.  981)  by  alcoholic  potash;  probably  impure  benzoic 
acid. 

M YROXYLON  PEREIRAE.  The  tree  which  yields  Peru  balsam.  From  the 
bark  of  this  tree  there  exudes  a  gum-resin,  which,  according  to  Attfield  (Pharm.  J. 
Trans.  [2]  v.  248),  contains  77*4  per  cent,  resin,  17'1  gum  (like  gum-arabic),  1-5  woody 
fibre,  and  4  water,  together  with  volatile  oil.  It  is  uncrystallisable,  and  its  alcoholic 
solution  reddens  litmus  slightly.  This  gum-resin  is  therefore  altogether  of  different 
nature  from  the  balsam  obtained  from  the  fruit  of  the  same  tree  (i.  496). 

1VIYRRH.  A  gum-resin  which  exudes  from  Balsamodendron  Myrrha,  a  terebin- 
thaceous  shrub  growing  in  Arabia  and  Abyssinia.  It  occurs  in  large  heavy  tears  of 
various  size,  reddish  colour,  and  irregular  shape,  having  an  appearance  of  efflorescence 
on  the  surface,  semi-transparent,  fragile,  shining  with  a  greasy  lustre  on  the  fractured 
surface.  It  has  a  rough  bitter  taste,  and  a  strong,  very  peculiar  aromatic  odour. 

The  following  are  analyses  of  myrrh : 

Kesin     .        .        .        .23-0        27*8  44*76 

Essential  oil  .        .        .      2*5          2-6  2-18 

Gum      ....     46-0        64'4  40-82 

Mucilage 

Foreign  matters  (potas- 
sium-salts of  sulphuric, 
benzoic,  malic,  acetic 

acid),  &c 1-4   (foreign  matter  and  ash)  7'51 

"Water  and  impurities     ...         1'6  1*45 

An  alcoholic  solution  of  myrrh  concentrated  by  distillation,  deposits  as  it  cools  a  soft 
resin,  like  turpentine,  soluble  in  ether,  slightly  soluble  in  caustic  potash,  and  imparting 
a  violet-red  colour  to  nitric  and  acetic  acid. 

Another  resin,  called  myrrhin,  remains  dissolved  in  the  alcohol,  and  may  be  ob- 
tained by  evaporation.  It  has  the  odour  of  myrrh,  melts  between  90°  and  95°,  and  is 
soluble  in  ether.  Heated  for  some  hours  to  168°,it  swells  up  and  gives  off  acid  vapours 
(acetic  or  formic  acid?),  and  leaves  a  red-brown  transparent  shining  mass,  without 
taste  or  smell,  soluble  in  alcohol  and  ether,  insoluble  in  cold  and  very  slightly  soluble 
in  boiling  potash.  This  product  imparts  a  violet  colour  to  cold  nitric  acid,  and 
dissolves  in  sulphuric  acid  with  red-brown  colour.  It  gave  by  analysis  74*78  per 
«ent.  carbon,  8'06 hydrogen,  and  17'16  oxygen.  (Kuikholdt.) 

The  essential  oil  (myrrhol)  obtained  by  distilling  the  alcoholic  extract  of  myrrh 
with  water,  is  thick,  yellowish,  has  a  rough  taste  and  pungent  odour.  It  thickens  and 
turns  brown  in  contact  with  the  air,  dissolves  in  alcohol  and  ether,  and  is  precipitated 
by  water  from  its  alcoholic  solution  in  the  form  of  a  yellowish  milk,  acid  to  test-paper. 
It  contains,  according  to  Kuikholdt,  79-61  per  cent,  carbon,  10*43  hydrogen,  and  9-96 
oxygen. 

Gladstone  (Chem.  Soc.  J.  xvii.  11)  has  examined  the  volatile  oil  obtained  by 
directly  distilling  myrrh  with  Vater.  It  was  very  viscid  and  of  a  brownish-green 
colour ;  and  began  to  boil  at  about  266°,  giving  an  oxidised  oil,  which  quickly  resinised 
and  retained  its  greenish  colour,  and  strong  smell  of  myrrh,  after  repeated  rectification. 
Specific  gravity  =  1-0189  at  15-5°.  Index  of  refraction  at  7'5  for  the  line  A,  1-5196 ; 
D,  1-5278  ;  H,  1-5472.  Eotatory  power  =  -  136. 

and  MYRRHOL.    See  the  last  article. 


IVTYRTLE.  Myrtus  communis. — The  berries  of  this  plant  contain,  according  to 
Riegel  (Pharm.  Centr.  1850,  p.  319),  chlorophyll,  a  green  soft  resin,  a  volatile  oil 
(occurring  also  in  the  leaves),  a  fixed  oil,  tannin,  sugar,  citric  acid,  malic  acid,  mucus, 
humous  substances,  and  small  quantities  of  potash  and  lime. 

Of  a  specimen  of  the  volatile  oil  of  myrtle,  examined  by  Gladstone  (loc.  tit.),  three- 
fourths  distilled  over  between  160°  and  176°,  leaving  a  reddish-brown  residue  which 
evolved  sulphydric  acid.  The  rectified  distillate  smelt  like  oil  of  bay,  and  exhibited  the 
composition  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  C1QH16.  Specific  gravity 
'  -  0-8£il  at  15-5°.  Index  of  refraction  at  14°,  for  the  line  A,  1-4623  ;  for  D,  1-4680; 
for  H,  1-4879.  Specific  rotatory  power  =  +  21°. 

IVTYSORIW.  Anhydrous  cupric  ortho-carbonate,  found  in  Mysore  (see  CARBONATES, 
i.  783). 
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Manganates 818 

Permanganates       ....    819 

Manganite 821 

Mangifera — 

Mangold  Wurzel — 

Mangostin — 

Manihotic  acid  .        .        .        .      — 

Manila  Gum  .«.,..  — 
Manioc  .  .«,,,.  — 
Manna  .  — 


PAGE 
Mannide,  Mannitan  (s.  Mannite). 

Mannite 823 

Mannide 825 

Mannitan — 

Nitro-mannite        ....  — 

Sulpno-mannitic  acid     ...  — 

Mannitic  acid — 

Mannitose 826 

Manure — • 

Marasmolite  .        .                ...  851 
Marble  .......— 

Marcasite — 

Marcelin 851 

Marcylite — 

Marecanite •    .  — 

Margaric  acid         .....  — 

Margaric  Ethers 853 

Margarite — 

Margarodite — 

Margarone — 

Manalite — 

Marionite — 

Marine  Metal — 

Mariotte's  Law — 

Marjoram,  Oil  of — 

Marl 854 

Marmatite — 

Marmolite  (s.  Serpentine). 

Marrubim       ......— 

Marsh  Gas — 

Marsh's  Test  for  Arsenic  (s.  Arsenic,  i.362). 

Martinsite 856 

Martite .  — 

Martylamine  (s.  Xenylamine). 

Marum -camphor     .....  — 

Mascagnine    ......  — 

Masopin — 

Massicot 857 

Massoy  Camphor  and  Oil       ...  — 

Masterwort,  Oil  of          .        .        .        .  — 

Mastic .  — 

Mastic  Cement — 

Masticin 858 

Maticin           ......  — 

Matico,  Oil  of — 

Matlockite — 

Matricaria — 

Mauilite  (s.  Labradorite,  iii.  i50). 

Maynas  Resin — 

Meadow  Saffron  (s.  Gratiola  officinalis, 

ii.  942). 
Meadow-sweet  (s.  Spiraea). 

Mechloicacid 859 

Meconamic  acid  (s.  Meconic  acid,  Amides 
of). 

Meconic  acid — 

Meconates 860 

Meconic  acid,  Amides  of        .        .        .861 

Meconic  Ethers — 

Meconin — 

Bromomeconin         ....  863 

Chloromeconin         ....  — 

lodomeconin — 

Nitromeconin — 

Meconium 864 

Medicago  sativa — 

Medicinier,  Oil  of — 

Medjidite        ......  — 

Medullic  acid          .        .        .        .        .  — 

Medullin — 

Meerschaum — 

Meiler 865 

Megabromite ...         •        .        *  — 
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Mein 865 

Meionite .-r 

Melaconite — 

Melam — • 

Melaleuca — 

Melara — 

Melamine  (s.  Cyanuramide,  ii.  287). 
Melampyrin,  or  Melampyrite  (s.  Dulcite 
ii.  348). 

Melanasphalt 866 

Melanchlor — 

Melanglanee — 

Melanhydrite — 

Melanicacid  .        .        .        .        .        .867 

Melaniline  (s.  Phenylamines). 

Melanin .  — 

Melanite — 

Melanocarbimide — 

Melanochin — 

Melanochroite — • 

Melanogallic  acid  (s.  Metagallic  acid). 

Melanolite — • 

Melanoximide — 

Melanterite — 

Melanurenic  acid  (s.  Cyanuramic  acids, 
ii.  287). 

Melaphyre — 

Melassic  acid 868 

Melene — 

Melene,  Sulphide  of        .                .  — 

Meletin — 

Melin  (s.  Rutin). 

Melinophane — 

Melezitose — 

Melilot  Camphor  (s.  Coumarin,  ii.  93). 

Melinum  (s.  Cadmium).         ...  — 

Melissa,  Oil  of 869 

Melissic  acid — 

Melissin — 

Melitose — 

Mellamicacid  (s.  Euchroic  acid,  ii.  601). 

Mellan  (s.  Mellone). 

Mellic  acid  (s.  Mellitic  acid). 

Mellilite — 

Mellimide  (s.  Mellitimide). 
Mellitamic  acid  (s.  Mellitic  acid,  Amides 
of). 

Mellite 870 

Mellitimide  (s.  Mellitic  acid,  Amides  of). 

Mellitic  acid — 

Mellitates 871 

Mellitic  acid,  Amides  of .        .  873 

Mellitamide     . 

Mellitamic  or  Euchroic  acid 

Mellitamide  or  Paramide 

Paramic  acid   .        .        .  874 

Mellitic  Anhydride         .        . 

Mellitic  Ethers       .        .        . 

Mellityl,  Chloride  of      . 

Mellone — 

Mellonhydric  acid  (s.  Mellonides). 

Mellonides 876 

Melonemetin  ....                .  879 

Melopsite — 

Menaccanite — 

Menaphtoximide    )   (s.  Naphthylamine, 
Menaphthylamine  J       Derivatives  of). 

Metidipite       ......  — 

Meneghinite 

Mengite — 

Menilite. __ 

Menispermic  acid   .....      

Menispermine — 


PACK 

Menispermine? 

Paramenispermine  .        .      ',        .    880 

Menthene — 

Menthol — 

Menthyl 881 

Menyanthin — 

Menyanthol 882 

Mercaptans — 

Mercaptides    ......-— 

Mercuramines  and   Mercurammoniums 
(s.  Mercury-bases,  Ammoniacal). 

Mercurialis — 

Mercuric  Amylide,  Ethide,  &c.  (see  Mer- 
cury-radicles, Organic). 
Mercurius       ....•.—- 
Mercuro-tetrethyl-ammonium        .        .    883 

Mercur}' — 

Occurrence,  Preparation,  and  Puri- 
fication          — 

Properties 884 

Combinations 885 

Mercury,  Alloys  or  Amalgams  of  .        .      — 
Mercury,  Antimonide  of  (p.  886). 
Mercury,  Arsenide  of  (p.  886). 
Mercury,  Bromides  of  : 

a.  Mercurous  Bromide    .  892 

/3.  Mercuric  Bromide 

Double  salts         .        . 
Mercury,  Chlorides  of: 

Mercurous  Chloride :  Calomel  893 

Preparation 
Impurities  and  Adulterations  894 

Properties     ....  895 

Decompositions    . 
Compounds  with  Ammonia,  Chlo      896 
ride  of  Sulphur,  Platinous  Oxide,    — 
Stannous    Chloride,  and   Sul- 
phuric Anhydride    ...      — 
Mercuric  Chloride:  Corrosive  Sub- 
limate       .....      — 
Compounds  with  Ammonia         .    898 
with  other  Chlorides      — 
Basic  Cupric  Acetate    899 
Mercury,  Cyanide  of  (s.  Cyanides,  ii.  253). 
Mercury,  Detection  and  Estimation  of 

1.  Reactions  in  the  dry  way 

2.  Reactions    in   Solution — 
a.  Of  Mercurous  Salts 

)3.  Of  Mercuric  Salts  .        .  900 

3.  Quantitative  Estimation 

4.  Separation  from  other  Metals         901 

5.  Atomic  Weight          .        .  902 
Mercury,  Ethide  of  (s.  Mercury-radicles 

Organic). 

Mercury,  Fluorides  of    .        .        .  903 

Mercurous  Fluoride 

—  Silicofluoride       . 
Mercuric  Fluoride  . 

—  Oxyfluoride 

—  Silicofluoride  and  Oxysilicofluonde 
Mercury,  Iodides  of 

Mercurous  Iodide    . 

Mercuroso-mercuric  Iodide     .  904 

Mercuric  Iodide 

Double  Salts  of  Mercuric  Iodide          905 

Periodide  of  Mercury  ?   .        .  906 

Mercury,  lodochloride  of       .        . 
Mercury,  lodosulphide  of  (iii.  915). 
Mercury,  Mercaptide  of  (ii.  916). 
Mercury,  Methide  of  (iii.  921). 
Mercury,  Nitride  of  (iii.  917). 
Mercury,  Oxides  of       .        .      *•*" 

Mercurous  Oxide   . 
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Mercury,  Oxides  of: 

Mercurous  salts  .  907 

Mercuric  Oxide       .  — 

Compounds  with  Ammonia  and  909 

Lime         .        .  — 

Mercuric  Salts     .  — 

Mercury,  Oxybromide  of  910 

Mercury,  Oxy  chloride  of  — 

Mercury,  Oxvcyanide  of  (s.  Cyanides, 

ii.  255).     ' 

Mercury,  Oxyfluoride  of  (iii.  903). 
Mercury,  Oxygen -salts  of      .  .911 

Mercury,  Oxy-iodide  of 
Mercury,  Phosphide  of 
Mercury,  Phosphochlorides  of 
Mercury,  Selenide  of 

Selenide    of    Mercury    and   Lead: 

Lehrbachite  .         .         .         .912 

Selenides  of  Mercury  and  Copper    .  — 

Mercury,  Selenio-sulphide  of :  Onofrite  — 
Mercury,  Sulphides  of : 

Mercurous  Sulphide       ...  — 

Mercuric  Sulphide          ...  — 

a.  Amorphous      ....  — 
/3.  Crystallised:    Cinnabar,   Ver- 

million     .....  913 

Mercury,  Sulphobromide  of            .        .  915 

Mercury,  Sulphochloride  of            .  — 

Mercury,  Sulpho-iodide  of     .        .        .  — 

Mercury-bases,  Ammoniacal  ...  — 

Mercurammonium-salts .        .        .  916 

Dimercurammonium-salts       .        .  — 

Trimercuramine      ....  917 

Trimercurammonium-salts     .        .  — 

Tetramercurammonium-salts .        .  — 

Salts  of   Mercurosammonium  and 

Dimercurosammonium         .        .  920 
Tabular  view  of  the  Ammoniacal 

Mercury-compounds             .        .  921 

Mercury-radicles,  Organic             .        .  922 

Mercuric  lodallylide                .        .  923 
Mercuric   Amylide,  Chloramylide, 

and  lodamylide                     .        .  924 

Mercuric  Bromethide               .         .  — 
Mercuric  Carbonethide,  Chlorethide, 

Cyanethide,  and  Ethide      .        .  925 
Mercuric  Ethyl-hydrate,  lodethide, 
Nitrethide,  Phosphatethide,  Sul- 

phatethide,  and  .Sulphethide        .  926 
Mercuric    lodomethide,     Methide, 

Nitromethide       ....  927 

Mercuric  Oxymethide  ' .        .        .  928 

Meroxene — 

Mesaconic  acid       .        ...        .        .  — 

Mesaconic  ether — 

Mesite — 

Mesitene         ......  — 

Mesitic  Alcohol      ...,.-— 

Mesitic  Aldehyde — 

Mesitic  Chloral — 

Mesitic  Ether — 

Mesitin-spar — 

Mesityl-compounds        .  929 


Mesitylene  or  Mesitylol 
Tribromomesitylene 
Trichloromesitylene 
Nitromesitylene 
Dinitromesitylene  . 
Nitromesidine  . 
Trinitromesitylene  . 

Mesitylene-sulphuric  acid 

Mesole   .... 

Mesolite  (s.  Scolecite). 


930 


931 


Mesotype  (s.  Natrolite  and  Scolecite). 
Mesotartaric  acid  (s.  Tartaric  acid). 

Mesoxalic  acid 932 

Mesua  ferrea — 

Metacetamide  (s.  Propionamide). 
Metacetic  acid  (s.  Propionic  acid). 

Metacetone •      — 

Metacetonic  acid  (s.  Propionic  acid). 
Metacetonitrile  (s.  Cyanide  of  Ethyl, 
ii.  211). 

Metachlorite 933 

Metachromic  Oxide  (i.  949). 
Metacinnamein  (s  Cinnamein,  i.  980). 
Metacrolein  (s.  Acrolein,  i.  57). 

Metaferric  Oxide — 

Metafurfurol  (s.  Fnrfurol,  ii.  752). 
Metagallic  acid  (s.  Gallic  acid,  ii.  760). 
Metahumic  acid  (s.  Ulmic  acid). 

Metal.     Metalloid — 

Physical  Properties  of  Metals  and 

Metalloids 934 

Combinations :  Oxides    .        .        .    938 

Sulphides 940 

Phosphides 941 

Chlorides,     Bromides,      Iodides, 
Fluorides,  Nitrides,   Carbides, 

Silicides 942 

Alloys — 

Matthiessen's  researches  on  the 
Electro-conductivity,  &c.  of 
Alloys  .  .  .  .943 

Analysis  of  Alloys   .        .        .    946 

Metallurgy — 

Roasting  of  Ores  and  Metallurgic 

Products 948 

Oxidising  Roasting     .        .        .      — 
Volatilising,   Chloridising,    and 

Reducing  Roasting  .        .        .     949 
Melting  of  Metallurgic  Products  for 
the  Extraction  and  Separation 
of  Metals                                  .      — 
Reducing  Melting       .        .        .950 
Oxidising  Melting      .        .        .    951 
Solvent  Melting .        .        .        .952 
Sublimation  and  Distillation  .        .    955 
Eliquation  and  Crystallisation        .    956 
Solution  and  Precipitation      .        .      — 
Metals,  Atomic  Weights  and  Classifica- 
tion of 957 

i.  Monad  Metals  .        .      — 

ii.  Dyad  Metals  .        .    958 

iii.  Triad  Metals  .        .    964 

iv.  Tetrad  Metals  .        .    965 

v.  Pentad  Metals  .        .    967 

vi.  Hexad  Metals  .        .    968 

vii.  Heptad  Metals  .        .    969 

viii.  Iron  Metals  .        .      — 

ix.  Platinum  Metals  .        .     974 

Numerical  Relations  between   the 

Atomic  Weights  of  the  Metals    .    975 
Metal umina  .        .        .        .        .        .     J)76 

Metalysis — 

Metamargaric  acid         ....      — 
Metamerism  (s.  Isomerism,  iii.  415). 
Metameconic  acid  (s.  Comenic  acid,  i. 
1103). 

Metamorphine — 

Metamorphism — 

Metamj'lene — 

Metanaphthalene  (s.  Naphthalene). 
Metantimonic  acid  (s.  Antimony,  i.  324). 
Meta-octylene  (s.  Octylene). 
Meta-oleic  acid      .  .      — 
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Metapectic  acid  (s.  Pectic  acid). 
Metapectin  (s.  Pectin). 
Metaphlorone  (s.  Phlorone). 
Metaphosphoric    acid    (s.    Phosphorus, 

Oxygen-acids  of). 

Metasilicates 977 

Metastannic  a<:id  (s.  Stannic  acid,  under 

Tin). 

Metastyrol  (s.  Cinnamene,  i.  982). 
Metatartaric  acid  (s.  Tartaric  acid). 
Metaterebenthene  (s.  Turpentine^. 
Metatungstic  acid  (s.  Tungstic  acid). 

Metaxite — 

Metaxoite — 

Meteoric  Dust,  Iron,  Mud,  Stones    (s. 

Meteorites). 
Meteorites — 

1.  Meteoric  Iron      ...  — 

Analyses  of  Meteoric  Iron  .  979 

2.  Meteoric  Stones  ...  980 

a.  Containing  Meteoric  Iron      '     — 
0.  Without  Meteoric  Iron  981 

General  conclusions  respecting  the 
constitution  of  Meteorites  982 

Meteoric  Mud 

Meteoric  Dust 

Literature  of  Meteorites 
Methal  (s.  Myristic  Alcohol). 
Methide,  Aluminic          .  983 

Aluminic  Ethide 
Methide,  Boric  (s.  Methyl,  Boride  of 

iii.  985). 

Methide,  Mercuric  (iii.  927). 
Methides,  Plumbic  (iii.  503). 
Methides,  Stannic  (s.  Tin-radicles,  Organic). 

Methionic  acid — 

Methoxacetic  acid  ....      — 

Methplumbethyl  (s.  Lead-radicles,  Or- 
ganic, iii.  561). 

Methstannethyl  (s. Tin-radicles,  Organic). 
Methulmene  and  Methulmic  acid  .        .      — 

Methyl 984 

Methyl,  Antimonides  of  (i.  344). 

Methyl,  Arsenides  of  (i.  400). 

Methyl,  Boride  of  ....    985 

Ammonia-boric  Methide         .        .    986 

Compounds  of  Boric  Methide  with 

Fixed  Alkalis  .  .  .  .  — 
Methyl,  Bromide  of  .  .  .  .987 
Methyl,  Chloride  of  .  .  .  .  — 

Monochlorinated  Chloride  of  Methyl  988 
Methyl,  Hydrate  of:  Methylic  Alcohol; 

Wood-spirit — 

Methyl,   Hvdride   of    (s.    Marsh-gas, 
iii.  854).  * 

Methyl,  Iodide  of 990 

Methvl,  Oxide  of — 

Methyl,  Plumbides  of  (iii.  563). 

Methyl,  Selenide  of        .        .        .        .      — 

Methyl,  Sulphides  of: 

Protosulphide          ....     991 

Disulphide      .....      — 

Trisulphide 992 

Methyl,  Sulphydrate  of.        .        .        .      — 
Methyl,  Telluride  of:    Telluro-methyl    .      — 
Methylacetal  (s.  Methylate  of  Ethylene) 
Methylacetone  (s.  Acetone,  i.  31). 

Methylal 994 

Methylamines  and  Methylammoniums      — 

Methylamine  .  — 

Methylamine- salts  996 

Diniodomethylamine  997 

Dimethyl  amine 

Trimethylamine      . 


Methylamines  and  Methylammoniums 

Tetramethylammonium  .        .  999 

Methyl-triethyl-ammonium  .  1000 

Dimethyl-diethyl-ammonium 
Trimethyl-ethyi-ammonium  . 
Trimethyl-bromethyl-ammonium      1001 
Trimethyl  -vinyl-ammonium  . 
Trimethyl-amyl-ammonium  . 
Methyl -ethyl-amylamine 
Methyl-diethyl-amyl  -ammonium 
Metbyl-amyl-aniline  (s.  Phenylamines). 
Methyl-amylic  Ether  (s.  Amyl,  i.  205). 
Methyl- aniline  (s.  Phenylamines). 
Methyl-arsines  (i.  400). 
Methylate  of  Amyl  (i.  208). 
Methylate  of  Ethyl  (ii.  542). 
Methylate  of  Ethylene          .        .        .  1002 
Methylate  of  Potassium  and  Methylate 

of  Sodium — 

Methyl-benzolic  or  -Benzyienic  Ether 

(s.  Benzyleuic  Ethers,  i.  577). 
Methyl-bromosalicylic  acid   (see  Sali- 
cylic Ethers). 

Methyl-brucine — 

Methyl-butyral — 

Methyl-camphoric  acid  (s.  Camphoric 

acid,  i.  732). 
Methyl-camphrene         ....      — 

Metliyl-caprinol 1003 

Methyl-caproyl  (s.  Methyl-hexyl). 
Methyl-carbamic  acid  (s.  Carbamic  acid, 

i.  751 ;  also  Methylamine,  iii.  997). 
Methyl-carbamides         ....      — 
Methyl-carbonates  (s.  Carbonic  Ethers, 

i.  801). 

Methyl-chloracetol  .      — 

Methyl-citric  acids  (s.  Citric  Ethers,  i. 

100*1). 
Methyl-chlorosalicylic  acid  (s.  Salicylic 

Ethers). 

Methyl  conine  (s.  Conine,  ii.  6). 
Methyl-cyanamide         ....      — 
Methyl-cyananiline  (s.  Phenylamines). 
Methyl-disulphophosphoric      acid     (s. 

Phosphoric  Ethers). 

Methyl-dithionic  acid    .  — 

Ethyl-trithionic  acid  1004 

Methylene      .        .  — 

Methyleue,  Acetate  of  1005 

Methylene,  Bromide  of  — 

Methylene,  Chloride  of  — 

Methylene,  Iodide  of  1006 

Methylene,  Oxide  of:  Dioxymeihylene          — 
Methylene,  Sulphides  of         .  1007 

Methylene,  Sulphocarbonate  of  — 

Methylene-phosphoniums  (s.  Phospho- 
rus-radicles, Organic). 
Methylene  -  sulphurous    acid    (s.    Sul- 
phurous Ethers). 

Methylenitan 1008 

Methylene-stannamyl,  and  Methylene- 
stannethyl  (s.  Tin -radicles,  Organic). 
Methyl-ethyl-amylamine  (iii.  1000). 
Methyl-ethyl-amylo-phenyl-ammonium 

(s.  Phenylamines). 

Methyl-ethyl-aniline  (s.  Phenylamines). 
Methyl-ethylate  of  Ethylene .        .        .      — 
Methyl-ethyl-carbamide  (s.  Carbamides, 

i.  754). 

Methyl-ethyl-coninium  (s.  Conine,  ii.  6). 
Methyl-ethylic  Ether  (s.  Ethyl-methy- 

lic  Ether,  ii.  542). 

Methyl-ethyl-phenylamme  (s.  Pheny- 
lamines). 
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Methyl-  ethyl-urea    (s.    Methyl-ethyl- 
carbamide). 
Methyl-heptylicEther(s.Heptyl-methy- 

lic  Ether). 

Methj-l-hexyl,  or  Methyl-caproyl  .        .  1008 
Methylia  (s.  Methylamine). 

Methylidene-compounds  (s.  iii.  1005). 

Methyl-irisine — 

Methyl-lactic  acid  (s.  Lactic  Ethers,  iii. 
462). 

Methyl-lutidine  (s.  Lntidine,  iii.  738). 

Methyl-malic  acid  (s.  Malic  Ethers,  iii. 
799j. 

Methyl-morphine  (s.  Morphine,  iii.  8056). 

Methyl-nicotine  (s.  Nicotine). 

Methyl-nitrophenidine(s.Nitranisidine). 

Methyl-nitrosalycilic  acid  (s.   Salycilic 
Ethers). 

Methyl-cenanthyl 1009 

Methyl- cenanthy lie  Ether  (s.  Heptyl- 
methylic  Ether,  iii.  149). 

Methyl-oxalic  acid  (s.  Oxalic  Ethers). 

Methyl-oxamic  acid  (s.  Oxamic  Ethers). 

Methyl-parabanic    acid    (s.    Cholestre- 
phane). 

Methyl-paratartaric    acid    (s.   Tartaric 
Ethers). 

Methyl-phenidine  (s.  Anisidine,  i.  304). 

Methyl-phenylamine  (s.  Phenylamines) 

Methyl-plumbines  (s.  Lead-radicles,  Or- 
ganic, iii.  503). 

Methyl-phosphines  and  -phosphoniums 
(s.  Phosphorus-radicles,  Organic). 

Methyl-phosphoric  acid  (s.  Phosphoric 
Ethers). 

Methyl -phosphorous     acid     (s.    Phos- 
phorous Ethers). 

Methyl-piperidine  (s.  Piperidine). 

Methyl-piperyl-carbamide     (s.    Carba- 
mides,  i.  757). 

Methyl-salvcilic     acid     (s.      Salycilic 
Ethers)." 

Methyl-selenic  and  selenious  acids  (s. 
Selenic  and  Selenious  Ethers). 

Metli3rl-stannethyl  (s.  Tin-radicles,  Or- 
ganic). 

Methyl-stibines  (s.  Antimony- radicles, 
Organic,  i.  344). 

Methyl-strychnine  (s.  Strychnine). 

Methyl-sulphuric     acid   (s.    Sulphuric 
Ethers). 

Methyl-sulphophenic  acid  or  Sulphani- 
solic  acid — 

Methyl -tartaric  acid  (s.  Tartaric  Ethers). 

Methyl-thiosinamine  (s.  Thiosinamine). 

Methyluramine       .....      — 

Methyl- ureas     (s.    Methyl-carbamides, 
under  Carbamides,  i.  754). 

Methyl-xanthic  acid  (s.  Xanthic  Ethers). 

Methysticin 1010 

Metoluidine    (s.   Melobenzylamine ;   s. 
Benzylamine,  i.  576). 

Mezereum -seeds — 

Miargyrite — 

Miascite — 

Mica — 

I.  Potash-micas: 
Muscovite    .  .  — 

Lepidolite 1012 

II.  Magnesia-micas: 

Phlogopite    .                         .  — 

Biotite 1013 

Mica-slate iu!4 
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Just  published,  (July  1875)  in  Medium  8vo.  pp.  1,222,  price  42s.  cloth, 

RECENT  DISCOVERIES  IN  CHEMISTRY, 

BEING   A   SECOND    SUPPLEMENT   TO 

WATTS'S  DICTIONAKY  OF  CHEMISTRY, 

BEINGINQ   THE  BECOED    OF 

CHEMICAL    DISCOVERY    DOWN    TO    THE   YEAR  1873. 
By  HENRY  WATTS,  B.A.  F.R.S.  P.C.S. 

Assisted  by  eminent  Scientific  and  Practical  Chemists,  Contributors  to  the  Dictionary. 


This  Supplement  brings  down  the  record  of  Chemical  Discovery  to  the  end  of 
the  year  1872,  including  the  more  important  discoveries  published  in  1873  and  1874. 

The  Author  states  in  his  Preface  that  he  has  again  been  favoured  with  the  co- 
operation of  two  of  the  former  Contributors  to  the  Dictionary,  namely,  Professor 
G.  C.  FOSTER,  F.K.S.  and  Professor  EOSCOE,  F.R.S.  and  that  he  has  been  able  to  add 
to  the  list  the  names  of  three  other  gentlemen — Dr.  H.  E.  ABMSTEONG,  Dr.  H. 
NEWELL  MAETIN,  and  Mr.  K.  WAEINGTON — who  have  contributed  articles  of  great 
interest  and  importance. 

Amongst  the  subjects  treated  in  this  supplementary  volume,  the  following  may 
be  mentioned  as  deserving  of  special  notice  : — 

1.  Physical  and  General  Chemistry.     The  article  ' Chemical  Action'  contains  an 
account  of  the  important  researches  of  BEETHELOT  on  the  State  of  Salts  in  Solution, 
and  of  those  of  FAVEE  and  VALSON  on  the  Decomposition  or  Dissociation  of  Crystalline 
Salts  in  Solution.     The  article   'Heat'  includes    a  description   of    BUNSEN'S  Ice- 
calorimeter  ;  a  summary  of  the  results  obtained  by  THOMSEN  and  by  MABIGNAC  on 
the  Specific  Heats  of  Bodies  in  Solution,  and  of  the  extensive  and  important  researches 
of  ThoaiSEN  and  of  BEETHELOT  on  the  Heat  developed  in  Chemical  Action.   Under  '  Ex- 
plosion' are  given  the  results  of  recent  investigations  made  in  this  country  by  Mr.  ABEL, 
and  in  France  by  BEETHELOT,  and  by  CHAMPION  and  PELLET,  on  the  conditions  which 
determine  the  Explosive  Force  of  Powder  and  other  Detonants,  on  the  dependence  of 
Explosion  on  Vibration,  and  on  its  Transmission  at  a  distance ;  and  under '  Gunpowder ' 
the  very  important  experiments  lately  published  by  Captain  NOBLE  and  Mr.  ABEL  on 
the  Products  of  Combustion  of  Powder,  and  on  its  Explosive  Force  when  fired  under 
various  conditions.     The  article  'Electricity*  contains  an  account  of  BECQUEEEL'S  Re- 
searches on  Electrocapillary  Action,  of  QTJINCKE'S  General  Theory  of  Electrolysis,  and 
of  FAVEE'S  Researches  on  the  Heat  developed  in  the  Voltaic  Current.     *  Magnetism,'  by 
Prof.  FOSTEE  gives  the  results  of  recent  investigations  on  the  exact  measurement  of 
the  Magnetic    Forces.     'Light'    includes   the    continuation    of    Dr.    GLADSTONE'S 
researches  on  Refraction  and  Dispersion,  together  with  many  interesting  results  of 
recent  investigations  on  Absorption,  Fluorescence,  and  Circular  Polarisation.     Dr. 
ROBCOE  has  kindly  contributed  an  article  on  the  '  Chemical  Action  of  Light,'  including 
a  description  and  figure  of  his  new  Self-recording  arrangement  for  the  measurement 
of  this  action ;  and  another  on  '  Spectral  Analysis,'  giving  an  account  of  the  most 
recent  investigations  on  the  subject. 

2.  Inorganic  Chemistry.    Among  the  numerous  articles  belonging  to  this  depart- 
ment of  Chemistry,  special  mention  may  be  made  of  those  relating  to  the  Chlorine- 
compounds  of  Phosphorous  and  Sulphur;  to  SCHUTZENBEBGER'S  researches  on  the 
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Carbonyl-compounds  of  Platinum,  and  on  the  Phospho-platinic  Compounds  ;  to  those 
of  CLEVE  on  the  Ammoniacal  Compounds  of  Platinum ;  and  to  SIEMENS'  method  of 
preparing  Malleable  Iron  and  Steel  directly  from  the  Ore. 

3.  Organic  Chemistry.    Belonging  to  this  department  are  several  articles  relating  to 
the  interesting  discoveries  of  SCHORLBMMEB  on  the   Paraffins    and    the  Isomeric 
Alcohols  and  Ethers  derived  from  them ;  also  to  VON  MEYER'S  researches  on  the 
Nitroparaffins,  and  the  discovery  of  a  new  class  of  acids  called  Nitrolic  Acids.     The 
Isomerism  of    the   Derivatives  of   Benzene  is  discussed  in  numerous  articles,  and 
especially  in  a  highly  important  and  elaborate  article  by  Dr.  ARMSTRONG  on  'Phenols ' 
and  their  derivatives,  including  the  most  recent  additions  to  our  knowledge  of  these 
bodies. 

4.  Physiological  Chemistry.      A  series  of   interesting    articles    relating   to  this 
department  of  Chemistry,  viz.  '  Digestion,'  '  Gastric  Juice,'  '  Glycogen,'  '  Muscular 
Tissue,'  '  Proteids,'  '  Eespiration,'  and  '  Urine,'  has  been  communicated  by  Dr.  H.  N. 
MARTIN,  of  Christ's  College,  Cambridge. 

6.  Agricultural  Chemistry.  In  this  department  Mr.  R.  WARINGTON  contributes  a 
very  valuable  series  of  articles,  viz.  '  Fodder-plants,'  '  Maise,'  '  Malt,'  '  Manure,' 
'  Millet/  '  Oats,'  and  ' Koot-crops,'  including  a  large  amount  of  original  information, 
kindly  communicated  by  Messrs.  LAWES  and  GILBERT,  relating  to  the  results  of  recent 
investigations  at  Mr.  LAWES'  experimental  farm  at  Kothamsted. 


OPINIONS  of  the  PBESS:— 


'  The  Dictionary  of  Chemistry,  edited 
by  HENRY  WATTS,  is  one  of  the  most 
valuable  contributions  to  chemical  science 
of  which  this  country  can  boast,  and  it  is 
only  an  act  of  justice,  such  as  we  might 
reasonably  expect,  that  its  Publishers 
should  from  time  to  time  issue  supple- 
ments giving  the  changes  and  new  dis- 
coveries in  the  science,  instead  of  forcing 
the  purchasers  of  a  valuable  and  neces- 
sarily expensive  book  to  buy  new  editions 
or  fall  behind  in  their  information.  It 
is  only  about  three  years  since  the  com- 
pletion of  the  last  of  the  five  volumes 
comprising  the  Dictionary  as  first  pub- 
lished ;  but  such  rapid  strides  are  made 
in  chemistry,  that  in  order  to  record  the 
changes  and  discoveries,  a  Supplement  of 
over  eleven  hundred  pages  is  required. 
Of  course,  it  is  impossible  from  such  a 
work  to  quote  any  passages  to  show  its 
merits ;  but  the  Dictionary  is  so  well 
known  to  chemists  that  they  will  readily 
believe  us  when  we  say  that  in  the 
SUPPLEMENT  there  is  even  an  increase  in 
that  careful  and  laborious  editorial  work 
so  absolutely  necessary  to  make  a  book  of 
this  kind  a  standard  of  reference.' 

SCOTSMAN. 

'  To  afford  a  complete  and  accurate 
view  of  the  contents  of  a  dictionary  is  ex- 


tremely difficult,  however  a  full  notice 
may  be  given  of  it ;  and  this  difficulty  is 
certainly  not  diminished  when  it  is  a 
SUPPLEMENT  expressly  written  to  record 
the  progress  of  the  science  of  chemistry 
since  the  publication  of  a  work  generally 
admitted  to  be  exhaustive  at  the  date  of 
issue.  This  SUPPLEMENT  extends  over 
1,136  closely- printed  pages,  and  may 
therefore  be  regarded  as  forming  a  monu- 
ment to  the  progress  of  the  science  within 
the  past  few  years,  and  to  the  industry  of 
the  author  of  the  record.  .  .  .  From  this 
outline  of  thearticle  on  Inorganic  Analysis 
by  Flame  Eeactions,  it  will  at  once  be 
seen  that  the  subject  is  treated  in  an 
exhaustive  and  thoroughly  practical  man- 
ner; yet  this  forms  but  one  of  almost 
innumerable  articles  of  equal  utility  and 
interest.  The  SUPPLEMENT  alone  contains 
an  amount  of  information,  compressed 
into  a  comparatively  small  space,  which 
is  really  marvellous ;  and,  regarded  as 
part  of  the  Dictionary,  will  make  the 
entire  work  as  nearly  perfect  as  need  be 
desired.  It  may  well  be  regarded  as  a 
good  substitute  for  the  most  judiciously 
selected  chemist's  library  that  could  be 
purchased  for  ten  times  the  price  at  which 
the  whole  six  volumes  are  published.' 
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